
Abstract

This research examines the larger-scale associations between obe-
sity and food environments in metropolitan areas in the United States
(US). The US Census County Business Patterns dataset for 2011 was
used to construct various indices of food environments for selected
metropolitan areas. The numbers of employees engaged in supermar-
kets, convenience stores, full service restaurants, fast food restau-
rants, and snack/coffee shops were standardised using the location
quotients, and factor analysis was used to produce two uncorrelated
factors measuring food environments. Data on obesity were obtained
from the 2011 Behavioral Risk Factor Surveillance System. Individual
level obesity measures were linked to the metropolitan area level food
environment factors. Models were fitted using generalised estimating
equations to control for metropolitan area level intra-correlation and
individual level sociodemographic characteristics. It was found that
adults residing in cities with a large share of supermarket and full-ser-
vice restaurant workers were less likely to be obese, while adults resid-
ing in cities with a large share of convenience store and fast food
restaurant workers were more likely to be obese. Supermarkets and
full-service restaurant workers are concentrated in the Northeast and
West of the US, where obesity prevalence is relatively lower, while con-
venience stores and fast-food restaurant workers are concentrated in
the South and Midwest, where obesity prevalence is relatively higher.
The food environment landscapes measured at the metropolitan area

level explain the continental-scale patterns of obesity prevalence. The
types of food that are readily available and widely served may translate
into obesity disparities across metropolitan areas.

Introduction

Obesity has become a major public health problem with adult obesi-
ty prevalence exceeding 30% globally (Ng et al., 2014). In the United
States (US), the age-adjusted adult obesity prevalence was 34.9% dur-
ing 2011-2012 and has not changed since 2003-2004 (Ogden et al.,
2014). The direct medical cost of overweight and obesity combined is
estimated to be about 5 to 10% of US health care spending (Tsai et al.,
2011). Direct associations between obesity and obesity-related dis-
eases such as diabetes, hypertension and heart disease are well known
(Malnick and Knobler, 2006), and obese individuals with or without
chronic disease conditions may lead to a significantly poorer quality of
life than non-obese individuals (Jia and Lubetkin, 2005). 

Research shows that disparities in obesity exist by age groups, race/eth-
nicity and socioeconomic status (McLaren, 2007; Ogden et al., 2010, 2013),
but these associations are driven by a more complex set of underlying
social and behavioural factors (Wang and Beydoun, 2007). In a low-income
community of Baltimore, MD, for example, no racial disparities in obesity
have been reported among white and black women sharing similar socioe-
conomic status (Bleich and Thorpe, 2010). This finding points to a notion
that social-environmental factors rather than individual characteristics
such as race should be given greater priority in the study of obesity, and
that large-scale societal aspects of the environment may influence obesity
outcomes (Zhang and Wang, 2012). At the same time, the development of
socially and culturally relevant interventions is being encouraged to reduce
obesity by promoting healthy lifestyle behaviours (Hill et al., 2014; Sobal,
2001). The food environment has been widely examined in obesity
research. Consumption of refined grains, added sugars and added fats are
linked to high rates of obesity among lower-income groups (Drewnowski
and Darmon, 2005). Fast food restaurants and convenience stores typically
stock these energy-dense foods and the availability of these food outlets is
greater in low-income than high-income neighbourhoods (Block et al.,
2004; Powell et al., 2007b). Fast-food consumption and neighbourhood fast
food exposure have been associated with poor diet (Moore et al., 2009). In
contrast, supermarkets and grocery stores typically provide people with a
large assortment of fresh produce at a relatively low cost, and areas with
high densities of supermarkets and grocery stores that are easily accessi-
ble are thus assumed to be healthy-food environments that may reduce the
risk of obesity for both adults and children (Larsen et al., 2015; Rundle et
al., 2009; Morland et al., 2006; Morland and Evenson, 2009). One important
implication of the relationship between obesity and the food environment
is the cost of diet. Energy-dense foods are more affordable than healthier
foods such as fruit and vegetables, and the inability to pay for healthy foods
may be responsible for obesity among the poor (Drewnowski, 2004).

Individuals make decisions about their food purchase and consumption
within a complex set of social and physical environments. Thus, the spatial
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scale of analysis, from neighbourhood to nation, is an important issue in
assessing obesity (Cummins and MacIntyre, 2006). A considerable amount
of research has focused on the neighbourhood level analysis of food access
(Zenk et al., 2009; Larson et al., 2009), but some suggest that individuals
may shop for food outside their residential neighbourhood (Chaix et al.,
2012). As a result, associations between food outlets and obesity may also
exist for areas that are larger than what typically is considered a neighbour-
hood (Hattori et al., 2013). This is because travel behaviours for food shop-
ping often encompass multiple neighbourhoods, especially with access to
private automobiles and other transportation means. An examination of
driving distances found an inverse association between proximity to fast-
food restaurants and body mass index (BMI) among the Framingham Heart
Study offspring cohort (Block et al., 2011). In addition, low-income adults in
California who drive longer time and greater distances to grocery stores are
more likely to eat fruits and vegetables (Gase et al., 2014). Therefore, the
underlying neighbourhood-level relationships between obesity and food
environments may also exist in areas larger than a residential neighbour-
hood (Hattori et al., 2013). 

Using metropolitan areas as a geographic unit is one approach to
capturing patterns of access to food that span across multiple neigh-
bourhoods. Each metropolitan area has at least one urban core as well
as any adjacent counties that have a high degree of social and econom-
ic integration as measured by commuting ties to work with the urban
core (OMB, 2013). It is conceivable that individuals residing in a met-
ropolitan area typically travel in the course of their daily activities and
thus have opportunities to shop or dine in areas outside their home
neighbourhoods. Exposure to take-away food outlets such as burgers
and pizza has been shown to be positively associated with consumption
of take-away food, particularly in work rather than home environments
(Burgoine et al., 2014). In addition, adults who drive to supermarkets
in multiple neighbourhoods embody the idea that people do not neces-
sarily shop at the nearest grocery stores (Drewnowski et al., 2012).
Therefore, food environment landscapes measured at the metropolitan
area level can provide a novel perspective on food accessibility and its
influences on obesity at regional to national levels. 

A previous study found that there is variability in the availability of
healthy snacks and healthy staple foods among some metropolitan
areas (Laska et al., 2010). However, more research is needed to under-
stand how differences in healthy or unhealthy food availability may
influence obesity in urban areas across the US. This research adds the
new idea that neighbourhood-level associations between obesity and
food environments may scale up to the metropolitan area level. These
broader-scale relationships may help us understand the determinants
of the continental-scale spatial patterns of obesity. The objective of this
research is to test the hypothesis that the greater availability of healthy
or unhealthy food retailers is associated with obesity prevalence in
urban settings. The focus is on 186 selected metropolitan areas across
the US. 

Materials and Methods

Datasets used
Data on obesity by metropolitan area were obtained from the 2011

Behavioral Risk Factor Surveillance System (BRFSS) overseen by the
Centers for Disease Control and Prevention (CDC). The BRFSS is an
annual cross-sectional telephone survey that collects data from adults
(aged over 18 years) living in households by random digit dialling. We
used BRFSS Selected Metropolitan/Micropolitan Area Risk Trends
(SMART) data, which are a subset of the BRFSS providing some local

area estimates measured by metropolitan/micropolitan statistical area
(MMSA) and metropolitan divisions as defined by the Office of
Management and Budget (OMB). This research used publicly available
data from the SMART BRFSS. 

The SMART BRFSS included three MMSA area types: i) the metropol-
itan statistical area; ii) the micropolitan statistical area; and iii) the
metropolitan division. A metropolitan statistical area is based on
urbanised areas with 50,000 or more population within a county or a
group of counties, while a micropolitan statistical area is based on
urban clusters of at least 10,000 but less than 50,000 population. In
addition, a metropolitan division is a county or a smaller grouping of
counties subdivided from a very large metropolitan statistical area. A
metropolitan division has a single urbanised area within a metropoli-
tan area that has a population of at least 2.5 million (OMB, 2010). For
example, the Dallas-Fort Worth-Arlington TX metropolitan area con-
sists of two metropolitan divisions: Dallas-Plano-Irving and Fort Worth-
Arlington. This finer geographic resolution of metropolitan divisions
was used to capture the difference in obesity within large metropolitan
areas. BRFSS respondents were assigned to one of the MMSA codes
based on their county of residence and no individuals were assigned to
multiple MMSAs. 

There are 198 MMSAs available in 2011 BRFSS SMART data with at
least 500 respondents in each MMSA. In order for data to be represen-
tative of the population for each local area, the raking methodology
(iterative proportional fitting) was utilised to adjust for demographics,
social factors (education, marital status, and renter/owner status), and
telephone source (CDC, 2014b). Raking is a weighting scheme that
allows BRFSS data to incorporate information from land line and cell
phone users and, thus, it generates more accurate estimates of the
population. The MMSA level weight was generated by raking with addi-
tional county-level demographic information (CDC 2014a). This
research used the MMSA level weights to provide estimates that were
representative of the selected metropolitan areas. Because some
MMSAs did not meet the inclusion criteria that were needed for
weighting, some states may have fewer numbers of MMSAs compared
to other states regardless of states’ population sizes. 

Employment data
Data on the number of workers engaged in various food service and

retail establishments were obtained from the 2011 U.S. Census County
Business Patterns (CBP). The CBP is an annual series that provides
employment data classified by the North American Industry
Classification System (NAICS), which is useful for studying the eco-
nomic activity of small areas (US Census Bureau, 2011, 2015). The
number of paid employees was used for the analysis to measure rela-
tive concentration of food service and retail workers for selected
MMSAs. Data for the metropolitan divisions were disaggregated from
the larger metropolitan area to include their corresponding county
component(s) only. 

The types of food service and retail establishments used in this study
are summarised in Table 1. Because of the similarity in the industry
definitions, convenience stores (NAICS 445120) and gasoline stations
with convenience stores (NAICS 447110) were combined to make a sin-
gle category entitled convenience store. In addition, limited service
restaurants (NAICS 722211) and cafeterias, grill buffets and buffets
(NAICS 722212) were also combined to make the single category of fast
food restaurant because when the two sectors were combined, the per-
cent of employees was overwhelmingly represented by the former sec-
tor (96.4%) vs the latter (3.6%). With these adjustments, there were
five broad categories of food service and retail establishments that
characterised various food environments. These types of food outlets
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are readily accessible to the majority of the population residing in met-
ropolitan communities. Some MMSAs, however, did not report the
number of paid employees in some food service and retail categories to
ensure disclosure protection. There were 50 MMSAs in NAICS 722212
(cafeterias), 44 MMSAs in NAICS 445120 (convenience stores), 8
MMSAs in NAICS 445110 (supermarkets), 3 MMSAs in NAICS 447110
(gas stations with convenience stores), and 2 MMSAs in NAICS 722213
(snacks and non-alcoholic beverage bars) that did not report employee
counts for 2011. Missing values were replaced with imputed data from
the previous or subsequent years. Some MMSAs (n=12) were excluded
because imputation was not possible. This adjustment resulted in a
total of 186 MMSAs included in this study. 

Analysis
The total number of respondents residing in the 186 MMSAs was

300,933 adults registered in BRFSS SMART data. The breakdown of 186
MMSAs was 138 metropolitan areas, 28 micropolitan areas, and 20 met-
ropolitan divisions. This sample represented about 157 million adults
living in these selected MMSAs after applying sample weights.
Descriptive statistics were calculated for the sample regarding their
age, sex, race/ethnicity, educational level, household income, metropol-

itan residential status, Census regions and obesity status. Obesity was
assessed by respondents’ BMI, which was calculated as weight in kilo-
grams divided by height in meters squared (kg/m2). Respondents
whose BMI was over 30 kg/m2 were considered obese. The SAS SUR-
VEYFREQ procedure (SAS, 2015) was used to compute variance esti-
mate based on the sample design. Raking as the source of data weight-
ing incorporated both landline and cell phone interviews along with
county demographics in order to make more accurate estimates than
the previous methods (CDC, 2014a, 2014b). Ninety five percent confi-
dence intervals (CI) were reported along with weighted proportions to
assess sampling variability. The number of paid employees in each
MMSA was standardised using location quotient (LQ), which repre-
sented the share of local food service and retail industries relative to
the national average. LQ was calculated by the percent of employees in
a certain industry for a MMSA in the numerator against the percent of
the corresponding industry for all US MMSAs in the denominator. If a
MMSA has a LQ value greater than 1.0 for a certain industry, that
MMSA has a greater share of that industry relative to the national aver-
age. LQ less than 1.0 indicates less share of a certain industry relative
to the national average. LQs for the 186 MMSAs were mapped for five
categories of food service and retail establishments to visually assess
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Table 1. Food service and retail establishments classified by the North American Industry Classification System.

Code      Description                                           Industry definition                                                                                       Category

445110      Supermarkets and other grocery                    Retailing a general line of food, such as canned and frozen foods,                               Supermarket
                  (except convenience) stores                           fresh fruit and vegetables, fresh and prepared meats, fish and poultry.                      
                                                                                                   Delicatessen-type establishments are included
445120      Convenience stores                                            Retailing a limited line of convenience items that generally include                             Convenience 
                                                                                                   bread, soft drinks, snacks, tobacco products, newspapers, household                         store
                                                                                                   paper and cleaning products, canned goods and alcohol beverages
447110      Gasoline stations with                                        Retailing automotive fuels combined with the retail sale of a limited                          Convenience 
                  convenience store                                               line of merchandise, such as milk, bread, soft drinks, and snacks in a                          store
                                                                                                   convenience store setting
722110     Full-service restaurants                                     Providing food services to patrons who order and are served while                              Full service 
                                                                                                   seated and pay after eating                                                                                                       restaurant
722211      Limited service restaurants                              Providing food services where patrons generally order                                                    Fast food
                                                                                                   or select items and pay before eating.                                                                                  restaurant
                                                                                                   Food may be consumed on premises, taken out,
                                                                                                   or delivered to the customers’ location
722212      Cafeterias, grill buffets, and buffets               Preparing and serving meals for immediate consumption using cafeteria                  Fast food 
                                                                                                   style or buffet serving equipment, as well as self-service non-alcoholic                      restaurant
                                                                                                   beverage dispensing equipment
722213      Snacks and non-alcoholic beverage                 Preparing and/or serving specialty snacks, such as ice cream, frozen                           Snack/coffee
                  bars                                                                         yogurt, cookies, coffee, juices, or sodas for consumption on or near the                   shop
                                                                                                   premises as well as selling related products (e.g. coffee beans, mugs)                      

Table 2. Food service establishment components by rotated factor patterns with factor loadings greater than 0.5.

Factor     FL                                NAICS Code – sector description                                                              Factor summary

1                0.818        445110 – Supermarkets and other grocery (except convenience) stores           More quality/healthy options with  supermarket dominance 
                 0.777                             722213 – Snacks and non-alcoholic beverage bars                                                                                       
                 0.698                                            722110 – Full-service restaurants
2                0.793                                 722211/722212 – Limited service restaurants;                                         Less quality/healthy options with fast food dominance
                                                                    cafeterias, grill buffets, and buffets                                                                                                    
                 0.745                                        445120/447110 – Convenience stores;                                                                                                  
                                                              gasoline stations with convenience stores 
FL, factor loading.
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spatial variability (Figure 1). LQs for these five categories were exam-
ined as a MMSA level metric of variability in food service and retail
industries to explain the likelihood of obesity at the individual level.

Because some food service and retail industries may be correlated
with respect to food provision and quality, an additional analysis was
undertaken to see if findings were sensitive to the specific method of
quantifying food environments. Factor analysis identified the underly-
ing food environment structure and shared variance among the five
food service and retail categories. An orthogonal rotation was used to
produce uncorrelated factors. Thus, each factor represented unique
information about the food service and retail environments. Two fac-

tors were extracted by the following criteria: eigenvalue greater than
one; Varimax rotation with Kaiser Normalization; and rotation conver-
sion within three iterations (Table 2). 

All significant factor loadings were positive (≥0.5) making the inter-
pretation of MMSA level factor scores straightforward. Factor 1 was cor-
related with supermarkets, snack/coffee shops, and full service restau-
rants, while factor 2 was correlated with fast food and convenience
stores. Factor scores from these two factors were obtained by regres-
sion, which produced standardised metrics similar to z scores,
(DiStefano et al., 2009) and they were mapped for each MMSA (Figure
2). These two maps, consolidated from five LQ maps, summarised

                   Article

Figure 1. Location quotients for 186 metropolitan/micropolitan statistical areas: a) full-service restaurant workers; b) fast-food restau-
rant workers; c) snack/coffee shop workers; d) supermarket workers; e) convenience store workers; f ) census regions. Quantile method
is used for class intervals for all maps. 
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broadly-defined food service and retail landscapes that each shared
similar characteristics. These two factors were assessed separately
from the LQs. 

Multilevel logistic regression models were developed for obesity
drawn from BRFSS data. Respondents were classified into obese and
non-obese groups using BMI 30 kg/m2 as the cut-off point. Covariates
included age, sex, race/ethnicity, education, and income to control for
individual-level characteristics. MMSA residential status was included
to control for city size, and Census regions were included to control for
spatial clusters of obesity prevalence as reported previously (Michimi
et al., 2010b). LQs and factor scores for each MMSA were linked with
BRFSS data. At the MMSA-level, LQs from the five food service and
retail industries and two factors were modelled separately. Models were
fitted using the SAS GENMOD procedure, which uses generalised esti-
mating equations to account for MMSA-level intra-correlation and nest-
ed structure of individuals within metropolitan areas. Odds ratios (OR)
estimates and 95% CI for the individual- and MMSA-level variables
were reported. All analyses were performed using SAS version 9.3 and
MMSA-level weights were used to generate representative population
estimates from selected MMSAs.

Results

The sample characteristics are summarised in Table 3. Age was rel-
atively evenly distributed across the six age groups. There were slightly
more females (51.4%) than males in this sample. About 62.3% were
non-Hispanic white, while 37.5% were non-Hispanic black, Hispanic or
other groups representing some racial/ethnic diversity of metropolitan
populations. Large proportions of the sample had some college educa-
tion (29.9%) or were college graduates (29.4%). About 31.6% of the
sample had annual household income of greater than $75,000, while
12.3% had less than $15,000. For MMSA status, about 68.7% resided in
metropolitan areas or mid-sized cities, while 30.0% resided in metro-
politan divisions or very large cities. Respondents living in the South

were represented the most in the sample (34.0%). According to the
BMI, 26.0% of the respondents were obese. 

ORs from the two models are summarised in Table 4. For the model
including LQs, obesity prevalence increased with age especially for the
middle-aged groups, compared to the youngest group (18 to 24 years
old). Males were more likely to be obese, compared to females. Blacks
and Hispanics were more likely to be obese, while the Other group was
less likely to be obese, compared to white. Higher education and
income generally reduced the risk for obesity. There was no difference
in obesity prevalence with respect to the MMSA status. Adults living in
the Midwest and South were more likely to be obese, compared to those
living in the West. For food establishment LQs, adults living in MMSAs
with a large share of full service restaurants and supermarkets were
less likely to be obese, while those living in MMSAs with a large share
of fast-food restaurants, convenience stores and snack/coffee shops
were more likely to be obese. Notably, supermarket workers were more
concentrated in the Northeast than in other regions (Figure 1d). Fast-
food workers, on the contrary, were more concentrated in the southern
MMSAs than the northeastern MMSAs (Figure 1b). 

For the model including the two factors, ORs for covariates remained
similar to the model including LQs. Factor 1 consisting of supermar-
kets, snack/coffee shops and full-service restaurants was significant.
Adults living in MMSAs with a greater share in these food service and
retail industries were less likely to be obese. Factor 2, consisting of con-
venience stores and fast food restaurants, was also significant. In con-
trast to Factor 1, adults living in MMSAs with a greater share in these
food service and retail industries were more likely to be obese. 

Discussion

This research shows that the relative concentration of various food
service and retail workers plays an important role in explaining the
obesity prevalence among adults living in US metropolitan areas. In
urban settings, populations served by more full-service restaurant and
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Figure 2. Factor scores for 186 metropolitan/micropolitan statistical areas: a) factor 1 composed of supermarkets, snack/coffee, and full-
service restaurants; b) factor 2 composed of convenience stores and fast food restaurants. Quantile method is used for class intervals
for all maps.
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supermarket workers are less likely to be obese, while populations
served by more fast-food restaurant and convenience store workers are
more likely to obese. These findings support the idea that the abun-
dance of food outlets that generally provide healthy or unhealthy diet
can influence obesity at the scale of broad urban areas. This relation-
ship is perhaps due to greater provision and availability of food with
varying nutritional quality that people are exposed on a regular basis
(Swinburn et al., 2004). Results may also be related (in part) to varying
demand for types of food among adults living in different places (Pitts
et al., 2013).

The demand for food-away-from-home has important implications
for people’s diet and health. A previous study estimated that the per
capita spending on both full-service and fast food restaurants may rise
between 2000 and 2020 assuming modest growth in household income
(Stewart et al., 2004). Greater availability and demand for fast food has
led to increased fast food consumption, (Jekanowski et al., 2001) and
the link between energy-dense fast-food intake and the epidemic of
obesity has been widely reported (Prentice and Jebb, 2003; Garcia et
al., 2012). In addition, fast food restaurants are more available in lower
to middle income and predominantly black communities, compared to
high income and white communities in urban areas (Powell et al.,
2007a). Our research supports the general consensus on the associa-
tion between fast food availability and higher obesity prevalence and
emphasises that such relationships also exist at the metropolitan area
level. 

The quality of food served in fast-food vs full-service restaurants dif-
fers, which may impact obesity outcomes. Full-service restaurants
often provide a variety of healthier food options to respond to the needs
of health-conscious patrons, and profit margins are the main reason
why restaurants do or do not offer healthy food options (Glanz et al.,
2007). Young adults who use full-service restaurants frequently are
more likely to eat healthy foods, and their dietary intake patterns are
not related to weight status (Larson et al., 2011; Duffey et al., 2007).
Counties with a higher density of full service restaurants are associat-
ed with lower weight status suggesting a more healthful eating envi-
ronment, (Mehta and Chang, 2008) and proximity to restaurants pro-
viding fast food, but not full service, are correlated with weight gain
(Currie et al., 2010). Our research suggests that the obesity prevalence
may mirror the food environment where fast food or full service restau-
rant industries dominate the metropolitan food landscape. 

Food prepared at home has another important dimension in the rela-
tionship between food consumption and health. In 2007-08, foods from
the home supply accounted for 65 to 72% of total daily energy intake
among adults in the U.S (Smith et al., 2013). Adults are more likely to
eat healthy foods if they have more time to spend on food preparation
at home, while working adults who spend less time on cooking place a
high priority on convenience, which leads to more frequent use of fast
food (Monsivais et al., 2014). If supermarkets provide a large assort-
ment of fresh produce at a relatively lower cost than convenience stores
(Broda et al., 2009), it is conceivable that populations in areas with
more supermarkets would have lower obesity prevalence, while popula-
tions in areas with more convenience stores would have higher obesity
prevalence (Morland et al., 2006). In addition, people living in metro-
politan counties with higher supermarket accessibility are more likely
to eat fruits and vegetables and less likely to be obese (Michimi et al.,
2010a). Thus, food availability and accessibility may explain how peo-
ple prepare and consume food, and such social and cultural practices
related to diet may influence obesity outcomes. 

Large concentrations of workers in supermarkets, snack/coffee
shops, and full-service restaurants shown in Figure 2a are mostly found
in the northeastern cities and parts of the West where obesity preva-
lence is relatively lower. The food outlet landscape represented in
Figure 2b, on the contrary, shows a reverse pattern of Figure 2a in many

paired cities. Convenience store and fast-food restaurant workers are
more concentrated in parts of the southern and midwestern cities
where obesity prevalence is relatively higher. These regional clusters of
food outlets that offer generally healthier, or unhealthier food options
coincide with county-based estimates of lower and higher obesity
prevalence in the continental US (Michimi et al., 2010b). We propose
that the relationship between food environments and obesity is, in part,
driven by broader regional patterns of food availability represented by
metropolitan-area-level food environments. Food consumption, for
example, is largely cultural and food preference is recognised in differ-
ent regions of the US (Shortridge, 2003). Regional food environment
landscapes are often ignored in neighbourhood scale analysis, thus
findings in our research are particularly useful in regional planning
that aims to reduce obesity by improving healthy food provision.

Several limitations should be noted. First, local neighbourhood
effects that may exist within a large city were not assessed because
data finer than the metropolitan area level were not available and
because this research was focused on differences between various US
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Table 3. Descriptive statistics of the sample population with 95%
confidence intervals.

                                                                 % (95% CI)

Age (years)
       18-24                                                                 12.4 (12.1, 12.8)
       25-34                                                                 18.6 (18.3, 18.9)
       35-44                                                                 18.3 (18.0, 18.6)
       45-54                                                                 19.1 (18.8, 19.4)
       55-64                                                                 14.8 (14.5, 16.0)
       ≥65                                                                    16.5 (16.3, 16.7)
Sex
       Male                                                                  48.5 (48.2, 48.9)
       Female                                                             51.4 (51.0, 51.7)
Race/ethnicity
       Non-hispanic white                                      62.3 (61.9, 62.7)
       Non-hispanic black                                        12.9 (12.6, 13.2)
       Hispanic                                                           16.0 (15.7, 16.4)
       Other                                                                   8.6 (8.3, 8.8)
Educational level
       <High school                                                  13.9 (13.5, 14.2)
       High school                                                     26.6 (26.3, 27.0)
       Some college                                                  29.9 (29.6, 30.2)
       College graduate                                           29.4 (29.1, 29.7)
Household income ($)
       <15,000                                                             12.3 (12.0, 12.6)
       15,000-24,999                                                   17.0 (16.7, 17.3)
       25,000-49,999                                                   23.8 (23.5, 24.1)
       50,000-74,999                                                   15.0 (14.7, 15.3)
       ≥75,000                                                             31.6 (31.3, 32.0)
MMSA status
       Metropolitan division                                   30.0 (29.6, 30.4)
       Metropolitan area                                         68.7 (68.4, 69.1)
       Micropolitan area                                             1.2 (1.1, 1.2)
Census region
       Northeast                                                        20.7 (20.4, 21.0)
       Midwest                                                           19.5 (19.2, 19.8)
       South                                                                34.0 (33.6, 34.4)
       West                                                                  25.5 (25.2, 25.9)
Obesity
       BMI 30 kg/m2                                                   26.0 (25.7, 26.3)
BMI, body mass index. Missing data were excluded. Values in brackets represent 95% confidence inter-
val.
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metropolitan areas. Metropolitan area boundaries delineated by prede-
termined administrative unit measures can result in spatial misclassi-
fication by incorrectly characterising a neighbourhood-level exposure
(Duncan et al., 2014) and possibly result in the modifiable areal unit
problems (MAUP) (Wong, 2004). Second, obesity data generated from
self-reported weight and height are known to be underestimated com-
pared to measured data (Yun et al., 2006), so findings may be subject
to recall bias. Third, food environments are becoming increasingly
diverse as some fast-food chain restaurants may offer healthy meal
options and convenience stores may carry healthy snacks. Therefore,
more precise classification of food retail activities should be part of the
future research agenda. Fourth, although supermarkets often provide
affordable healthy foods, cost of similar food items may differ by resi-
dential areas. In such cases, food prices along with food availability
may play an interacting role in obesity outcomes (Drewnowski et al.,
2012). In addition, obesity and food environments may be influenced by
more complex social networking with respect to how people obtain food
from various sources other than food retailers (Christakis and Fowler,

2007). Finally, cross-sectional data used in this research only allowed a
correlational framework, and no causal inferences between obesity and
risk exposures were assessed. Also, the odds ratios reported in our
study may overestimate the effect because the obesity outcome was rel-
atively high, thus estimates may not precisely measure the risk ratios
in this study (Cummings, 2009).

Conclusions

Adults living in cities with a large share of supermarket and full-ser-
vice restaurant workers are less likely to be obese, while those living in
cities with a large share of convenience store and fast-food restaurant
workers are more likely to be obese. These metropolitan food environ-
ment landscapes are likely shaped by increased availability of and
demand for different types of food that people regularly seek or prefer,
and the obesity prevalence may be responding to these food environ-
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Table 4. Odds ratios for obesity with 95% confidence intervals.

                                                                                    OR (95% CI)                                                           OR (95% CI)

Age (years) (ref. 18-24)                                                                               
        25-34                                                                                        2.02 (1.81, 2.25)**                                                                      2.01 (1.81, 2.24)**
        35-44                                                                                        2.67 (2.44, 2.93)**                                                                      2.66 (2.43, 2.92)**
        45-54                                                                                        3.09 (2.75, 3.47)**                                                                      3.07 (2.74, 3.44)**
        55-64                                                                                        3.10 (2.86, 3.37)**                                                                      3.09 (2.84, 3.35)**
        ≥65                                                                                          2.12 (1.89, 2.39)**                                                                      2.10 (1.88, 2.36)**
Sex (ref. female)
        Male                                                                                          1.06 (1.01, 1.12)*                                                                         1.06 (1.01, 1.12)*
Race/ethnicity (ref. white)                                                                          
        Black                                                                                        1.64 (1.55, 1.73)**                                                                      1.62 (1.53, 1.71)**
        Hispanic                                                                                 1.23 (1.15, 1.32)**                                                                      1.19 (1.11, 1.29)**
        Other                                                                                      0.61 (0.54, 0.69)**                                                                      0.60 (0.53, 0.68)**
Education (ref. <high school)
        High school                                                                              0.97 (0.91, 1.03)                                                                           0.97 (0.91, 1.03)
        Some college                                                                           0.98 (0.91, 1.05)                                                                           0.98 (0.91, 1.05)
        College graduate                                                                  0.64 (0.60, 0.69)**                                                                      0.64 (0.60, 0.68)**
Income ($) (ref. <15,000)
        15,000-24,999                                                                            0.96 (0.89, 1.03)                                                                           0.96 (0.89, 1.03)
        25,000-49,999                                                                          0.89 (0.83, 0.95)**                                                                      0.89 (0.84, 0.95)**
        50,000-74,999                                                                           0.91 (0.85, 0.98)*                                                                         0.91 (0.85, 0.98)*
        ≥75,000                                                                                   0.72 (0.67, 0.77)**                                                                      0.72 (0.68, 0.77)**
MMSA status (ref. micro)
        Metropolitan division                                                            1.00 (0.84, 1.18)                                                                           0.98 (0.85, 1.07)
        Metropolitan area                                                                  1.01 (0.86, 1.18)                                                                           0.98 (0.89, 1.08)
Census region (ref. West)
       Northeast                                                                                 1.07 (0.97, 1.18)                                                                           1.08 (0.97, 1.21)
        Midwest                                                                                 1.15 (1.08, 1.23)**                                                                      1.12 (1.05, 1.19)**
       South                                                                                       1.15 (1.08, 1.24)**                                                                         1.07 (0.98, 1.17)
Food establishment LQ
        Full service restaurant                                                       0.73 (0.64, 0.83)**                                                                                       
        Fast food restaurant                                                           1.24 (1.11, 1.39)**                                                                                       
        Snack/coffee                                                                           1.09 (1.01, 1.19)*                                                                                        
        Supermarket                                                                         0.83 (0.73, 0.95)**                                                                                       
        Convenience store                                                              1.27 (1.15, 1.45)**                                                                                       
Food establishment factor°
        Factor 1 (more healthy options)                                                                                                                                             0.94 (0.90, 0.98)**
        Factor 2 (less healthy options)                                                                                                                                                1.09 (1.05, 1.13)**
CI, confidence interval; LQ, location quotient. Five establishment location quotient measures (middle column) and 2 factors of food environments (right column) were modelled separately. Missing data were
excluded. Values in brackets represent 95% confidence interval. °See Table 2 for the description of Factors 1 and 2. *P<0.05; **P<0.01.
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ments across the US metropolitan areas. Findings from this research
can be useful for developing and targeting public health interventions
that aim to reduce obesity by promoting healthy diet in urban settings. 
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