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Adult Obesity and Food Stores’ Density — Evidencadm State-Level Panel Data
By

Alessandro Bonanno and Stephan J. Goetz

Abstract

The association between types of food access ammdj dult obesity rates is increasingly
recognized, as a complement to the effects of miegiphysical activity. Previous studies have
examined the effects on obesity of only a limitetl store types, such as grocery stores, fast
food restaurants and big-box retailers, and they Iignored that certain behavioral factors, such
as could play a role in the relationship betweaufaccess and obesity. This analysis includes a
comprehensive array of food-providing establishmeinicluding limited- and full-service
restaurants controlling for fruit-and-vegetable&\fy consumption (lagged temporally) using a
panel data set for the continental U.S. statesroayéhe period 1997-2005. The results show
clearly that the density of food stores acrosssthges matters. In addition, important and subtle
nuances emerge in the relationships among ob&sity,consumption and the different types of
stores when we allow for interaction effects.

JEL Classification: D12; 119; R23



Introduction

The dramatic increase in American obesity ratesaktascted scientists from a variety of
disciplines who seek to better understand the plygical, behavioral, and ecological causes of
what has been labeled an “epidemic.” In the pe?i@@7-2008 the rate of the adult U.S.
population being obese, or with a with a body miadex (BMI) equal to or above 30, was
33.8%, while that of overweight and obese populatiombined (BMI > 25) was 68.0% (Flegal
et al. 2010). Within economics, several authorsehexamined the role of food outlets, primarily
fast-food restaurants, as a determinant of the-babric intake diets which are at the base of the
general increase in the population’s BMI (see Pidn and Posner, forthcoming, for a review).
The evidence overall is mixed and depends on {he ¢§ data used and the geography
considered (White 2008).

For example, combining state-level data with indinal demographic and weight data
from the Behavioral Risk Factor Surveillance Surf@RFSS) Chou et al. (2004) found a
positive, but decreasing effect of restaurants’sdgron BMI. Using an extensive database from
California public schools matched with geo-refeezhmformation from the National
Establishment Time Series Database, Currie e2@09) found that the nearby presence of fast
food restaurants to a school is positively assediatith childhood obesity and weight of
pregnant women. Similarly, using geo-referencecrondlata from the Indianapolis urban area,
Chen at al. (2009) found a positive (negative)tr@hship between the densities of fast food
restaurants (grocery stores) and BMI. Conversathafft, Jensen and Hinrichs (2009) find that
BMIs of children are higher in those Pennsylvamiao®! districts that are also classified as food

deserts — defined as areas with “poor or uneveesado full-service grocery stores” (p.155).



Using food-intake micro data and correcting for@yehous location of establishments,
Anderson and Matsa (2009) found no casual link betwfood consumption at restaurants (both
fast-food and full service restaurants) and obesitggesting that individuals who consume
more meals at restaurants are likely to offseteluadories by eating less at other occasions.
Dunn (2008) used an IV approach on 2005 Behaviisi Factor Surveillance Survey micro
data and self-collected data on the density offfasdl restaurants, and found find a positive
effect of fast foods’ densities on BMI.

Furthermore, the current literature focuses on and,at most two different types of food
outlets, and it ignores the fact that consumere laanailable and choose among more types. For
example, although recently more than 30% of conssinregpenditure for food-at-home are
made in non-traditional food retailers (Martine@02), of which 54% occur in supercenters,
little research examines the impact of the presefho®n-traditional food retailers on the share
of overweight or obese population. To that regaodrtemanche and Carden (2010) examined
the effect of Wal-Mart Supercenters on obesitysaiging individual-level responses to the
BRFSS matched geographically to locations and etdtgs of the big-box chain, hypothesizing
that income and substitution effects lead to congion of healthier foods that is in turn
reflected in lower obesity rates. Using IV estimatand controlling for socio-demographic
factors, they find that a greater store densigssociated with higher BMIs over the period
1997-2005.

While previous papers have examined the effect@ieyy stores, limited service
restaurants and big-box retailers on obesity rabey, have ignored the contemporaneous effect

that all of them could have on obesity. One exoeps Morland et al. (2006) who analyzed the



contemporaneous presence of supermarkets, graceeg.sand convenience stores, on the
likelihood of being overweight, obese, or of stifigrfrom diabetes and hypertension.

Furthermore, in spite of the relationship betweeirt find vegetables consumption and
lower BMI has already been established in thedttee (see for example Lin and Morrison,
2002), none of the study illustrated above hasateal for the role of consumers’ diet in
evaluating the impact of food access (or lack thigren obesity. As there is evidence that
individuals self-select into neighborhoods that ldanatch their propensity to engage in
obesogenic lifestyles (Eid at al., 206 8ontrolling for eating habits (and other behavionsty
mitigate the effect self-selection in assessingriggact of food access on obesity.

In this paper we analyze the relationship betwetit @besity rates and the density of
grocery stores, fruit and vegetable stores, Walti8apercenters, and full and limited service
restaurants, using a panel of publicly availabdg¢estevel data from various sources (BRFSS,
Bureau of Labor Statistics, Population EstimategRam), accounting for healthy eating habits
(the percentage of adults eating at least fiveisgswof fruit and vegetables a day). Our
empirical procedure accounts for the endogeneith@healthy eating habits measure as well as

that of Wal-Mart’s stores location. We also cohfan population characteristics and allow for

! Morland et al (2006) used the Atherosclerosis RisRommunities (ARIC) study participants’
data matched with census track food-store locatada. They found that, while supermarket’s
presence has a beneficial impact on obesity andvevght, the presence of grocery stores and
convenience stores was positively associated Wwélptevalence of overweight, obesity,
diabetes and hypertension.

* Eid et al (2007) looked at changed in body wedajtindividuals that moved to neighborhoods
characterized by different levels of urban sprasihg the Confidential Geocode Data of the
National Longitudinal Survey of Youth 1979 (nlsy®)the us Bureau of Labor Statistics. Their
findings indicate that higher obesity rates in &apling’ areas are due to individuals’ self-
selection, i.e. that people with a propensity foesity tend to locate into sprawling
neighborhoods.



non-linearities in the relationship between foautes and obesity, and also examine interactions
between food stores’ density and adults’ eatingthab

The results show a strong and negative relationsétiween adult obesity and healthy
eating as well as the density of fruit and vegetsistores and full-service restaurants, while the
relationship between obesity rates and Wal-Marestgnters is positive but weaker than the
former. The relationship between adult obesitgcgry stores, limited service restaurants’ and
full service restaurants’ density is and compléxparticular, interacting food-stores’ density
with the percentage of adults consuming fruits eegktables five times a day, the results show
that most types of food stores density measureasm@ciated with a marginal variation in the
adult obesity rate, either when the percentagelolts eating healthy is large (positive, in the
case of grocery stores, negative in the case fdnad vegetables stores and full service
restaurant) or very small (and positive in the czsé@/al-Mart supercenters), suggesting that a

trade-off exists between food access, eating hahidstype of food stores.

2. The model
We posit a simple empirical model that builds oa pihevious literature and is grounded
in household utility maximization, taking into acot exogenous socio-demographic control
variables, relative prices of (or access to) déferkinds of foods, and behavioral variables:
BMI = f (He,F,B|Q); 1)
whereBMI is the body mass indekte represents healthy eating habBds a vector of

consumers’ socio demographics (including numbehdtiren, age, gender and ethnicity ) and



other behavioral (physical activity and smokingjuitteristicy F is a vector representing
access to alternative food delivery technologigs {ood outlets, detailed below) that reflect
both different qualities of food and opportunityst®of time related to food preparation; &nis
a vector of parameters representing the indivigualste for different food outlets (i.e. types of
foods) and the quantification of the relationsbgween habits and socio-demographic
characteristics and obesity.

The focus on the variablde is crucial to understand the relationship betwberbuilt
environment (food access) and obesity. Havingsscteethe same assortments of options,
consumers who eat healthy may hasatefis paribus) a lower likelihood of becoming obese as
they would likely choose the healthier alternativ@sis fact has been almost completely
disregarded in the literature on obesity and foozkas which appears, for example, to assume
that unhealthy choices are automatic if consumave laccess to fast food restaurants.

The most commonly used specification for equatinr{ the literature sees the
relationship between obesity and a series of egpiap variables to be linear (see for example
Eid et al., 2007; Dunn, 2008; Anderson and M&g889; Courtemanche and Carden, 2010). In

the context of this analysis we specify:

BMI;, :a+zkakit+za—ijit+szdivs+thTt+£it (2-a)
k j s t
BMI;, :a+IBHQt—l+zyk5<it +25ijit +szdivs +ZHtTt T & (2-b)
k j S t

WhereHe, B, F are described abover, 5,y and, 9, are elements a®, divandT

represent regional fixed effects and time dummasgectively,v, and, g are their coefficients

% See Table 1 and Section 3 (Data and Estimatiani fdescription of the socio demographics
characteristics and behavioral variables that eneeBMI equation.



and theg, s are idiosyncratic error terms. Note that a on@gdag of healthy eating is used to

avoid reverse causality as the diet could be catedlwith unobservables impacting obesity.
The other key variables in the model arefsaevherej=1...5, or grocery stores, fruits and
vegetables stores, full-service restaurants, lungervice restaurants and non-traditional food
retailers (Wal-Mart Supercenters). Models (2-a) é2b) will be referred to as the baseline
models.

Other analyses have included non-linearity in tHationship between food access and
obesity (Chou et al. 2004). As additional empirtests, quadratic food-access specifications

mirroring the baseline models are

BMI,, =a + zyk By + Z(a_lejit + 5szjﬁ) + ZVSdiVS + ZBITI t & (3-9)
k j s t
BMI, =a+BHe + Y KB+ (OF, +IF )+ D vdiv,+ Y 6T+ (3-D)
k j s t

Models (2-b) and (3-b) only allow eating habitgptay a simple role by shifting the
average BMI across regions. However the effeetatihg habits on obesity may be different
depending upon the methods which food is delivefeat. example, fruits and vegetables can be
“delivered” differently to consumer in differentrfoats (a salad made with fresh greens at home
may contain different calories than one purchasedfast food restaurant, because of particular
dressings associated with it). At the same titme jrnpact of food access of BMI can be
different depending upon how consumers are goingséothe “technology” at their disposal, i.e.
whether or not they engage in healthier eatingtbavien if they have access to more fresh food.
To capture the nature of the interaction betweerbthilt environment (i.e. food access), a

different specification of the model is:

BMI,, = a+zkakit +Z(’7; +AjHQI—1) Fii +ZVsdiVS +Z‘2Tt T & (4-a)
k j s t



BMI, =a+BHg, ,+ Y By + > (7, + A He ) Fj + D v div,+ > 8T, +5,  (4-b)
k j s t

where the marginal effects of food access and ehabgs (respectively) are:

OBMI,
oF, t=7,+AHe_ and (5-a)
GBMI

AF 5-b
qut . IB Z joogit ( )

Furthermore, it is easy to verify that equationsai3d (4) are nested in (2), which allows

empirical testing of whether they are statisticalqivalent to the baseline model.

3. Data and Estimation
The main data used in the analysis are state-émgregates from the “Prevalence and
Trends Data” of the Center of Disease Control amyé&htion’s (CDC) Behavioral Risk Factor

Surveillance System (BRFSS) survey, available @QbC websiteHttp://www.cdc.gov/brfsg/

The BRFSS is an on-going telephone health survstesy, which tracks the health conditions
and risk behaviors of the U.S. population and ctdlelata on three types of information: 1)
individuals’ habits, such as smoking, physicahattj alcohol consumption; 2) health status and
health prevention measures, e.g., whether the nelgmds had high blood pressure, high
cholesterol level, access to healthcare etc., anelspondents’ socio-demographic characteristics
such as number of children in the household, agegander.

Specifically, the BRFSS contains data on heightvaeight of the respondents, which are
used to calculate values of Body-Mass-Index (BMiyjding weight in kilograms by height

squared in meters. In the present study we refé&adult obesity incidence” as the percentage of



adult population, in each state, whose BMI is 30 above’ The BRFSS also contains
information on the percentage didults who have consumed fruits and vegetables five or more
times per day” which is used as proxy for healthy eating habiderred to as “fruits and
vegetables consumption” or “healthy eating” in temainder of the paper).

Although the BRFSS Prevalence and Trends Datava#able starting in 1984, we limit
our analysis to the period 1996-2005 to avoid pwtd arising from changes in the Census’
industry classification that occurred in 199 Data on the number of food outlets are obtained
from the U.S. Bureau of Labor Statistic. The indestincluded are NAICS 4451 — Grocery
Stores (establishments primarily engaged in iatad general line of food products), NAICS
44523 — Fruit and Vegetables Stores (primarily gedan retailing fresh fruits and vegetables);
NAICS 7222 — Limited Service Restaurarasd NAICS 722— Food Services and Drinking
Places. The number of limited service restauranised as proxy for fast food presence while
the difference between the number of establishmamMiAICS 722 and NAICS 7222 captures
the presence of full-service restaurants. Thedeel number of Wal-Mart supercenters is

obtained from the company’s annual shareholderrtepds Wal-Matrt is the foremost

* The CDC classification of BMI is: Below 18.5: Undesight; 18.5 to 24.9 Normal weight; 25 —
29.9 Overweight and above 30 obese.

> As the system switched from the SIC 1987 to thd@®8\1997 systems, some of the industries
used in this analysis lacked correspondence betteetwo classification codes.

® Official definition: This industry group comprises establishments primarily engaged in
providing food services where patrons generally order or select items and pay before eating.
Most establishments do not have waiter/waitress service, but some provide limited service, such

as cooking to order (i.e., per special request), bringing food to seated customers, or providing
off-site delivery.

’ Official definition: Industries in the Food Services and Drinking Places subsector prepare
meals, snacks, and beverages to customer order for immediate on-premises and off-premises
consumption. There is a wide range of establishments in these industries. Some provide food and
drink only; while others provide various combinations of seating space, waiter/waitress services
and incidental amenities, such as limited entertainment. [...] Theindustry groups are full-service
restaurants; limited-service eating places, special food services, such as food service
contractors, caterers, and mobile food services; and drinking places]|...].



supercenter representative, its presence is usga@ag of non-traditional food retail outlets.
Food access is measured by the state-level nunfilserres divided by the population. Total
population and other demographics (population ggtanto different ethnic groups, average
age) are from the U.S. Bureau of Census Popul&stimates Program.

The data used in the estimation cover the yearg-2995 for 47 continental stat®fr a
total of 423 observations. As the data on fruitd megetables consumption and for some of the
other regressors included as controls in the mdémi€xample physical activity levels) are not
available for all the years, the missing observetiare recovered using linear interpolation. The
1996 observations for fruit and vegetable consuonpdire used to create lags. A summary of the
variables that will be used in the estimation isvled in Table 1, along with descriptive
statistics; plots of the incidence of adult obesiysus healthy eating habits and the measures of
food stores density are reported in Figure 1.

Tests for the endogeneity of fruit and vegetablescoption were performed using a
series of Hausman (1978) tests on the differertiBpation of the model, using lagged fruit and
vegetables consumption as an instrument. Singerduruit and vegetable consumption was
found to be endogenous, its value lagged by onewas used instead in the estimation of the
main model. An additional empirical issue thasesiis that Wal-Mart’s supercenters’ location
may be endogenous, as the company follows a specifiansion strategy that targets areas
where competition is scant and where consumers laager need for “Wal-Mart-like” stores
(Walton and Huey, 1992). Alternatively, Wal-Martaynseek to locate in places with higher
obesity rates, as this correlates with socio-deagaigcs such as income or poverty rate. To

account for endogeneity of Wal-Mart’'s supercenbeations we use the fact that the company

8 Utah was excluded from the sample because of ngjs#iservations in the BRFSS data.
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has capitalized heavily on the conversion of itssmaerchandize format, the Discount Stores
into supercenters (Bonanno, 2010). The currentbeuraf supercenters is regressed on the
lagged number of discount stores state-level fii@elcts and year dummies. The predicted
number of stores is then divided by total populatim hundreds of thousands) and the variable
used in the estimatioh.Once all the variables are operational and apjaigby instrumented,

the different versions of the models are estimateldiding U.S. Census division-level fixed

effects and year dummies to help controlling fa planel nature of the data in STATA v. 10.

4. Econometric results

This section is organized into two parts. A distols of the empirical results of the
baseline models (equations 2-a, and 2-b) and tadrgtic models (equations 3-a, and 3-b) is
presented first, followed by an illustration of ttesults of the interaction models (equations 5-a
and 5-b). The estimates of the linear, quadratttthe interacted specifications are reported,
respectively, in tables 2, 3 and%the marginal effects of food stores density onltashesity for
the non-linear models are reported in tables 4Gand@he results of all the models show high
levels of goodness of fits (the R-squared exce@dinOall models) and the estimated coefficients

jointly differ from O at the 1% level.

4.1 Linear and quadratic specification

® Detailed results for the OLS regression used $trimentalize the number of Wal-Mart are
omitted for brevity. The R-squared value was 029l the coefficients for the lags of the
number of discount stores are significant at tle%.level, while most of the state-level fixed
effects and year dummies were significant at theé&él.

19 The coefficients for the division fixed-effectsdathe year dummies are omitted from brevity.
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Consistent with previous literature (Lee and Mamis2002), the percent of population
engaging in healthy eating is negatively relateth\adult obesity incidence, its coefficients
being negative and highly significant in the lineawdel, while only marginally significant in the
guadratic model. The small magnitude of the esgchparameters (-0.0432 and -0.0450, for the
baseline and quadratic model, respectively), intipat, in order to decrease the incidence of
adult obesity by 1 percentage point, consideratbibetevould be required in “educating”
individuals about the benefits of healthy eatirgad to increasing the percentage of population
eating fruit and vegetables five times a day bgentage close to 21 %eleris paribus).
Alternatively, the relative price reduction needednduce substitution towards greater
consumption of fruits and vegetables would be satigtl. This result is consistent with other
findings suggesting that public expenditure onitiatr education should increase by 22.73 times
to reduce the average BMI in the adult populatiomf26.66 to 32 Kg/M(McGeary, 2009).

In discussing the impact of the demographic charetics on adult obesity incidence,
notice first that, at the aggregate level, physacdivity, smoking, gender composition
(percentage female) and average age do not imgatttabesity incidence, or impact it only
marginally and with the unexpected sign (see fangple the positive and significant parameter
for physical activity). Although these variablesvie been found in several studies to have a
significant impact on obesity, their lack of sigo#nce (or the “perverse” sign of physical
activity) in this analysis may be mostly due toithevel of aggregation and to their small
coefficient of variatioh — suggesting that only through more detailed dateone disentangle

the relationships between those variables and abeakity.

X The coefficient of variation for the dependentiahie is approximately 0.1604; that for age is
0.0323, for the % population being female (malep.i@156 (0.0167) and for the percentage
population being physically active is 0.0689.

12



However, other socio-demographics characterisetgbe as expected. In particular, per
capita income is negatively related with a higimerdence of adult obesity, with an effect
indicating that, on average, an increase in peitaapome of 10,000 $ is related with a
decrease in the incidence of adult obesity varfiiog -0.9 to -1.2 pointshe magnitude of the
coefficients being smaller in the baseline modeEjucation is also negatively related to the
incidence of adult obesity, the coefficients bemegative and statistically significant at the 1%
across specifications. The magnitude of the coefits vary between -0.1722 and -0.1493. Not
having children is also negatively related with ladbesity incidence. Lastly, ethnic
composition is also an important determinant ofliaoloesity. In particular, the coefficients
associated with the percentage of African-Amerigapulation are positive and statistically
significant across models while the percentageopiiation belonging to ethnic groups other
than white Caucasian or black is negatively relatgd it.

In the case of the baseline models, the estimaiemhpeters associated with food outlets’
density suggest that, at the aggregate level,rmepce of fruit and vegetables stores, full
service restaurants, and (marginally) of Wal-Margiexcenters is related to the incidence of adult
obesity, and that the estimated coefficients farcgry stores’ density and limited service
restaurants are not statistically different than/Nith regard to limited service restaurants, this
result is in line with Anderson and Matsa’s (2008y§ings; however, not much empirical
support from other literature is available to explhe lack of impact of grocery stores’ density.

The results of the linear food access model indit@t adult obesity incidence is
negatively related to fruit and vegetables stodesisity and if one additional FV store per
100,000 people was opened, one could expect tovabaalecrease in the percentage of adult

obese by - 0.39 and - 0.42 points. Similarly,estathere the presence of full service restaurants

13



is more marked, experience lower levels of adudtsitly: an increase of one restaurant per 1,000
individuals is associated with lower adult obesties in the order of -0.91 to -1.04 percentage
points. Wal-Mart Supercenters’ coefficient is ontarginally significant in the simplest of the
linear specifications, indicating that, at the mdis¢ impact of one Wal-Mart store for every
100,000 people is associated with an in crease26f® in the rate of adult obesity.

The scenario emerging from the results of the catadifood access model is more
complex. The illustration follows with the estiradtparameters reported in table 3-b. The
results indicate that the relationship between gnpstores density and adult obesity follows an
inverted U shape, with both the linear and quaditatims being associated with coefficients
statistically significant at the 1% level. Thessults are in line with previous findings: Chen et
al. (2009) for example, found in the Indianapolisan area a negative relationship between the
densities of grocery stores and BMI, while sevetatlies have noted that in some urban areas
where population density is lower, grocery storiésrdower quality food and are therefore
associated with poorer health conditions (e.gteGibhn et al. 2008).

The estimated parameters for limited service reatds’ density show a similar pattern
to those illustrated by Chou et al. (2004), withasitive but decreasing relationship with the
percentage of adult obese. This result suggestaghlimited-services restaurant density
increases their positive effect on obesity declia@s eventually turns negative. Conceivably,
greater competition among restaurants initiallg#eto the introduction of healthier alternatives
as firms tend to engage in product differentiatidme relationship between full service
restaurant density and adult obesity incidence-ghaped. However, it should be noted that, for
most of the range of the data, full service restats’ density exhibit a negative marginal effect

on the adults’ obesity incidence.
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The estimated coefficients for fruit and vegetaditeres’ density are not directly
interpretable, due to the positive, but not sigaifit coefficient for the linear term and the
negative and marginally significant coefficient tbe quadratic terms. Similarly, the
relationship between Wal-Mart Supercenters andtadbdsity is characterized by the linear term
negative but not statistically significant, and tjuadratic term positive and significant in all
specifications (although only at the 10% leveluo tof them). Table 4 contains estimated
marginal effects of store densities on adult olgesiéasured at the sample minimum values,
averages and maximum values. From the valuestespior Table 4 it emerges that the presence
of fruit and vegetables stores may help lower thdtaobesity incidence, but only when their
density is large (which could be associated withaug 1.13 percentage points decrease in the
adult obesity rate for every extra fruit and vebbda stores open per 100,000 people). As for the
marginal impact of Wal-Mart supercenters, the sssthow that a small presence of supercenters
has no statistically significant effect on adulestby, while its large presence is associated aith
strong positive effect at the sample maximum. Asmsequence, in those states where a
company is most prevalent, adding one store pef0D0Qoeople is associated with an increase in

adult obesity ranging from 1 to 1.56 percentag@i{goi

4.2 Interaction Model

The results of the interaction models are repariethble 5. It should be noted that F-
tests performed on the parameters of the interactidood stores’ density access and fruit and
vegetables consumption reject the null of joint4samificance, indicating that the baseline
models and the interaction models are not statidfiequivalent. The behavior of the estimated

coefficients for the socio-demographic variablesrong that of the linear and quadratic models,

15



in terms of significance, sign and magnitude, Wit exception of the lag of fruit and vegetables
consumption not interacted with food stores densltich appears to be not significant.

The estimated food access coefficients revealadstiee complex nature of the
interaction between eating habits, food storesitleasd adult obesity incidence. In particular,
the coefficients associated with fruit and vegetaldtores, full service restaurants and Wal-Mart
Supercenters show that the presence of thesesntbet be playing a role in reducing adult
obesity only in areas where a large share of coessiengage in healthy eating. It also emerges
that grocery stores’ density and limited servicgaarants’ density is associated with lower
levels of adult obesity in areas where less conssicensume 5 or more times a day fruit and
vegetables.

Although they depict a complex relationship betweating habits, food access and
obesity, the estimated coefficients cannot be easiérpreted and will therefore not be
discussed. What should be noticed is that thé &nd vegetables stores, full service restaurant
and Wal-Mart supercenters are positively relatetth wbesity only for shares of the population
engaging in healthy eating below 21.3%, 20.1%, 2618%, respectivel{? As 21.1% marks the
25" percentile of the percentage of population eatieglthy in our data, one can say that, for
approximately 75% of the sample, an increase imthmber of fruit and vegetables stores and
full service restaurants is associated with a dedh adult obesity. However, as the mark of the
75" percentile of the eating healthy is 26.2%, theesaruld be true in the case of Wal-Mart

supercenters for less then 25% of the sample.

12 These values are obtained by dividing, for eaatfstores’ density measure, the estimated
coefficient of the linear component by that of tihéeraction with healthy eating habits, and
invert its sign. In the case of the fruit and vadées stores, one has 1.8705/0.0880 = 21.26 and
1.9201/0.0900 = 21.34. These values should bedenes! as the incidence of healthy eating for
which the direction of the relationship betweend®tores’ density and adult obesity reverses.

16



Following the same logic, only for (approximatellge lower 25% of the sample (in term
of eating habits) could one conjecture a negatbg®eaiation between grocery stores’ density and
adult obesity (grocery stores’ density is negatiasdsociated with adult obesity for percentage
of population heating healthy below 21.4%) while f@pproximately) the upper 25% of the
sample a positive relationship between limited-eervestaurants and adult obesity exists
(limited service restaurants are associated witimenease in adult obesity when the percentage
of population eating healthy is above 26.4).

The marginal effects of a change in food accesa fyven level of eating habits and
(vice versa) that of a change in the share of @imr eating healthy given a level of food
stores’ density are reported in Table 6. The diveend that emerges is that most types of food
stores’ density are associated with marginal vianah the rate of adult obesity, either when the
percentage of adults eating healthy is large (gyost®res, fruit and vegetables stores, full
service restaurant) or very small (augmenting efbé&Val-Mart supercenters). This baseline
finding suggests that eating habits are a fundaahésttor that should be taken into account
when evaluating the effect of food access on opesit

The presence of grocery stores seems to have ect efi the incidence of adult obesity
when the F&V consumption is low or at values cltséhe sample average. lIts effect seems to
be positive (as in Morland et al., 2006) for laugéues of F&V consumption (leading to an
increase of up to 6.65 to 7.14 points) which maygbe to the fact that consumers self-select to
shop at other outlets different than grocery starieen they have healthy eating habits, leaving
people who have unhealthy eating habits (and tbexehore likely to be obese) to shop in those

stores (consistently with Eid et al. 2007, hypoitlesAnother explanation is that simply, in

17



presence of larger selection of foods (both headtiy unhealthy) even individuals that engage in
healthy eating may indulge in overconsumption.

Not surprisingly, having access to fruit and vepgkssl specialty stores is negatively
associated with adult obesity in areas where tisdsrger consumption of fruit and vegetables
(of a reduction in the incidence of approximately fpercentage points for every store per
100,000 people). Also, consumers who have healdaigng habits benefit from an increased
presence of full service restaurants in terms wkloobesity (for a marginal effect of
approximately -4.3 points for an increase of orstangrant per 1000 people), while a positive,
although only marginally significant effect is pe@s in areas where eating is less healthy.
Again, the econometric results fail to provide @ride of an obesity-increasing effect of limited
service restaurants (all the estimated marginake&dfacross levels of fruit and vegetables’
consumption are not statistically different from @)yal-Mart Supercenters’ presence is
positively related with the adult obesity rate, baty at low levels of F&V consumption
(between a 1.1 and 1.2 points increase in obesitsri increase of one supercenter for 100,000
people). Lastly, the last three rows of tableforethe marginal effect of an increase in one
percent of the adult population eating fruit andetables at least 5 times a day, on adult obesity
incidence at different sample values of food stateasity. Overall, as food access increases
and healthy eating becomes easier a marginal iseliea=&V consumption is more effective in

reducing obesity (for a marginal effect as largeGaS2).

5. Concluding remarks
This paper contributes to the literature by cormsmdean expanded set of explanatory

factors related to adult obesity rates, in statellpanel data set. We find that even after
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controlling for health behavior, statistically sificant community-level factors related to
demographics and access to food, where the latteeasured as traditional food outlets, big-box
stores and restaurants. Perhaps most importagnisityy of food and vegetable stores is
associated with lower obesity rates, and so iptasence of full-service restaurants. In the case
of the former, this suggests that a greater suppgrailability of such stores is associated with
lower obesity rates, cet. par. The presence ofM&lt Supercenters, in sharp contrast, is
associated with higher levels of obesity. Thus,réal income-increasing effect of lower prices
brought about by the big-box giant is not translateo consumption of healthier foods, on
balance.

Additional estimations that include interactionsaag fruit and vegetable consumption
and the different types of stores provide furtimepartant insights into the underlying correlates
of obesity. Perhaps most remarkably, most typdsaf stores densities are associated with a
marginal variation in the adult obesity rate, eittvden the percentage of adults eating healthy is
large (in the case of grocery stores (+), fruit @adetables stores (=), full service restaurants
(-)) or very small (in this case augmenting thesityeincreasing effect of Wal-Mart
supercenters (+)). This underscores the importahbelding constant the percent of population
meeting recommended daily fruit and vegetableswnpsion levels in these kinds of studies.

Future extensions could take one of the followimgé¢ directions. First, using more
refined data and econometrics analysis one coylarate the direct and indirect impact of the
impact of food outlets on obesity accounting fa trade-off between having access to more
food and having access to healthier food. Secasmthe relationships considered in this paper
are not casual, proper instrumentation of foodestather than Wal-Mart Supercenters could

increase the value and the reliability of the ress(iiard task if one wants to consider several
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food outlets). Third, different types of food ousi¢for example farmers’ markets) or more
refined measures of healthy eating (consideringgx@ample regional variations in diet, and not

only the consumption of fruits and vegetables) ddag examined.
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Table 1. Variables used in the estimation: descripin, sources, and descriptive statistics

Variable Description Source  Mean St. dev.

% Adult Obese % of adult population with BMI > 30 BRFSS 21.82 3.50

FV Consumption % of adult population declaringtsltand BRFSS 23.44 3.75
vegetables 5 or more times daily

% Practicing physical% adults with 30+ minutes of any physicaBRFSS 7450 5.13

activity activity five or more days per week

% Smoking % respondents who current smoke BRFSS 2257 293

% No Children % responding “None” to the questidow BRFSS 5997 3.02
many children livein your household?

% With College % responding “College or higher” to the BRFSS 2905 5.50

Education guestionWhat is the highest grade or year

(or higher) of school you completed?

% Female % of respondents being female BRFSS 51.72 0.80

% Black African American population divided by PEP 7.38  6.62
total population (%)

% Other ethnicities Population other than White €2eian or PEP 28.66 2.97
Black divided by total population (%)

Average Age Average age PEP 36.44 1.18

Income Per capita average income (total incomACS / PEP  30.12 5.35
total population)

Per Capita Groceries Grocery Stores Establishments (NAICS BLS / PEP 0.34 0.09

(1,000 ppl) 4451) per 1,000 people

Per Capita FV stores Fruit and Vegetables Stores EstablishmBLS / PEP 0.95 0.66

(200,000 ppl) (NAICS 44523) per 100,000 people

Per Capita Full Serv. Full Service Restaurant (NAICS 722 — BLS / PEP 0.80 0.09

Rest. (1,000 ppl) NAICS 7222) per 1,000 people

PC Limited Serv. Restimited Service Restaurant EstablishmeBtsS / PEP 1.05 0.26

(1,000 ppl) (NAICS 7222) per 1,000 people

PC WM SCs (100,000lumber of WM Supercenter per 100,000 al-Mart 0.49 0.46

ppl) people Inc / PEP
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Table 3. Econometrics results —Baseline Models

Variable Equation (2-a) Equation (2-b)
% Adult Eating > 5 Servings -0.0432*
FV Per day(Lag) (0.0219)

% Practicing physical Activity 0.0313 0.039%
(0.0217) (0.0220)
% Smoking 0.0607% 0.0457
(0.0350) (0.0357)
% No Children -0.1455** -0.1417***
(0.0339) (0.0338)
% With College Education -0.1722** -0.1665***
(or higher) (0.0317) (0.0318)
% Black 0.0872** 0.0849***
(0.0210) (0.0209)
% Other ethnicities -0.1402** -0.1458***
(0.0339) (0.0339)
% Female 0.1742 0.1401
(0.1777) (0.1779)
Average Age -0.0569 -0.0446
(0.1124) (0.1122)
Income -0.0962** -0.0923***
(0.0268) (0.0268)
Per Capita Groceries 1.1372 1.1277
(1,000 ppl) (1.0792) (1.0753)
Per Capita FV stores -0.421 1+ -0.3961**
(100,000 ppl) (0.1736) (0.1734)
Per Capita Full Serv. Rest. -0.9053* -1.0356**
(1,000 ppl) (0.4133) (0.4170)
PC Limited Serv. Rest. -0.5678 -0.5533
(1,000 ppl) (0.9786) (0.9750)
PC WM SCs (100,000 0.2574 0.2385
ppl; IV) (0.1467) (0.1465)
Constant 38.000** 39.7139***
(9.2119) (9.2193)
R-Squared 0.9069 0.9007
P-Value of F test for joint sign 0.0000 0.0000

Note: *, ** and *** represent 10, 5 and 1% significance levels —

Standard errors in parenthesis
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Table 4-a. Econometrics results — Quadratic Specdation— socio - demographics and
behavioral characteristics

Variable Equation (3-a) Equation (3-b)
% Adult Eating > 5 Servings -0.0450**
FV Per day(Lag) (0.0211)

% Practicing physical Activity 0.0416 0.0522*
(0.0213) (0.0318)
% Smoking 0.0473 0.0318
(0.0349) (0.0355)
% No Children -0.1126** -0.1070Q***
(0.0330) (0.0329)
% With College Education -0.1515** -0.1493***
(or higher) (0.0317) (0.0316)
% Black 0.0685** 0.0648***
(0.0213) (0.0213)
% Other ethnicities -0.1775** -0.1855***
(0.0334) (0.0334)
% Female 0.0529 0.0240
(0.1747) (0.1745)
Average Age -0.2094 -0.2061*
(0.1180) (0.1175)
Income -0.1282** -0.1201 ***
(0.0279) (0.0281)

Note: *, ** and *** represent 10, 5 and 1% significance levels —

Standard errors in parenthesis
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Table 4-b. Econometrics results — Quadratic Specdation — Food Access

Variable Equation (3-a) Equation (3-b)
Per Capita Groceries 17.939G** 17.0484***
(1,000 ppl) (4.5097) (4.5086)
Per Capita Groceries -21.5265** -20.5130***
Squared (1,000 ppl) (5.3309) (5.3279
Per Capita FV stores 0.3920 0.4287)
(100,000 ppl) (0.3878) (0.3865)
Per Capita FV stores -0.1976 -0.1973
Squared (100,000 ppl) (0.1055) (0.1051)
Per Capita Full Serv. Rest. -8.4685** -9.6231 ***
(1,000 ppl) (2.7472) (2.7878)
Per Capita Full Serv. Rest. 2.8557** 3.2612***
Squared (1,000 ppl) (1.0754) (1.0873)
PC Limited Serv. Rest. 35.458F** 35.4538***
(1,000 ppl) (8.8615) (8.8212)
PC Limited Serv. Rest. -22.0812+** -22.0096***
Squared (1,000 ppl) (5.1821) (5.1586)
PC WM SCs -0.0876 -0.1049
(100,000 ppl; 1V) (0.1857) (0.1851)
PC WM SCs Squared 0.2430** 0.2408***
(100,000 ppl; 1V) (0.0865) (0.0861)
Constant 35.5895** 37.9100***
(10.0907) (10.1036)
R-Squared 0.9178 0.9118
P-Value of F test for joint sign 0.0000 0.0000

Note: *, ** and *** represent 10, 5 and 1% significance levels —

Standard errors in parenthesis
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Table 5. Marginal effects — Quadratic Food Access btlel

Marginal Effects

Equation (3-a)

Equation (3-b)

Grocery (Sample Min)
Grocery (Smaple Av)

Grocery (Sample Max)

FV Stores (Sample Min)

FV Stores (Sample Av)

FV Stores (Sample Max)

Full Serv. Rest (Sample Min)
Full Serv. Rest (Sample Av)
Full Serv. Rest (Sample Max)
Limit Serv. Rest. (Sample Min)
Limit Serv. Rest (Sample Av)
Limit Serv. Rest (Sample Max)
WM Superc. (Sample min.)
WM Superc. (Sample av.)

WM Superc. (Sample Max)

10.6029**
(2.7753)
3.1139+
(1.2705)
-13.3953**
(3.5343)
0.3756
(0.3800)
0.0160
(0.2248)
-1.1282*
(0.4926)
7.1368**
(2.3895)
-0.0391
(1.1355)
-14.8341*
(3.1747)
15,2423
(1.5585)
-2.4594%
(0.6209)
2.5840
(1.5100)
-0.0876
(0.1857)
0.1479
(0.1451)
1.5560**
(0.4839)

10.0569***
(2.7745)
2.9205+
(1.2680)
-12.8115%**
(3.5289)
0.4123
(0.3786)
0.0532
(0.2244)
-1.0892*
(0.4907)
7.2244%%
(2.3790)
0.0718
(1.1315)
-14.6753**
(3.1611)
-5.9388
(1.5854)
-2.7607 %+
(0.6341)
2.9988+
(1.5157)
-0.1049
(0.1851)
0.1285
(0.1447)
1.5235 %+
(0.4819)

Note: *, ** and *** represent 10, 5 and 1% significance levels —

Standard errors in parenthesis
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Table 6-a. Econometrics results — Interaction Model socio-demographics and
behavioral characteristics

Variable Equation (4-a) Equation (4-b)
% Adult Eating > 5 Servings -0.0350
FV Per day(Lag) (0.0316)
% Practicing physical Activity 0.0265 0.0301
(0.0217) (0.0219)
% Smoking 0.0499 0.0511
(0.0367) (0.0367)
% No Children -0.1350** -0.1323***
(0.0337) (0.0338)
% With College Education -0.1600** -0.1582***
(or higher) (0.0323) (0.0323)
% Black 0.1043** 0.1056***
(0.0225) (0.0225)
% Other ethnicities -0.1404+* -0.1392***
(0.0354) (0.0355)
% Female 0.0659) 0.0653
(0.1802 (0.1802)
Average Age -0.0267) -0.0243
(0.1118 (0.1118)
Income -0.0957** -0.0942***
(0.0277) (0.0278)

Note: *, ** and *** represent 10, 5 and 1% significance levels —

Standard errors in parenthesis
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Table 6-b. Econometrics results - Interaction Model- Food Access

Variable Equation (4-a) Equation (4-b)
Per Capita Groceries -8.7109 -0.7669
(1,000 ppl) (5.8499) (5.9252)
Per Capita Groceries * 0.4142 0.4558*
% Adult Eating FV 5*day (0.2286) (0.2316)
Per Capita FV stores 1.8705 1.9201*
(100,000 ppl) (1.0327) (1.0333)
Per Capita FV stores * -0.0880* -0.0900**
% Adult Eating FV 5*day (0.0408) (0.0408)
Per Capita Full Serv. Rest. 5.0136* 5.1564**
(1,000 ppl) (2.2516) (2.2546)
Per Capita Full Serv. Rest. * -0.2497** -0.2562***
% Adult Eating FV 5*day (0.0947) (0.09409)
PC Limited Serv. Rest. 5.747% -6.3427*
(1,000 ppl) (3.4826) (3.5226)
PC Limited Serv. Rest. * 0.2084 0.2313%
% Adult Eating FV 5*day (0.1306) (0.1322)
PC WM SCs 1.8434** 1.7161**
(100,000 ppl; 1V) (0.7102) (0.7192)
PC WM SCs * -0.0698* -0.0646**
% Adult Eating FV 5*day (0.0304) (0.0308)
Constant 41.9536** 42.2039***
(9.3681) (9.3680)
R-Squared 0.9115 0.9207
F tests joint significance (p-val) 0.0000 0.0000

30



Table7 - Marginal Effects - Interaction Models

Marginal Effects

Equation (5-a)

Equation (5-b)

Grocery (FVcons Min)
Grocery (FVcons Av)

Grocery (FVcons Max)

FV Stores (FVcons Min)

FV Stores (FVcons Av)

FV Stores (FVcons Max)

Full Serv. Rest (FVcons Min)
Full Serv. Rest (FVcons Av)
Full Serv. Rest (FVcons Max)
Limit Serv.. Rest (FVcons Min)
Limit Serv. Rest (FVcons Av)
Limit Serv. Rest (FVcons Max)
WM Superc. (FV cons min.)
WM Superc. (FV cons av.)
WM Superc. (FV cons Max)
FV Cons. (Food Access min)
FV Cons. (Food Access av)

FV Cons. (Food Access Max)

-4.9416
(3.8244)
0.9984
(1.1457)
6.6561
(2.9358)
1.0696
(0.6701)
-0.1926
(0.1874)
-1.394G
(0.5264)
2.7410"
(1.4148)
-0.8406
(0.4287)
-4.2519*
(1.3730)
-3.8512
(2.3654)
-0.8622
(1.0175)
1.9847
(1.7940)
1.2084*
(0.4430)
0.2078
(0.1475)
-0.7453
(0.4576)
0.1719*
(0.0750)
-0.0702++*
(0.0268)

-0.5190*
(0.1319)

-5.6195
(3.8718)
0.9165
(1.1478)
7.1418*
(2.9674)
1.1015
(0.6705)
-0.1886
(0.1874)
~1.4174%
(0.5267)
2.8245+
(1.4164)
-0.8502+
(0.4287)
-4.3503 %+
(1.3754)
-4.237F
(2.3902)
-0.9206
(1.0186)
2.2389
(1.8081)
1.1282*
(0.4488)
0.2018
(0.1475)
-0.6805
(0.4612)
0.1465*
(0.0783)
-0.0787%**
(0.0279)

-0.5003 ***
(0.1329)
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Figure 1. % Adult Obese vs. Healthy Eating and Star Density
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Figure 1. -Continued

Adult Obesity Incidence vs Full Service RestaurantDensity
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