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Abstract
This study investigates the relationship between household utilization of food services and retailers and the
healthfulness of purchases using data from the 2013 Food Acquisition and Purchase Survey. Overall, our
findings suggest that the associations between food service or retailer utilization and the healthfulness of
purchases are limited. Thus, interventions may need to be targeted to specific households based on patterns
of utilization. We also find evidence for an interdependent relationship between food at home and away
from home food shopping behaviors with implications for the healthfulness of purchases.
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1. Introduction
The food environment describes the type and quantity of food retailers (including supermarkets,
superstores, and convenience stores) and food services (including full-service and fast-food res-
taurants) within close proximity to a household. Research has found that households, particularly
low-income households, living in areas with limited access to supermarkets or easier access to
convenience stores and fast-food restaurants, tend to have poorer dietary and health outcomes
(Fleischhacker et al., 2011; White, 2007). Such findings were used to justify policy interventions
such as the Healthy Food Financing Initiative (HFFI), which subsidizes the cost of building new
food retailers, such as supermarkets, in low-access communities (Bitler and Haider, 2011).
However, studies evaluating the impact of opening a new supermarket in a low-income low-access
community have found it has limited or no effect on household food purchasing behavior, possi-
bly due to the limited number of households utilizing the new supermarket (Abeykon, Engler-
Stringer, and Muhajarine, 2017; Cummins, Flint, and Matthews 2014; Sadler, Gilliland, and
Arku 2013; Wang et al., 2007).

More specifically, Sadler, Gilliland, and Arku (2013) found only 10% of households switched to
a new grocery store that opened in Flint, Michigan, while Cummins, Flint, and Matthews (2014)
found only 26.7% of residents adopted a new supermarket in Philadelphia, Pennsylvania, as their
primary store and only 51% ever used it during their observation period. Similarly, Allcott et al.
(2019) found using Nielsen Homescan data that consumers who shifted expenditures towards a
new supermarket were primarily doing so by decreasing expenditures at other supermarkets
rather than at convenience stores or drug stores. Furthermore, Cantor et al. (2020) found that
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the changes in nutrient outcomes associated with the opening of a new supermarket in Pittsburgh,
Pennsylvania, were found only in households that utilized the new store. Yet despite these find-
ings, policy makers continue to express interest in policies that would incentivize opening super-
markets in low-income low-access communities under the assumption that household’s
utilization of the new supermarkets will improve diet and health outcomes (Atkinson, 2021;
Fite, 2020; Jeffrey-Wilensky, 2022; Munoz, 2022). Thus, investigating the relationship between
household utilization of food services and retailers and the healthfulness of purchases may provide
important insight into the limitations of current food environment interventions, which can be
used to develop alternative policies.

There are currently several studies that have investigated either the relationship between food
retailer utilization and the healthfulness of foods purchased for at home consumption (Pechey and
Monsivais, 2015; Minaker et al., 2016; Rudi and Cakir, 2017; Volpe, Okrent, and Leibtag, 2013;
Volpe, Jaenicke, and Chenarides, 2018) or food service utilization and dietary quality (Anderson
and Matsa, 2011; Carpio et al., 2020; Mancino, Todd, and Lin 2009; Nguyen and Powell, 2014;
Poti, Duffey, and Popkin, 2014). While these studies have found the healthfulness of purchases or
dietary quality has a positive association with supermarket utilization, and a negative association
with convenience store or fast-food restaurant utilization, not all address potential omitted vari-
able bias in the utilization variables resulting from unobserved household characteristics that
influence both the choice of where to shop and what to purchase. Two studies most similar to
ours that addressed this potential bias using instrumental variables are Rudi and Cakir (2017)
and Volpe, Jaenicke, and Chenarides (2018); however, both used Nielsen Homescan data and
are thus limited to food retailer utilization and healthfulness of food at home (FAH) purchases.

Therefore, the purpose of this study is to provide further insight into the relationship between
food service and retailer utilization and the healthfulness of purchases. Our data came from the
2013 Food Acquisition and Purchase Survey (FoodAPS), which includes information on all trips
for food during a one-week time period. Given that the investigation was motivated by limitations
in the food environment literature and HFFI style interventions that emphasize where people can
shop for food, we measured utilization with the number of trips to specific food services or
retailers. To measure the healthfulness of food purchases, we used the Healthy Eating Index
2010 (HEI-2010) score and assessed the healthfulness of all food purchased, as well as for
FAH and food away from home (FAFH) separately. Our strategy for addressing potential omitted
variable bias in the utilization variables combined k-means cluster analysis with a multinomial
endogenous switching regression (MESR). K-means cluster analysis generated mutually exclusive
groups of households based on similarities in their shopping trip patterns. Since households
within shopping trip patterns are more similar than households across shopping trip patterns,
we examined the relationship between the utilization of specific food services and retailers and
the healthfulness of purchases conditional on shopping trip patterns to allow for comparisons
among households that are more similar to each other. Estimating the relationship using a
MESR further addressed omitted variable bias resulting from the influence of unobserved house-
hold characteristics on the choice of shopping trip patterns and the healthfulness of food pur-
chases (Bourguignon, Fournier, and Gurgand 2007; Lee, 1983).

While we believe this strategy at least partially addresses the endogeneity of food service and
retailer choice, we do not claim to have identified a causal effect of utilizing a specific food service
or retailer. Instead, we focus on investigating two important and policy-relevant sources of het-
erogeneity resulting from differences in how households combine food services and retailers, cap-
tured in household shopping trip patterns, and household income. The former is important given
the insight from new supermarket evaluations that the benefit or lack of benefit may be related to
how households utilized food retailers before the intervention (Cummins, Flint, and Matthews
2014; Sadler, Gilliland, and Arku 2013; Allcott et al., 2019). Thus, comparing results across shop-
ping trip patterns provides insights into how the potential benefit of additional food service or
retailer utilization varies conditional on current patterns of use. Investigating heterogeneity by
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income level is also important given the assumption in the food environment literature that lim-
ited access disproportionately affects lower-income households (Ver Ploeg, Dutko, and Breneman
2014). To investigate this source of heterogeneity, we include interaction terms between the food
service or retailer trip variables and an indicator for household incomes of less than 130% of the
federal poverty line (FPL). The 130% FPL threshold is relevant to policy makers because it cap-
tures households eligible for many food assistance programs including the Supplemental
Nutrition Assistance Program (SNAP).

Our study provides two contributions to the current literature on the relationship between food
service and retailer utilization and the healthfulness of purchases. First, unlike previous studies, we
include measures of both food service and retailer utilization and investigate the association
between utilization and the healthfulness of all purchases as well as purchases for FAH and
FAFH. This is important given the increasing contribution of food services to household food
expenditures and caloric intake since the 1980s (Dong and Zeballos, 2021; Saksena et al.,
2018) and previous research that found that FAH healthfulness was generally lower among indi-
viduals who consumed fast-food (Mancino, Todd, and Lin 2009; and Poti, Duffey, and Popkin
2014). Thus, not only is food service an increasingly important source of food for households
but there may also be a relationship between food service and food retailer utilization with impli-
cations for health and diet outcomes.

Second, given that households tend to shop at multiple places the influence of a single food
service or retailer may depend not only on the nutritional quality of the food it sells but also
on how frequently households utilize it and other food services or retailers (Authors, 2020;
Carlson and Kinsey, 2002; Stern et al., 2015). Our analysis demonstrates one method of addressing
this potentially complicated aspect of household food shopping behavior by using k-means cluster
analysis to identify shopping trip patterns and then comparing the association between specific
food retailers and food services utilization and healthfulness of purchases across clusters to inves-
tigate potential heterogeneity in the relationship based on where households typically shop.
K-means cluster analysis was previously used by Carlson and Kinsey (2002) and Stern et al.
(2015), to investigate household shopping trip patterns, and by Lusk (2017) as a method for inves-
tigating heterogeneity in demand for FAH and away from home.

1.1. Background

While food services can include restaurants and other businesses that prepare meals or snacks for
consumption away from home, and food retailers can include supermarkets, ethnic markets, and a
variety of other stores where households purchase food primarily used to prepare meals, food
environment studies tend to focus on a limited number of specific food services or retailers
(USDA-ERS, 2022a, 2022b). This is in part due to the assumption that healthy foods are primarily
available at certain food retailers, like supermarkets, which makes their location a proxy for access
to healthy foods (Ver Ploeg, Dutko, and Breneman 2014; Allcott et al., 2019). On the other hand,
convenience stores and fast-food restaurants often serve as proxies for access to unhealthy foods
(Anderson and Matsa, 2011; Dunn, 2010).

Several studies have documented a nutritional gradient across food services and retailers by
comparing the healthfulness of food purchases at the store level (Stern, Ng, and Popkin, 2016;
Volpe, Kuhns, and Jaenicke, 2017; Kirkpatrick et al., 2013). Most of these studies used data from
food retailers and found that purchases from superstores, convenience stores, and dollar stores
tend to be lower in nutritional quality than purchases from supermarkets and grocery stores
(Stern, Ng, and Popkin, 2016; Volpe, Kuhns, and Jaenicke, 2017). However, several studies also
found that the healthfulness of purchases from supercenters increased during the early 2000s
(Stern, Ng, and Popkin, 2016; Volpe, Kuhns, and Jaenicke, 2017). Kirkpatrick et al. (2013) found
some variation in the healthfulness of food available at different fast-food chains based on a com-
parison of the nutritional quality of food available on their menus, but the overall score for the
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fast-food chains was below that for the national food supply. While these studies suggest that the
healthfulness of food available varies across specific food services and retailers, the influence on
household-level outcomes likely also depends on how households utilize specific food services and
retailers.

There are a limited number of studies that consider the relationship between the utilization of
specific food services or food retailers and the healthfulness of purchases. Studies investigating the
influence of utilizing specific food services focus on the relationship between restaurant use, and in
particular fast-food restaurants, and dietary quality (Anderson and Matsa, 2011; Carpio et al.,
2020; Mancino, Todd, and Lin, 2009; Nguyen and Powell, 2014; Poti, Duffey, and Popkin,
2014). Since most of these studies used data from 24-hour dietary recalls, the measure of dietary
quality includes consumption at restaurants and food prepared at home (Anderson and Matsa,
2011; Mancino, Todd, and Lin, 2009; Nguyen and Powell, 2014; Poti, Duffey, and Popkin, 2014).
However, this also restricts their measurement of restaurant utilization to indicators for any use or
number of meals in the past 48 hours (Anderson and Matsa, 2011; Mancino, Todd, and Lin, 2009;
Nguyen and Powell, 2014). Most studies found that increased fast-food use or more meals away
from home was associated with poorer dietary quality (Anderson and Matsa, 2011; Carpio et al.,
2020; Mancino, Todd, and Lin, 2009; Nguyen and Powell, 2014; Poti, Duffey, and Popkin, 2014).
To the best of our knowledge, two studies, Carpio et al. (2020) and Nguyen and Powell (2014),
included measures of fast-food and full-service restaurant use and both found evidence to suggest
the influence of fast-food use was more detrimental to dietary quality than full-service restau-
rant use.

Several studies have also considered the relationship between the utilization of specific food
retailers and the healthfulness of purchases (Pechey and Monsivais, 2015; Minaker et al., 2016;
Volpe, Okrent, and Leibtag, 2013; Volpe, Jaenicke, and Chenarides, 2018). The majority of these
studies used Nielsen Homescan or Kantar WorldPanel data, both of which collect information on
foods brought into the home, also referred to as FAH (Pechey and Monsivais, 2015; Volpe,
Okrent, and Leibtag, 2013; Volpe, Jaenicke, and Chenarides, 2018). Therefore, measures of the
healthfulness of purchases in these studies primarily include food purchased from food retailers.
Utilization was measured using either the number of trips to (Minaker et al., 2016; Pechey and
Monsivais, 2015) or expenditure shares at (Volpe, Okrent, and Leibtag, 2013; Volpe, Jaenicke, and
Chenarides, 2018) specific food retailers. Three studies found that increased utilization of super-
markets or superstores had a positive influence on the healthfulness of food purchases, while
increased utilization of convenience stores had a negative influence on the healthfulness of
food purchases (Pechey and Monsivais, 2015; Minaker et al., 2016; Volpe, Jaenicke, and
Chenarides, 2018).

Investigating the relationship between household-level food service and retailer utilization and
the healthfulness of purchases requires special consideration due to the potential for unobserved
household characteristics to influence both the choice of food service and food retailer utilization
and the healthfulness of purchases. Such unobserved household characteristics could bias the esti-
mated relationship between utilization and healthfulness of purchases in a simple linear regres-
sion. Two studies that address this endogeneity and are most similar to our own due to their focus
on the healthfulness of purchases rather than dietary quality are Rudi and Cakir (2017) and Volpe,
Jaenicke, and Chenarides (2018). Both studies used Nielsen Homescan data to study the relation-
ship between food retailer utilization and the healthfulness of FAH purchases. Additionally, both
used instrumental variables, which included the availability of different food retailers in the
respondent’s food environment, to address the endogeneity of food retailer choice (Rudi and
Cakir, 2017; Volpe, Jaenicke, and Chenarides, 2018).

Volpe, Jaenicke, and Chenarides (2018) measured food retailer utilization with the percentage
of FAH expenditures by specific food retailer type, which included supermarkets, supercenters,
mass merchandizers, club stores, convenience stores, and a category for other food retailer types.
They found that supermarket and superstore use had a positive effect on the healthfulness of food
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purchases, while convenience store use had a negative effect. When considering heterogeneity by
income, they found that among lower-income households the positive effect of supermarket and
superstore use persisted, but convenience store utilization no longer had a statistically significant
effect. Among higher-income households, supermarket utilization instead had a negative effect,
and the negative effect of convenience store utilization persisted. Rudi and Cakir (2017) found that
increasing the total number of trips to food retailers in a month decreased the share of FAH
expenditures for fruit and vegetables and increased the share for prepared food and sugary bev-
erages. However, because they used an aggregate measure of food retailer use it is difficult to deter-
mine which food retailers specifically contributed to this relationship.

While both Rudi and Cakir (2017) and Volpe, Jaenicke, and Chenarides (2018) provide impor-
tant insight into the relationship between food retailer utilization and the healthfulness of FAH
purchases, their results are also limited by the inability to include information regarding food
service utilization. This is a meaningful limitation given prior research demonstrating the negative
association between consumption of food from restaurants or fast-food restaurants and overall
dietary quality (Mancino, Todd, and Lin, 2009; Nguyen and Powell, 2014; Poti, Duffey, and
Popkin 2014). Furthermore, both Anderson and Matsa (2011) and Poti, Duffey, and Popkin
(2014) found a relationship between food service use and FAH dietary quality. Poti, Duffey,
and Popkin (2014) found that frequency of fast-food consumption was associated with a lower
quality of diet for FAH among children, while Anderson and Matsa (2011) found that on days
individuals consumed meals away from home, they also tended to decrease their calories con-
sumed at home. Since household use of food services may have implications for both overall
and FAH dietary quality, it is important to include both food retailers and food services when
examining the healthfulness of purchases.

2. Methodology
2.1. Data

FoodAPS was administered by the United States Department of Agriculture’s Economic Research
Service (USDA-ERS) between April 2012 and January 2013 to a nationally representative sample
of 4,826 households (ERS, 2013; FoodAPS, 2016a). The sampling procedure for FoodAPS
included four target groups: households participating in SNAP, non-SNAP households with
incomes between 100% of the FPL and less than 185% of the FPL, and non-SNAP households
with incomes of at least 185% of the FPL (FoodAPS, 2016a). Surveys collected information on
all members of the household and also identified a primary respondent who was defined as
the main food shopper or meal planner. For each shopping trip made by a member of the house-
hold during the observation week, the survey recorded where the purchase occurred, what was
purchased, and how much was spent (i.e. expenditures) (FoodAPS, 2016a). Expenditure levels
must be interpreted with caution because they can include non-food purchases (FoodAPS, 2016b).

Each trip was categorized as being for FAH or FAFH. The survey defines FAH as “food and
drinks that are brought home and used to prepare meals for consumption at home or elsewhere,”
whereas FAFH is defined as “foods and drinks that are obtained and consumed away from home,
and prepared foods that are brought home or delivered” (FoodAPS, 2016a). For this analysis, only
shopping trips that resulted in positive expenditures were included. Thus, shopping trips in which
zero expenditures were recorded or that a household marked as free were excluded. Additionally,
any trips that were identified as occurring at unknown or multiple food retailer types were
excluded from the analysis. These two exclusions reduced the sample size to 4,665 households.

2.1.1. Food Service and Food Retailer Categories
Every food service or food retailer utilized by a household in the FoodAPS data set was assigned to
one of 72 place types (FoodAPS, 2016b). While many of these place types directly corresponded to
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a commonly recognized food service or retailer type, due to the comprehensive nature of the
FoodAPS data set there were also place types that corresponded to less commonly used places
such as casinos, schools, and gas stations. Therefore, to utilize the place types to construct food
service and retailer trip variables we first constructed three food store categories (other food store,
other eating place, and other places) to capture some of the less commonly used place types. The
other food store category includes farmers’ market, fruit and vegetable specialty stores, meat
or poultry specialty stores, pharmacies, gas stations, and other less commonly used food
retailers. The other eating place includes bakeries, coffee shops, vending machines, food
trucks, and other less commonly used food services. Finally, the other places category includes
places like gyms, bowling alleys, concerts, and amusement parks. For additional details related
to the methods used to classify place types into food retailer or food service categories, please
refer Yenerall et al. (2020). In addition to the three previously defined categories (other food
store, other eating place, and other places), we also included four commonly used food
retailers (superstore, supermarket, convenience store, and grocery store) and two commonly
used food services (restaurant and burger store). Although FoodAPS does not distinguish
between fast-food and full-service restaurants in its place type categories, we isolated burger
stores from restaurants as a proxy for fast-food restaurants.

2.1.2. Healthy Eating Index 2010 (HEI-2010)
The HEI measures the healthfulness of food purchases by assessing how closely household expen-
ditures align with U.S. Dietary Guidelines and is widely used in studies evaluating the healthful-
ness of household consumption or food purchases (NIH, 2020a, 2020b). The HEI-2010 uses the
2010 Dietary Guidelines, which is relevant to our study because they were the active dietary guide-
lines available to households during the data collection period. There are two primary advantages
to using the HEI-2010 as a measure of healthfulness. First, it is independent of product weight and
instead uses densities to compare household purchases to dietary recommendations. This allows
researchers to compare how healthfulness varies across different settings. Second, it is a single
measure of healthfulness that includes both relatively healthier items, such as fruit and vegetables,
as well as less healthy items such as sodium and refined grains. More specifically, the HEI-2010
includes measurements of adherence to 13 different components of dietary quality. Adequacy
components measure adherence to recommendations for the consumption of foods that house-
holds are encouraged to consume, including fruits, vegetables, whole grains, and proteins, while
moderation components measure adherence to recommendations for the consumption of foods
that households are encouraged to limit their consumption of, including refined grains and
nutrients such as sodium and empty calories. Summing over all components scores creates the
final HEI-2010 score that can range from 0 to 100, where higher values indicated closer alliance
with U.S. Dietary Guidelines.

HEI-2010 scores were calculated from item-level information available in the FoodAPS data
set. The methods used to determine the item-level nutrient levels are described in more detail
in the FoodAPS Nutrient Coding Overview handbook, which can be found at the following web-
site: https://www.ers.usda.gov/data-products/foodaps-national-household-food-acquisition-and-
purchase-survey.aspx/. While 98% of items contained sufficient information to determine nutri-
ent content, only 86% of items contained sufficient information to determine the weight, which
was necessary to convert nutrient information to densities (Mancino, Todd, and Scharadin, 2018).
Given a large number of missing values for quantity, the ERS developed an imputation method
based on all other information available in the nutrient’s data set and provides the imputed
values in a supplemental data set (Mancino, Todd, and Scharadin, 2018). The imputed weight
values were used in this analysis. We calculated three HEI-2010 scores for our analysis: an
overall healthfulness of food purchases score that used data from all trips, a FAH healthfulness
score that only used trips for FAH, and finally a FAFH healthfulness score that only used trips
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for FAFH. Households without FAH or FAFH trips will not have HEI-2010 scores for FAH or
FAFH, respectively. Households missing all nutrient information and therefore did not have
an overall HEI-2010 score were excluded from the analysis which results in a sample size of
4,647 households.

2.2. Empirical Strategy

The primary empirical challenge we addressed in our analysis was the potential endogeneity of
food service and retailer utilization resulting from the inability to control for unobserved house-
hold variables, such as healthy food preferences, which likely influenced both food service and
retailer choice and the healthfulness of purchase. Failure to address this endogeneity may bias
the estimated relationship between utilization and healthfulness of purchases. While prior studies
used instrumental variables and two or three-stage least squares regression, we used an alternative
approach that combined the results from a k-means cluster analysis with a MESR (Rudi and Cakir,
2017; Volpe, Jaenicke, and Chenarides 2018). Additionally, the FoodAPS data contain household-
level probability weights to adjust for non-random sampling, unit non-response, and to make the
sample nationally representative (FoodAPS, 2016a). These survey weights were used in both the
descriptive statistics and regression analysis. Weighted summary statistics and t-tests were used to
compare household characteristics, food shopping behavior, and healthfulness of food purchases,
across the three shopping trip patterns.

K-means cluster analysis generates mutually exclusive groups or clusters, which we also refer to
as shopping trip patterns, with high intra-cluster homogeneity and large inter-cluster heteroge-
neity (Everitt et al., 2011). Thus, both the observed and unobserved characteristics of households
should be more similar within shopping trip patterns, than across shopping trip patterns.
Examining the relationship between food service and food retailer utilization, measured using
the number of trips, and the healthfulness of purchases within each shopping trip addresses some
endogeneity concerns by comparing utilization among households that are more similar to each
other. Estimating this relationship with a MESR also addresses potential selection bias resulting
from the influence of unobserved household characteristics on the choice of shopping trip pat-
terns and healthfulness of food purchases (Bourguignon, Fournier, and Gurgand 2007; Lee, 1983).
Although we believe that these methods at least partially address the endogeneity associated with
the choice of food services and food retailers, we do not claim to have identified a causal effect of
utilization since unobserved household characteristics may still influence the choice of food serv-
ices and retailers within each shopping trip pattern. Furthermore, as discussed in the introduction
the primary goal of our analysis is to provide additional insight into the relationship between food
service and retailer utilization with an emphasis on investigating heterogeneity associated with
shopping trip patterns and income as we believe this will be valuable to future researchers seeking
to develop the theories and methods necessary to identify a causal effect of food service and
retailer utilization.

2.2.1. Household Shopping Trip Patterns
To identify shopping trip patterns in the FoodAPS data set, we conducted a k-means cluster anal-
ysis based on the household’s percentage of shopping trips to the different food service and retailer
categories discussed in Section 2.1.1. The optimal number of clusters was determined from the
highest pseudo-F-statistics, as higher values indicated larger intra-cluster homogeneity, and
greater inter-cluster heterogeneity (Everitt et al., 2011). Our analysis identified three clusters,
or shopping trip patterns, that were named after the predominantly used food service or retailer:
superstore (SS), supermarket (SM), and mix (M). For households in the SS shopping trip pattern,
superstore trips on average accounted for 63.39% of weekly trips, and for households in the SM
shopping trip pattern supermarkets on average accounted for 59.06% of weekly trips. Since
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households in the mix shopping trip pattern did not have a single dominant food service or
retailer, the mix name reflects the use of a variety of places. For mix households, restaurants were
most frequently utilized but on average accounted for only 19.20% of weekly trips. The mix shop-
ping trip pattern was the largest and included approximately 64% of households, while the SS and
SM shopping trip patterns contained approximately 16.64% and 19.36% of households, respec-
tively. Additional discussion of the k-means cluster analysis and results are available in Yenerall
et al. (2020).

2.2.2. Multinomial Endogenous Switching Regression (MESR)
The MESR is a form of a generalized econometric model with selectivity (Lee, 1983). In this two-
part model, the first equation describes the choice of shopping trip pattern, which was estimated
using a multinomial logistic regression given that there were three shopping trip patterns. The
remaining three equations describe the relationship between food service and retailer trips and
the healthfulness of food purchases within each shopping trip pattern and were estimated by
an ordinary least squares regression that included a correction term for the selection bias.
More formally, we assume that households choose the shopping trip pattern that provides maxi-
mum utility. Since the level of utility received is not observable, a latent variable (Sij*) is used to
capture the shopping trip decision-making process for individual i:

S�ij � γ jFEij � αjXij � ηij j � 1; 2; 3 (1)

where FEij is a vector of food environment variables that measure the availability of superstores,
supermarkets, fast-food restaurants, and full-service restaurants within 1 mile of an individual’s
home for urban households and 10 miles for rural households (Ver Ploeg, Dutko, and Breneman,
2014). Food environment variables were included in the selection, but not the outcome equations,
to serve as identification instruments. Additionally, Xij is a vector of household and primary
respondent characteristics that influence shopping trip patterns. Primary respondent character-
istics included binary indicators for age, sex, race, the highest level of education, and perceptions
of healthy food. Healthy food perceptions included indicators for the belief that it costs too much
to eat healthily, that there was not enough time to prepare healthy food, and that they did not
believe healthy food tastes good. Household characteristics also included a binary indicator for
the presence of a child (defined as a household member who was 18 years of age or younger)
and the percentage of adults in the household who work (defined as the percentage of all adults
in the household who reported being employed in the previous week). A binary indicator was used
to indicate if the household’s income was at or below 130% FPL. Finally, U.S. Census Region fixed
effects (e.g. northeast, midwest, west, and south) were included to capture regional heterogeneity
in the availability of food based on seasonality, cultural norms, and/or regional preferences.

Although the level of utility, Sij*, is not observable, we can observe the household’s shopping
trip pattern, S, which we assumed was chosen because it provides the maximum level of utility
relative to all other shopping trips such that:

S �
1 if S�ij > maxm≠ 1 S�im

� �
2 if S�ij > maxm≠ 2 S�im

� �
3 if S�ij > maxm≠ 3 S�im

� �

8><
>: for all m≠ j (2)

Assuming that the error terms, ηij, are independently and identically Gumbel distributed, then
the selection equation can be estimated using a multinomial logistic regression (Lee, 1983).

Three outcome equations describe the relationship between the number of trips to food services
and retailers and the healthfulness of food purchases (H) within each shopping trip pattern.
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Hi1 � β1FSi1 � θ1Xi1 � µi1 if S � 1
Hi2 � β2FSi2 � θ2Xi2 � µi2 if S � 2
Hi3 � β3FSi3 � θ3Xi3 � µi3 if S � 3

8<
: (3)

where FSij is a vector that includes the number of trips to both food retailers and food services
described in Section 2.1.1, Xij contains the same vector of household and primary respondent
characteristics used in equation (1) but also includes the proportion of expenditures for FAH.
The proportion of expenditures for FAH was included to better isolate the influence of how people
shop, captured in food shopping trip patterns, from what they buy, captured in expenditures. This
is similar to Rudi and Cakir (2017) who include total trips to all food retailers, the primary variable
of interest, and the proportion of expenditures at each food retailer type. Failure to address poten-
tial selection bias resulting from the relationship between choice of shopping trip patterns, and
healthfulness of food purchases for each shopping trip pattern would result in a biased estimation
of the βj and θj parameters in equation (3). Therefore, the MESR addresses selection bias by esti-
mating the following equations:

Hi1 � β1FSi1 � θ1Xi1 � σ1λi1 � εi1 if S � 1
Hi2 � β2FSi2 � θ2Xi2 � σ2λi2 � εi2 if S � 2
Hi3 � β3FSi3 � θ3Xi3 � σ3λi3 � εi3 if S � 3

8<
: (4)

where σj is the standard deviation of the error term, μij, in the healthfulness of food purchases
outcome equation conditional on FEij, FSij, and Xij [equation (3)] [i.e. V�uijjFEij; FSij;Xij � σ2

j �].
Finally, λij is the bias correction term derived from the assumed relationship between the two error
terms ηij and μij. This paper used the Bourguignon, Fournier, and Gurgand (2007) variation of the
Dubin and Mcfadden (1984) correction term that assumes the error terms are linearly related and
distributed bivariate normal, which results in the following bias correction term:

λij � rj

Z
J v � logPj
� �

g v� �dv�
X

m≠ j
rm

Z
J v � logPm
� �

g v� �dv Pm
Pm � 1� � (5)

where rj the correlation between the two error terms, and Pj is the probability that shopping trip
pattern j is preferred, and J() refers to distribution for the standard normal form for ηij
(i.e. J nij

� � � n�ij � Φ G nij
� �� �

j � 1; 2; 3).
A weighted MESR was used to account for the sampling weights in the FoodAPS survey and

two versions of the weighted MESR were estimated. In the first, food service and retailer trips and
the income indicator were included independently. The second version included trip variables,
income indicators, and the interaction between trip and income to investigate the potentially het-
erogeneous effect of trips among lower-income households. All analyses were conducted in Stata
version 16. The weighted MESR was estimated using the svyselmlog command in Stata, which
uses the two-step method thus standard errors are estimated using bootstrapping with 1,000 rep-
lications (Bourguignon, Fournier, and Gurgand 2007)

3. Results
3.1. Food Store Nutritional Gradient

The nutrient gradient across food services and retailers documented in previous literature was
replicated in our data set and presented in Table 1, which contains the HEI-2010 score for cate-
gories of food services and retailers described in Section 2.1.1. and lists them in order from highest
to lowest HEI-2010 score. As was expected, the HEI-2010 score declined from supermarkets and
superstores to convenience stores and was lower for burger restaurants and restaurants. Somewhat
surprisingly, grocery stores had the second lowest HEI-2010 score. The other food store category
had the highest HEI-2010 score likely because it contains places like direct marketing farmers,
farmers’ markets, and fruits and vegetable specialty stores.
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Also included in Table 1 is the percentage of total trips for FAH by food service and retailer
category. Since the classification of FAH and FAFH in FoodAPS was based on respondents report-
ing if the food purchased was brought home or consumed away from home rather than the food
service or retailer type, it is useful to show how different food service and retailer categories were
used in the data set. As might be expected, the majority of trips to supermarkets, superstores,
grocery stores, and other food stores were for FAH. Trips to burger restaurants, restaurants, other,
and the other eating place category were almost exclusively not for FAH. However, approximately
48% of trips to convenience stores were used for FAH, suggesting households split their use for
convenience stores between FAH and FAFH.

3.2. Household Food Shopping Behavior

To provide some context for the discussion of differences in primary respondent and household
characteristics across shopping trip patterns, we begin with a brief discussion of weekly food shop-
ping trips by the use for FAH or FAFH (Figure 1) as well as by food service and retailer category
(2). For the remainder of this discussion, we will refer to the supermarket shopping trip pattern as
SM, the superstore shopping trip pattern as SS, and the mix shopping trip pattern as mix.
Households in mix had, on average, the greatest number of overall trips during the week
(Figure 1). They averaged 10.01 trips per week as compared to approximately 5.34 or 5.42 in
SS or SM, respectively. The difference in overall trips was driven by FAFH in mix (Figure 1).
While the average number of trips per week for FAH within each shopping trip pattern was close
to the overall average of 3.29, households in mix averaged 6.83 trips for FAFH compared to
approximately 1.96 or 1.88 in SS or SM, respectively. Figure 2 includes the average weekly trips
by food service and retailer categories across the three shopping trip patterns. As might be
expected, households in SM most frequently visited supermarkets, and households in SS most
frequently visited superstores. This is true both when considering other store types within either
SS or SM and when comparing superstore and supermarket trips across shopping trip patterns.
Households in mix made, on average, one trip to either a supermarket or superstore during the
week, but had more than one trip to restaurants, other eating places, or burger restaurants.

Table 1. Dietary quality and food at home (FAH) trips by food store type

HEI-2010 Score FAH Trip Percentage

Other food store 58.20 82.69

Supermarket 53.53 98.20

Superstore 53.14 98.05

Other 50.47 4.50

Convenience store 47.20 48.10

Burger restaurant 45.07 0

Restaurant 44.51 0.16

Grocery store 42.14 92.94

Other eating place 41.41 2.21

N= 203,152 trips.
HEI= Healthy Eating Index; FAH= food at home.
Other food store includes farmers’market, fruit and vegetable specialty stores, meat or poultry specialty stores, pharmacies, gas stations,

and other less commonly used food retailers.
Other eating place includes bakeries, coffee shops, vending machines, food trucks, and other less commonly used food services.
Other places category includes places like gyms, bowling alleys, concerts, and amusement parks.
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3.3. Primary Respondent and Household Characteristics

To compare households across the three shopping trip patterns, we used weighted summary sta-
tistics and two weighted t-tests to test for significant differences. In the first weighted t-test, we
compared the primarily FAH shopping trip patterns (SS vs SM). Then, we combined the primarily
FAH shopping trip patterns (SS� SM) to test for differences with mix, the primarily FAFH shop-
ping trip pattern (SS� SM vs mix). Table 2 contains weighted summary statistics describing the
demographics of the primary respondent and household characteristics. The table shows that pri-
mary respondents from mix were relatively more likely to be married, be younger than 59 years of
age, and have at least a college degree as compared to primary respondents in SS or SM. Primary
respondents from SS also tended to be younger than those in SM and were less likely to have
completed a college degree as compared to SM. There were no significant differences between
primary respondents across the different shopping trip patterns by sex or race. Households in
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Figure 2. Average weekly trips by food store type.
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Figure 1. Average weekly trips for food at home and away from home.
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Table 2. Primary respondent and household characteristics

Mean (SD)

Total
Population
(N= 4,647)

Superstore (SS)
Shopping Trip

Pattern
(N= 836)

Supermarket
(SM) Shopping
Trip Pattern
(N= 885)

Mix Shopping
Trip Pattern
(N= 2,926)

SS
vs
SM

SS� SM
vs Mix

Primary respondent demographics

Female (%) 68.69 (1.10) 66.57 (2.36) 68.21 (3.80) 69.38 (1.48)

Married (%) 46.27 (1.61) 41.77 (2.66) 40.00 (2.94) 49.32 (1.87) **

Primary respondent age

Less than 35 (%) 23.02 (1.22) 21.59 (1.40) 14.93 (2.41) 25.80 (1.77) * **

36–59 (%) 45.93 (1.55) 39.26 (2.73) 38.90 (3.35) 49.77 (1.70) ***

Over 60 (%) 31.05 (1.42) 39.15 (3.11) 46.16 (4.01) 24.43 (1.73) ***

Race

African American (%) 11.18 (1.48) 9.99 (2.62) 10.03 (1.96) 11.83 (1.59)

Caucasian (%) 77.65 (1.89) 79.98 (3.77) 79.17 (2.64) 76.58 (2.05)

Other (%) 11.18 (1.17) 10.03 (1.99) 10.80 (1.59) 11.59 (1.28)

Education

High school degree or
less (%)

33.37 (1.67) 43.37 (2.75) 36.03 (2.39) 29.98 (2.08) ***

Some college or associates
degree (%)

33.29 (1.80) 33.07 (3.52) 30.72 (3.38) 34.13 (2.00)

College and more (%) 33.34 (2.10) 23.56 (2.88) 33.25 (3.53) 35.90 (2.63) * *

Household characteristics

Household size 2.45 (0.05) 2.30 (0.10) 2.11 (0.07) 2.60 (0.06) ***

Household with kids (%) 33.23 (1.37) 28.15 (2.44) 21.57 (1.84) 38.07 (1.94) * ***

Number of children 1.91 (0.04) 1.98 (0.10) 1.86 (0.05) 1.90 (0.05)

Household monthly income 5198.98 (206.50) 4238.14 (287.10) 4538.11 (252.08) 5647.34 (260.26) ***

Income≤ 130% FPL (%) 17.59 (1.23) 24.97 (2.40) 25.49 (2.34) 13.29 (1.27) ***

Percentage of adults
working

58.73 (1.03) 52.10 (3.34) 46.74 (2.26) 64.06 (1.25) ***

SNAP participant (%) 13.14 (0.88) 19.37 (1.63) 15.86 (1.89) 10.70 (1.00) ***

Healthy Food Attitudes

Too busy to prepare
healthy food (%)

20.24 (0.75) 15.96 (2.03) 12.89 (1.92) 23.55 (1.12) ***

Cost too much to eat
healthy (%)

32.37 (1.44) 34.20 (3.38) 30.91 (2.86) 32.33 (1.96)

People in the household do
not think healthy food is
tasty (%)

21.64 (1.02) 19.44 (2.29) 13.29 (1.35) 24.73 (1.39) * ***

Environmental Variables

Rural (%) 34.35 (3.66) 39.04 (4.51) 28.40 (4.80) 34.92 (4.15)

Regions

Northeast (%) 15.64 (2.47) 8.97 (2.88) 16.27 (3.48) 17.19 (2.63) *

(Continued)
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mix were larger, more likely to have children, had the highest average monthly income, and have a
higher percentage of adults working in the home. Households in SS were the next most likely to
have children, the most likely to participate in SNAP, and had the lowest average monthly income.

When considering the primary respondent’s perceptions of healthy foods, those in mix were
most likely to indicate that they were too busy to prepare healthy food, or that people in their
household did not like healthy food. Primary respondents in SS were also more likely to indicate
people in their household do not like healthy food as compared to primary respondents in SM.
Primary respondents were similarly likely across all three shopping patterns to indicate it costs too
much to eat healthy food. Table 2 also shows that there were very few differences in the regional
location and local food environments of households across shopping trip patterns. There were no
significant differences by rurality and most regional indicators. Households in SS were more likely
to be located in the Midwest than households in SM, while households in SM were more likely
than those in SS to live in the West. When considering the local food environment, the only sig-
nificant difference occurs when comparing supermarket availability across households in SS and
SM, where supermarket availability was on average higher for households in the SM shopping trip
pattern.

Finally, Table 3 compares the HEI-2010 scores and food expenditures per household member
across the three shopping trip patterns. Weekly food expenditures per household member mirror
the patterns found in shopping trips captured in Figure 1. Households in the mix shopping trip
pattern had, on average, the highest total food expenditures at $86.13 per household member,
while households in either the SS or SM spent on average $70.04 or $77.29 per household member
respectively. Again, this difference was driven by differences in FAFH spending. Households in
mix spent on average $33.94 per household member on FAFH, which was twice as much as house-
holds in SM, on average $15.01 per household member, and three times more than households in
SS who spent on average $9.97 per household member. By comparison, differences in FAH spend-
ing were much smaller. Average per household member spending in mix was $52.18, in SM
$62.13, and in SS $60.26.

Households in SM had the highest average overall HEI-2010 score, 55.76, and it was statistically
different from households in SS which had the lowest average overall score at 51.92. Households in
SM also had the highest average HEI-2010 score for FAH at 55.18, followed by households in SS at
52.10, and finally households in mix at 51.62. However, households in mix had the highest average

Table 2. (Continued )

Mean (SD)

Total
Population
(N= 4,647)

Superstore (SS)
Shopping Trip

Pattern
(N= 836)

Supermarket
(SM) Shopping
Trip Pattern
(N= 885)

Mix Shopping
Trip Pattern
(N= 2,926)

SS
vs
SM

SS� SM
vs Mix

Midwest (%) 31.16 (3.53) 46.38 (8.06) 15.57 (5.09) 31.91 (3.59) *

South (%) 35.20 (3.98) 31.70 (6.49) 43.32 (6.49) 33.66 (4.09)

West (%) 18.00 (2.71) 12.95 (3.29) 24.85 (5.10) 17.24 (2.55) *

Food Environment: Availability

Superstore 2.04 (0.29) 1.99 (0.23) 1.77 (0.36) 2.14 (0.36)

Supermarket 2.60 (0.50) 1.69 (0.28) 2.84 (0.43) 2.77 (0.63) **

Fast-food restaurant 12.53 (1.57) 9.89 (1.40) 12.50 (2.31) 13.23 (1.77)

Non-fast-food restaurant 55.38 (7.76) 41.34 (6.97) 56.59 (10.28) 58.65 (8.72)

*p< 0.05; **p< 0.01; ***p< 0.001.
Availability measures number of food stores within 1 mile of an individual’s home for urban households and 10 miles for rural households.
FPL= federal poverty line; SNAP= supplemental nutrition assistance program.
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HEI-2010 score for FAFH at 43.36 while the HEI-2010 score was approximately 40 for households
in either SS or SM. Across all shopping trip patterns, the average HEI-2010 score was lower for
FAFH as compared with FAH. Since the FAH and FAFH HEI-2010 scores could only be calcu-
lated for households that had FAH and FAFH expenditures respectively, we also reported the
percentage of households without FAFH events in Table 3. Approximately one-third of house-
holds in either SS or SM have no FAFH events, as compared to only 3% of households in
mix. Missing FAH events were so rare in all three shopping trip patterns that the weighted preva-
lence was 0, and therefore not reported.

3.4. The Relationship between Food Service and Retailer Utilization and the Healthfulness of
Food Purchases

The coefficients for the number of trips to different food service and retailer categories from the
outcome equations for the weighted MESR are found in Tables 4–6. Although results for all food
service and retailer categories were included in the tables, our discussion will focus on supermar-
kets, superstores, convenience stores, and burger restaurants (a proxy for fast-food restaurants)
given their importance in past research. The results for all households came from the MESR with-
out income interactions, while the results for specific income groups came from the MESR with
income interactions. For the purposes of this discussion, we will refer to households with an
income below 130% FPL as lower-income households and those with an income exceeding
130% FPL as higher-income households. The influence of food service and retailer trips for
higher-income households came directly from the trip variable in the MESR with income inter-
actions. The influence for lower-income households was calculated by summing across the coef-
ficients from food service or retailer trips and the interaction between the trip variable and income
variable (e.g. an indicator for household income less than 130% FPL). Full results for the outcome
equations are found in Appendix Tables 1 to 6, and the results from the shopping trip selection
equation are included in Appendix Table 7 but not discussed because they were not of primary
interest to this study.

Table 3. Household food expenditures and Healthy Eating Index 2010 (HEI-2010) scores

Mean (SD)

Total
Population
(N= 4,647)

Superstore (SS)
Shopping Trip

Pattern (N= 836)

Supermarket (SM)
Shopping Trip

Pattern (N= 885)

Mix Shopping
Trip Pattern
(N= 2,926)

SS
vs
SM

SS� SM
vs Mix

Food expenditures per household member

Total 81.77 (2.10) 70.04 (2.68) 77.29 (3.84) 86.13 (2.95) **

Food at home (FAH) 55.44 (1.48) 60.26 (2.56) 62.13 (3.20) 52.18 (1.87) **

Food away from
home (FAFH)

26.32 (0.96) 9.97 (0.78) 15.01 (2.12) 33.94 (1.45) * ***

HEI-2010 Scores

Total food
purchases

53.06 (0.46) 51.92 (0.89) 55.76 (0.82) 52.54 (0.62) **

FAH purchases 52.39 (0.52) 52.10 (0.99) 55.18 (0.98) 51.62 (0.68) *

FAFH purchases 42.63 (0.30) 40.40 (0.73) 40.97 (0.94) 43.36 (0.42) **

No FAFH events (%) 14.02 (0.92) 35.05 (2.42) 31.97 (2.62) 3.15 (0.53) ***

*p< 0.05; **p< 0.01; ***p< 0.001.
HEI= Healthy Eating Index; FAH= food at home; FAFH= food away from home.
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Table 4. Influence of food store trips on Healthy Eating Index (HEI) 2010 score for total food purchases

Coef

Superstore (SS)
Shopping Trip

Pattern (N= 836)

Supermarket (SM)
Shopping Trip

Pattern (N= 885)
Mix Shopping Trip
Pattern (N= 2,926)

Supermarket trips

All households1 2.09 −0.30 0.80*

Income> 130% FPL2 2.93 −0.23 0.57

Income≤ 130% FPL2 −0.58 −0.58 2.46***

Superstore trips

All households1 −0.15 2.40* 1.03**

Income> 130% FPL2 −0.29 2.13 1.08**

Income≤ 130% FPL2 0.40 3.17 0.31

Convenience store trips

All households1 0.12 −2.69* −0.11

Income> 130% FPL2 0.49 −3.15* −0.18

Income≤ 130% FPL2 −1.59 0.36 0.31

Restaurant trips

All households1 0.71 0.91 0.29

Income> 130% FPL2 1.06 1.16 0.30

Income≤ 130% FPL2 −0.97 −2.26 0.61

Burger restaurant trips

All households1 −0.12 −4.49E-03 −0.52*

Income> 130% FPL2 −0.23 0.34 −0.70**

Income≤ 130% FPL2 0.04 −0.47 0.22

Grocery store trips

All households1 1.34 2.81 0.33

Income> 130% FPL2 2.33 1.32 0.32

Income≤ 130% FPL2 −0.56 4.81 0.37

Other food store trips

All households1 0.60 1.64 −0.82**

Income> 130% FPL2 0.58 1.84 −0.85**

Income≤ 130% FPL2 0.90 0.80 −0.59

Other eating place trips

All households1 1.08 0.37 0.44*

Income> 130% FPL2 1.40 −0.37 0.41

Income≤ 130% FPL2 −0.43 5.76* 1.08

Other trips

All households1 −0.75 1.36 0.10

Income> 130% FPL2 −0.78 1.75 0.12

(Continued)
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In general, the results show a limited association between food service and retailer trips and the
healthfulness of food purchases that varies by households’ shopping trip patterns and income.
Beginning with supermarkets, Table 4 demonstrates that increasing supermarket trips were asso-
ciated with a higher HEI-2010 score for total food purchases but only for households in mix (coeff
= 0.80). However, the income interactions show that the association was only statistically signifi-
cant among lower-income households (coeff= 2.46). Most of this relationship appears to come
from the association with the healthfulness of FAH purchases (Table 5). There was a positive asso-
ciation between supermarket trips and FAH purchase healthfulness for all households in mix
(coeff= 0.80) as well as among higher (coeff= 0.85) and lower (coeff= 2.11) income households.
Among lower-income households, there was also a positive association between supermarket trips
(coeff= 1.49) and FAFH healthfulness (Table 6). Additionally, there was a positive association
between supermarket trips and the healthfulness of FAH purchases (Table 5) in SS (coeff= 2.44).

Superstore trips were also associated with increased healthfulness of purchases in certain shop-
ping trip patterns. For the healthfulness of all food purchases (Table 4), increasing trips to a super-
store was associated with higher HEI-2010 scores among households in either SM (coeff= 2.40)
or mix (coeff= 1.03). Within mix, the association with the healthfulness of all food purchases was
only statistically significant for higher-income households (coeff= 1.08). Additionally, within mix
only increasing superstore trips was associated with increasing healthfulness of FAH purchases
(Table 5) (coeff= 1.03), although the association was only statistically significant among higher-
income households (coeff= 1.22).

Finally, convenience store and burger restaurant trips were generally associated with decreased
healthfulness of purchases. Increasing convenience store trips was associated with a decrease in
the healthfulness of total food purchases (Table 4) but only within SM (coeff=−2.69).
Furthermore, the negative association was only found among higher-income households
(coeff=−3.15). While increasing trips to burger restaurants was associated with lower HEI-
2010 scores for total food purchases (Table 4) in mix (coeff=−0.52), the negative association
was only statistically significant for higher-income households (coeff=−0.70). Additionally,
within mix, the negative association with burger restaurant trips was also found for the health-
fulness of FAH purchases (coeff= −0.52, Table 5). Finally, within lower-income households in
SS only increasing trips to burger restaurants was associated with higher FAFH healthfulness
(coeff= 2.69, Table 6).

Although the proportion of expenditures for FAH is not a measure of specific food retailer
utilization, it does capture another potentially important aspect of food shopping behavior related
to how households allocate spending across the food to be used in cooking at home (which

Table 4. (Continued )

Coef

Superstore (SS)
Shopping Trip

Pattern (N= 836)

Supermarket (SM)
Shopping Trip

Pattern (N= 885)
Mix Shopping Trip
Pattern (N= 2,926)

Income≤ 130% FPL2 −0.12 0.30 0.23

Proportion FAH expenditures

All households1 3.03 3.23 5.30**

*p< 0.05; **p< 0.01; ***p< 0.001.
Results are from a weighted linear regression for the outcome equation of a weighted multinomial endogenous switching regression

(MESR). Variables included in all regressions but not reported: primary respondent age, gender, race, income of at most 130% FPL,
percent of adults working, presence of a child, married, healthy eating attitude variables, census region fixed effects, selection bias
correction.

FAH= food at home; FPL= federal poverty line.
1From MESR outcome equations without income interaction see Appendix Tables 2–4 for full results.
2From MESR outcome equations with income interactions see Appendix Tables 5–7 for full results.
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Table 5. Influence of food store trips on Healthy Eating Index (HEI) 2010 score for food at home (FAH) purchases

Coef

Superstore (SS)
Shopping Trip Pattern

(N= 827)

Supermarket (SM)
Shopping Trip Pattern

(N= 881)
Mix Shopping Trip
Pattern (N= 2,603)

Supermarket trips

All households1 2.44* −0.72 0.80*

Income> 130% FPL2 3.07* −0.81 0.85*

Income≤ 130% FPL2 0.42 −0.50 2.11**

Superstore trips

All households1 0.10 2.10 1.03**

Income> 130% FPL2 0.03 1.87 1.22**

Income≤ 130% FPL2 0.46 2.77 0.67

Convenience store trips

All households1 0.01 −2.21 −0.11

Income> 130% FPL2 0.35 −2.45 0.09

Income≤ 130% FPL2 −1.61 0.18 0.57

Restaurant trips

All households1 1.13 1.98 0.29

Income> 130% FPL2 1.75 2.38 0.48

Income≤ 130% FPL2 −1.57 −1.70 0.85

Burger restaurant trips

All households1 −0.54 0.82 −0.52*

Income> 130% FPL2 −0.87 1.20 −0.32

Income≤ 130% FPL2 0.34 0.20 0.41

Grocery store trips

All households1 1.77 2.84 0.33

Income> 130% FPL2 2.58 1.28 0.73

Income≤ 130% FPL2 0.08 4.67 1.15

Other food store trips

All households1 0.40 1.73 −0.82**

Income> 130% FPL2 0.43 2.05 −0.73*

Income≤ 130% FPL2 0.40 0.62 −0.42

Other eating place trips

All households1 0.72 1.04 0.44*

Income> 130% FPL2 0.94 0.42 0.69**

Income≤ 130% FPL2 −0.52 5.84* 1.66*

Other trips

All households1 −0.64 1.95 0.10

Income> 130% FPL2 −0.85 2.40 −0.09

(Continued)
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primarily comes from food retailers) and food consumed away from home (which primarily
comes from food services). The results in Tables 4–6 show that for households in SM and
mix increasing FAH expenditure shares was associated with the healthfulness of both FAH
and FAFH purchases, although it was only positively associated with the healthfulness of all food
purchases for households in mix (coef= 5.30; Table 4). For households in either SM or mix,
increasing the share of FAH expenditures was associated with increasing healthfulness of FAH
purchases (SM coeff= 12.96; mix coeff= 5.30; Table 5) but decreasing healthfulness of FAFH
purchases (SM coeff=−18.56; mix coeff= −5.69; Table 6).

Since the share of expenditures for FAH may be endogenous due to omitted variables, such as
preferences for cooking, we estimated the MESR models without income interactions and
excluded the share of FAH expenditures variables (Appendix Table 8 through 10) for a sensitivity
analysis. The sign and magnitude of the trip variables are fairly robust, although we do observe
changes in the statistical significance for several trip variables in the models for FAH (Appendix
Table 9) and FAFH (Appendix Table 10). While the results of the sensitivity analysis do not
change our overall conclusion that food retailer or food service use has a limited effect on the
healthfulness of purchases, it does further caution against a causal interpretation of the findings.

4. Discussion and Conclusions
Households living in areas with limited access to supermarkets or easy access to fast-food or con-
venience stores tend to have poorer health outcomes (Fleischhacker et al., 2011; White, 2007).
Furthermore, access to certain food services and retailers is generally assumed to imply a certain
level of access to healthy foods (i.e. supermarkets are assumed to provide a higher level of healthy
food access while fast-food restaurants are not). Current food environment policies, such as the
HFFI, assume that modifying the supply of certain food services or food retailers also modifies
healthy food availability, which will have an impact on purchasing behavior and consequently
dietary and health outcomes. However, studies investigating the causal effect of a new supermar-
ket have found it has no or limited impact on household food purchasing behaviors and no impact
on health outcomes (Abeykon, Engler-Stringer, and Muhajarine, 2017). Several studies have sug-
gested this limited effect is in part related to how the new supermarket was utilized (Cummins,
Flint, and Matthews 2014; Sadler, Gilliland, and Arku, 2013; Allcott et al., 2019; Cantor et al.,
2020). Allcott et al. (2019) found that households who utilized a new supermarket primarily
shifted expenditures away from other supermarkets, rather than food retailers with limited avail-
ability of healthy foods such as convenience stores. Thus, investigating household food service and
retailer utilization may provide further insight into the limited effect of HFFI style interventions

Table 5. (Continued )

Coef

Superstore (SS)
Shopping Trip Pattern

(N= 827)

Supermarket (SM)
Shopping Trip Pattern

(N= 881)
Mix Shopping Trip
Pattern (N= 2,603)

Income≤ 130% FPL2 0.42 0.74 0.24

Proportion FAH expenditures

All households1 4.89 12.96* 5.30**

*p< 0.05; **p< 0.01; ***p< 0.001.
Results are from a weighted linear regression for the outcome equation of a weighted multinomial endogenous switching regression

(MESR). Variables included in all regressions but not reported: primary respondent age, gender, race, income of at most 130% FPL,
percent of adults working, presence of a child, married, healthy eating attitude variables, census region fixed effects, selection bias
correction.

FAH= food at home; FPL= federal poverty line.
1From MESR outcome equations without income interaction, see Appendix Tables 2−4 for full results.
2From MESR outcome equations with income interactions, see Appendix Tables 5−7 for full results.
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Table 6. Influence of food store trips on Healthy Eating Index (HEI) 2010 score for food away from home (FAFH) purchases

Coef

Superstore (SS)
Shopping Trip

Pattern (N= 534)

Supermarket (SM)
Shopping Trip

Pattern (N= 560)
Mix Shopping Trip
Pattern (N= 2,807)

Supermarket trips

All households1 1.11 0.51 0.18

Income> 130% FPL2 1.80 0.31 0.03

Income≤ 130% FPL2 −0.69 1.12 1.49**

Superstore trips

All households1 0.14 0.30 0.01

Income> 130% FPL2 0.05 1.48 0.06

Income≤ 130% FPL2 0.89 −3.84 −0.36

Convenience store trips

All households1 −0.13 −2.54 −0.29

Income> 130% FPL2 0.34 −2.72 −0.39

Income≤ 130% FPL2 −3.59 0.51 0.27

Restaurant trips

All households1 −1.16 1.82 0.39

Income> 130% FPL2 −1.46 2.14 0.40

Income≤ 130% FPL2 0.39 −0.24 0.30

Burger restaurant trips

All households1 1.38 −0.79 −0.27

Income> 130% FPL2 1.26 −0.40 −0.36

Income≤ 130% FPL2 2.69* −1.44 0.08

Grocery store trips

All households1 −3.12 1.69 0.28

Income> 130% FPL2 −4.16 1.74 0.26

Income≤ 130% FPL2 −1.78 1.34 0.37

Other food store trips

All households1 0.41 0.96 −0.54*

Income> 130% FPL2 0.24 0.83 −0.41

Income≤ 130% FPL2 0.97 0.45 −1.23***

Other eating place trips

All households1 1.04 −0.53 0.32

Income> 130% FPL2 −0.78 −0.68 0.32

Income≤ 130% FPL2 0.44 0.46 −0.09

Other trips

All households1 −0.36 0.50 0.31*

Income> 130% FPL2 −0.19 0.65 0.33*

(Continued)
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and suggest opportunities for future policy development. This study used data from the 2013
FoodAPS to investigate the relationship between food service and retailer utilization, measured
using the number of trips in a week, on the healthfulness of food purchases. The healthfulness
of food purchases was measured using the HEI 2010 and calculated for total food purchases,
FAH purchases, and FAFH purchases.

Although we found a gradient in store level HEI-2010 scores in which supermarkets and super-
stores scored the highest, and convenience stores and restaurants scored lower, the association
between trips to supermarkets, superstores, convenience stores, and burger restaurants was mod-
est. This suggests utilization moderates the relationship between the healthfulness of food avail-
able at food services and food retailers and household outcomes. Most relevant to the food
environment and supermarket intervention literature are our findings related to supermarket uti-
lization. Similar to Minaker et al. (2016) and Volpe, Jaenicke, and Chenarides (2018), we found
that increasing use of supermarkets was associated with increasing healthfulness of purchases.
Further, like Volpe, Jaenicke, and Chenarides (2018), we also found that the positive association
was stronger among lower-income households. However, unlike either study, we found this asso-
ciation was concentrated among households in two of the three shopping trip pattern groups,
superstore (SS) and mix. Since both groups do not frequently use supermarkets, this suggests
the marginal benefit from supermarket utilization is increasing at a decreasing rate. In other
words, the households most likely to benefit from the utilization of supermarkets are also those
least likely to currently use them. A similar relationship was observed with superstore trips, which
had a positive association with the healthfulness of purchases but only within the supermarket
(SM) and mix shopping trip pattern groups.

Convenience stores and burger restaurants generally sell lower-quality food, and it is often
assumed they are used by households in low-income low supermarket access neighborhoods.
However, we found that the negative relationship between convenience store or burger restaurant
trips and the healthfulness of total food purchases was only statistically significant among higher-
income households in the SM and mix shopping trip pattern groups. The finding related to con-
venience store utilization is consistent with Volpe, Jaenicke, and Chenarides (2018). Additionally,
we found that increasing burger restaurant trips were associated with lower healthfulness of FAH
purchases in the mix shopping trip pattern. Food retailers, including supermarkets, are generally
used for FAH, while food services, including burger restaurants, are generally used for FAFH.
Thus, finding that burger restaurant trips were associated with FAH quality while supermarket
trips were associated with FAFH quality would suggest an interdependency between FAH and

Table 6. (Continued )

Coef

Superstore (SS)
Shopping Trip

Pattern (N= 534)

Supermarket (SM)
Shopping Trip

Pattern (N= 560)
Mix Shopping Trip
Pattern (N= 2,807)

Income≤ 130% FPL2 −1.56 1.11 0.08

Proportion FAH expenditures

All households1 −6.71 −18.56** −5.69**

*p< 0.05; **p< 0.01; ***p< 0.001.
Results are from a weighted linear regression for the outcome equation of a weighted multinomial endogenous switching regression

(MESR). Variables included in all regressions but not reported: primary respondent age, gender, race, income of at most 130% FPL,
percent of adults working, presence of a child, married, healthy eating attitude variables, census region fixed effects, selection bias
correction.

FAH= food at home; FPL= federal poverty line.
1From MESR outcome equations without income interaction, see Appendix Tables 2−4 for full results.
2From MESR outcome equations with income interactions, see Appendix Tables 5−7 for full results.
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FAFH behaviors. Such an interdependent relationship was further supported by our finding of a
positive association between supermarket trips and FAFH healthfulness among lower-income
households in the mix shopping trip pattern and our finding in the SM and mix shopping trip
patterns that a higher proportion of expenditures on FAH was associated with lower FAFH pur-
chase healthfulness. The latter is consistent with two studies that found a relationship between the
use of fast-food restaurants and FAH dietary quality (Anderson andMatsa, 2011; Poti, Duffey, and
Popkin 2014). Furthermore, the magnitude of the FAH expenditure proportion association was
larger than many of the food service or retailer utilization variables. This suggests households’
decisions related to the allocation of expenditures across FAH and FAFH may matter more
for the healthfulness or purchases than the use of a specific food service or retailer. An important
area for future research is to study possible trade-offs between FAH and FAFH use and quantify
the interaction impact on the overall healthfulness of purchase.

Overall, our results suggest that food environment interventions designed to encourage the
utilization of any given food service or retailer may only have a modest influence on the health-
fulness of household food purchases. Additionally, for supermarket interventions, this may
require targeting households that are currently non-frequent users, like households in the SS
and mix shopping trip pattern groups. This may be particularly challenging for households in
the mix shopping trip pattern since it would likely involve incentivizing them to shift away from
food services and toward food retailers. However, given that the mix shopping trip pattern
includes 64% of households in our sample and had the second lowest HEI-2010 for all food pur-
chases it may also be important to understand how to effectively target these households. As these
households were more likely to indicate that they were too busy to prepare healthy food and had
more working adults and children as compared to the other shopping trip patterns, it suggests
time constraints may play a role in their food shopping behavior. Thus, as others have suggested
policies that influence demand for healthy food may be more effective at influencing healthy eat-
ing than modifying the supply of food retailers (Bitler and Haider, 2011). Although not reported in
the manuscript, the full results in the appendix show that several household characteristics, and in
particular education, have a strong association with the healthfulness of purchases across all shop-
ping trip patterns.

There were several limitations to our study. First, although we have utilized multiple methods
to address the potential endogeneity of food retailer or food service choice, these methods likely
cannot completely resolve the endogeneity in the model. Furthermore, the share of expenditures
for FAH may be also endogenous. Thus, the results of our study should be used with caution to
discuss the causal effect of food retailer or food service use on the healthfulness of purchases.
Second, the number of households in the SS and SM shopping trip pattern groups was relatively
small and may limit our statistical power. Third, it is unclear if a one-week time period is sufficient
to capture the influence of shopping trip patterns. While some of our findings were consistent
with studies using a longer observation period (including Volpe, Jaenicke, and Chenarides
2018), future research should consider the influence of the length of the observation window
on the sensitivity of findings. Finally, our data only measured the quality of food purchased which
does not necessarily equal the quality of food consumed. Ultimately, the health effect of how and
where households shop for food depends on how and what they actually consume. For FAH, this
depends not only on the method of preparation but also on how much food is discarded instead of
being consumed. If households purchase healthier foods at food retailers but ultimately dispose of
these foods due to time constraints or other challenges, this could undermine the positive influ-
ence of supermarket utilization and FAH expenditures identified in this analysis. Therefore, future
research should consider the relationship between shopping trip patterns on both expenditures
and consumption.

Supplementary material. To view supplementary material for this article, please visit https://doi.org/10.1017/aae.2022.27
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