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ABSTRACT
LindseyP. Smith: “Can a healthy f oodgdgmpiovetithd i ati ve
nutrient profile of US packaged food purchases and reduce diet-r e | at ed di spar it
(Under the direction of Barry M. Popkin)
Since 2011, three of the largest national food retailers in the US have implemented
healthier food initiatives (HFIs). Yet, no work has evaluated whether an HFI at a major national
food retailer actually improves the nutrient profile of food purchases. The objective of this
research is evaluate the impact of the food retailer and food-retailer based HFIs on the nutrient
profile of US packaged food purchases (PFPSs).
Using a dataset of household PFPs, we employed Walmart as a case study to examine the
impact of a single food retailer as a food source in the US and who is most likely to shop there.
Secondly, using fixed effects models and inverse probability weighting to account for selectivity,
we evaluate whether the nutrient profile of Walmart PFPs improved over time. To test whether

improvementsi n t he nutrient profile of Walmart’'s PF
employed counterfactual simulations to compare the observed nutrient profile of post-HFI
purchases to the expected trajectory of nutrient profiles based on pre-HFI trends.
We found that not only do the majority of US households buy PFPs at Walmart, the
proportion of PFPs purchased from Walmart doubled from 2000 to 2012. Low-income non-
Hispanic White and Hispanic households, but not low-income non-Hispanic Black households,

were more likely to buy a larger proportion of PFPs at Walmart. From 2000 to 2012, Walmart

PFPs showed substantial declines in energy density, sugar density, and sodium density, and these



declines were much larger than declines observed in other chain retailers. Hispanics and
non-Hispanic Others showed the largest declines in energy density and sodium density.
However, we found that post-HFI shifts in nutrient profile were similar to what would have been
expected based on pre-HFI trends, indicating that improvements in the nutrient profile of
Walmart PFPs were not attributable to its HFI. Continued evaluation of HFIs at Walmart and
other retailers is needed to understand how retailer-driven changes in food purchasing translate

into changes in food intake and impacts on health outcomes.
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CHAPTER 1. INTRODUCTION

Background

Since 2011, a number of the largest supermarkets in the US have implemented healthier
food initiatives (HFIs) to increase the availability and affordability of healthier foods. These
retailer-based strategies have major potential to improve the nutrient profile of what US
households purchase and consume, not only because food stores in general provide the majority
of daily energy for US children and adults (1, 2), but because national trends towards chain
stores and consolidation (3) means that these top retailers account for the majority of US food
purchases (4).

However, no work has examined whether an HFI at a major national food retailer can
improve the nutritional quality of the US diet in a significant way. First, due to lack of access to
retailer data, little work has examined the overall impact of major food retailers on the nutrient
profile of the US food supply. Second, while previous studies have shown that supermarket HFIs
can improve the healthfulness of purchases, most studies were short-term, limited to a few stores,
lacked product-specific nutrient information, and did not examine whether the HFI changed
customer purchasing behaviors or simply attracted different customers. In addition, considering
recent changes in the economic environment
food retail environment, it is critical to understand whether the HFI truly changed nutritional

quality of purchases, or whether changes simply reflect overall trends in purchases from chain

S



food retailers during this time period. Finally, HFIs at major national food retailers
represent a potential strategy to reduce diet-related health disparities for key subpopulations,
such as low-income and minorities, who often have nutritionally poorer diets and less access to
healthy foods. Yet, to our knowledge, no one has examined whether HFIs successfully improve
nutritional quality of purchases in these key groups.
ThisstudyusesWa |l mar t, t he US’ asdcaseasigdy ® éexamgheitiper mar k et
impact of the food retailer and food-retailer based HFIs on the nutrient profile of US household
packaged food purchases. The overarching goal of this study is to evaluate whether an HFI at a
major national retailer can improve the nutrient profile of food and beverage purchases over
time, as measured by reductions in energy, sugar, saturated fat, and sodium densities. We use
Nielsen Homescan panel data, a longitudinal dataset of packaged food (PFPs) purchased by US
households that has been linked to product-specific nutrition information from 2000 to 2013 for
over 2.4 million household quarters. Using this data, we first characterized the role of Walmart
as source of PFPs in the US, and who is most likely to shop there. Next, using these
characterizations, we developed inverse probability weights to account for the selectivity of
shopping at Walmart vs. other chain retailers over time. We examined whether shifts in the
nutrient profile of Walmart PFPs were greater than trends at other food retailers, whether these
shifts were attributabl e t ogesWeelgreateramongsow-HF I , an

income and race/ethnic minority households.



Research Aims

Aim 1: Examine the role of Walmart as a source of PFPs and describe the profile of
Walmart shoppers (2000-2013)

1la. We examined the trends in the percent of US households shopping at Walmart as well as
changes in the distribution of percentage of PFPs households purchase at Walmart relative to
total food store purchases.

1b. We explored the association between socio-demographic characteristics and who was most

likely to buy the most at Walmart, and how these associations changed over time.

Aim 2: Test whether the nutritional profile of Walmart PFPs improved from 2000 to 2013,
and whether these changes were greater than trends at comparable food retailers:

2a. We developed time-varying inverse probability weights to account for the potential
selectivity bias associated with shopping at Walmart or other chain retailers.

2b. We examined changes in the nutrient profile of Walmart and OCR PFPs over time, including
energy, sugar, saturated fat, and sodium density.

2c¢. We examined whether these changes were driven by shifts in purchasing or reformulation by
examining changes in percent volume of food groups purchased, as well as changes in the
nutrient profile within these food groups from 2000 to 2013.

2d. We examined whether these changes in nutrient profile were greater among SNAP-eligible or

race/ethnic minority households.

Aim3: Test whether shifts in the nutrient profil

3a. We conducted counterfactual simulations by comparing the projected pre-HFI trends in



nutrient profile of Walmart PFPs to observed post-HFI trends in nutrient profile, and compared

these to concurrent trends in the nutrient profile of PFPs at other chain retailers (OCR).

3b. We tested whether the effect of the HFI
HFI period (2000-2010) or a data-defined pre-HFI period (2000-2006) was used.

3c. We examined whether the HFI was more impactful in shifting the nutrient profile of PFPs

among key subpopulations, including SNAP-eligible households and racial/ethnic minorities.



CHAPTER 2. LITERATURE REVIEW

Food retailersare importantallies in the fight against obesity

Public health experts have increasingly recognized food retailers as potential agents for
improving nutrition and preventing obesity, (5, 6) because they provide the majority of daily
energy for US children and adults (1, 2), and because of their pivotal positioning between food
manufacturers and the public (5,6).1 n f act, since 2011, several of
i mpl emented “healthier foods initiai/ill.es” (HF
National trends towards chain stores and consolidation (3) means that these top retailers account
for about half of all US food purchases (4) and thus have major potential to influence the nutrient

profile of US food and beverage purchases.

Foad retailers,food retailerbased HFIs andnutritional quality

Currently, it is unclear whether supermarket-based HFIs improve nutritional quality of
purchases over the long term. Field studies on retailer-based HFIs have been equivocal: while
some field studies have found that HFIs demonstrate moderate to high reach (11-13) and
improve healthy food availability, sales of targeted foods, and self-reported knowledge,
purchasing, and intake of healthier food (11, 14-18), others have found that common HFI
components are ineffective at changing long-term purchasing behaviors. For example, while
consumers report that nutrition signs and labels improve knowledge (19-21), these strategies are

not well-understood or highly used (22-24) and do not significantly impact food purchasing



behavior (25-30). Similarly, studies show that while discounts on healthy foods increase
short-term sales, these promotions do not necessarily translate into long-term changes in food
intake (31-33).

In addition, most studies examining food retailer HFIs have been in small stores, short-
term (~6-18 months of follow-up), with small samples, and limited to a few target foods,
providing little understanding of how long-lasting HFIs at a major national supermarkets impact
purchases across the population over time. However, HFIs at major supermarkets, including
Walmart, are not short-term interventions, but rather represent a long-term shift in how foods are
produced, marketed and sold, creating the need to understand how this shift impacts nutritional
quality of purchases over the long term. In addition, most previous studies have been unable to
accurately quantify nutritional changes, largely because nutrition information rapidly changes
due to product introduction, discontinuation and reformulation (34).

To our knowledge, only one study has examined the impact of an HFI on the nutrient
profile of purchases at a major chain retailer. The study examined Guiding Stars, a storewide
point-of purchase nutrition navigation intervention which used shelf-labeled star icons to indicate
healthier options, in a chain of Northwest supermarkets, using two years of purchase data.
Investigators found that the HFI showed significant but small (<2%) increases in the percent of
purchases with a star logo after the intervention, and that the star logo was associated with a
better nutrient profile of purchases (35). However, this work was still limited to only one region
of the country and examined only one type of HFI (a labeling initiative), and could not evaluate
these shifts at the household level. This latter limitation precludes evaluation of whether some

key subgroups were more responsive to the HFI than others.



Finally, one study examining the effects of a insurer-based HFI in South Africa showed
that price cuts or rebates can also be an effective HFI strategy. SouthAf r i ca’ s Heal t hy |
project offered enrollees at a major national health insurer a rebate of up to 25% on purchases of
healthy foods at a national retail supermarket chain, increased self-reported intake of fruits,
vegetables, and whole grains, and decreased intakes of high-salt, high-sugar, and processed foods
(36, 37). Purchase data showed that over three years, rebates were associated with a 6-9%
increase in healthy food expenditures, suggesting HFIs can impact consumer purchasing over
time (38). However, more work is needed to understand whether a multi-component,

supermarket-based HFI will similarly impact food store purchases in the U.S.

Secular trends in consumer purchasirand the food retail industry

Due to their short and singular store nature, most HFI evaluations have not been able to
address whether HFIs improve nutritional quality beyond secular trends in consumer purchasing,
despite major concurrent changes in consumer purchasing, food manufacturing, and food
retailing during the first decades of the 21* century. For example, surging food prices in 2007
(39-41) and the Great Recession, a period of economic decline in 2007-2009, have increased
cost-consciousness and discount seeking, and reduced overall food expenditures (24, 42). In
fact, using the Homescan data, the UNC Food Research Program (UNCFRP) has found that
consumers decreased purchases of sweets, snacks, grains, soft drinks, and fruits and vegetables
after 2003, and this trend accelerated after 2007 (43). Other work has noted overall declines in
caloric intake among children(44) and adults(45) in recent years. An additional UNCFRP
evaluation found that companies participating in the Healthy Weight Commitment Foundation

(HWCF) marketplace pledge reduced daily per capita packaged food caloric purchases by 66



kcal/day among households with children from 2007 to 212, with additional caloric reductions in
non-HWCF purchases and in private-label purchases as well (46).

In addition, major food stores have also implemented HFIs in recent years, such as

Kroger's “Health Matters” program, Safeway’s

super mar ket s’ recent “ (Bl é7a4B)tAkcousting foBthese secularg e ”

trends is important in order to determine whether changes in nutritional quality of purchases are
actually attributable to ther e t a HHAI aadrnot Emply reflections of concurrent trends in food

purchasing, manufacturing, or at other chain retailers.

Concerns with slecton biaswhen evaluating HFIs

Shopping choices are driven by a complex set of factors, which not only determine where

a customer shops, but how much they respond to food retailer HFIs. Sample selection bias may
arise because the choice to shop at a certain store is non-random. For example, less educated,
lower income, and African American individuals more likely to shop at lower-priced
supercenters (49, 50). This choice is also driven by a number of preferences, including quality,
variety of products available, store loyalty, proximity, opportunity cost, how much a shopper
plans to buy, and price expectations (51-56). For example, those who shop for many items at
onceprefer* everyday | ow pricing” stores such
variable prices across a wide range of products (53, 55, 56). This sample selection bias poses a
problem because some households are more likely to shop or buy more at one food retailer than
others, and these inherent characteristics also may be associated with the nutritional quality of
purchases. Failure to address selectivity can introduce bias in the relationship between that

r e t apurcheses ang nutritional quality, as well as limit the generalizability of study results.
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In addition, the selectivity of shopping at a certain retailer could vary over time,
complicating evaluations of an HFI. For example, ifaret ai | er s HFI i nvol ves
fruits and vegetables and offering a wider variety of organic and locally sourced produce, it
might attract more health-conscious consumers. If these health-conscious consumers purchase
more produce and fewerunhealt hy products, the overall nutrier
purchases would appear to improve. However, attributing these changes to the HFI would be
incorrect, since in actuality the improvements would be driven by the introduction of new
customers, and would not reflect meaningful improvements in the nutrient profile of other
consumers. Thus, a key concern is whether HFIs are successful at improving nutritional quality
of PFP purchases, or if they simply attract a different type of customer. However, no studies to

date have employed methods to account for this time-varying selection bias.

HFIs and dietrelated disparities

HFIs have potential to reduce health disparities by improving availability and
affordability of healthy foods for key subpopulations such as race/ethnic minorities and low
socio-economic status households, who tend to have less access to healthy foods (57-59) and
nutritionally poorer diets (60-62). In fact, the gap in diet quality between high and low
socioeconomic status appears to have widened over recent years (63), creating a pressing need to
address these disparities. Yet, because of small sample sizes and socio-demographically
homogenous populations, previous studies have not determined whether HFIs differentially
impact these populations. While some studies show that lower-income customers tend to be more
cost-conscious (64) and more likely to take advantage of price promotions(65), other work
suggests they may not be more responsive to price cuts than higher income consumers (66-69).

Similarly, better educated customers report higher usage of food labels (21, 70), but it is unclear



whether HFIs are more effective at improving nutritional quality of purchases among higher
educated customers. In particular, no work has examined whether HFIs differentially impact
certain types of low-income households, such as households who are eligible to receive or
receive supplemental nutrition assistant program (SNAP) benefits, and could potentially benefit

the most from increased affordability and availability of healthy foods (71-73).

Current strategies for evaluatinghation-wide industryinitiatives to improvenutrition

To our knowledge, there have been no independent evaluations of HFIs at major national
food retailers. However, as previously mentioned, UNCFRP has been tasked with evaluating a
major initiative by the food industry to cut 1.5 trillion calories from the food supply by 2015. As
wi th Wal mar t ' s dHdmpanies pledge washatiGnFvidé, \wwhach means there is
no clear natural experiment or control group to which shifts in calories can be compared. While a
simple approach would be to compare pre-initiative trends to post-initiative trends, this approach
cannot identify whether observed changes were attributable to the HFI or to concurrent shifts in
the economic, socio-demographic, and food retail environments as previously mentioned. To
deal with this concern, the UNCFP developed an approach utilizing counterfactual simulations
(74-76): what would the nutrient profile of purchases look like if the initiative had not been
enacted, if all other factors were held constant (46)? This strategy allows researchers to compare
the expected nutrient profile of post-HFI food purchases based on pre-HFI trends to what

actually happened during the post-HFI period, while controlling for secular trends.

Walmartasa case study
Because of its size and scope, Walmart represents unique opportunity to examine the
impact of a single food retailer as a source of US food purchases, as well as whether national

food retailers can successfully improve the nutritional quality of US food purchases. Walmart is
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the US’ largest food retailer, with grocery sales of $114.7 billion in 2013, compared to the
second largest retailer, Kroger, with sales of $76.7 billion(4). In 2011, Walmart, pledged to enact
a comprehensive HFI to improve the nutritional quality and affordability of Walmart purchases.
Wal mart ' s 1 nidamaje tomporents:el)ndeveopnierd of & fiont-ef-package
labeling system for Walmart brand store-brand consumer packaged goods (PFPs) that meet
specified health criteria; 2) strategic price reductions on healthier items, and 3) product
reformulation of Walmart store-brand products, with goals to achieve elimination of transfats, a
25% reduction in sodium, and 10% reduction in added sugar in key PFP categories by 2015 (77,
78). Considering that Walmart accounted for 20% of US food store expenditures in 2012 (79),
and is among the largest recipient of SNAP spending (80), successful implementation of this
HFI could substantially improve the nutritional quality of the US diet and potentially reduce diet

disparities.

Rationale for usinga datasebf food and beverage purchases

Traditionally, population-level studies of nutrition use large-scale nutrition surveys, such
as the National Health and Nutrition survey. Such surveys are advantageous because they are
often repeated over time and are nationally representative, allowing for the monitoring of diet
intake and diet-related diseases at the population level. However, because their aim is primarily
surveillance of nutrition and health, such surveys do not typically collect information about the
food retailer where food is purchased; rather, they simply categorize foods by broad
categorizations of source (i.e. home, school, restaurant), precluding the use of such data to
evaluate the impact of the food retailer.

A second option is to partner with the food retailers themselves to get data on store

purchases. Such an approach is advantageous because it provides a better window into what the

11



company actually did, when it was implemented, and how; however, such a partnership also
comes with limitations. First, companies are not always eager to partner with outside researchers
and second, such relationships could influence objectivity. For example, the Guiding Stars HFI
evaluation was funded by the food retailer where the HFI was implemented as well as the
company who designed the nutrition navigation program. While such studies can still provide
useful data, if HFIs were ever to be considered on a bigger scale, policymakers would also need
evidence from independent evaluations, where researchers are not encumbered relationships to
businesses, which are typically concerned most about their image and their bottom line.
Considering these limitations, this study employs a third approach, capitalizing on the
unique features of the Nielsen Homescan panel data, a longitudinal dataset of household
purchases which our team has linked to product-specific nutrition information (Nutrition Facts
Panels, or NFPs) for over 2.4 million household quarters from 2000-2013 (34). These NFPs are
continuously updated and matched to PFP products, providing a more accurate and time-
sensitive measure of nutrition, providing a distinct advantage to studies which simply use
purchase data and thus cannot study changes in nutrient profile. The Homsecan dataset includes
information on all food and beverages with a barcode, including information on price, volume,
unit size, and importantly, the retailer where the product was purchased. This data allows us to
examine the impact of specific retailers on the nutrient profile of US food purchases. Moreover,
the longitudinal nature of this household level data allows us to examine how the nutrient profile
of purchases at the HFI store changed over time, whether these changes were above and beyond
changes at similar retailers over the same time period, and finally, whether these changes were

greater or less in key subpopulations.
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CHAPTER 3. THE EMERGING ROLE OF WALMART IN US PACKAGED
FOOD PURCASHES: WHO SHOPS THERE, HOW MUCH IS PURCHASED, AND
PUBLIC HEALTH IMPLICATIONS

Overview

Despite a growing focus on the food environment, little is known about the impact of
specific food retailers as a food source in the US, especially among low-income populations. We
examined purchasing trends among the US”’
income and race/ethnic minority households are more likely to shop there. Using nationally
representative household purchase data, we analyzed trends in Walmart packaged food purchases
(PFPs) from 2000 to 2012. We find that not only do the majority of households buy food at
Walmart, the proportion of PFPs purchased from Walmart doubled from 2000 to 2012. Low-
income non-Hispanic White and Hispanic households, but not low-income non-Hispanic Black
households, were more likely to buy a larger proportion of PFPs at Walmart. We find that a
single food retailer—Walmart—is an increasingly dominant source of PFPs, especially among
low-income households. As fewer food retailers account for an increasingly large share of PFPs,
more work is needed to understand how shifts in the food retail environment affect the

nutritional quality of the US diet.
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Introduction

Consensus among public health and nutrition scholars has been growing about the
importance of the food environment for improving our health (81, 82). Perhaps one of the most
important elements of this environment is food stores, which supply the majority of daily caloric
energy for children and adults (1, 2, 83). Public health experts have increasingly recognized food
retailers as potential agents for improving nutrition and preventing obesity (5, 6), in part because
of their major role as a source of food and also because of their pivotal position between food
companies and the public.

Despite this growing awareness of the food environment, to our knowledge, no research
has explicitly examined the role of specific retailers in the US food supply. Yet, an
understanding of the size and scope of food retailers is increasingly important, as the expansion
of chains and consolidation (3) has created a food landscape in which fewer retailers are
accounting for a larger share of grocery sales: the top eight grocery retailers accounted for nearly
50% of US grocery sales in 2012, compared to only 26% in 1992 (4).

Moreover, identifying the extent to which a single food retailer serves as a source of the
US food supply is an important first step in identifying whether and to what degree food retailers
can be leveraged to improve diet quality. Many scholars have noted the need to improve labeling
(e.g., front-of-the-package food profiling) and reformulate food products as critical components
of improving nutrition and combating obesity (84-90). However, few have actually studied these
kinds of initiatives implemented by key food retailers (7, 9, 91), yielding an incomplete
understanding of their potential impact on the nutritional quality of the US diet.

Understanding the role of the food retailer as a source of PFPs is particularly important

among low-income households, who tend to have less food availability and face greater

14



constraints on cost and time when choosing where to shop for food (92-96). Previous work has

established that less educated, lower income, and African-American individuals are more likely

to shop at lower-priced food outlets and supercenters (49, 50), yet no work has examined

whether low-income households are increasingly likely to buy a larger share of their PFPs from a

single retailer. Such trends are important to understand, as a greater propensity to purchase a

larger share of PFPs at a given food retailer could make these groups more susceptible to
retailers’ evolving strategies on the price,
and less-healthful foods.

Perhaps the most influential among these retailers is Walmart, a national supercenter
chain that grew from 682 supercenters in 1999 to over 3,000 stores in 2014,(97, 98) and is now
the US” | ar g e(89), acoguntmgcfar $133.2 bilkon ia fiood and non-food grocery
sales in 2012 (4). Despite a large body of work examiningt he i mpact of Wal mar t’
wages, jobs, and other food retailers (100-105), to our knowledge, no independent research has
examined shifts in packaged food and beverage purchases (PFPs) at Walmart over time. Key
questions relate to not only what percent of households shop for food at Walmart, but how much
they are buying there: do a small fraction of households purchase a large share of PFPs at
Walmart, or do the majority of households shopping at Walmart buy only a small fraction of
their total PFPs there? Are low-income households more likely to buy more there, and is this
relationship consistent across race/ethnic groups? Understanding the size and scope of Walmart
purchasing trends is important for understanding how Walmart impacts the nutritional quality of
what households buy and eat, especially in light of recent evidence that the nutritional quality of
supercenter purchases may be less healthful than those purchased at more traditional food

retailers (106).
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The objective of this paper is to quantitatively evaluate the degree to which a single food
retailer can serve as a source of PFPs in the US by examining trends in US household PFPs at
Walmart from 2000 to 2012. We use a large, nationally representative dataset of household
purchases to examine trends in percent of US households shopping at Walmart as well as
changes in the distribution of the proportion of PFPs these households purchase there. Secondly,
we examine whether low-income households are more likely to purchase a higher proportion of
PFPs at Walmart than higher-income households, whether this has changed over time, and
whether the association of low-income with Walmart purchasing is constant across race/ethnic

groups.

Methods
This study uses Nielsen Homescan, a commercial dataset containing information on PFPs
at the household-quarter level.(107) PFPs include all food and beverages with a barcode,
including all consumer packaged goods as well as packaged fresh fruit and vegetables (i.e. bag of
lettuce, bag of potatoes) but excluding unpackaged meat and produce (i.e. an apple).
Participating households use a handheld scanner to record all purchases during each shopping
trip. Households are sampled from 76 markets, and weighted to be nationally representative.
Households report detailed information on each PFP purchased from outlet channels, including
grocery (i .e., Kr o queencehtess,(i.e. Supef Targea Walmarg, tiub (i.g. , dr ug
Sam s Club), doll ar stores, and convenience s
differ by store type, for this study, we include all PFPs from grocery stores, supermarkets, and

supercenter s (i . e. ot her food stores”), and exclud
convenience stores to ensure comparability between Wal-Mart purchases and other food store

PFPs. Walmart purchases include all food and beverage PFPs from Walmart Supercenters and
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Walmart Neighborhood markets, the latter being smaller in size and assortment while offering a
full line of groceries, bakery, and deli items (108). These do not include Sam’
Wal mart Express, which are Walmart’s warehous

For this study, purchases were aggregated at the year-household level, for a total of
663,073 household-year observations from 158,382 unique households. For each household in
each year from 2000 to 2012, we summed the PFPs from Walmart and from other food stores,
measured in terms of grams purchased. We measured purchases in grams instead of calories
because our key goal was to understand overall trends in the proportion of PFPs purchased at
Walmart relative to other food stores, whereas changes in calories purchased reflect both changes
in the proportion of PFPs purchased at Walmart as well as changes in the nutrient of foods over
time (7, 109). However, sensitivity analyses conducted using caloric purchases from Walmart
and other food stores revealed similar trends to those presented here.

Statistical Analysis

All statistical analyses were performed using STATA, version 13 (Stata Corporation,
College Station, Texas).

In initial analyses, data were treated as pooled cross-sectional, and weighted to be
nationally represent at i vielogistg iegressionNvasesedsoe n’ s pr o
describe changes in the likelihood of shopping at Walmart (i.e., spent >0$ on any PFP at
Walmart) for each year from 2000 to 2012. From these models, we compared the predicted
percent of shopping at Walmart in each year to 2000. Secondly, in order to examine changes in

the proportion of PFPs purchased at Walmart over time, quantile regression was used to examine

Survey commands (for logistic regression) and probability weights (for quantile regression) were used to adjust
estimates to be nationally representative. However, models did not account for the non-independence of repeated
measurements on households in the sample over time, because robust covariance estimators are not permitted in
STATA in conjunction with these methods. However, we re-ran all models without adjustment to be nationally
representative but with robust covariance estimators and found that the results were virtually identical.
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the distribution of the proportion of PFPs purchased at Walmart relative to total food store
purchases at the 50", 75", and 95™ percentiles. The predicted percent of PFPs purchased at
Walmart in each year was compared to 2000.

Secondly, to examine the association between income, race/ethnicity, and proportion of
PFPs purchased at Walmart, households were divided into quartiles of Walmart shopper, based
on the distribution of proportion of PFPs purchased at Walmart in 2012. On average, non-
shopper households purchased 0% of PFPs from Walmart (range 0.0% to 0.3%), low shopper
households purchased 3% (range 3.0% to 7.2%, medium shoppers purchased 18% (range 7.2%
to 33.9%), and top shoppers purchased 68% (range 33.9% to 100%) of PFPs from Walmart.
Multinomial logistic models included household race (non-Hispanic White, Hispanic, non-
Hispanic Black, and non-Hispanic Other) and household income [low <185% Federal Poverty
Level (FPL), medium 185-400% FPL, high >400% FPL]. These models controlled for head of
househol d heidguhc asdlbnol( <degree, some coll ege, = ¢
(single adult, multiple adults with no kids, adult(s) with kid(s)) and household composition
(numbers of men or women aged 19-29, 30-39, 40-49,50-59, =260y, and numbers
girls aged 0-1y, 2-5y, 6-12y, 13-18y).

In addition, models controlled for whether there was a Walmart present in a given market
in a given year, as defined by>$10,000 annual sales from PFPs per market per year. Additional
cut-points for determining presence of a market were also tested (>$0 and $5,000) and generally
yielded similar results; however, to be sure that purchases in a market were actually from that
market and not a neighboring market where households may have traveled to purchase items, the

higher cut-point (>$10,000) was used.
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Additional models tested interactions of income and year, and income and race/ethnicity,
using Wald “chunk” test s (110)Robystalustervariaace gni f i can
estimators were used to adjust the standard errors to reflect the non-independence of households
who remained in the sample across time.(111,112)For each model , STATA’ s 1
command was used to estimate the predicted percent of households in a shopper category for
each income, race/ethnic, or year combination. All analyses were Bonferroni-corrected for
multiple comparisons, and statistical significance was set at p<0.01 for main effects and p<0.05

for interactions.

Results

Household demographic characteristics of the sample are presented in Table 3.1.
Walmart-shopping households were more likely to have children, be less educated, be non-
Hispanic White, and have a low- or middle- income.

The percentage of US households who shopped for PFPs at Walmart increased from 71%
in 2000 to 82% in 2012 (p <0.01) (Supplemental Figure 3.1). Among households who shopped
at Walmart, the proportion of PFPs purchased at Walmart also increased substantially from 2000
to 2012 (Figure 3.1). The median Walmart-shopping household nearly doubled the proportion
of PFPs purchased from Walmart, from 10% in 2000 to 19% in 2012 (p <0.01). Increases in the
proportion of PFPs purchased from Walmart were even greater at the upper end of the
distribution. In particular, households in the 95" percentile of Walmart shoppers increased the
proportion of PFPs purchased at Walmart from 56% in 2000 to 85% in 2012 (p <0.01).

Across all time periods, low- and middle-income households were less likely to be
Walmart non-shoppers than high-income households, and more likely to be top shoppers than

high-income households. All income levels showed a decrease in the percent of Walmart non-
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and low-shoppers between 2000 and 2012 (Figure 3.2). However, low-income and middle-
income households showed a bigger decline than high-income shoppers: the proportion of low
shoppers declined by 12%, 10%, and 7% for low, middle, and high-income households,
respectively (p <0.05 for interaction). Similarly, while all income levels showed an increase in
the proportion of households who were top shoppers, low and middle-income households
showed larger increases than higher income households, with increases of 21%, 18%, and 15%
of households in the top shopper category from 2000 to 2012 for low, middle, and high-income
households, respectively (p <0.05 for interaction).

Across all time periods, there were minimal differences in the likelihood of being a non-,
low, middle-, or top- Walmart shopper by race/ethnicity. The only clear difference was that non-
Hispanic Blacks were less likely to be non-shoppers than non-Hispanic Whites (24% vs. 28%,
respectively [p<0.01]) (not shown). However, as shown in Figure 3.3, there was a significant
interaction between race/ethnicity and income level. For non-Hispanic Whites, Hispanics, and
non-Hispanic Others, high-income households were more likely to be non-shoppers than low-
income households, and low-income households were more likely to be top shoppers than high-
income households. However, amongst Black households, this trend was reversed: low-income
households were 7% more likely to be non-shoppers than high-income households, and high-
income households were 4% more likely to be top shoppers than low-income households

(p<0.05 for interaction).

Discussion
This study shows that over time, a single food retailer—Walmart-- is becoming an
increasingly dominant source of PFPs. Not only are more US households are shopping at

Walmart, households are buying a larger proportion of PFPs there over time.
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Wal mart’s growing dominance as a source of
nutritional quality of US food purchases, as well as obesity prevention efforts. First, limited
evidence suggests that the food available in supercenters may be less healthful than grocery
stores or supermarkets (113), although this work was limited to a small geographic region. More
convincingly, using a large commercial dataset from 1998 to 2006, Volpe et al. found that
consumers purchased less produce and more processed food at supercenters (including Walmart)
relative to supermarkets (106). Secondl y, because of its size, <c¢h
assortment, reformulation, and price not only influence the healthfulness of what Walmart
customers buy, but what they purchase at other stores as well. For example, Walmart and other
supercenters typically offer lower prices (114), which drives down prices at competing stores,
including prices of produce, dairy, meat, and packaged goods (50, 115-117).

In fact, some researchers contend that these cost and time savings, particularly for
energy-dense, nutritionally-poor processed foods, contribute to excess energy intake and
subsequent obesity (118-122). Yet, evidence on the impact of Walmart and supercenters on
obesity has been mixed: while one ecological study found that the addition of one Walmart
supercenter per 100,000 residents was associated with an increase in the obesity rate of 1 to 2.4
percentage points (123), another ecological study found an inverse association between
supercenters per capita and county-level obesity prevalence (124).

Moreover, these studies have not considered the dramatic changes occurring within
Walmart stores in recent years, such as increasing sales of locally sourced and organic foods
(125, 126). In addition, starting in 2011, Walmart announced a national healthy foods initiative,
including introduction of a front-of-package labeling system, price reductions on healthier foods

including produce, and product reformulations to reduce saturated fat, added sugar, and sodium
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(77). Currently, it is unclear whether these initiatives have resulted in improvements in the
nutritional quality of consumer purchases. For example, Walmart recently faced criticism for
promoting high- sugar, fat, and sodium foods and beverages in its advertisements targeted at
low-income customers (127). Future research should examine whether the nutritional quality of
PFPs at Walmart differs from similar food retailers, as well whether these purported shifts in
product assortment, formulation, and price have improved the nutritional quality of these
purchases. Regardless, the growing dominance of Walmart as a source of US PFPs suggests that
it and other major national retailers could be key players in strategies to improve diet and reduce
obesity, and should be considered as potentially pivotal agents in efforts to improve the quality
of the US food supply.

These nutritional implications are particularly important for low-income households who,
as we show, are not only more likely to shop at Walmart, but also more likely to purchase a
larger proportion of PFPs there. These results are consistent with previous work showing that
low-income consumers prefer supercenters, primarily because they prioritize consistently low
prices and a large product assortment (49, 55). In addition, Walmart is the recipient of 18% of
SNAP benefits (80). Despite recent cuts to SNAP benefits (128), in its most recent annual

meeting, Walmart’s CEO report eduallygogvesat ati ons
result of SNAP cutbacks, as increasing cost-consciousness will drive low-income consumers to

buy even more at Walmart (129). Taken together, these results underscore the importance of

understanding how Walmart impacts the nutritional quality of purchases of low income

households, who may be especially sensitive to price cuts and promotions on both healthy and

unhealthy foods (65, 130).
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In this study, we found that among non-Hispanic Whites, Hispanics, and non-Hispanic
others, low-income households were more likely to shop at Walmart than their higher-income
counterparts; however, this trend was reversed for Blacks. It was unclear why income level had a
different effect among Blacks compared to other race/ethnic groups. One possibility is that low-
income Blacks are more likely to live in areas with no Walmart, or less likely to have
transportation means required to access Walmart. Although we controlled for market as well as
whether or not there was a Walmart in the market, some markets cover a wide geographic area
and so even if there is a Walmart in that market, low-income Blacks may not be within a
reasonable distance to access it. Previous work has suggested that lower-income rural and inner-
city populations have lower access to supermarkets and supercenters than higher-income
populations or those living in suburbs (131-133). Although these studies did not consider
differences in access by race/ethnicity, if low-income Blacks are more likely to live in these
areas they may be less likely to have ready access to a Walmart than their higher-income
counterparts.

This trend towards increased purchases at Walmart is consistent with an overall
transformation in the way US households shop for food in recent decades, moving from
traditional, independent grocery stores and supermarkets towards increasing purchases at large
chain supermarkets (134-136) and supercenters (24, 134). Other societal shifts, including greater
cost consciousness (24) and increased perceptions of time scarcity (137), motivate households to
seek out supercenters, which typically maximize both cost and time savings by setting lower, less

vari abl e pri coews p(rii.cei.n ¢'”e)v earcyrdoasys |ag53,w5 db)e assort
enabling one-stop shopping (53, 54, 138). However, this shift does not appear to be the result of

the Great Recession: although surging food prices in 2007 (39-41) and the Great Recession
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increased discount-seeking behavior and reduced overall food expenditures (24, 42), the present
results show that that the largest increases in Walmart PFP purchases began well before the 2007
economic downturn. Although we did not test the effects of the recession of the recession
explicitly, these increases in Walmart purchasing likely reflect the larger trend towards increased
supercenter purchasing that began in the early 2000s and continued during the economic
recovery (24, 139).
Limitations

This study has several important limitations. First, because this dataset included only
products with a barcode, we did not examine changes in purchasing at Walmart related to
unpackaged fresh produce, such as fruits and vegetables. Because shoppers at Walmart tend to
purchase a wide assortment of items, most households who purchase unpackaged fresh produce
at Walmart likely purchased other PFPs as well, and would have been included in our estimates
of Walmart shoppers. Similarly, we are unable to account for non-food-store changes, including
changes in restaurants and prepared food outlets and for cooked unpackaged foods sold at retail
food outlets, and how these interact with purchasing behavior at Walmart and other food stores.
However, given that US consumers consume about 70% of daily energy from food stores, and
this has remained fairly stable from 2000 to 2010 (2), it seems unlikely that changes in away-

from-home food purchases impacted our results.

Conclusion

This study shows that a single food retailer is a major source of the US diet: US
households, and especially low-income households, are increasingly likely to shop for PFPs at
Walmart and buy a larger proportion of PFPs there over time. As fewer retailers account for a

greater share of US food purchases, these individual retailers will have an important and
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growing impact on the nutritional quality of what people buy and eat. In fact, the growing

dominance of Walmart and other major national retailers presents a major research and policy

opportunity: understanding how these retailers impact the nutrient profile of purchases could

provide valuable insight into strategies and potential avenues for improving the healthfulness of

US food purchases. I n particular, more work i
rapid expansion and whether Walmart’s recent
the nutrient profile of foods purchased there, especially for low-income households, who shop

there most.
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Tables and Figures

Table 3.1. Household characteristics of the Nielsen Homescan sample by whether or not a
household shopped at Walmart from 2000 to 2012% (n=663,073)

Walmart non- Walmart
Shopper Shopper
% % p°
Household composition
Single adult 37% 23% <0.001
Multiple adults, no children
<18y 38% 39% 0.015
Single adult, with children
<18y 19% 29% <0.001
Adults, with children <18 6% 8% <0.001
Race/ethnicity
Non-Hispanic White 2% 75% <0.0001
Hispanic 11% 10% 0.049
Non-Hispanic Black 11% 11% 0.012
Non-Hispanic Other 6% 4% <0.001
Male household head
education
<Hi gh sch 21% 32% <0.001
Some college 20% 21% 0.45
>Col | eg 30% 18% <0.001
No male head of household 29% 29% 0.273
Female household head
education
<Hi gh sch 23% 36% <0.001
Some college 21% 27% <0.001
>2Col | eg 24% 21% <0.001
No female head of household 32% 16% <0.001
Income level®
Low 20% 26% <0.001
Middle 32% 40% <0.001
High 47% 34% <0.001

& Column percents. Weighted to be nationally representative. A household was defined as "Walmart shopper" if it spent
>0$ on any consumer packaged food or beverage in a one-year period.

® From proportions testing between Walmart shopping households vs. non-Walmart shopping households. Bonferroni-
corrected for multiple comparisons.

¢ Income status is defined as low, <185% federal poverty level (FPL); middle, 185-400% FPL, and high, >400% FPL.
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Figure 3.1. Percent of PFP food and beverages purchased from Walmart (g) by percentile
among Walmart customers, 2000-2012

W 50th E 75th O 95th
90% - 81* 83* 84* 85*
80% - 8 — ] ]
70% - 67
60% - o6
50% - 474 477 464
42*
40% - 344
*
30% | o4 28
* *
20% - L3¢ 17+ 19 20 19*
10 11
10% -
0% n T T T T T T 1
2000 2002 2004 2006 2008 2010 2012
* Within percentile, the proportion of packaged food purchases (PFPs) (g) purchased from
Walmart in a given year is different than in 2000, p <0.01
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Figure 3.2. Percent of households who were non-,low, middle, and top shoppers of PFPs at
Walmart by income status and year, 2000-2012

120% 1 OTop Shopper OMiddle Shopper @ Low Shopper ® Non- Shopper
20 23* 26*
80% -
60% - 35
40% -
40
20% | [
0%
High Income Middle Low Income |High Income Middle Low Income
Income Income
2000 | 2012 |
Shopper category defined as non-shopperss: purchased on average 0% of packaged food
purchases(PFPs) from Walmart; low purchasers: average 3% of PFPs from Walmart; middle
shoppers:18%; top shoppers: 65%. Income status is defined as low, <185% federal poverty
level (FPL); middle, 185-400% FPL, and high, >400% FPL.
* Change in the probability of being in Walmart shopper category between 2000 and 2012 is
different for medium- or low- income householdsthan high income households, p <0.05
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Figure 3.3. Percent of households who were non-shoppers or top-shoppers of PFPs at

Walmart by race/ethnicity and income, 2000-2012

35% 31 ® Non-Shopper
30
30% 28*
25
25%
21
20%
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15%
10%
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High  |LowIncome High |Low Income
Income Income
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High
Income

NH Black

O Top Shopper
30*

16*

Low Income

32

27

19
15

High  Low Income

Income
NH Other

Shopper category defined as non-shopper: purchased on average 0% of packaged food purchases
(PFPs) (g) from Walmart top shopper: purchased on average 68% of PFPs from Walmart. Income
status is defined as low, <185% federal poverty level (FPL); middle, 185-400% FPL, and high,

>400% FPL.

* Change in the predicted percent in Walmart shopper category between 2000 and 2012 is different

for medium- or low- income households than high income households, p <0.01
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Supplemental Figure 3.1. Percent of US households shopping at Walmart, 2000 to 2012
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CHAPTER 4. THE NUTRIENT PROFILE OF PACKAGED FOOD PURCHASES
AT WALMART AND OTHER CHAIN RETAILERS IMPROVED FROM 2000 TO 2013.

Overview

As fewer retailers account for a larger share of US packaged food purchases (PFPs), it is
increasingly important to understand the impact of the food retailer on the nutrient profile of
PFPs. I n particular, Ilittle is known about th
largest food retailer, relative to other chain retailers (OCR). Our objective in this aim was to
examine shifts in the nutrient profile of Walmart and OCR PFPs from 2000 to 2013. We used a
national dataset of household PFPs from Nielsen Homescan linked to nutrition data (n=
164,315). Using fixed effects models and inverse probability weights to account for the
selectivity of shopping at Walmart, we examined changes in energy, total sugar, saturated fat,
and sodium density and shifts in percent volume from key food groups at Walmart and OCR
over time, and whether these shifts differed by income or race/ethnicity.

There were substantial declines in overall energy density (-74 kcal/100 g), sugar density
(-8 9/100g) and sodium density (-33 mg/100g) from PFPs at Walmart. These declines were
coupled with decrease in percent volume purchased from sweets (-11%), grain-based desserts (-
2%), and savory snacks (-3%), while percent volume from fruits and vegetables increased (3%
and 1%, respectively). PFPs from OCR had a more favorable nutrient profile than Walmart PFPs

in 2000, and demonstrated similar but smaller shifts in nutrient profile over time. We found only
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minor differences in changes in nutrient profile by income, but among Walmart PFPs, we
found that disparities in nutrient profile by race/ethnicity shrank over time. The nutrient profile
of PFPs from Walmart has improved. While in 2000, Walmart PFPs were higher in energy,
sugar, sodium, and saturated fat density relative to OCR, in 2013 the nutrient profile of PFPs

purchased at Walmart was comparable to those purchased at OCR.
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Introduction

Public health experts have increasingly identified the food retail sector (e.g.
supermarkets, supercenters, grocery stores, convenience stores) as unique allies in the fight
against obesity (6, 140) because they provide the majority of daily energy for US children and
adults (1, 2), and because of their pivotal positioning between food manufacturers and the public
(5, 6). As more food retailers account for an increasingly large share of US food purchases (3, 4),
even a single retailer can have a major effect on what people buy and eat.

In particular, Walmart has become an increasingly dominant source of packaged food
purchases (PFPs) in the US: nearly 80% of US households shopped for PFPs at Walmart in 2012.
Among those who shopped at Walmart, the share of PFPs purchased doubled from 10% to 20%
from 2000 to 2012 (141). Low income households in particular have become more likely to shop
there and buy more PFPs over ti me. Because of
US PFPs, it could be a key leader in strategies to improve nutrition and prevent obesity.
However, little is known about whether foods and beverages purchased at Walmart are
nutritionally comparable to those purchased at other chain retailers, or if the nutrient profile of
Walmart-purchased foods has changed over time.

While one ecological study showed an additional Walmart supercenter per 100,000
residents was linked to an 2.4% increase in the obesity prevalence (123), little is known about
the actual nutrient profile of Walmart PFPs. First, the lack of food-retailer specific information
in most dietary surveys precludes examination of the link between the specific retail outlet and
food intake. Secondly, while a few studies have indicated that increased Walmart store or
supercenter densities are linked to poorer diet, these studies have significant limitations. For

exampl e, Bonnano et al .’ s 2012 ecol ogical stu
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was associated with a decreased percentage of the adults consuming five servings of
fruits/vegetables per day (142). However, this study used state-level data on Walmart density and
diet intake, and was unable to evaluate the effect of Walmart on the nutritional quality of actual
household purchases or food intake. VVolpe et al. used data on household PFPs, and found that a
1% increase in local market share of supercenters was associated with a 5-22% decrease in
healthful food purchases. However, this study, like the previous study, examined the effect of
store density on total purchases, rather than the nutritional profile of actual Walmart purchases
compared to comparable stores (106). In addition, while the latter study employed a number of
approaches for measuring purchase healthfulness, they were unable to directly link PFPs to
nutrition information, precluding examination of the actual nutritional profile of products.
Perhaps most importantly, no study has examined with whether Walmart purchases are
healthier or less healthy, or whether Walmart (or any food retailer in question) simply attracts a
different type of customer. Shopping choices are driven by a complex set of factors, which not
only determine wherea customer shops, but whatthey buy (51-56). For example, less educated,
lower income, and African American individuals are more likely to shop at lower-priced
supercenters (49, 50). In addition, those who shopformany i t ems at once prefe
pricing”™ stores, which typically set | ower, |
(53, 55, 56). Selection bias arises if these preferences for shopping at a certain retailer type are
also associated with some underlying preference for less or more healthy foods. In this case, the
perceived link between Walmart and less-healthful purchases may simply be due to differences
in the customers it attracts compared to other food retailers, not due to some inherent attribute of
PFPs purchased there. One key question is whether, after accounting for this selectivity, low-

income and race/ethnic minority households have a worse nutrient profile of Walmart PFP
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purchases, since these groups are more likely to shop at Walmart, and also are more likely to
nutritionally poorer diets (60-62). Understanding whether Walmart contributes to diet-related
disparities is especially salient for administrators of the Supplemental Nutrition Assistance
program (SNAP), considering Walmart is among the largest recipient of SNAP dollars spent
(80).

This selectivity of shopping at Walmart could also vary over time, as dramatic changes in
the Walmart food landscape over recent years could attract a more nutrition-conscious customer,
yet previous studies did not consider these changes. Walmart has announced major efforts to
increased sales of locally sourced and organic foods (125, 126), and in 2011 announced a
national healthy foods initiative (HFI), including the introduction of a front-of-package labeling
system, price reductions on healthier foods including produce, and product reformulations to
reduce saturated fat, added sugar, and sodium (77). One possibility is that more health-conscious
consumers might begin shopping at Walmart as a result of these initiatives. Thus, a second key
question is whether the nutrient profile of Walmart PFPs has actually changed over time, or
whether changes in nutrient profile simply reflect changes in the type of consumers who shops
there.

Finally, it is unknown whether changes in nutrient profile of PFPs stem from shifts in
purchasing behaviors by customers, or whether nutrients improved, even within the same
purchasing profile. For example: are consumers buying healthier products, or are they simply
buying the same products, which are becoming healthier over time? This has important policy
implications, since efforts to improve diet have focused on product reformulation (88, 109) as
well as changing consumer purchases through strategies such as front-of-package labeling (70,

84, 87). Understanding whether consumer purchasing shifts vs. product formulation are driving
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improvements in nutrient profile could help policymakers and interventionists better target their
efforts.

The objectives of this study are to examine changes in the nutrient profile of Walmart
PFPs over time, including energy density (kcal/100g, total sugar density (g/100g), saturated fat
density (g/100g), and sodium density (mg/100g), relative to those purchased at other chain
retailers, and whether these changes were greater among SNAP-eligible and race/ethnic minority
households after correcting for selectivity. In addition, we will examine whether these changes
were driven by shifts in purchasing or reformulation by examining changes in percent volume of
food groups purchased, as well as changes in the nutrient profile within these food groups from

2000 to 2013.

Methods

This study uses data from Nielsen Homescan, a commercial dataset of household food
and beverage PFPs from 2000 to 2013 (107). PFPs include all food and beverages with a
barcode, including all consumer packaged goods and packaged fresh fruit and vegetables (i.e., a
bag of potatoes, which has a barcode) but excluding unpackaged meat and produce (i.e., a single
potato, which does not). Households are sampled from 76 metropolitan and non-metropolitan
markets. Households use handheld scanners to record information on each PFP, including date,
number of units, total weight, amount paid, and including location of purchase (143). Walmart
purchases included all PFPs from Walmart Supercenters and Neighborhood Markets, which both
include a full-line of groceries, although the latter is smaller in size and assortment (108).
Because the assortment of products likely differs by store type, to ensure comparability between

Walmart PFPs and other food store purchases, we include all PFPs from chain grocery stores and

supermarkets (=210 | ocations), supercenters,
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Kroger, Safeway , and ot hers (collectively referred to
(362 different retailers), and exclude warehouse, drug, club, dollar, convenience stores, ethnic
stores, specialty stores, and independent grocers (<10 locations) (144).

Information on store purchases was linked at the barcode level to nutrition data from the
Nutrition Facts Panel (109). Food groups were based on the Nielsen Company, which groups
products into 624 modules according to the department in which they are found within the store
(for example, tortilla chips and pretzels represent two modules). We then aggregated modules
into 56 groups based on how products are consumed (for example, the tortilla chip and pretzel
modul es are i n a duopplemental Taled.¥)or y Snacks”) (
Nutrient Outcomes

Nutrient outcomes included energy density (kcal/100 g PFPs from that store type), total
sugar (9/100 g PFPs), saturated fat (g/100 g PFPs), and sodium (mg/100 g PFPs). To examine
shifts in purchasing, we examined shifts in percent volume purchased (% g) from 13 key food
groups from 2000-2013. Key food groups included those which represented top food groups
purchased by volume at both food stores (Supplemental Table 4. 2) or in some cases, food
groups that Walmart has publicly acknowledged to be product categories which have been
reformulated (i.e. processed meat, salad dressing).

Marketlevel Covariates

Unemployment rate
To provide a proxy for the overall economic environment experienced by each
household, we used average quarterly market-level unemployment rates derived from the 2000-

2013 Bureau of Labor Statistics Local Area Unemployment Statistics (145).
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Walmart store density

A key predictor of whether a household shops at a retailer or not is whether that retailer
exists within reasonable proximity to the household. To create an average market-level Walmart
density (Walmart supercenters per 100,000 people), we used data on dates of Walmart
Supercenter openings and conversions of Walmart discount stores to supercenters, linked by
FIPS codes to counties, from 2000-2005 (146, 147). We also used data on Walmart Supercenter
and Neighborhood Markets GPS coordinates , again linked by FIPS code, to derive Walmarts per
county from 2008-2013 (148). Using these annual county-level estimates of Walmart stores, the
number of Walmart food stores per county was interpolated for years 2006 and 2007. These
values were then linked by FIPs code to annual mid-year county population estimates from the
US Census Bureau to derive county-level Walmart density per 100,000 individuals (149). After
linking counties to Homescan markets, we then created an average annual Walmart density score
at for each of Homescan’'s 76 markets in
Average Food Prices

To control for price differences between Walmart and other food retailers, we included
two variables which are the weighted average of prices of products purchased (hereafter refered
to as average food price [AFP]) from 1) Walmart or 2) other chain retailers in each market in

each quarter.

Sample size

PFPs were aggregated at the quarter-household level. Households were included if they
shopped at Walmart or OCR (defined as having purchased >0 g PFPs at a given retailer in a
given quarter). Households were excluded from the sample if they purchased zero grams or zero

calories from any store types over an entire quarter, since the former represents a lack of food
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purchases and the latter represents an implausible purchasing pattern, or for implausible nutrient
outcomes, including overall PFP energy density >900 kcal/100 g, sugar density >400 kcal/100g,
and saturated or total fat density >900 kcal/gram (n=66,377 observations or 2.5%). Households
were then excluded if they had less than 2 quarters of observations (n=2,516 or 0.1%) since
repeated observations are required for fixed effects models. The final analytic sample included
2,611,125 household-quarter observations from 164,315 unique households. Households have
various compositions, including single adults, adults living together, or adult(s) with children,

with 26% having children under age 18 in the house, and an overall mean age of 50 y (+ 18).

Inverse probability weight

As previously mentioned, one concern in these models is selectivity, or the idea that
those who shop at Walmart may be somehow different than those who do not (141), and that this
selectivity could bias the association between purchases and nutritional quality. To address this
concern, we used inverse probability weighting (IPW) to account for the likelihood of being a
Walmart shopper vs. non-Walmart shopper (no vs. any purchases) in each quarter, conditional
upon covariates associated with shopping at Walmart (150-152). Weights were stabilized and
truncated at the upper and lower 0.3" percentile, with a mean of 0.96 + 0.65 (Supplemental
Table 4.3). To test the robustness of estimates to this IPW, we conducted sensitivity analyses
without IPW, with the IPW truncated at the upper/lower 0.3" percentile, and IPW truncated at
the upper/lower 1% percentile. Year coefficients remained consistent in terms of both direction
and magnitude, regardless of which IPW method was used or if no IPW was used.

(Supplemental Table 4.4).
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Statistical Analysis

All statistical analyses were performed using Stata, version 13 (Stata Corporation,
College Station, Texas).

Covariates were included based on a directed acyclic graph approach (153-155),
including household race (non-Hispanic White, Hispanic, non-Hispanic Black, and non-Hispanic
Ot her) and whether or not the household was e
federal poverty level). All models controlledforh ead of househol d educati o
degree, some coll ege, = coll ege degree), hous
kids, adult(s) with kid(s)) and household composition (numbers of women and men aged 19-49

and =50y, a mildirenageddibyea-18y). o f ¢

We used fixed effects models to separately model all nutrient outcomes at Walmart and OCR,

using Stata’'s ar eg -vargingmarsegrobbidity weighaseFixed effects t i me
models examine average within-household effects, effectively using each household as its own

control and thereby removing potential bias from any unobservable time-invariant household

characteristics that might influence both exposure and outcome (i.e. unmeasured confounding).

Fixed effects models can also be considered a selectivity correction, if the selection is through

fixed characteristics of the household or community, since these characteristics are differenced

out. For example, the fixed effects models help account for any selectivity associated with each
household’s decision regarding where to |ive,
with more Walmart stores than others). Stat a’
nutrient density or percent volume from food groups for each year for each retailer. We

examined contrasts in means within each retailer type across years, with significance achieved at

p<0.01, Bonferroni-adjusted for multiple comparisons. To examine whether SNAP-eligible or
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race-ethnic households experienced larger changes over time, we used a Wald chunk test to
examine the interaction of income or race/ethnicity with year, with significance achieved at p=

0.10.

Results
Demographic characteristics

Demographic characteristics of the sample in 2000 and 2013 are presented in Table 4.1.
The sample remained predominantly non-Hispanic White, with at least some college education,
but more households were SNAP-eligible in 2013 relative to 2000. As expected, the average
Walmart density, unemployment rate, Walmart AFP, and OCR AFP all increased over time.
Overall shifts in nutrient profile

Figure 4.1 shows shifts in predicted nutrient density of all food and beverage PFPs from
2000 to 2013. For all nutrient densities, Walmart PFP showed a significant decline between 2000
and 2013, with particularly large declines in densities of energy, sugar, and sodium (p<0.01).
However, the average nutrient density of PFPs at Walmart was higher than at OCR in 2000; and
despite smaller declines in nutrient densities at OCRs during the same time period, remained
higher than OCR in 2013.
Shifts in food and beverage groups

Shifts in the percent volume purchased from key food and beverage groups are shown in
Table 4. 2. Percent volume of grain-based desserts, candy, and savory snacks declined at
Walmart from 2000 to 2013, while percent volume from fruits and vegetables increased
(p<0.01). Smaller shifts were observed in percent volume from food groups at OCR.

There were only small changes in percent volume from key beverage groups at both

Walmart and OCR. Among caloric beverages, there were small but significant declines in
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percent volume of milk, 100% Juice, and SSBs from OCR. At Walmart, the only significant
declines were small decreases in the percent volume of 100% juice and diet beverages.
Nutrient Profile of Food Groups and Beverage Groups

Table 4.3 shows the means and changes in the nutrient density of key food and beverage
groups at Walmart and OCR.

Grain-based desserts showed major declines in energy density and sugar density at
Walmart, while nutrient density of grain-based desserts at OCRs showed smaller decreases over
time. Ready-to-eat breads, ready-to-eat breakfast, and candy all showed declines in energy
density at both Walmart and OCR, although declines at Walmart were larger. At OCR but not
Walmart, savory snacks and processed meats showed small increases in energy density, while
the energy density of fruit increased for both Walmart and OCR. Both 100% juice and SSBs
showed similar small declines in energy density at both retailers, while the energy density of diet
beverages increased slightly.

Examining changes in sodium density, there appeared to be significant declines in
sodium for ready-to-eat bread, ready-to-eat breakfast, processed meat, and salad dressing,
although these changes looked larger among OCR PFPs relative to Walmart PFPs. On the other
hand, the declines in sodium density for savory snacks and vegetables were larger among
Walmart PFPs relative to OCR PFPs.

Sociceconomic differences

There were no major differences in changes in nutrient profile of Walmart or OCR PFPs
for higher income vs. SNAP-eligible households, with the exception that higher income
households showed bigger declines in the sodium density of OCR PFPs than did SNAP-eligible

households (-20 mg/100 g vs. -1 mg/100 g respectively, p=0.079) (Supplemental Table 4.5).
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There were statistically significant, but small, differences in declines in nutrient density
of OCR PFPs by race/ethnicity, with the relative nutrient profile of purchases of each group
remaining somewhat stable over time (Table 4.4). However, among Walmart PFPs, disparities in
the nutrient profile of purchases by race/ethnicity shrank over time. For example, while Hispanic
and Non-Hispanic Others had the highest energy density and sodium density of Walmart PFPs
in 2000, but these showed the largest declines in energy density and sodium density over time
(p=0.054 and p=0.052 for interaction, respectively). The exception to this was non-Hispanic
Blacks, who had virtually identical sodium density as Whites in 2000, but showed smaller
declines in sodium density over time. In contrast, non-Hispanic Blacks also showed the largest

decline in sodium density of OCR PFPs (p<0.001 for interaction).

Discussion

This study shows that PFPs from Wal mar't
declines in energy density, paralleled by a decline in sodium and total sugar density, and to a
lesser degree, saturated fat; these trends were accompanied by similar but smaller shifts in PFPs
from OCR. While we were unable to examine important distinctions in some of the nutrients (for
example, distinguishing added sugar from naturally occurring sugars, or saturated fat from dairy
vs. meat), declines in saturated fat and sodium densities represent a shift towards a more
healthful nutrient profile in accordance with the 2010 Dietary Guidelines, which suggested
limiting saturated fat to 10% of daily calories and cutting sodium intake(156). In addition, since
high energy density has been linked to excess energy intake and obesity through poor
physiological regulation (84, 86, 87, 90, 157), the observed declines in energy density could
potentially be protective against obesity, although further work is needed to link these declines to

food intake and health outcomes.
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Moreover, while the healthfulness of food groups can be subjective, declines in groups
like grain-based desserts and sweets is promising, considering that considering that candy and
grain-based desserts are among the largest sources of added sugar in the US, and grain-based
desserts are the top source of solid fats (158). While the increases in fruit and vegetable intake
were relatively small, this may be due to the fact that we were only able to examined packaged
fruits and vegetables, and we would expect increases to be larger among unpackaged, loose
produce, which was the key t ar gtsatesobldcallyal mar t ’
sourced and organic foods (125, 126). In fact, if households substituted packaged produce with
unpackaged produce as the availability and affordability of the latter increased, we might have
expected to see the percent volume from packaged produce go down. Yet, our results show that
these increases in packaged produce occurred despite a presumptive increase in unpackaged
produce purchased. Regardless, the end result was such that while the overall nutrient profile of
PFPs at Wal mart was “l ess healthy” in 2000, i
to OCR by 2013.
These shifts in overall nutrient profile indicate two separate but related mechanisms at
work: 1) consumers changed the types of products they were purchasing at Walmart, but not at
OCR, and 2) the nutrient profile of PFPs from Walmart were changing at a faster rate than OCR
PFPs, either due to introduction of new products or through product reformulation. In fact, we
would have expected to see declines in energy density of PFPs purchased at both store types,
considering the large decline in trillions of calories sold by food manufacturers as part of a
pledge to remove calories (109, 159,160). At t he same ti me, Wal mart ¢
reformulate Walmart store-brand products, with goals to achieve elimination of transfats, a 25%

reduction in sodium, and 10% reduction in added sugar in key PFP categories. Although the
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store announced their initiative in 2011, the store website indicates that these changes may have
begun as early as 2008, possibly explaining some of the observed declines (77, 78). Other HFI
components, including the development of a front-of-package labeling system and strategic price
reductions on healthier items, could explain the observed shifts in purchasing behavior (11, 14-
21).

Our work shows that low income households do not buy disproportionately less healthy
foods at Walmart, which may provide reassurance to SNAP that spending benefits at Walmart
does not equate with poorer nutrient intakes. We also found evidence that disparities in the
nutrient profile of Walmart food purchases lessened over time for race/ethnic minorities,
especially for Hispanicsandnon-Hi s pani ¢ Ot hers, who tended to h
than non-Hispanic Whites in 2000, but a more comparable profile in 2013. These results beg the
guestion as to whether Walmart’s HFI is respo
profile, especially among vulnerable subpopulations. If so, this could indicate that national-scale
HFIs at major national retailers can be useful in reducing diet-related disparities in the US
population. However, more work is needed to fully understand the real impact of this HFI,
especially in |ight of conf | i ctagiesrFgexanple, dence a
Walmart recently faced criticism for promoting high- sugar, fat, and sodium foods and beverages
in its advertisements targeted at low-income customers (127).

Still, it is interesting to note that despite the major changes in nutrient profile and
purchasing patterns at Walmart, there were only small changes at OCR during the same time
period. This could be because the overall nut
earlier years, leaving less room for change: Walmart PFPs have simply shifted to match foods

purchased at other food stores. In fact, these results are comparable to those of Volpe et al., who
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found that increased supercenter density (i.e., Walmart density) was associated with less

healthful PFPs from 2000 to 2006, but this disparity in healthfulness of purchases between

supercenter and supermarket had mostly diminished by 2006 (106). On the other hand, we might

have expected to see a “compens a-hedltbyrfoodef f ect , ”
groups or higher energy dense products at OCR in response to purchasing healthier PFPs at

Walmart. Instead, we see that on average, the nutrient profile of PFPs from other OCRs remained

static, suggesting that changes in PFPs at one retailer may not carry over to other retailers where

a household shops.

Limitations

One concern is that these results could simply reflect a shift in how people shop at
Walmart: as the years progressed, and people purchased more food at Walmart, they purchased a
wider variety of foods, whereas in early years, they may have only purchased non-perishable
packaged foods, like candy or snacks. This would result in a decline in energy density of
Walmart PFPs, simply because of either a real or perceived shift in Walmart from discount store
to full-grocery supercenter, as more supercenters entered the market and offered a wider
assortment of products. In addition, we were unable account for unobservable shifts in dietary
preference, which could affect how much people buy at Walmart as well as what they buy there,
which limits our ability to establish what caused the observed changes in nutrient profile.

Finally, we did not include food purchases at other non-chain food retailers, like specialty
stores or ethnic food stores. However, considering that the per capita volume of PFPs purchased
from mass merchandisers and grocery chains remained stable from 2000 to 2013 (72% to 70%,
respectively) (144), it seems unlikely that observed changes would be due to differential

purchasing at other food retailers. Similarly, we were unable to account for changes in food
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purchasing at restaurants, fast food, or other prepared-food outlets. However, we would expect
any changes in these sectors to affect purchases both at Walmart and at OCR. Considering first
that the percent of daily caloric intake from food stores remained stable from 2000 to 2010 (2),
and second, the nutrient profile of PFPs from OCR remained fairly stable, it seems that the shifts
in nutrient profile of Walmart PFPs are true changes in consumer behavior and the nutrient
profile of products, and not simply due to other shifts in away-from-home eating patterns.

However, this study does provide a useful methodology for examining and comparing the
impact of food retailers on the healthfulness of the US food supply. Through the use of time-
varying inverse probability weights and fixed effects models, we accounted for potential
selection bias of individuals who shop at Walmart stores on observed shifts in nutrient profile,
ensuring that the observed increases in healthfulness of PFPs was not simply due to Walmart
attracting more nutrition-minded consumers. Finally, although we could not statistically compare
Walmart PFPs to OCR PFPs, by modeling the predicted nutrient profile of PFPs at each store
type, we were able to observe shifts in nutrient profile of purchases at each store type instead of
simply examining the effect of store density on healthfulness of overall purchases, like most
previous studies. As food retailers are increasingly recognized as potential agents for improving
nutrition and reducing obesity, employing such methods will be essential to understanding how
various elements of the food environment (retail type, size, location) or strategies (reformulation,
price reduction, labeling) influence the nutritional quality of the US food supply, especially
among major national retailers (5, 6, 140).
Conclusion

From 2000 to 2013, PFPs from Walmart showed major decreases in energy density, sugar

density, and sodium density, and these shifts were larger than those observed at other chain
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retailers during this time period. These changes were attributable to both shifts in food

purchasing (decreases in the percent volume purchased from sweets, GBDs, and savory snhacks,

coupled with increases in fruits and vegetables), as well as shifts in nutrient density within food

group. More work is needed to understand whet
Healthy Foods Initiative, and whether these shifts were greater among key subpopulations, who

face the highest barriers to achieving a healthful diet.
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Tables and Figures

Table 4.1. Household characteristics of the Nielsen Homescan sample in 2000 and 2013*
(n=2,611,125)

2000 2013 p°
Household composition
Single adult, %" 25% 25% 0.070
Multiple adults, no children <18y, % 46% 52% <0.001
Adults, with children <18,% 28% 22% <0.001
Race/ethnicity
Non-Hispanic White,% 85% 81% <0.001
Hispanic, % 5% 5% 0.243
Non-Hispanic Black, % 8% 9% <0.001
Non-Hispanic Other, % 2% 4% <0.001
Maximum Household Education
High school or less, % 23% 17% <0.001
Some college,% 31% 29% <0.001
>Col |l ege 46% 54% <0.001
Income®
SNAP-eligible, federal poverty level
<13¢C 6% 10% <0.001
>130% 94% 90% <0.001
Walmarts/100,000 people, mean 0.2 1.0
(SD) (0.3) (0.6) <0.001
3.9 7.8
Unemployment rate, mean (SD) 0.9 (1.6) <0.001
Walmart Food Price Index, mean 72.2 103.1
(SD) (12.3) (4.4) <0.001
84.6 117.6
OCR Price Index, mean (SD) (8.4) (6.5) <0.001

% University of North Carolina calculation based in part on data reported by Nielsen through its Homescan
Services for all food categories, Including beverages and alcohol for the 2000-2013 periods, for the U.S.
market. Copyright © 2014, The Nielsen Company.

® Column percents.

° For categorical variables' from proportions testing and for continuous variables, from t-tests, comparing
households in the sample in 2000 and 2013.

¢ Supplemental Nutrition Assistance Program (SNAP) eligibility based on household income using percent
of annual federal poverty level
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Figure 4.1: Predicted nutrient density of PFPs purchased from Walmart and other chain retailers (OCR) from 2000 to 2013
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Table 4.2 Percent volume from top food and beverage groups at Walmart and other chain retailers (OCR), 2000 to 2013

OCR Walmart
2000 2013 2000 2013
Mean % Mean % Mean % Mean %
(SE) (SE) Difference* (SE) (SE) Difference*
GBD 1.9 2.0 0.1 5.3 3.0 -2.3%x*
(0.02) (0.02) (0.23) (0.12)
Fruit 0.6 2.9 2.3%** -0.3 2.8 3.01%**
(0.02) (0.02) (0.09) (0.06)
Vegetables 3.7 35 -0.2%** 2.0 2.8 0.8***
(0.03) (0.03) 0.1) (0.06)
Savory Snacks 2.2 2.3 0.1 6.2 3.1 -3.1%**
(0.02) (0.02) (0.25) (0.12)
RTE Bread 2.4 2.6 0.2 1.9 2.8 0.9%**
(0.02) (0.02) (0.13) (0.08)
RTE Breakfast 1.7 1.9 0.2%** 1.9 3.0 1.1%%**
(0.02) (0.02) (0.14) (0.08)
Sweets 2 0.8 -1.2%** 13.1 1.8 -11.3%**
(0.03) (0.03) (0.36) (0.18)
Processed Meat 1.3 1.9 0.6*** 11 1.9 0.8***
(0.01) (0.01) (0.08) (0.05)
Salad Dressing 0.4 0.6 0.2%** 0.2 0.6 0.4%**
(0.01) (0.01) (0.05) (0.03)
Milk 10.7 9.2 -1.5%** 6.4 6.2 -0.2
(0.05) (0.05) (0.19) (0.11)
100% Juice 33 1.6 -1 7 1.9 1.2 -0.7%**
(0.03) (0.02) 0.1) (0.06)
SSB 10.2 9.7 -0.5%** 9.3 8.3 -1.0
(0.06) (0.06) (0.28) (0.16)
Diet Bev 5.8 6.1 0.3 5.8 4.7 -1 Qx>
(0.05) (0.05) (0.23) (0.13)

* P-value for comparison between predicted percent volume in 2013 compared to 2000, Bonferroni -corrected for multiple comparisons, *** p<0.001, ** p<0.01, * p<0.05
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Table 4.3. Nutrient density of food groups at Walmart and other chain retailers (OCR) from 2000 to 2012

Energy Density (9/100 g) Sugar Density (9/100g) Saturated Fat Density (9/100 g) Sodium Density (mg/100 g)
OCR Walmart OCR Walmart OCR Walmart OCR Walmart
Grain-based
desserts Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
2000 430.7 (%)) 4474 (5.9) 30.0 (0.11) 319 0.4) 6.4 (0.05) 6.8 (0.18) 3834 (172 376.8 (3.63)
2013 4175  (1.66) 4135  (1.98) 29.8 (0.09) 29.3 (0.16) 6.4 (0.04) 6.5 (0.06) 3726 (3.5) 387.3 (2.17)
Difference -13.2 -33.9 -0.2 -2.6 0.0 -0.3 -10.8 10.5
p-value <0.001 <0.001 1.000 <0.001 1.000 1.000 0.117 0.525
Energy Density (9/100 g) Sugar Density (9/100g) Saturated Fat Density (g/100 g) Sodium Density (mg/100 g)
OCR Walmart OCR Walmart OCR Walmart OCR Walmart
Fruit Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
2000 204 0.4) 20.0 (1.59) 49 (0.05) 6.1 (0.23) -0.1 (0.01) 0.0 (0.04) 11 (0.09) 2.3 (0.37)
2013 45.8 (0.44) 444 (0.93) 6.4 (0.06) 5.9 (0.13) 0.3 (0.01) 0.2 (0.02) 5.0 (0.09) 4.2 (0.26)
Difference 25.4 24.4 15 -0.2 0.4 0.2 3.9 1.9
p-value <0.001 <0.001 <0.001 1.000 <0.001 0.002 0.010 <0.001
Energy Density (g/100 g) Sugar Density (g/100g) Saturated Fat Density (g/100 g) Sodium Density (mg/100 g)
OCR Walmart OCR Walmart OCR Walmart OCR Walmart
Vegetables Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
2000 56.0 (0.15) 48.6 (0.64) 2.7 (0.01) 2.7 (0.04) 0.1 (0) 0.1 (0.01) 40.6 0.4) 574 (1.8)
2013 45.8 (0.15) 443 (0.37) 2.2 (0.01) 1.9 (0.02) 0.1 (0) 0.1 (0) 395 (0.44) 37.0 (1.08)
Difference -10.2 -4.3 -0.5 -0.8 0.0 0.0 -1.1 -20.4
p-value <0.001 <0.001 <0.001 <0.001 <0.001 1.000 1.000 <0.001
Energy Density (g/100 g) Sugar Density (g/100g) Saturated Fat Density (g/100 g) Sodium Density (mg/100 g)
OCR Walmart OCR Walmart OCR Walmart OCR Walmart
Savory snacks Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
2000 458.9  (0.45) 4621  (1.62) 3.6 (0.03) 5.2 (0.15) 5.1 (0.01) 5.3 (0.06) 8129 (154) 858.0 (6.11)
2013 469.9  (0.44) 4644  (1.01) 45 (0.03) 5.6 (0.08) 44 (0.01) 47 (0.03) 669.6  (1.41) 680.5 (3.51)
Difference 11.0 2.3 0.9 0.4 -0.7 -0.6 -1433 -1775
p-value <0.001 1.000 <0.001 0.888 <0.001 <0.001 <0.001 <0.001
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Energy Density (g/100 g) Sugar Density (g/100g) Saturated Fat Density (g/100 g) Sodium Density (mg/100 g)
OCR Walmart OCR Walmart OCR Walmart OCR Walmart
Ready-to-eat
bread Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
2000 2629  (0.39) 263.6  (0.93) 5.7 (0.02) 5.7 (0.07) 0.6 (0.01) 11 (0.04) 529.0 (0.74) 517.6 (2.16)
2013 2644  (0.41) 260.7  (0.52) 6.4 (0.02) 6.3 (0.05) 0.3 (0.01) 0.1 (0.02) 4776  (0.77) 478.7 (1.18)
Difference 15 -2.9 0.7 0.6 -0.3 -1.0 -51.4 -38.9
p-value 0.553 0.396 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Energy Density (g/100 g) Sugar Density (g/100g) Saturated Fat Density (g/100 g) Sodium Density (mg/100 g)
OCR Walmart OCR Walmart OCR Walmart OCR Walmart
Ready-to-eat
breakfast Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
2000 3420 (0.35) 3460 (1.32) 214 (0.06) 219 (0.25) 13 (0.01) 14 (0.04) 508.8  (0.98) 502.2 (3.78)
2013 3339 (0.36) 3324 (0.8) 19.9 (0.06) 205 (0.14) 15 (0.01) 1.8 (0.02) 429.3  (0.92) 432.3 (2.08)
Difference -8.1 -13.6 -1.5 -1.4 0.2 0.4 -79.5 -69.9
p-value <0.001 <0.001 <0.001 <0.002 <0.001 <0.001 <0.001 <0.001
Energy Density (g/100 g) Sugar Density (g/100g) Saturated Fat Density (g/100 g) Sodium Density (mg/100 g)
OCR Walmart OCR Walmart OCR Walmart OCR Walmart
Candy Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
2000 463.7  (9.43) 464.3  (7.75) 63.8 (2.22) 68.8 (1.53) 7.7 (0.06) 6.8 (0.15) 120.7  (1.38) 111.8 (2.58)
2013 423.8 (5.7) 416.1  (4.89) 49.6 (1.28) 47.8 (0.96) 8.4 (0.07) 8.2 0.1) 105.6  (1.24) 110.7 (1.17)
Difference -39.9 -48.2 -14.2 -21.0 0.7 14 -15.1 -1.1
p-value 0.095 0.001 0.001 <0.001 <0.001 <0.001 <0.001 1.000
Energy Density (9/100 g) Sugar Density (9/100g) Saturated Fat Density (g/100 g) Sodium Density (mg/100 g)
OCR Walmart OCR Walmart OCR Walmart OCR Walmart
Processed meat Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
2000 229.2  (0.44) 2277 (1.71) 15 (0.01) 13 (0.03) 6.8 (0.03) 6.7 (0.08) 906.3  (1.59) 9194 (6.52)
2013 2318 (0.42) 2294 (0.97) 1.6 (0.01) 1.6 (0.02) 6.3 (0.03) 6.1 (0.04) 877.7  (1.51) 908.0 (3.57)
Difference 2.6 17 0.1 0.3 -0.5 -0.6 -28.6 -11.4
p-value 0.009 1.000 <0.001 <0.001 <0.001 <0.001 <0.001 1.000
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Energy Density (g/100 g) Sugar Density (g/100g) Saturated Fat Density (g/100 g) Sodium Density (mg/100 g)
OCR Walmart OCR Walmart OCR Walmart OCR Walmart
Fresh milk Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
2000 50.3 (0.03) 51.9 (0.13) 49 0) 5.0 (0.01) 1.0 (0) 11 (0.01) 53.7 (0.05) 54.4 (0.18)
2013 50.7 (0.03) 51.2 (0.07) 5.0 0) 4.9 0) 1.0 (0) 11 (0.01) 54.9 (0.05) 54.9 (0.12)
Difference 0.4 -0.7 0.1 -0.1 0.0 0.0 1.2 0.5
p-value 0.362 1.000 0.489 1.000 <0.001 <0.001 <0.001 0.1
Energy Density (g/100 g) Sugar Density (g/100g) Saturated Fat Density (g/100 g) Sodium Density (mg/100 g)
OCR Walmart OCR Walmart OCR Walmart OCR Walmart
Salad Dressing Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
2000 3059  (0.92) 297.7  (4.17) 9.9 (0.05) 10.3 (0.23) 35 (0.02) 33 (0.09) 9844  (1.97) 964.8  (10.36)
2013 309.6  (0.92) 2959  (2.37) 10.1 (0.05) 9.8 (0.13) 41 (0.02) 3.9 (0.05) 9156  (2.27) 923.6 (6.65)
Difference 3.7 -1.8 0.2 -0.5 0.6 0.6 -68.8 -41.2
p-value 0.362 1.000 0.489 1.000 <0.001 <0.001 <0.001 <0.001
Energy Density (g/100 g) Sugar Density (g/100g) Saturated Fat Density (g/100 g) Sodium Density (mg/100 g)
OCR Walmart OCR Walmart OCR Walmart OCR Walmart
100% Juice Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
2000 48.2 (0.09) 49.2 (0.43) 10.1 (0.02) 104 (0.09) 0.0 (0.01) 0.0 (0.03) 35 (0.06) 47 (0.27)
2013 47.2 (0.12) 46.6 (0.32) 9.2 (0.02) 9.0 (0.06) 0.2 (0.01) 0.2 (0.02) 3.6 (0.07) 33 (0.15)
Difference -1.0 -2.6 -0.9 -14 0.2 0.2 0.1 -1.4
p-value <0.001 0.002 <0.001 <0.001 <0.001 0.001 1.000 0.002
Energy Density (9/100 g) Sugar Density (9/100g) Saturated Fat Density (g/100 g) Sodium Density (mg/100 g)
OCR Walmart OCR Walmart OCR Walmart OCR Walmart
Sugar-
sweetened
beverages Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
2000 48.8 (0.14) 479 (0.38) 12.3 (0.04) 12 0.1) 0.1 0) 0.1 (0.01) 14.3 (0.1) 14.6 (0.3)
2013 423 (0.13) 42.6 (0.25) 105 (0.03) 10.8 (0.06) 0.1 0) 0 (0.01) 15.2 0.1) 17.2 (0.19)
Difference -6.5 -5.3 -1.8 -1.2 0.0 -0.1 0.9 2.6
p-value <0.001 <0.001 <0.001 <0.001 <0.001 0.226 <0.001 <0.001
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Energy Density (g/100 g) Sugar Density (g/100g)

Saturated Fat Density (g/100 g)

Sodium Density (mg/100 g)

OCR Walmart OCR Walmart OCR Walmart OCR Walmart
Diet beverages Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
2000 0.5 (0.04) 0.6 (0.12) 0.1 (0.01) 0.1 (0.03) 0 (0) 0 (0) 145 (0.16) 9.8 (0.34)
2013 2.4 (0.05) 17 0.1) 0.5 (0.01) 0.4 (0.02) 0 (0) 0 (0) 11.3 (0.12) 111 0.2)
Difference 1.9 11 0.4 0.3 0.0 0.0 -3.2 1.3
p-value <0.001 <0.001 <0.001 <0.001 <0.001 1.000 <0.001 0.137

P-value for the difference between 2013 and 2000, Bonferroni-corrected for multiple comparisons
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Table 4.4 Nutrient profile of OCR and Walmart PFPs by Race/ethnicity

OCR PFPs
Energy Density (kcal/100 g)
NH White Hispanic NH Black NH Other
Mean (95% ClI) Mean (95% CI) Mean (95% ClI) Mean (95% ClI) p?
2000 119  (119,120) 115  (113,118) 128  (126,131) 116  (113,119) <0.001
2006 116  (116,117) 115  (114,116) 124 (122,125) 118  (116,119)
2013 108  (107,108) 109  (106,111) 115 (113,117) 116  (114,119)
Difference® -11 -6 -13 0
Sugar Density (g/100 g)
NH White Hispanic NH Black NH Other
Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI) p
2000 8.3 (8.3,8.4) 8.0 (8,9) 9.4 (9.2,9.6) 8.5 (8.2,8.8) <0.001
2006 8.0 (7.6,7.6) 8.0 (8,8) 8.0 (8.2,8.4) 8.0 (7.6,7.9)
2013 7.0 (6.6,6.7) 7.0 (6,7) 8.0 (7.5,7.8) 7.0 (6.7,7.1)
Difference -1.3 -1.0 -14 -1.5
Saturated Fat Density (g/100 g)
NH White Hispanic NH Black NH Other
(95%
Mean (95% CI) Cl) (95% ClI) Mean (95% CI) Mean (95% CI) p
2000 1.6  (1.6,1.6) 1.4  (14,15) 1.5  (15,1.6) 1.5 (14,15  0.005
2006 1.6 (1.6,1.6) 15 (1.4,1.5) 1.6 (1.5,1.6) 15 (1.5,1.6)
2013 15 (1.5,1.6) 1.4 (1.4,1.5) 1.6 (1.5,1.6) 1.6 (1.5,1.7)
Difference -0.1 0.0 0.1 0.1

Sodium Density (mg/100 g)
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NH White

Hispanic

NH Black

NH Other

Mean (95% ClI) Mean (95% CI) Mean (95% ClI) Mean (95% CI) p
2000 204  (202,205) 202 (196,207) 232 (226,237) 203  (195,211) <0.001
2006 198  (198,199) 199  (196,202) 220  (218,223) 205  (201,209)
2013 184  (182,185) 184  (179,190) 201  (197,206) 191  (185,197)
Difference -20 -18 -31 -12
Walmart PFPs
Energy Density (kcal/100 g)
NH White Hispanic NH Black NH Other
Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI) p
2000 199  (194,203) 210  (191,230) 178  (162,194) 238  (194,281) <0.054
2006 159  (157,160) 155  (149,161) 153  (148,159) 173 (163,184)
2013 123 (121,126) 127 (117,137) 135  (128,143) 127 (114,139)
Difference -76 -83 -43 -111
Sugar Density (g/100 g)
NH White Hispanic NH Black NH Other
Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI) p
2000 156  (15.1,16) 18.0 (14,22) 140 (12.3,15.7) 18.1 (13.5,22.7) 0.445
2006 11.0 (10.9,11.2) 11.0 (10,12) 11.0 (10.2,11.3) 11.0 (10.3,12.5)
2013 8.0 (7.4,7.9) 7.0 (6,8) 9.0 (8.2,9.7) 8.0 (6.8,9.3)
Difference -7.6 -11.0 -5.0 -10.1
Saturated Fat Density (g/100 g)
NH White Hispanic NH Black NH Other
Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI) p
2000 2.9 (2.8,3) 2.5 (2,3) 2.5 (2.1,2.9) 4.1 (3.2,5.1) 0.127
2006 2.3 (2.3,2.3) 1.9 (1.8,2.1) 2.0 (1.9,2.1) 2.3 (2.1,2.6)
2013 1.6  (151.7) 1.9  (1.62.2) 16  (1418) 1.5  (1.2,1.8)
Difference -1.3 -0.6 -0.9 -2.6
Sodium Density (mg/100 g)
NH White Hispanic NH Black NH Other
Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI) p
2000 229  (223,235) 256  (227,286) 230  (207,254) 277  (223,331) 0.052
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2006 220 (218,222) 231 (221,241) 234 (225,243)
2013 196 (193,200) 189  (174,204) 212 (200,224)
Difference -33 -67 -18

233
211
-66

(216,250)
(190,231)

% P-value for Wald chunk test for interaction between race/ethnicity and year
® Difference between 2013 and 2000, within race/ethnic group



Supplemental Table 4.1. Food and Beverage Groupings, with Examples

Food Group

Example of modules

SSBs

Energy drinks, sports drinks, soda, fruit drinks

Fresh plain milk

Refrigerated milk

Coffee (grounds, beans, RTD)

Ground and whole bean coffee

Diet beverage

Carbonated soft drinks, <20 cal/100g

Tea (bags, loose, RTD)

Herbal tea, tea bags

Water and ice

Bottled water, bagged ice

Candy Hard candy, chocolate, marshmallows
Savory Snacks Chips, pretzels, frozen hors d'oevres

GBD Frozen cookie dough, ready-to-eat cookies,
RTE breads Fresh bagels, fresh bread, frozen bread

RTE Breakfast

Ready-to-eat cereal, granola

Vegetables, fresh or frozen

Fresh carrots, frozen broccoli

Dairy-based dessert

Ice cream, sherbert, frozen novelties

Shelf-stable soups & stews

Ramen noodles, canned soup, soup mixes

Condiments & sauces

Ketchup, barbecue sauce, cocktail sauce

Alcohol

Wine, liquor, beer, malt beverage

Frozen entrees

Frozen dinners

Processed Meat

Canned corned beef, lunch meat, bacon

100% Juice

Drinks containing 100% juice

Fats and oils Butter, olive oil, margarines and spreads

Cheese American Cheddar cheese, cream cheese, mozzarella
Fruit, fresh & frozen Refrigerated fruit salad, fresh apples, frozen fruits
Sweeteners Granulated sugar, molasses

Vegetables, canned or dried Canned tomatoes, canned artichokes

Yogurt Refrigerated yogurt

Eggs Fresh eggs

Pasta & Rice Boxed spaghetti, instant rice, pasta macaroni

Desserts, prepare-at-home

Brownie mix, cake mix, muffin mix

RTE, prepared dishes

Refrigerated entrees, refrigerated chili

Potatoes and corn

Dehydrated mashed potatoes, canned corn, canned yams

Beef/pork

Frozen ground beef, frozen veal

Shelf-stable creamers, evaporated or condensed milks

Powdered creamer, liquid creamer

Beans and legumes

Garbanzo beans, lima beans, pinto beans

Refrigerated sweetened dairy drinks

Refrigerated shakes, eggnog

Nut and fruit spreads

Peanut butter, honey, jams, jelly

Canned mixed dishes

Canned lasagna, canned chow mein

Nuts and seeds

Nuts, unshelled

Flours

All-purpose flour, white wheat flour

Frozen/refrigerated dairy-based toppings/condiments

Sour cream, whipping cream

Salad dressing

Refrigerated salad dressing, dressing mixes

Fruit, canned

Canned peaches

Frozen pizza

Frozen pizza

Seafood

Frozen breaded shrimp, frozen un-breaded fish

Cereals (requires cooking)

Wheat germ, hominy grits

Other fruit (dried, etc)

Dried cranberries, raisins

Sweets, misc

Chocolate syrup

Shelf-stable milks, milk substitutes and milk-based
powders

Powdered milk
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Supplemental Table 4.2 Percent volume of PFP groups purchased at other chain retailers
(OCR) and Walmart for top 30 food groups, pooled from 2000-2013

OCR Walmart
Rank % volume Food Group % Volume Food Group
1 10.1 Sugar-sweetened beverages 9.4 Sugar-sweetened beverages
2 9.7 Fresh plain milk 6.9 Fresh plain milk
3 7.2 Coffee (grounds, beans, RTD) 6.7 Coffee (grounds, beans, RTD)
4 6.5 Diet soda and other diet beverages 5.4 Diet soda and other diet beverages
5 5.1 Tea (bags, loose, RTD) 5.2 Tea (bags, loose, RTD)
6 4.3 Water and ice 4.7 Water and ice
7 34 Vegetables, fresh or frozen 4.5 Candy & gum
8 3.3 Dairy-based dessert 3.3 Savory Snacks
9 2.6 Alcohol 3.2 GBD
10 25 RTE breads 3.0 Beverage powder and concentrates
11 25 Shelf-stable soups & stews 2.5 RTE breads
12 2.2 Savory Snhacks 2.5 RTE Breakfast
13 2.2 100% Juice 2.4 Vegetables, fresh or frozen
14 2.2 Condiments & sauces 2.3 Dairy-based dessert
15 2.0 Beverage powder and concentrates 2.3 Shelf-stable soups & stews
16 1.9 GBD 2.1 Condiments & sauces
17 1.8 RTE Breakfast 2.0 Alcohol
18 1.7 Frozen entrees 1.9 Frozen entrees
19 1.6 Fruit, fresh & frozen 1.7 Processed Meat
20 1.6 Processed Meat 15 100% Juice
21 15 Candy & gum 1.4 Cheese
22 1.4 Cheese 1.4 Fats and oils
23 1.3 Vegetables, canned or dried 1.3 Fruit, fresh & frozen
24 12 Fats and oils 1.3 Sweeteners
25 11 Yogurt 1.1 Yogurt
26 1.1 Pasta & Rice 1.1 Vegetables, canned or dried
27 11 Sweeteners 1.0 Eggs
28 1.1 Eggs 0.9 Pasta & Rice
29 0.9 Potatoes and corn 0.8 Desserts, prepare-at-home
30 0.9 RTE, prepared dishes 0.8 RTE, prepared dishes
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Supplemental Table 4.3. Creation of inverse probability weight

To deal with selectivity, every model includes a time-varying inverse probability weight
for being a Walmart customer (i.e., being in the sample) in a given quarter. We use logistic
regression to predict the probability of being a Walmart customer in a given quarter, using
market-level and household-level covariates which our previous work has shown to be associated

with shopping at Walmart(141).

P(Walmart customeg)y= Household sizet+ Householdypeg, + Racdethnicity, + FPLyq

+ WalmartAFP,q+ FoodstoreAFPyq + + Walmart Density,, + UnemploymenRateyq

Where his household, g is quarter, and mis market.

FPL=Indicator variables for federal poverty level decile

Household size= indicator variables for number of individuals in household

Household type= indicator variable for household composition: single adult, multiple adult(s),
adult(s) with child(ren)

AFP= weighted average price of foods and beverages purchased

Walmart density= average annual Walmarts per 100,000 individuals

The weights are then stabilized (150, 151) by including in the numerator the overall probability
of being a Walmart customer in a given quarter:

P(Walmart customegy

P(Walmart customeky= Household sizet+ Householdype, + Race, + FPLnq + Walmart

AFPnq+ FoodstoreAFPpg + + Walmart Density,, + UnemploymetRateyq
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These stabilized were then truncated at the upper and lower 0.3" percentile to reduce the
influence of large weights. Large weights occur when individuals who had very high likelihoods
of being a Walmart customer, were not; or when households who had very low likelihoods of
being a Walmart customer, were(152). In this sample, these large weights occurred primarily
because the Walmart density variable was a very strong predictor of whether someone shopped
at Walmart or not, especially for markets with no Walmart. Individuals who shopped at Walmart
despite the presence of no Walmart in their market (or vice versa) tended to have more extreme
weights. Progressively truncating these weights at increases precision by eliminating the
influence of large weight (151). Results appeared robust to the use of various types of inverse

probability weights (Supplemental Tables 3 and 4).

Supplement Table 4.3. Descriptive statistics on inverse probability weights

Walmart Mean SD Minimum Maximum
IPW 4.86 13.50 1.02 744.36
Stabilized IPW 1.00 0.89 0.24 224.72
Stabir!jized IPW,t htruncatec_zl at
0.3 and 99.7™ percentiles 0.99 0.65 0.36 6.11
OCR
IPW 1.48 0.04 1.00 1.48
Stabilized IPW 1.00 0.2 0.08 140.6
Stabilized IPW, truncated at
0.3 and 99.7™ percentiles 0.99 0.11 0.28 1.96
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Supplemental Table 4.4 Year coefficients using different inverse probability weight

approaches
Energy Density (kcal/100g)
Other Chain Retailers Walmart
No Stabilized Truncated No Stabilized Truncated
IPW IPW IPW? IPW IPW IPW?
B B B B B B
(SE) (SE) (SE) (SE) (SE) (SE)
2000 ref ref ref ref ref ref
2001 -0.29 -0.29 -0.29 -8.66*** -9.62%*** -9.79***
(0.21) (0.21) (0.21) (0.83) (1.60) (1.52)
2002 0.52* 0.51* 0.51* -10.38*** -14.40%** -13.05%**
(0.23) (0.23) (0.23) (0.82) (1.64) (1.50)
2003 -1.57*** -1.58*** -1.658*** -17.88*** -20.58*** -20.91***
(0.24) (0.24) (0.24) (0.85) (1.63) (1.54)
2004 -2.14%** -2.15%*** -2.15%** -25.40*** -27.08*** -27.93%**
(0.25) (0.24) (0.24) (0.89) (1.75) (1.62)
2005 -1.97*** -1.98*** -1.98*** -30.75%** -34.26*** -34.56%**
(0.26) (0.25) (0.25) (0.95) (1.84) (1.72)
2006 -2.84%** -2.85*** -2.85%*** -35.49*** -39.90*** -39.60***
(0.26) (0.26) (0.26) (0.98) (1.91) 2.77)
2007 -2.78*** -2.78*** -2.78*** -43.76%** -48.11%** -48.20%**
(0.30) (0.30) (0.30) (1.14) (2.23) (2.02)
2008 -4,38*** -4,39*** -4.39%** -51.29*** -56.29*** -56.57***
(0.35) (0.35) (0.35) (1.29) (2.52) (2.26)
2009 -5.04*** -5.05*** -5.05*** -51.31*** -57.20*** -57.71%**
(0.44) (0.44) (0.44) (1.47) (2.76) (2.46)
2010 -4.66*** -4.68*** -4.68*** -53.84*** -59.63*** -60.15%**
(0.45) (0.45) (0.45) (1.50) (2.81) (2.50)
2011 -7.06*** -7.09*** -7.09%*** -55,55%** -61.70*** -62.33***
(0.46) (0.46) (0.46) (1.56) (2.96) (2.62)
2012 -8.09*** -8.13*** -8.13*** -60.49*** -66.53*** -67.30%**
(0.48) (0.48) (0.48) (1.68) (3.26) (2.85)
2013 -10.67*** -10.71%** -10.71%** -66.18*** -72.62%** -73.55%**
(0.51) (0.51) (0.51) (1.77) (3.42) (2.98)
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Sugar (g/100 g)

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

No
IPW

B
(SE)

ref

-0.07***
(0.02)
0.00
(0.02)
-0.27%**
(0.02)
-0.51%**
(0.02)
-0.66%**
(0.02)
L0.77***
(0.02)
-0.82%**
(0.03)
-0.95%**
(0.03)
-0.90%**
(0.04)
-0.90%**
(0.04)
-1.08%**
(0.04)
-1.28%**
(0.04)
S1.71%
(0.05)

Other Chain Retailers

Stabilized Truncated No
IPW IPW IPW
B B B
(SE) (SE) (SE)
ref ref ref
-0.07*** -0.07*** -1.08***
(0.02) (0.02) (0.09)
0.00 0.00 -1.45%**
(0.02) (0.02) (0.08)
-0.27%** -0.27%** -2.31%**
(0.02) (0.02) (0.09)
-0.51*** -0.51*** -3.23%**
(0.02) (0.02) (0.09)
-0.66*** -0.66*** -3.64***
(0.02) (0.02) (0.10)
-0.77%** -0.77%** -3.95%**
(0.02) (0.02) (0.10)
-0.82*** -0.82*** -4.66***
(0.03) (0.03) (0.12)
-0.95%** -0.95%** -5.39%**
(0.03) (0.03) (0.13)
-0.90*** -0.90*** -5.29%**
(0.04) (0.04) (0.15)
-0.90*** -0.90*** -5.33***
(0.04) (0.04) (0.15)
-1.08*** -1.08*** -5.56***
(0.04) (0.04) (0.16)
-1.28%** -1.28%** -6.11***
(0.05) (0.05) (0.17)
-1.71%%* -1.71%** -6.81***
(0.05) (0.05) (0.18)
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Walmart

Stabilized
IPW

B
(SE)

ref

L1.27%%*
(0.18)
-1.90%**
(0.18)
2. T1R**
(0.19)
-3.59%**
(0.20)
-4.16%**
(0.20)
-4 55***
(0.21)
-5.36%**
(0.25)
-6.12%**
(0.28)
-6.09%**
(0.30)
-6.14%**
(0.31)
-6.45%**
(0.33)
-7.01%**
(0.36)
-7.78%%*
(0.38)

Truncated
IPW

B
(SE)

ref

1.27%%*
(0.17)
-1.79%**
(0.17)
-2.79%**
(0.17)
-3.65%**
(0.18)
-4.19%**
(0.19)
-4, 54
(0.20)
5.37***
(0.23)
-6.15%**
(0.25)
-6.14%**
(0.27)
-6.18%**
(0.28)
-6.50%**
(0.29)
-7.08%**
(0.32)
-7.86%**
(0.33)



Saturated Fat (g/100g)

Other Chain Retailers Walmart
No Stabilized Truncated No Stabilized Truncated
IPW IPW IPW IPW IPW IPW
B B B B B B
(SE) (SE) (SE) (SE) (SE) (SE)
2000 ref ref ref ref ref ref
2001 0.01 0.01* 0.01* -0.12%*** -0.14*** -0.14%**
(0.01) (0.00) (0.00) (0.02) (0.04) (0.03)
2002 0.06%** 0.05%** 0.05*** -0.13*** -0.19*** -0.16***
(0.01) (0.01) (0.01) (0.02) (0.04) (0.03)
2003 0.05*** 0.05%** 0.05*** -0.22%** -0.25*** -0.24%**
(0.01) (0.01) (0.01) (0.02) (0.04) (0.03)
2004 0.04%** 0.04*** 0.04*** -0.30*** -0.34*** -0.33***
(0.01) (0.01) (0.01) (0.02) (0.04) (0.04)
2005 0.02** 0.02%** 0.02*** -0.45*** -0.49*** -0.49***
(0.01) (0.01) (0.01) (0.02) (0.04) (0.04)
2006 0.02 0.02* 0.02* -0.52%*** -0.59*** -0.57***
(0.01) (0.01) (0.01) (0.02) (0.04) (0.04)
2007 -0.02 -0.02* -0.02* -0.69*** -0.74%** -0.73***
(0.01) (0.01) (0.01) (0.03) (0.05) (0.05)
2008 -0.05*** -0.05*** -0.05*** -0.88*** -0.95*** -0.93***
(0.01) (0.01) (0.01) (0.03) (0.06) (0.05)
2009 0.03* 0.03* 0.03* -0.82*** -0.91*** -0.90***
(0.01) (0.01) (0.01) (0.04) (0.07) (0.06)
2010 0.09*** 0.09*** 0.09*** -0.87*** -0.96*** -0.95***
(0.01) (0.01) (0.01) (0.04) (0.07) (0.06)
2011 0.07*** 0.07*** 0.07*** -0.91*** -1.01%*** -1.00***
(0.01) (0.01) (0.01) (0.04) (0.07) (0.06)
2012 0.06*** 0.06%** 0.06%** -1.02%** -1.12%** =111
(0.02) (0.01) (0.01) (0.04) (0.08) (0.07)
2013 -0.03 -0.03 -0.03 -1.14%** -1.25%*** -1.23***
(0.02) (0.01) (0.01) (0.04) (0.08) (0.07)
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Sodium (mg/100g)

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

No
IPW

B
(SE)

ref

0.46
(0.48)

0.09
(0.51)
-1.20%

(0.54)
22,32

(0.55)
2.1 2%**

(0.57)
5,21 %%

(0.59)
-6.73%**
(0.68)

5.76%**
(0.79)

9,647+

(0.98)
11.27%%*

(1.00)
-14.08%**
(1.02)

-17.68%**
(1.08)

-19.89%**
(1.14)

Other Chain Retailers

Stabilized
IPW

B
(SE)

ref

0.47
0.47)

0.09
(0.51)
-1.21%

(0.55)
-2, 30k*

(0.55)
-2.14%%%

(0.58)
-5, 25%**

(0.59)
-6.76%**
(0.69)

-5.76%**
(0.81)

9,647+

(1.00)
-11.29%**

(1.03)
-14.11%%x
(1.04)

-17.69%**
(1.11)

-19.88%**
(1.17)

Truncated
IPW

B
(SE)

ref

0.47
(0.47)

0.09
(0.51)
-1.21*

(0.55)
_2.32***

(0.55)
-2.14%%%

(0.58)
_5 25***

(0.59)
_6 76***
(0.69)

_5 76***
(0.81)

9,647

(1.00)
-11.29%**

(1.03)
-14.11%**
(1.04)

-17.69%%*
(1.11)

-19.88%x*
(1.17)

No
IPW

B
(SE)

ref

1.98
(1.41)

4.63%**
(1.40)
2.18

(1.45)
-3.83*

(1.52)
_8 . 78***

(1.62)
-12.73%%%

(1.66)
-20.04%%*
(1.93)

-18.95%**
(2.20)

-20.17%**

(2.49)
229,145

(2.55)
-31.27%**
(2.65)

-36.09%**
(2.87)

-37.90%**
(3.02)

Walmart

Stabilized
IPW

B
(SE)

ref

3.60
(2.16)

4.43*
(2.26)
5.61*

(2.28)
-0.40

(2.44)
-4.87

(2.56)
7.92%*

(2.66)
-13.60%**
(3.12)
-12.74%%*
(3.57)
-13.32%**

(3.98)
-21.92%%%

(4.06)
-23.90%**
(4.28)

-27.35%**
(4.70)

-28.80%%*
(4.94)

Truncated
IPW

B
(SE)

ref

3.65
(2.10)

5.32%
(2.08)
5.20%

(2.14)
-1.38

(2.26)
-5.89%

(2.40)
-9.05***

(2.46)
-15.45%%x
(2.84)

-15.06%**
(3.19)

-16.07***

(3.52)
24,77

(3.59)
-27.07%**
(3.75)

-31.16%%*
(4.08)

-33.00%**
(4.28)

# IPWs truncated at the upper and lower 0.3rd percentile
* p<0.05, ** p<0.01, ***p<0.001
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Supplement Table 4.5 Predicted nutrient Profile of OCR and Walmart PFPs by Household Income?

OCR PFPs
Energy Density (kcal/100 g) Sugar Density (g/100 g)
Higher Income SNAP-eligible Higher Income SNAP-eligible
Mean  (95% CI) Mean (95% CI) p° Mean (95% CI) Mean (95% CI) p
2000 119 (119,120) 125 122 0.091 8.4 (8.3,8.4) 9.0 (8.7,9.3) 0.022
2006 116 (116,117) 122 121 7.6 (7.6,7.6) 8.2 (8.1,8.4)
2013 108 (108,109) 114 111 6.7 (6.6,6.7) 7.0 (6.8,7.2)
Difference® -11 -11 -1.7 -2.0
Saturated Fat Density (g/100 g) Sodium Density (mg/100 g)
Higher Income SNAP-eligible Higher Income SNAP-eligible
Mean (95% CI) Mean (95% CI) p Mean (95% CI) Mean (95% CI) p
2000 1.6 (1.5,1.6) 1.7 (1.6,1.8) 0.065 205 (204,206) 209 (202,215) 0.079
2006 1.6 (1.6,1.6) 1.7 (1.7,1.7) 200 (199,207) 211 (205,217)
2013 15 (1.5,1.6) 1.6 (1.51.7) 185 (183,206) 208 (203,213)
Difference -0.1 -0.1 -20 -1
Walmart PFPs
Energy Density (kcal/100 g) Sugar Density (g/100 g)
Higher Income SNAP-eligible Higher Income SNAP-eligible
Mean  (95% CI) Mean (95% CI) p Mean (95% CI) Mean (95% CI) p
2000 200 (195,204) 190 (175,205)  0.245 15.7 (15.2,16.2) 14.6 (12.5,16.6)  0.620
2006 159 (158,161) 154 (149,159) 11.1 (10.9,11.2) 11.0 (10.5,11.5)
2013 124 (122,126) 127 (120,134) 7.7 (7.4,7.9) 8.4 (7.7,9.2)
Difference -76 -63 -8.0 -6.2
Saturated Fat Density (g/100 g) Sodium Density (mg/100 g)
Higher Income SNAP-eligible Higher Income SNAP-eligible
Mean  (95% CI) Mean (95% CI) p Mean (95% CI) Mean (95% CI) p
2000 2.8 (2.7,2.9) 2.8 (2.5,3.2) 0.284 231 (225,238) 231 (210,252) 0.049
2006 2.3 (2.2,2.3) 2.2 (2.1,2.3) 222 (220,241) 236 (218,253)
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2013 1.6 (1.5,1.6) 1.6 (1.5,1.8) 198 (194,201) 200 (190,210)
Difference -1.2 -1.2 -33 -31

# Household income categorized as higher income (income >130% the federal poverty level [FPL]) or Supplemental Nutrition Assistance Program
eligible (income < 130% FPL)

® p_value for Wald chunk test for interaction
¢ Difference between 2013 and 2000, within race/ethnic group



CHAPTER 5. CAN A HEALTHY FOODS INITIATIVE BY A MAJOR
NATIONAL FOOD RETAILER IMPROVE THE NUTRIENT PROFILE OF US FOOD
PURCHASES?

Overview

The goal of this study is evaluate whether a healthy foods initiative (HFI) to improve the
affordability and availability of health foods at a major national US food retailer (Walmart)
improved the nutrient profile of packaged food and beverage purchases (PFPs), especially among
households eligible for the Supplemental Nutrition Assistance Program (SNAP) and race/ethnic
minorities. We used a longitudinal dataset of US household PFPs from Walmart and other chain
retailers (OCR) to compare trends in the nutrient density (energy, total sugar, saturated fat, and
sodium) of PFPs and percent volume of key food group in the pre-HFI period (2000-2010) and
post-HFI period (2011-2013), controlling for concurrent changes in the social, economic, and
food retail environment. We used time-varying inverse probability weights and fixed effects
models to account for potential selectivity of customers into Walmart and OCR stores over time,
and also tested whether the HFI was more impactful among low-income and race/ethnic minority
households.

While Walmart PFPs showed major declines in energy, sodium, and sugar density from
2000 to 2013 as well as declines in the percent volume of sugary beverages, grain-based desserts,

snacks, and candy, these declines were steepest in the 2000 to 2007 period. For most nutrient
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densities and food groups, post-HFI declines were similar to what would be expected based on

pre-HFI trends, indicating that the HFI did not have a major impact. The effect of the HFI
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appeared consistent for SNAP-eligible households compared to higher income
households, and for race/ethnic minorities compared to non-Hispanic Whites. PFPs from OCR
showed only minor declines across the time period, and post-HFI trends at OCR were similar to
those expected based on pre-HFI trends. While the nutrient profile of Walmart PFPs improved
over time, these trends were already well underway by the time the HFI was initiated. The HFI
was not more effective in any socio-economic group, suggesting a more targeted approach may

be needed to reduce diet disparities.
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Introduction

Food retailers represent unique and critical allies in the fight against obesity (6, 140). In
factt si nce 2011, three of the US’' | argest grocer
(HFI) to encourage healthier food purchases?. These initiatives typically consist of an effort to
help consumers identify healthier options through shelf or front-of-package labels, and
sometimes additional measures, such as price cuts on produce, product reformulation, or
additional educational or marketing initiatives. Such retailer-based strategies have major
potential to improve the nutrient profile of what US households purchase and consume, not only
because food stores in general provide the majority of daily energy for US children and adults (1,
2), but because national trends towards chain stores and consolidation (3) means that these top
retailers account for the majority of US food purchases (4).

Yet, no independent work has evaluated whether an HFI at a major national retailer
actually improves the nutritional quality of food purchases. To date, field studies on HFIs have
been equivocal: while some have found that HFIs demonstrate moderate to high reach (11-13)
and improve healthy food availability, sales of targeted foods, self-reported knowledge, and
intake of healthier food (11, 14-18), other studies have found that common HFI components are
ineffective at changing long-term purchasing behaviors, including nutrition signs and labels (25-
30) and discounts on healthy foods (31-33). However, most studies examining food-retailer-
based HFIs have been short-term (<2 years) and small scale, typically representing only one
store or perhaps a handful of stores in a single region, or limited to a few target foods, providing
little understanding of how an HFI at a major national supermarkets impacts purchases across the

population over time.

“Healthier food purchases” means different things at

whole grains, and/or products which have less transfat, saturated fat, sodium and added sugars.
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Evaluating the effects of a national-scale retailer based HFI is further complicated by data
limitations: retailers are not always willing to share their data with independent evaluators, and
currently, national health and nutrition surveys do not indicate from which retailers foods were
purchased, making it difficult to attribute any changes to a specific retailer or initiative. In fact,
the only study to our knowledge to examine the effects of a chain-retailer based HFI had access
to the chai nsales data, and was funded by the company who created the shelf-labeling system.
The study, which examined a storewide supermarket point-of purchase nutrition navigation
intervention using shelf-labeled star icons in a chain of Northwest supermarkets, found that the
HFI showed significant but small (<2%) increases in the percent of purchases with a star logo
after the intervention (35).
These evaluation efforts are further complicated by concerns about selectivity issues: as
the retailer implements its HFI, it may attract more customers seeking out these new healthier
food options. Thus, a key question is whether a retailer truly improved the nutrient profile of
packaged food purchases (PFPs), or whether it simply attracted a more health-conscious
consumer base as opposed to changing the behaviors of current customers.
The lack of an appropriate control group also poses a major barrier to evaluations of
nationalks cal e HFI s, since there are no stores whioc
basic approach would be to simply look at the nutrient profile of foods before and after the HFI
was initiated. However, such an approach cannot distinguish whether changes are attributable to
the HFI, or other concurrent secular trends t
Recessi on, ” the skyrocketing of gdemobralic f ood pri cc¢
composition, or shifts in the food retail environment (24, 39-42, 134, 161). Ideally, we would

want to observe the counterfactual (74-76): what would the nutrient profile of purchases look
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like if the HFI had not been enacted, if all other factors were held constant? This approach was
recently used by Ngeta. t o exami ne whet her food manufacture
associated with a decline in the calories purchased (46), but has not yet been applied to examine
HFIs by food retailers.
To address these concerns, we use Walmart as a case study to examine whether an HFI at
a national food retailer can improve the nutrient profile of packaged food purchases (PFPs) of its
customersi n t he US. Wal mart i d4), withever80%'of hdussholdgse st f oo
shopping there in 2012 (141). In 2011, Walmart announced an HFI to improve the nutritional
gual ity and affordability of their products.
1) development of a front-of-package labeling system for Walmart brand store-brand PFPs that
meet specified health criteria; 2) strategic price reductions on healthier items, and 3) product
reformulation of Walmart store-brand products, with goals to achieve elimination of transfats, a
25% reduction in sodium, and 10% reduction in added sugar in key PFP categories by 2015 (77,
78). However, one key question is what is the appropriate baseline period against which to
measure these changes: although Walmart formally announced the HFI in January of 2011, much
of their online marketing suggead2018dweaemovesar | i er
1.5 million pounds of salt across the commercial bread category)(77).
Finally, it is unclear whether major HFIs to date differentially impact key subpopulations,
such as low-income and race/ethnic minority households, who typically have less access to
healthy foods (57-59) and nutritionally poorer diets (60-62), and thus could benefit the most
from increased availability and affordability of healthier food. Considering Walmart is among

the largest recipient of Supplemental Nutrition Assistance Program (SNAP) spending(80),
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evaluation of Wal rehigibte hogsehdidEih paracoday is igpor&aid farP

understanding if such strategies could be useful for reducing diet disparities among the poor.

The objective of this study is to exami

profile of PFPs from pre-HFI (2000-2010) to post-HFI (2011-2013). We conduct counterfactual
simulations by comparing the projected pre-HFI trends in nutrient profile of Walmart PFPs to
observed post-HFI trends in nutrient profile, and also compare these to concurrent trends in PFPs

at other chain retailers (OCR). To deal with selectivity, we employ fixed effects models and

inverse probability weights, to ensure that the sample remains balanced overtime. We also
examine whether resul ts v a-HFl pedod\s. yadatadrieeh h e r
pre-HFI period were used. Finally, we examine whether the HFI differentially impacted key

subpopulations, including SNAP-eligible households and race/ethnic minorities.

Methods
Dataset

This study uses data on household food and beverage PFPs from 2000 to 2013 from the
Nielsen Homescan longitudinal commercial purchase dataset. Details of the sampling frame and
methodology have been published elsewhere (107, 143, 162). In brief, households are sampled
from 76 metropolitan and non-metropolitan US markets, and use a handheld scanner to record
information on all PFPs purchased during each shopping trip. PFPs include all food and
beverages with a universal bar code, including all consumer packaged goods and packaged fresh
fruit and vegetables (i.e., bag of lemons), but excluding unpackaged meat and produce (i.e., a
lemon). Walmart PFPs included all PFPs from Walmart Supercenters and Neighborhood
Markets, which both include a full-line of groceries, although the latter is smaller in size and

assortment (108).
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In order to understand whether shifts in the nutrient profile of Walmart PFPs were above
and beyond industry trends, we also examined shifts in PFPs from other chain retailers (OCRs),
who are the most comparable group of stores given their scope, size, and product assortment.
OCR purchases include all PFPs from chain gro
supercenters, and mass merchandisers, but excluding warehouse, drug, club, dollar, convenience
stores, ethnic stores, specialty stores, and independent grocers (<10 locations) (362 different
retailers) (144). Information on PFPs was linked at the barcode level to nutrition data from the
Nutrition Facts Panel (109). PFPs were aggregated at the household-quarter level. Household-
quarter observations were included if they shopped for PFPs at Walmart (n=1,212,803) or OCR
(n=2,521,128) for at least two quarters.

Nutrition Outcomes

Nutrient outcomes were evaluated separately for Walmart and OCR PFPs, and included
energy density (kcal/100 g), total sugar (9/100 g), saturated fat (g/100 g), and sodium (mg/100
g). To examine shifts in purchasing, we examined shifts in percent volume purchased (% g) from
key food groups, including sugar-sweetened beverages (SSBs), grain-based desserts (GBDs),
savory snacks, candy, fresh/frozen fruit, and fresh/frozen vegetables. We used percent volume
rather than percent calories to evaluate changes in food groups, since shifts in calories could
reflect changes in either purchasing or changes in product reformulation.

Addressing selectivity

As previously mentioned, one concern in these models is selectivity, or the idea that as a
retailer implements an HFI, it may attract more health-conscious consumers, and that this shift in
consumer base may be responsible for any shifts in nutrient profile of purchases (141). To

address this concern, we created two sets of quarterly inverse probability weights (IPW) to
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account for: a) the likelihood of being a Walmart shopper, and b) the likelihood of being an OCR
shopper (these are separate and non-mutually exclusive because a household could shop in both
Walmart and OCR in any given quarter). Each of these are IPWs are created conditional upon
covariates associated with shopping at a certain food retailer, including socio-demographics
(household composition, race/ethnicity, maximum household education, and household income),
average retailer food prices, and density of Walmart supercenters in the market (150-152). Both
Walmart and OCR IPWSs were stabilized and truncated at the upper and lower 0.3 percentile,
with means of 0.99and 1.00 respectively. Sensitivity analyses revealed that results were robust
to the use of Walmart and OCR IPWs, and year coefficients remained consistent in direction and
magnitude.

In addition, we use fixed effects models examine average within-household effects over
time. Fixed effects models can correct for selectivity if the likelihood of shopping at a certain
retailer is associated with fixed characteristics of the household (i.e. income, race/ethnicity),
since in the model each household essentially serves as its own control.

Counterfactual simulation:

We first identified potential dates when the HFI occurred by using switching regression
(163) for both energy and sodium density of Walmart PFPs, since food industry initiatives to
reduce sodium in processed (1l64pThidtschnigueges n pr i or
linear regression to test for an interaction of the time trend with each potential HFI starting date,
along with shifts from year to year in the directionality of this interaction, to identify time points
when shifts in the nutrient density of PFPs occurred (and thus presumably when the HFI began),
and also evaluates whether one starting point better fits the data than other starting points.

Changes in the direction of the time trend*HFI start date interaction indicated shifts at 2011 as
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well as a shift at 2007 and 2013 (Supplemental Table 5.1). However, the summary statistics
were virtually identical across models, suggesting that no one model better fit the data, or there
was no c | .saiumdensitwalse hadmd clear switch point; rather, there were switches
in different directions at 2- and 3-year increments across the time period, and again summary
statistics were similar across models. Thus, we chose to use 2011 as the beginning of the post-
HFI period for all main models for all nutrient densities, since thiswa s Wal mar t ' s
initiation date, while examining 2007 as the beginning of the post-HFI period as a sensitivity
analysis.

Using these HFI start dates, we then tested the shape of the trend. For energy models
(energy, sugar, and saturated fat), we found that using the 2011 HFI start date, a quadratic trend
provided the best fit (based on model R?and visual inspection), whereas using the 2007 HFI start
date, a linear trend provided the best fit. For sodium, a linear trend provided the best fit for the
2011 HFI start date, while a quadratic term provided the best fit for the 2007 start date. Models
with the appropriate terms were then used for the remainder of analyses.

Statistical Analysis

We used fixed effects models to separately model all nutrient outcomes at Walmart and
OCR, wusing Stata’s ar eagyngioersepobabilityfweights. uns e
order to control for secular trends that
covariates representing the economic, food retail, and price environments, including average
quarterly market-level unemployment rates (145), the weighted average of prices purchased from
each retailer type, and average market-level Walmart density variable (Walmart supercenters per

100,000 people) (146-149). Household-level covariates included household race (non-Hispanic

stat e
wi t h
occu

White, Hispanic, non-Hispanic Black,andnon-Hi s pani ¢ Ot her ) and SNAP e
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feder al poverty | evel). Al | model s controll ed

degree, some coll ege, = col | englteleautgmtrene ) , hous

kids, adult(s) with kid(s)) and household composition (hnumbers of adultsaged 19-4 9 and =50y,

and numbers of children aged 0-5y, 6-18y).

To examine the observed nutrient profile of purchases pre-andpost-HF I , St at a’ s
command was used to predict the mean nutrient density or percent volume from food groups for
each year for each retailer. For models examining the counterfactual post-HFI nutrient profile,
the pre-HFI time trend (2011 or 2007; linear or quadratic) for each nutrient outcome was
estimated, then Stata’s predict command was
post-HFI period. The observed mean nutrient profile was considered statistically significantly
different from the counterfactual mean nutrient profile if 99% confidence intervals did not
overlap (p<0.01) or for race/ethnic comparisons, the 95% confidence intervals (p<0.05). To test
whether the effect of the HFI varied by key socio-demographic groups, we first examined the
interaction between time and subgroup (SNAP-eligible or race/ethnicity) using Wald chunk tests,
indicating that the nutrient profile of Walmart PFPs in this group differentially changed over
time. If the test for interaction was significant, we then employed counterfactual simulations in
stratified models to examine the effect of the HFI in each group. All statistical analyses were

performed using STATA, version 13 (Stata Corporation, College Station, Texas).

Results

Graphs comparing the nutrient density of Walmart PFPs prior to the HFI with the best-fit
counterfactual based on pre-HFI trend are shown in Figure 5.1. Walmart PFPs showed a 74
kcal/100g decline in energy density from 2000 to 2013, although this decline leveled off around

the | ate 2000’ s. | nImdrt®FP4 declined fess i@ energly dersitythad 1 1 HF |
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what would be expected based on the pre-HFI trend (p<0.01 in 2013). While the rate of decline
for total sugar density of Walmart PFPs also slowed around 2007, the sugar density of PFPs
during the post-HFI period was very similar to what we would expect based on pre-HFI trends,
and in 2013, the sugar density of Walmart PFPs was less than what we would expect based on
pre-HFI trends (p <0.01). The saturated fat density of Walmart PFPs showed small declines from
2000 to 2013, but again, the saturated fat density of PFPs during the post-HFI period was slightly
but significantly higher than expected based on the pre-HFI trend (p <0.01). Sodium density
decreased by 33 mg/100g from 2000 to 2013, but post-HFI sodium density was virtually
identical to the sodium density we would have expected based on pre-HFI trends.

During the 2000 to 2013 time period, OCR also showed declines across all nutrient
densities, but generally these were substantially smaller than those observed at Walmart (Figure
5.2). The energy density of OCR PFPs declined by 11 kcal/100g from 2000 to 2013 during the
post-HFI period (p<0.01), and this decline were bigger than expected based on pre-HFI trends
(p<0.01). Similarly, while total sugar density and sodium density showed minor declines over
time, (<2 g/100g and 20mg/100g, respectively), during the post-HFI period, these declines were
bigger than expected based on pre-HFI trends (p<0.01 in 2013 for each nutrient density).
Saturated fat density of OCR PFPs remained stable over time.

Figures 5.3 and 5.4 show the percent volume purchased of key food groups at Walmart
and OCR, respectively. Overall, the percent volume of SSBs from Walmart declined only
slightly, although this decline was less than expected based on pre-HFI trend (p <0.01). Percent
volume of fruits and vegetables increased only slightly, and increases during the post-HFI period
were the same as expected. Percent volume of grain-based desserts, savory snacks, and candy

from Walmart also declined, although the post-HFI declines were no different than expected
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from pre-HFI trends. At OCR, percent volume from food groups showed similar but smaller
shifts over time. In the post-HFI period, these changes represented negligible deviations from
what would have been expected based on pre-HFI trends, except for SSBs, which declined
slightly less than expected (p <0.01).

Using 2007 as the HFI cut-point tended to amplify the results for Walmart PFPs, and in
some cases reversed them, with the general effect being that observed post-2007 HFI nutrient
densities were even higher than what would be expected based on the pre-2007 trend. For
example, the disparity between the observed decline in energy density of Walmart PFPs and
what we would have expected based on pre-HFI trends widened (Supplemental Figure 5.1).
Using the 2007 HFI start date reversed the result for sugar density, with post-HFI sugar density
substantially higher than what would be expected based on pre-2007 trends (p <0.01). For OCR,
there were no substantive differences in results if the 2007-start date was used (Supplemental
Figure 5.2).

Similar results were found when we examined shifts in percent volume of food groups
from Walmart, with a reversal or widening of the gap so that post-HFI nutrient densities declined
less than expected. For example, using the 2007 start-date, we find that there was no difference
between the percent volume of SSBs purchased fromWalmart post-HFI and what would have
been expected based on pre-HFI trends (Supplemental Figure 5.3). For savory snhacks, candy,
and fruit, changes in the percent volume purchased post-HFI were less than expected based on
pre-HFI trends. For OCR, using 2007 as a cut-point did not seem to have an effect on percent
volume of food groups purchased (Supplemental Figures 5.4).

Wald chunk tests indicated that there was no significant differences in changes in nutrient

profiles of Walmart PFPs for SNAP-eligible vs. non-SNAP eligible households over time. There
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were significant differences in shifts energy density and sodium density by race/ethnicity (p

<0.05). However, these differences were in place prior to the HFI. For all race/ethnicities, post-
HFI energy density and sodium density declined either similar to or less than expected relative
to pre-HFI trends (Supplemental Figures 5.5 and 5.6), suggesting no differential effect of the

HFI on income or race/ethnic subpopulations.

Discussion
From 2000 to 2013, food and beverage purchases from Walmart showed substantial
declines in calorie, sugar, and sodium density, and these changes were greater than what was
observed in PFPs purchased from other chain food retailers. On the whole, however, using 2011
as the date for which the HFI was enacted, we find that post-HFI shifts in nutrient density and
percent volume of key food groups (SSBs, grain-based desserts, savory snhacks, fruits, and
vegetables) were similar to or less than what we would expect had pre-HFI trends simply
continued. These results are contrary to what we would expect if the HFI truly marked a turning
point in how Walmart formulates, prices, and markets its foods: if anything, we would expect
nutrient densities of Walmart PFPs to have declined more quickly after the HFI was enacted.
Instead, we see that the declines in nutrient density and shifts in percent volume from key
food groups were steepest in the early 2000’ s
are consistent with other work showing that caloric intake and purchases have been declining
since the early 2000’ s, I nde @®em3BI).infact,f changi
these results mirror a recentmental laaun dant iod n "t
(HWCF) pledge by food manufacturers to cut 1.5 trillion calories by 2015: Ng et al. found that
annual US calories sold by HWCF companies was declining by roughly a trillion calories a year

prior to the pledge, but that post-pledge declines in caloric purchases were smaller than expected
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based on the pre-pledge trend (46). I n the current example, the de
followed by a levelingoffaround2 007 coul d simply refl ect Wal mar
its grocery lines within Supercenters, as well as increased consumer perception of Walmart as a

place to shop for groceries, not just for household items and the occasional sweet or soda. In fact,

by the end of the observation period, purchases at Walmart simply resemble those at other chain

retailers. It will be interesting in the future to see whether the nutrient profile of Walmart

purchases continues its decline, or remains similar to other retailers.

One notable exception is the percent volume of SSBs purchased from Walmart. Although
the total decline in SSBs was only 1% from 2000 to 2013, the percent of SSBs purchased at
Walmart was less than we would have expected given pre-HFI SSB purchasing trends, which
indicated that SSB purchases were actually increasing prior to the 2011 HFI. Given that Walmart
has not publically indicated whether their HFI has targeted SSB purchases, it is unclear whether
this shift in SSB purchases was truly the result of the HFI. An alternate possibility is that these
changes simply reflect a shift in the public attitudes towards SSBs as a result of public health
campaigns and emerging policies about the potential health consequences of SSBs--- although,
in all likelihood, such a shift in awareness would have also resulted in a downwards shift in SSB
purchases at OCR as well, which we did not see. In general, both Walmart and OCR SSB results
are contradictory to recent findings showing that caloric purchases from SSBs have decreased
over recent years (165, 166). However, since our results focused on only on volume purchased,
the lack of decline in SSB volume purchased could indicate that consumers are not decreasing
the total volume of SSBs purchased, but simply shifting to less energy dense purchases as more

beverages with lower-calorie sweeteners are introduced(167).
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This lack of post-HFI changes raises the major question of whether Walmart, aware of
the declines in calories, sugar, saturated fat, and sodium over the past decade, was simply
marketing an HFI that simply reflected pre-existing trends. As Mozzafarian points out, such a
strategy could be beneficial to food manufacturers or retailers, with the HFI providing a
promising opportunity to improve its public image and get ahead of mounting pressure from
public health advocates to improve the nutritional quality of US foods and beverages (168). On
the other hand, it is not uncommon for organizations to initiate changes in products prior to the
formal beginning of a program or policy: for example, schools started more-healthful school
feeding programs prior to the initiation of national policies (169, 170) and some New York City
chain restaurants voluntarily posted calorie information prior to mandatory labeling laws (171).
Walmart itself has acknowledged it likely started earlier than its official announcement, since
they use 2008 as a baseline in their materials documenting the effectiveness of their HFl—
although the use of 2008 as a baseline could be viewed as conservative, given that we show the
majority of changes occurred prior to 2008.

Regardless, these results show that identifying the appropriate starting point for
evaluating food industry efforts can be complicated, and that this choice matters in determining
whether initiatives are responsible for the observed changes. In the current example, when we
use a 2007 start-date for the HFI, we find that declines in the energy, sugar, sodium, and
saturated fat density of Walmart PFPs are markedly less than we would have expected. This
likely occurred because for the energy-containing nutrients, the majority of declines occurred
prior to 2007, and then leveled off. Thus, when 2011 is used as the start-date, the quadratic trend
fits best and creates a post-HFI trajectory that is very similar to what was actually observed for

energy, sugar, and saturated fat densities. However, a 2007 start dates yields us a linear post-HFI
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trajectory, and since these declines were occurring at a relatively steeper rate prior to 2007, when
we look to see what happened after 2007, the post-HFI nutrient densities declined less than we
would have expected had the pre-HFI trend continued.

It was also surprising to note that although the energy density, sugar, and sodium density

of OCR PFPs declined more rapidly than expected during the post-HFI period, these overall

a

declines were minimal. Even though the ti me
expected to see | arger declines, especially
influence. Because of its size, Walmart’'s pri

reformulate products could have likely led to lower prices on produce or the introduction of
healthier options (i.e. items with lower added sugar, sodium, etc) at other chain retailers as well

(115-117). Additionally, we would have expected to see steeper declines in later years due to the

i mpl ementation of HFIs by ot heFrtaglabalingsystenr et ai | e

for healthier items (8) and other shelf- and product- nutrition labeling initiatives by Kroger (9,

47), DelHaize subsidiaries (10), and others, although the geographic scope of these HFIs is

currently wunclear. One possibility is that PF
even in the early 2000’ s-relatsdshiftsimnatrcet profile.e\n | es s p
alternate possibility is that these HFIs, which were comprised primarily of shelf- and front-of-

package nutrition | abeling to identify “healt

observable shifts in nutrient profiles. More work is needed to explicitly examine the effects of
HFIs at these other retailers.

Finally, the Walmart HFI did not appear to have a differential effect on SNAP-eligible
households or race/ethnicities. Previous work has been equivocal regarding whether socio-

demographic subgroups respond differentially to various HFI components. For example, while
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some studies show that lower-income customers tend to be more cost-conscious (64) and more

likely to take advantage of price promotions(65), other work suggests they may not be more

responsive to price cuts than higher income consumers (66-69). Lower-SES groups may also be

l ess | i kely to utilize ot he-of-peekagangfeodlabdingof Wal m
system (21, 70). While our work shows that the HFI was similarly effective across groups, a

more targeted approach may be needed to further improve the nutrient profile of these key

demographic groups and reduce diet disparities.

Strengths & Limitations

This study has several limitations which might have precluded our ability to detect all
potential HFI-related changes in Walmart PFPs. For example, Walmart pledged to reduce
sodium, added sugar, and trans fat in "“key ca
did not examine changes in nutrient profile of specific food groups, it is possible that post-HFI
changes were greater in some of these key categories than for overall purchases; however, it is
impossible to know without access to Walmart data what all of these key categories are or what
foods they comprise. Similarly, we could not distinguish added sugar from total sugar, or trans
fat from other saturated fats; however, we would expect if these changes were large enough to be
meaningful, they would have been detected in the overall nutrient profile of PFPs.

A second major limitation is that the Homescan dataset captures only foods that are
purchased and also have a barcode. First, food purchases do not necessarily equate to food
consumed, and further work is needed to understand how HFIs are related to changes in dietary
behaviors and intake. Secondly, while our dataset included fresh produce with a barcode (for
example, bagged lettuce) it misses unpackaged products like a single apple or bunch of bananas.

Given that much of Wal mart’s initiative has f
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affordability of produce, including increasing sales of locally sourced and organic foods (125,
126), our observed declines in energy density and increases in fruit and vegetable purchases are
likely an underestimate . In fact, we might have expected to see declines in packaged fruits and
vegetables as consumers shifted to fresh produce (which we could not capture). More work is
needed to understand the degree to which the HFI impacted fresh fruits and vegetable purchases,
and how this shift may link to shifts in PFP purchasing patterns.

We were unable to explicitly examine shifts in the nutrient profile of Walmart private-
label products vs. OCR private-label products, although private-label products of each retailer
type are included in the totals. Since Wal mar
front-of-package labeling focused on their private-label products, and considering that private-
label products account for an increasing proportion of foods purchased (139), we may have
observed more substantial post-HFI declines if we had been able to distinguish private-label
PFPs from non-private-label.

In addition, we were unable to explicitly examine each distinct component (reformulation
vs. labeling vs. price cuts) of the HFI to identify which pieces were most effective. In using these
results to craft future policies, it would be useful to understand whether declines were
attributable to shifts in consumer behavior (purchasing), or whether product reformulations were
the major driver. In addition, we did not look at how HFI-related changes in purchasing may
have impacted other foods that were purchased, at Walmart or other retailers. For example, it is
unclear whether decreases in SSB purchases were substituted with other beverages, replaced by
more SSB purchases from away-from-home food outlets, or whether consumers just purchased

fewer beverages.
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While our estimates likely represent a conservative estimate of shifts in nutrient profile
related to Walmart’s HFI, this analysis stildl
at a major national retailer. Further work should delve more deeply into specific HFI
components, to understand which strategies are the most effective and the most feasible for

implementation by other food retailers.

Conclusion

From 2000 to 2013, the largest food retailer in the US, Walmart, showed major declines
in energy, sugar, and sodium density of PFPs, above and beyond concurrent trends in
comparable food retailers. However, the majority of these changes occurred prior to the
implementation of its HFI. Furthermore, we illuminate the importance of identifying the
appropriate initiative start date when evaluating efforts by food retailers or food manufacturers,
in order to establish whether ostensible HFI-related shifts in nutrient profiles are related to actual
changes in the food supply, or simply reflective of pre-existing purchasing trends. Regardless,

these declines suggest that while Walmart’'s H
nutrient profile of purchases, food retailers are a key player in strategies to improve nutrition and
reduce obesity, and should be included in the national conversation developing policies to

improve the health of the US population.
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Table 5.1 Household characteristics of the Nielsen Homescan sample in 2000 and 2013*

Other Chain Retailers Walmart
2000 2013 p° 2000 2013 p°
Households who shopped at retailer, % 99 95 <0.001 31 70 <0.001
Total grams purchased, % 94 81 <0.001 28 42 <0.001
Household composition
Single adult, %" 25 25 67% 19 22 <0.001
Multiple adults, no children <18y, % 46 52 <0.001 51 55 <0.001
Adults, with children <18,% 28 22 <0.001 30 23 <0.001
Race/ethnicity
Non-Hispanic White,% 84 81 <0.001 86% 82 <0.001
Hispanic, % 5 5 0.128 5% 5 0.778
Non-Hispanic Black, % 8 10 <0.001 8% 10 <0.001
Non-Hispanic Other, % 2 5 <0.001 1% 4 <0.001
Maximum Household Education
High school or less, % 23 17 <0.001 27 20 <0.001
Some college,% 31 29 <0.001 32 31 <0.001
2Col |l ege 46 54 <0.001 40 49 <0.001
Income®
SNAP-el i gi bl e, federa 6 10 <0.001 7 12 <0.001
Federal poverty level, >130% 94 90 <0.001 93 88 <0.001
0.2 1.0
Walmarts/100,000 people, mean (SD) (0.3 (0.6) <0.001 0.4 (0.3) 1.2(0.5) <0.001
Unemployment rate, mean (SD) (g:g) (Z:g) <0.001 3.8 (0.8) 7.7(1.6) <0.001
Walmart Food Price Index, mean (SD) 72 (12) 103 (4) <0.001 68 (8) 102 (4) <0.001
OCR Price Index, mean (SD) 84 (8) 118 (6) <0.001 81 (6) 116 (6) <0.001

# University of North Carolina calculation based in part on data reported by Nielsen through its Homescan Services for all food
categories, Including beverages and alcohol for the 2000-2013 periods, for the U.S. market. All estimates are an average of values
of four quarterly periods in the relevant year for households who shopped at OCR or Walmart.

® Column percents.

¢ For categorical variables, from proportions testing and for continuous variables, from t-tests, comparing households in the
sample in 2000 and 2013.

¢ Supplemental Nutrition Assistance Program (SNAP) eligibility based on household income using percent of annual federal
poverty level
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Figure 5.1 Nutrient densities of PFPs at Walmart before and after the 2011 HFI

5.1a. Energy Density of PFPs at Walmart, 2011 HFI
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5.1b.Sugar Density of Walmart PFPs, 2011 HFI

18 - —&— Pre-HFI purchases
Post HFI purchases

=== Best-fit counterfactual based on pre-HFI trend, 2011

14 -

12

g/100 g

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
*
* Post-HFI purchases differ from best-fit counterfactual based on pre-HFI trend, p <0.01

90



g/100 g
N
(6]

* Post-

5.1c. Saturated Fat Density of Walmart PFPs, 2011 HFI
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5.1d. Sodium Density of PFPs at Walmart, 2011 HFI
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Figure 5.2 Nutrient densities of PFPs at OCR before and after the 2011 HFI

5.2a. Energy Density of PFPs of OCR PFPs, 2011 HFI
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5.2b. Sugar Density of OCR PFPs, 2011 HFI
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5.2c. Saturated Fat Density of OCR PFPs, 2011 HFI
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5.2d. Sodium Density of OCR PFPs, 2011 HFI
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Figure 5.3 Percent volume of key food groups at Walmart before and after the 2011 HFI

5.3a. Predicted % volume SSBs purchased at Walmart,
2011 HFI
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5.3b. Predicted % volume of Grain-based Desserts
purchased from Walmart, 2011 HFI
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5.3e. Predicted % volume of Fruit purchased from Walmart,
2011 HFI
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Figure 5.4 Percent volume of key food groups at OCR before and after the 2011 HFI

5.4a. Predicted % volume SSBs purchased at OCR 2011 HFI
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5.4c. Predicted % volume of Savory Snacks purchased
from OCR, 2011 HFI
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5.4e. Predicted % volume of Fruit purchased from OCR,

2011 HFI
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Supplemental Table 5.1 Coefficients for switching regression models of energy density and sodium density of Walmart PFPs,

2000 to 2013

Supplement Table 1. Coefficients for switching regression models of energy density and sodium density of Walmart PFPs, 2000 to 2013

Energy Density®

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
B B B B B B B B B B B B B
Year -7.3 -7.1 -7.2 -7.0 -7.0 -7.1 -6.9 -6.9 -7.1 -6.9 -7.1 -6.9 -75
*kxk *kx *k*k *kx *kx *Kkk *Kkk *Kk*k *kx *kx *kx *kxk
Year squared 0.4 0.3 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4
*kk *kxk *kk *xxk *kk *kk *x*k *xxk *xxk *kk *kk *kxk *kx
Year*Switch year  -3.0 0.1 0.2 0.3 0.0 0.2 -0.2 -1 0.0 -0.2 0.2 0.2 -04
** ** ** ** *k%k *kk *k*k *kxk
Adjusted R-  0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
squared
H
S MSE 93.14 93.13 93.13 93.13 93.13 93.13 93.13 93.12 93.13 93.13 93.13 93.13 93.13
Sodium Density 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
B B B B B B B B B B B B B
Year -1.1 -1.1 -1.0 -1.1 -1.1 -1.2 -1.2 -1.1 -1.1 -1.1 -1.1 -1.0 -1.1
*kxk *kk *xxk *kk *kk *Kk*k *Kk*k *Kk*k *kk *kx *kx *kx
Year*Switch year  -1.1 1.4 2.1 0.4 -0.2 -0.3 -0.8 0.3 0.7 -0.2 0.0 -0.1 0.0
* *kk * *k*k *k*k *k*k *xk *
Adjusted R-  0.19 0.19 0.19 0.27 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19
squared
MSE 152.8 152.8 152.8 152.8 152.8 152.8 152.8 152.8 152.8 152.8 152.8 152.8 152.8
2 2 2 2 2 2 2 2 2 2 2 2 2
*** n<0.001, **p<0.01, *p<0.05

BOLD represents a switching point as indicated by a change in both sign of coefficient and statistical significance in the coefficient for year trend*HFI year

*Model for energy density contains a quadratic time term for best fitting model. The interaction between the time trend squared and HFI year drops out of the model due
to collinearity. The model for sodium density contains only a linear term for best fit.



Supplemental Figure 5.1 Nutrient densities of Walmart PFPs, using a 2007 initiation date

S5.1a. Energy Density of Walmart PFPs, 2007 HFI
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S5.1b. Sugar Density of Walmart PFPs, 2007 HFI
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S5.1c. Saturated Fat Density of Walmart PFPs, 2007 HFI
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Supplemental Figure 5.2 Nutrient densities of OCR PFPs, using a 2007 initiation date
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S5.2c. Saturated Fat Density of OCR PFPs, 2007 HFI
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Supplemental Figure 5.3 Percent volume of key food groups at Walmart, using a 2007 HFI
initiation date

S5.3a. Predicted % volume of SSBs purchased at Walmart,
2007 HFI

-—4&— Pre-HFI| purchases
Post HFI purchases
15 - === Best-fit counterfactual based on pre-HFI trend, 2007

11 ~

%

[ w (€] ~ ©
1

-1 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

* *

* Post-HFI purchases differ from best-fit counterfactual based on pre-HFI trend, p <0.01

S5.3b. Predicted % volume of Grain-based Desserts
purchased from Walmart, 2007 HFI

=—&— Pre-HFI| purchases
Post HFI purchases
=== Best-fit counterfactual based on pre-HFI trend, 2007

13 -
11 A

%

R W 0N ©
1

- e ——

-1 72000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

* Post-HFI purchases differ from best-fit counterfactual based on pre-HFI trend, p <0.01

105



S5.3c. Predicted % volume of Savory Snacks purchased
from Walmart, 2007 HFI
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S5. 3e. Predicted % volume of Fruit purchased from
Walmart, 2007 HFI
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Supplemental Figure 5.4 Percent volume of key food groups at Walmart, using a2007 HFI
initiation date
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S5.4c. Predicted % volume of Savory Snacks purchased
from OCR, 2007 HFI
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S5.4e. Predicted % volume of Fruit purchased from OCR,
2007 HFI
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Supplemental Figure 5.5 Energy density of PFPs at Walmart, before and after the 2011
HFI, by race/ethnicity
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S5.5c. Energy Density of Walmart PFPs among non-

Hispanic Blacks, 2011 HFI
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Supplemental Figure 5.6 Sodium density of PFPs at Walmart, before and after the 2011
HFI, by race/ethnicity
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S5.6¢. Sodium Density of Walmart PFPs among non-
Hispanic Blacks, 2011 HFI
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CHAPTER 6. SYNTHESIS

Overview of findings

In a climate of increasing food retailer consolidation and chain stores, this research
investigated the impact of a single food retailer, and a retailer-based healthy foods initiative, on
the nutrient profile of US packaged food purchases (PFPs). Using Walmart as a case study of a
major national retailer, in Aim 1, we quantified how many households shopped there, how much
they purchased there, and which socio-demographic characteristics were associated with buying
more foods and beverages. In Aim 2, we examined shifts in the nutrient profile of PFPs from
Walmart, compared these to trends at other chain retailers, and evaluated whether shifts were
greater among low-income and race/ethnic minority households. In Aim 3, we employed
counterfactual simulationstot est whet her Wal mart’' s HFI
profile by comparing the observed nutrient profile of purchases during the post-HFI period
(2011-2013) to the expected trajectory of nutrient profile of purchases based on the pre-HFI
period (2000-2010), controlling for concurrent changes in the socio-demographic, economic, and
food retail environments. Again, we examined whether these changes were different for key
subpopulations.

To conduct this research, we used a longitudinal commercial dataset of household PPFs
from Nielsen Homescan from 2000 to 2012 (Aim 1) or 2013 (Aim 2 and Aim 3). This unique

dataset captures information on all PFPs purchased during each shopping trip, including price,
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unit, and importantly, location of purchases, and also contains socio-demographic
information, including household composition, race/ethnicity, income, and market of residence.
For this study, we included all PFPs from Walmart and from other chain retailers (chain grocery
storesandsupermar ket s [ =210 | ocations], supercenters, ¢
most comparable to Walmart given their scope, size, and product assortment. Information on
PFPs was linked at the barcode level to nutrition data from the Nutrition Facts Panel. We also
used datasets on Walmart store openings and store location, along with national datasets on
population and unemployment rates, to capture and control for key changes in the economic and
food retail environments.

1. Walmart is an increasingly dominardgwgce of US PFPs, and leimcome households

are more likely to shop there.

Despite growing awareness of the food environment, to our knowledge, no research
has explicitly examined the impact of a specific retailer as a source of US food and beverage
purchases. Yet, the expansion of chains and consolidation of retailers has created a food
landscape in which fewer retailers are accounting for a larger share of grocery sales,
suggesting that a single retailer could have a major impact on purchases and subsequent diet.
To address this gap, we used the Homescan dataset to examine purchasing trends among the
us’ | argest food r et aidintomeand rad¥etiniomaimority and whet
households were more likely to shop there. We found that not only do the majority of
households buy food at Walmart, the proportion of PFPs purchased from Walmart doubled
from 2000 to 2012. Low-income non-Hispanic White and Hispanic households, but not low-

income non-Hispanic Black households, were more likely to buy a larger proportion of PFPs
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at Walmart. In summary, we found that a single food retailer, Walmart, is an increasingly
dominant source of PFPs, especially among low income households.
2. The nutrient profile of PFPs at Walmart improved from 2000 to 2013

Little is known about the nutrient profile of PFPs from Walmart compared to other
chain retailers (OCR), and how these have changed over time. In addition, most previous
work has not accounted for whether any changes in nutrient profile at a given retailer are
simply the result of attracting more health-conscious customers (i.e. selectivity). Using fixed
effects models and inverse probability weighting to account for selectivity, we evaluated
whether the nutrient profile of Walmart and OCR PFPs improved over time, and whether
these changes were greater among households eligible for the Supplemental Nutrition
Assistance Program (SNAP) and race-ethnic minorities. We also examined whether observed
shifts were driven by shifts in consumer purchasing (i.e. buying more or less of certain food
groups), or driven by product reformulation or introduction of lower-calorie options (i.e.,
shifts in nutrient profiles within food groups).

From 2000 to 2013, Walmart PFPs showed substantial declines in energy density,
total sugar density, and sodium density, and these declines were much larger than declines
observed among OCR PFPs in the same time period. Although there were no major
differences by income status, Hispanics showed the largest declines in energy density and
sodium density. Overall shifts were driven in part by changes in food purchasing, including
declines in “1I| ess h eladedddssgrts, cahdp andlsnackfoodsigss , | i k e
well as by changes in product formulation, as demonstrated by major declines in nutrient
densities within food groups. In summary, while in 2000 Walmart PFPs were higher in

energy, sugar, sodium, and saturated fat density relative to OCR, by 2013, relatively larger
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declines in nutrient densities at Walmart compared to OCR resulted in similar nutrient
profiles between the two retailers.
3. Shiftsin nutrientprofd of PFPs do not appear to be att

Since 2011, three of the largest national food retailers in the US have implemented
healthier food initiatives (HFIs). However, no independent work has evaluated whether an
HFI at a major national food retailer actually improves the nutrient profile of food purchases.
To test whether i mprovements in the nutrient
the HFI, we employed counterfactual simulations to compare the observed nutrient profile of
post-HFI (2011-2013) purchases to the expected trajectory of nutrient profiles based on the
pre-HFI (2000-2010) trend, controlling for concurrent changes in the social, economic, and
food retail environment. We tested whether choice of a baseline period (2000-2010 vs. a
2000-2007) changed the results, and whether the HFI was more impactful among SNAP-
eligible and race/ethnic minority households.

While Walmart PFPs showed major declines in energy, sodium, and sugar density
from 2000 to 2013, as well as declines in the percent volume of sugary beverages, grain-
based desserts, snacks, and candy, these declines were steepest in the 2000 to 2007 period.
For most nutrient densities and food groups, post-HFI declines were similar to what would be
expected based on pre-HFI trends, indicating that the HFI did not have a major impact on the
nutrient profile of purchases. The effect (or lack thereof) of the HFI appeared consistent for
SNAP-eligible households compared to higher income households, and for race/ethnic
minorities compared to non-Hispanic Whites. PFPs from OCR showed only minor declines
across the time period, and post-HFI trends were similar to those expected based on pre-HFI

trends. In summary, while the nutrient profile of Walmart PFPs improved over time, these
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trends were already well underway by the time the HFI was initiated, and were not more

effective among key socio-demographic populations.

Strengths and Limitations

A key strength of this work was the use of a commercial dataset of household packaged
food purchases, which captures information on not only what was purchased, how much was
purchased, and the cost, but also records where the food was purchased. This ability to identify

food retailer was essential to evaluating the role of afood retaile r ° s HFI on t he nutr
foods, yet is an element that is typically missing from national health and nutrition surveys.
Another option to obtain retailer-specific data would be to partner with the retailer in question;
however, many retailers are not keen on engaging with academic researchers, and moreover,
such data would not provide information on other similar retailers to serve as a comparison
group. By using a dataset of household purchases, we were able to objectively evaluate shifts in
the nutrient profile of Walmart purchases, as well as compare them to trends at comparable
retailers. In addition, because our dataset was comprised of all purchases at Walmart and other
chain retailers, we were also able to develop an inverse probability weight to identify and
account for the probability that some households were more likely to shop at Walmart or OCR
than other households. Utilization of methods like inverse probability weighting is critical if the
likelihood of shopping at a given retailer is linked to inherent dietary preferences (for example, if
those who tend to shop at Walmart also prefer higher energy dense foods). Dealing with
selectivity is also essential for ensuring that observed changes are not attributable to a retailer

simply attracting a more health-conscious consumer, especially after HFI implementation, but

actually due to effects of the HFI itself.

119



Another key advantage of this study is that this purchase dataset was linked to
information from the nutrition facts panel, which allowed us to examine the actual nutrient
profile of purchases at specific retailers. This ability to examine both food groups and nutrients
was a key advantage over other studies also using the Homescan dataset, which typically apply
an ecological approach linking the densities of a food retailer or retailer type (i.e. supercenters)
to some approximation of healthfulness of purchases (by assigning scores to certain foods
groups, or by examining fruits and vegetables only) (106, 172). Here, we were actually able to
monitor shifts in nutrient densities of purchases from Walmart and other chain retailers over time
at the household level, as well as examine shifts in food groups. Another advantage of using the
commercial purchases data is that it provides accurate information on household packaged food
purchasing: while some studies have found that Homescan may suffer from sample selection and
participation biases (173), others have found these biases can be adjusted for by controlling for
household demographics (162). Moreover, comparison of the Homescan data from grocery
retailers sales data (174, 175) and household expenditures diary surveys (162) confirm the
validity of the Homescan data for packaged food purchases.

Finally, by using commercial purchase data on items purchased, price, and socio-
demographic data, coupled with data on Walmart store openings, US population shifts, and the
unemployment rate, we were able to control for concurrent changes in the socio-demographic,
economic, and food retail environment. This was critical to our effort, as major events like the
“Great Recession,” or secular trends, such as
have potentially biased our results. In addition, the longitudinal nature of our data, as well as the

inclusion of households sampled from across the country, allowed us to explore the long-term
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effects of the HFI on a larger sample of the US population, as opposed to previous HFI
evaluations, which were typically short-term and geographically localized.

However, the use of commercial purchase data to examine the effects of a retailer-based
HFI also had several significant limitations, which likely attenuated the observed effects of the
HFI. Perhaps the most important of these is that the Homescan data includes only foods that are
purchased (as opposed to consumed) and those with a barcode. First, food purchases do not
necessarily equate to food consumed, due to wastage and spoilage, and further work is needed to
understand how HFIs are related to changes in dietary behaviors and intake. Secondly, limiting
the dataset to foods with a barcode misses foods like loose fruits or vegetables, which typically

do not have a barcode. Failure to capture these products could impose a major restriction on our

ability to evaluate Wal mart’'s HFI, since one

and affordability of produce, including increasing sales of locally sourced and organic foods
(125, 126). If we were able to include these items, we would likely see a bigger impact of the
HFI on the nutrient profile of foods and beverages, as well as higher increases in fruits and
vegetables. On the other hand, using data on PFP expenditures from 2007-2011, we found that
on average, only 5% of total food expenditures was spent on unpackaged food purchases at
Walmart, and only 2% of total food expenditures was on unpackaged produce, whereas packaged
food purchases accounted for 93% of expenditures. Thus, even though we could not measure
changes in unpackaged fruits and vegetables, these foods represent only a minor fraction of
overall Walmart food purchases.

We were able to examine key el ements of
purchases, including as product formulation (reformulating products, removing products, or

introducing new products) and front-of-package labeling, focused on packaged foods and
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beverages. Our methodology was appropriate for examining these changes, as well as HFIs at
other major retailers, which have also focused primarily on shelf- and package-labeling
initiatives that are targeted towards packaged foods. In addition, food manufacturers and
suppliers are increasingly packaging fresh produce in mesh or plastic bags, and multi-packs, to
encourage increased purchasing (e.g., a bag of three avocados) or in one-serving, snack-sized
containers, to appeal to evolving consumer preferences and an increased market for convenience
foods (176). This suggests that datasets of packaged food purchases may be better able to capture
fresh produce over time, and in the meantime, can still capture the impact of key HFI elements
like product reformulation and labeling.

Similarly, with the available data, we could only evaluate changes in overall purchasing,
and could not distinguish effects from individual HFI components to determine which
component was most effective. We were also limited in the degree to which we could explore
shifts in nutrient profile. Most importantly, we could not explicitly examine decreases in added
sugarortransf at s, whi ch wer e t w.olnatdaiongvewe paidlly Wal mar t
limited in our examination of food-group specific changes because we do not have data on which
products Walmart purportedly targeted for its reformulation efforts. However, we were able to
examine whether shifts in overall nutrient profile were driven by changes in consumer
purchasing (i.e. shifts in food groups purchased) or by changes in product formulation (i.e. shifts
in nutrient profile within food groups purchased). In the future, we would like to build on this
work by more carefully examining certain food and beverage groups, and linking shifts more
directly to individual HFI components (i.e. price cuts vs. labeling vs. reformulation), in order to

determine which elements are most useful.
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Another key limitation is that our analysis includes only three years of post-HFI data,

which may not provide a long enough period to fully capture HFI-related shifts in purchasing,

given that Walmart’s pledge was to complete a

this 2015 deadline means that we may not be able to capture the effects of all product
reformulations, and it also may not allow for enough time for consumers to respond to the HFI.
However, by 2013, Walmart had announced that they had already achieved a 9% decline in
sodium and a 50% reduction in industrial produced trans fats, due to product reformulation, as
well as a 10% decline in added sugars, attributable to reformulation, which they attribute to the
entrance of new low-sugar products, and consumers making healthier choices (77). Although our
findings did not confirm the magnitude of these shifts, nor did our findings indicate that the
shifts we did observe were attributable to the HFI, the fact that Walmart was willing to make
these announcements suggests that changes were well underway. Thus our evaluation still
provides useful evidence as to whether the HFI has begun to shift the nutrient profile of Walmart
purchases.

A further limitation also contributed to our likely underestimation of the impact of
Walmart's HFI . We were unable to ex-ldelicitly
products vs. non-private-label products, in part due to confidentiality agreements with the
vendors, and in part because linkages of packaged food purchases to nutrition information were
less accurate for private-label products than non-private-label products. In many cases, a private-
labelpr oduct without a direct I|inkage to that
the average nutrient profile of all private-label product s. For exampl e,
drink without the corresponding nutrition facts panel information would be linked to an average

nutrient profile of all private-labels of t dr i nks. Since Wal mart’ s
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reformulation and front-of-package labeling focused on their private-label products, and
considering that private-label products account for an increasing proportion of foods purchased
(139), we may have observed more substantial post-HFI declines if we had been able to
distinguish private-label PFPs from non-private-label. However, in addition to reformulating its
own products, Walmart also asked manufacturers of branded PFPs to reformulate their products,
and our dataset was more likely to capture shifts in the reformulations of these products. Still, in
order to better understand whether private-label products did show greater changes in nutrient
profile than branded products, we plan to conduct a sensitivity analysis examining only products
that were the most accurately linked to nutrition data. Although such an analysis might still miss
a number of private label products, it would provide a sense of whether changes in private label
products were greater than branded products during this time period.

An additional concern is that these results could simply reflect a shift in how people shop
at Walmart: as the years progressed, and people purchased more food at Walmart, they
purchased a wider variety of foods, whereas in early years, they may have only purchased non-
perishable packaged foods, like candy or snacks. This would result in a decline in energy density
of Walmart PFPs, simply because of either a real or perceived shift in Walmart from discount
store to full-grocery supercenter, as more supercenters entered the market and offered a wider
assortment of products. In addition, we were unable to measure household dietary preference,
which could affect how much people buy at Walmart as well as what they buy there, which
limits our ability to establish what caused the observed changes in nutrient profile.

A final limitation relates to the generalizability of our results. While we employed
multiple strategies for addressing selectivity within our sample, the Homescan sample overall

tends to be more highly educated, more non-Hispanic White, and higher income than the general
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US population. Moreover, participation in Homescan requires using a handheld scanner to scan
all purchases a household makes, without direct financial compensation (participants are enrolled
in various lotteries to win prizes or given points they can redeem for gifts). Households with
limited time resources, or those for whom gift rewards hold little value, may not be interested in
participating.

We also restricted our sample to Walmart and OCR customers, in order to examine
comparable groups, and because major retailers like Walmart and OCR account for the highest
proportion of grocery sales, and are thus the most poised to affect the food system. Households
that shopped at either OCR or at Walmart accounted for 98% of total households participating in
Homescan, with only 2% of households shopping at only ethnic stores, club stores, convenience
stores, individual grocery stores, specialty stores, or other small stores. However, households that
shop at omalkats, Idcahstoneseor congenience stores/drug stores may have a
different response to similar measures enacted in the places where they shop than the households
included in this study. Thus, more work in varying samples is needed to truly understand how
HFIs impact different segments of the population. For example, Sheetz, a chain of convenience
stores, recently implemented a healthier foods initiative, and it would be useful to understand
how this type of initiative impacts households who buy groceries there.

Because of these concerns, the results of
not work.” While a key strength of our work w
of a dataset of household purchases, this dataset also contained a number of limitations which
reduced our ability to detect the effect of the HFI. To get a comprehensive understanding of
whether HFIs impact the nutrient profile of purchases, ideally we would triangulate our results

with those from field studies, which could test individual HFI components, and data from
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retailers, which could provide information on key elements like unpackaged produce and private-
label products. Data from a number of sources, from HFIs in various store settings (for example,
a chain retailer vs. regional grocery store), and from various populations would provide a

stronger evidence base to establish the effectiveness of HFIs for improving nutrition.

Significance and public health impact

This study provides a novel methodology for evaluating how a single food retailer, and a
retailer-based HFI, impacts the nutritional profile of US food purchases. First, lack of data on
retailers in national nutrition surveys, and difficulty in partnering with food retailers to access
store-level data, necessitate use of commercial purchase data. However, our study shows that a
dataset of household purchases can be used to examine the impact of a single food retailer as a
food source in the US food supply. Our study provided further evidence that as food retailers
consolidate and chains grow, a single retailer can have a major impact on what US households
buy and eat. In addition, by using household food purchases, we were able to examine shifts in
the nutrient profile of Walmart purchases, and examine whether these shifts were above and
beyond those observed at other chain retailers, as opposed to relying on ecological data to link
store densities, or proximity to stores, with nutritional quality. Moreover, by using the price and
socio-demographic data provided by Homescan, coupled with data on Walmart store locations,
we were able to control for concurrent trends that may have otherwise impacted the observed
shifts in nutrient profile. These characteristics are necessary in order to understand whether
changes in nutrient profile and purchasing were attributable to the HFI and not simply the
reflection of secular trends.

Secondly, this work provides a useful methodology for evaluating national-scale food

initiatives, such as soda bans or menu labeling, which often do not have an appropriate control
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group for comparison. First, conducting counterfactual simulations by comparing post-initiative

results to expected results based on pre-initiative trends, while controlling for concurrent trends,

allows researchers to determine whether changes are attributable to the initiative in question. We

were also able to use inverse probability weighting to account for selectivity, or the potential for

shifts in the consumer base over time. This approach could also be useful in the evaluation of

major national food policies, or for smaller-scale HFIs, if there is some suspected relationship

bet ween the |ikelihood of being “exposed” to
example, to examine theeffects of Ber kel ey’ s recent soda tax,
compare soda purchases in Berkeley to those in a comparable city that did not implement the tax.

However, since the populations living in the two cities would still have some different

characteristics, inverse probability weighting could be used to deal with the possibility that those

who live in Berkeley may different underlying nutritional preferences (perhaps they drink less

soda) and thus may be more or less responsive to such a ban than those in Toledo.

On a related note, we also found that evaluation of an HFI or similar effort requires
identifying an appropriate baseline period. Since manufacturers, retailers, or even government
entities may begin making shifts prior to the official start date of the initiative, examining the
data to determine when the shift actually occurred can provide a more appropriate reference
point for evaluating post-HFI changes. Similarly, understanding pre-baseline trends is a necessity
for understanding whether the party in question truly made a change, or simply claimed
responsibility for what was actually a preexisting trend. This consideration could be critical in
evaluating other food and nutrition policies. For example, in evaluating the effect of mandatory
calorie labeling on menus stemming from the Affordable Care Act, it would be important first to

understand whether away-from-home calories were already declining prior to implementation, as
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well as when restaurants actually made these changes. As our results show, the choice of a
baseline period is not always obvious, and can make a difference in how impactful an initiative
appears, and thus requires careful consideration.

In the current study, we found that although the nutrient profile of packaged food
purchases from Walmart improved above and beyond trends at other chain retailers, the vast
majority of these improvements occurred prior to the HFI. However, given that we were unable
to examine individual HFI components or evaluate shifts in unpackaged produce, it is likely that
our estimates of HFI-related changes are conservative. Moreover, we show that Walmart is a
major source of packaged food purchases in the US—especially among low-income households.
These results suggest that Walmart and other major food retailers can be key leaders in efforts to
improve nutrition and prevent obesity, and should be included in conversations and
collaborations on industry food initiatives to achieve these goals. One example is the Partnership
for a Healthy America, which has already partnered with Walmart, food manufacturers,
convenience stores, and other companies to improve the healthfulness of food choices and reduce
obesity (177).

This study also has implications for understanding how retailers could contribute to, or
reduce, diet-related disparities. We found that while Hispanics and non-Hispanic Others had
worse nutrient profile of purchases in 2000 relative to non-Hispanic Whites, they showed the
largest declines in energy density and sodium density over time. In addition, both SNAP-eligible
households showed shifts towards a more favorable nutrient profile. However, for all groups, the
HFI did not seem particularly impactful at creating shifts above and beyond what was already
expected given pre-HFI trajectories. On one hand, this trend towards more favorable nutrient

profiles over time is promising, given that Walmart is the largest recipient of SNAP benefits, but
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on the other, more work needs done to understand whether more targeted efforts can be more
impactful at reducing diet disparities in these vulnerable subpopulations.
In summary, Walmart is a major source of PFPs in the US, particularly among low-
income households. While the nutrient profile of PFPs improved over time, and these
improvements were greatest among Hispanicandnon-Hi s pani ¢ Ot her househol ¢
HFI did not have a clear impact in pushing these improvements beyond what was expected given
their pre-existing trajectories. Regardless, this work demonstrates that food retailers can have a
major impact on the nutrient profile of US food and beverage purchases, and can be important
contributors in strategies to improve nutrition. Public health advocates, nutrition scientists, and
policymakers should engage and work collaboratively with food retailers to further improve the

diet of the US population.

Future Directions

While this research examined whether an HFI at a major national retailer impacted the
nutrient profile of packaged food purchases, more work is needed to understand how HFIs affect
non-packaged produce, diet intake, and health outcomes, as well as also their impact at other
retailers. Ultimately we would want to know whether these initiatives are actually successful at
improving diet, and diet-related disease like obesity, diabetes, and cardiovascular disease.

For example, future research should explore how HFIs impact the purchases of
unpackaged fruits and vegetables, as well as whether these purchases translate into increased
intake, or changes in weight status. To address the unpackaged produce element, one option
woul d be to use Hdameaveidh maudesthe emoymtespentd an packageel
products as well as unpackaged fresh produce (although further detail is not included, such as the

volume or units purchased). As long as price cuts on produce were controlled for, such analysis
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wouldallow us to see how peopl e
purchased relatively more unpackaged produce after the HFI, and potentially whether
substitutions were made (i.e. unpackaged produce for packaged produce). Currently, we only
have access to limited years of this expenditures data (2007-2011). However, we do plan to
conduct a sensitivity analysis using this data to understand what proportion of total produce
expenditures is accounted for by unpackaged produce, and whether this differs between Walmart
and other chain retailers.

Additional analyses could also focus on understanding how shopping patterns and
initiatives across retailers work together to produce changes in total food purchases across all
stores where households shop. This is especially important considering that many households
shop at multiple retailers or only buy certain products at certain retailers, and because other
major retailers have also introduced initiatives to help consumers make healthier choices. If
households buy more produce at the HFI retailer, but compensate by buying less produce at
another retailer where they shop, the HFI may not be a useful strategy for promoting increased
produce purchases. In the current study, we only examined concurrent trends in purchasing at the
HFI retailer and comparable retailers; however, in the future, we will also examine whether
households made substitutions or additions of produce or other products as a result of the HFI.

Along these lines, it would also be useful to understand whether retailer-based HFIs
produce changes ipatterms®w gdlysis ody lopkedratcHanges in n g
nutrients and key food groups. However, people do not consume nutrients or foods in isolation,
but rather as part of an overall diet, which may be more predictive of disease risk (178). Thus,

one key question to address in the future is whether HFIs promote healthier purchasing patterns:
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for example, after an HFI is implemented, are households more likely to have a purchasing
pattern that reflects the Mediterranean dietary pattern (179-181)?

Future work should also seek to understand what could be done to boost the impact of
these retailer-based HFIs. One potential reason for the lack of effect is that while the HFI
focused on improving the availability and affordability of healthy foods, it did not work to
decrease the availability of unhealthy foods through price increases, product placement, or
package labeling—perhaps over concerns regarding profit loss. However, previous work has
shown that increased shelf-space devoted to more energy-dense snack foods is associated with an
increase in BMI (182), suggesting that interventions to reduce the availability of unhealthy foods
might be needed alongside interventions to boost the availability of healthy foods. Thus, one
question for future exploration is whether a combined approach of boosting healthy foods
coupled with reducing the availability of unhealthful foods is financially sustainable, and
whether it can yield a more powerful impact on nutrient profile. Other policy options, such as a
tax on SSBs or on junk food, as recently implemented in Mexico, could also achieve the goal of
reducing the affordability of healthful foods,anddon’ t depend on the retail
that might impact its bottom line.

Finally, more research is needed to understand how food retailers can be leveraged to
reduce diet-related disparities in low-income and race/ethnic minority households. One option
could be to target small, non-chain food stores, which are more common in neighborhoods with
high proportions of low-income and race/ethnic minority households (183-185), and have been
suggested as a potential target for improving diets among these key groups (186). In fact, a 2012
systematic review found that small-store HFIs consistently improve the availability, purchase,

and consumption of healthier foods (32). In this study, we did not examine these small stores
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because they tend to offer a smaller assortment of products than Walmart and other chain
retailers, and thus may not be an appropriate comparison group. However, future work should
examine whether HFIs are more impactful at different types of retailer (for example, drug stores,
club stores, convenience stores, mass merchandisers), or whether across-the-board changes are
needed to see an impact. Such work also provides a critical opportunity to integrate data from
national-scale studies like ours, which can show how such initiatives work at the population
level, with smaller, isolated field studies, which can tease out which HFI components might be

most effective, and in which geographic regions or socio-demographic subpopulations.
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