
Give to AgEcon Search

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search.

Help ensure our sustainability.

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their 
employer(s) is intended or implied.

https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/


 

 
 

Amplification or mitigation? The role of online grocery shopping in the relationship 

between food environment and the healthfulness of food purchases 

 

 

Pei Zhou 

Pennsylvania State University 

puz42@psu.edu 

 
Yizao Liu 

Pennsylvania State University 

 yul459@psu.edu 

 

 

Selected Paper prepared for presentation at the 2023 Agricultural & Applied Economics Association 

Annual Meeting, Washington DC; July 23-25, 2023 

 

 

 

 

 

Copyright 2023 by Pei Zhou and Yizao Liu.  All rights reserved.  Readers may make verbatim copies of 

this document for non-commercial purposes by any means, provided that this copyright notice appears on 

all such copies.  

  

mailto:puz42@psu.edu
mailto:yul459@psu.edu


 

 

1 

 
 

Amplification or mitigation? The role of online grocery shopping in the relationship 

between food environment and the healthfulness of food purchases1 

 

Abstract 

 

This paper investigates the role of online grocery shopping in the relationship between food 

environment and the healthfulness of food purchases. Using detailed consumer-level data from 

2015 to 2019, we confirm the potential of online grocery services to mitigate the effect of limited 

healthy food access on the healthfulness of food purchases, especially for low-income households. 

We further investigate the potential underlying mechanisms for how online grocery shopping 

might mitigate the effect of food environment on the healthfulness of food purchases. We find that 

households living in areas with a higher density of food stores and a lower density of convenience 

and drug stores are more likely to adopt online grocery shopping. However, households who do 

online grocery shopping tend to purchase less healthful food overall in terms of the entire food 

basket, although online grocery shopping trips themselves are healthier than in-store trips. 

Therefore, the positive association between food environment and the healthfulness of food 

purchases is weaker among households who do online grocery shopping. Measures that can be 

taken to improve the healthfulness of food purchases for worse food environment areas and low-

income households and to reduce nutrition inequality are also discussed.  

Keywords: Healthfulness of food purchases; Diet quality; Online grocery shopping; Food 

environment; Nutrition inequality 

JEL Classifications: I14; Q18; R20 

 

  

 
1 Statements: 

a. Researcher(s) own analyses calculated (or derived) based in part on data from Nielsen Consumer LLC and marketing 

databases provided through the NielsenIQ Datasets at the Kilts Center for Marketing Data Center at The University of Chicago 

Booth School of Business. 

b. The conclusions drawn from the NielsenIQ data are those of the researcher(s) and do not reflect the views of NielsenIQ. 

NielsenIQ is not responsible for, had no role in, and was not involved in analyzing and preparing the results reported herein. 
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1. Introduction 

Nutrition inequality caused by the differences in the healthy food supply has drawn increasing 

policy attention over the last decade (Caspi et al., 2012; Mercille et al., 2016; Morland et al., 2002). 

Limited access to healthy and fresh food and a poor food environment might cause obesity and 

other health-related issues, especially for low-income households (Alviola et al., 2013; Morland 

et al., 2006; Powell et al., 2007; Spence et al., 2009; Thomsen et al., 2016). A variety of programs 

and policies have been implemented or considered2 to reduce the effects of limited access to 

affordable and nutritious food, such as the Healthy Food Financing Initiative3 and the USDA food 

distribution program.4 However, such efforts have not yielded a significant impact on improving 

the dietary behaviors of residents (Dubowitz et al., 2015; Elbel et al., 2017). 

Online grocery shopping, the trend of purchasing groceries online as opposed to going to 

a brick-and-mortar store, may offer a new alternative. Although online grocery sales remain only 

a small percentage of US total grocery sales, they are growing rapidly and have more than doubled 

over the past five years (Mintel 2019). In addition, online grocery sales reached 9.5% of $1.097 

trillion in total grocery sales in 2021 from 3.4% of $1.016 trillion in 2019, and it is predicted that 

the sales could increase to 20.5% of $1.285 trillion in 2026.5  Moreover, grocery retailers and third-

party services offering online grocery shopping options are developing rapidly. Traditional grocers 

such as Walmart have taken action to catch up with this new trend and provide fresh food delivery 

and pickup services in many markets.6 New e-commerce aiming at online grocery shopping has 

also entered the market. For example, FreshDirect, essentially an online grocery store, delivers 

fresh food to consumers fast and conveniently. In addition, the third-party services partner with 

retailers, shop and deliver items to home for shoppers, such as Instacart which now offer services 

for more than 300 retailers and local stores.  

 
2 See https://obamawhitehouse.archives.gov/the-press-office/2011/07/20/first-lady-michelle-obama-announces-nationwide-

commitments-provide-milli. 
3 See https://www.healthyfoodaccess.org/take-action-now-policy-efforts-impacts. 
4 See https://www.usda.gov/topics/food-and-nutrition/food-distribution. 
5 See https://info.mercatus.com/online-grocery-shopper-consumer-behavior.  
6 The number of stores offering delivery is 3,000 across the U.S., covering 70% of the population in 2021, according to a public 

post from Walmart’s executive vice president and chief product officer. See https://www.linkedin.com/posts/mengchee_what-a-

milestone-delivery-is-now-in-3000-activity-6760968489906823169-aCtp/. 

https://obamawhitehouse.archives.gov/the-press-office/2011/07/20/first-lady-michelle-obama-announces-nationwide-commitments-provide-milli
https://obamawhitehouse.archives.gov/the-press-office/2011/07/20/first-lady-michelle-obama-announces-nationwide-commitments-provide-milli
https://www.healthyfoodaccess.org/take-action-now-policy-efforts-impacts
https://www.usda.gov/topics/food-and-nutrition/food-distribution
https://info.mercatus.com/online-grocery-shopper-consumer-behavior
https://www.linkedin.com/posts/mengchee_what-a-milestone-delivery-is-now-in-3000-activity-6760968489906823169-aCtp/
https://www.linkedin.com/posts/mengchee_what-a-milestone-delivery-is-now-in-3000-activity-6760968489906823169-aCtp/
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As a result, online grocery shopping might act as an alternative to traditional grocery 

shopping for households living in urban neighborhoods and rural communities where access to 

healthy food choices can be limited. On one hand, with online grocery shopping, consumers, 

especially low-income food desert dwellers, can order groceries online and have them delivered. 

Therefore, online grocery shopping may have the potential to mitigate the impact of community 

access barriers of limited healthy food access and poor food environment, which is related to 

healthy food purchases and better diet quality. On the other hand, areas with better food 

environments are also more likely to have the availability of online grocery shopping services. 

Online grocery shopping thus may also have the potential to amplify the nutrition inequality 

associated with the differences in food environments. 

To better inform public policies designed to improve the healthfulness of household food 

purchases, it is important to understand the role of online grocery shopping in the relationship 

between food environment and the healthfulness of food purchases, and how federal and local 

policies can be reshaped to promote healthy purchases in the online grocery shopping environment. 

Specifically, this paper aims to answer the following questions. First, does online grocery shopping 

mitigate or amplify the relationship between food environment and the healthfulness of food 

purchases? Second, what are the potential underlying mechanisms for how online grocery 

shopping might amplify or mitigate the effect of food environment on the healthfulness of food 

purchases? This paper uses detailed consumer-level food purchases from Nielsen Consumer Panel 

Data from 2015 to 2019. 

This paper contributes to the existing research that aims to better understand the food 

environment and public policies that are effective in improving the healthfulness of food purchases. 

Previous research has explored the role of the local food environment on diet quality, while the 

results are mixed and controversy exists. Early literature found that the food environment plays an 

important role in promoting diet quality (Caillavet et al., 2015; Larson et al., 2009; Morland et al., 

2002; Story et al., 2008; R. L. J. Thornton et al., 2016). While Allcott et al. (2019) used multiple 

datasets and implemented both a reduced-form model and a structure model to separate the effect 

of food supply and consumers’ preference for healthy food and found that neighborhood food 

environments did not show a meaningful impact on nutritional inequality. However, the role of 

online grocery shopping in the relationship between food environment and diet quality has not 
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been fully studied in previous studies. In contrast to these studies, we analyze the mediating role 

of online grocery shopping in the relationship between food environment and the healthfulness of 

food purchases, and the potential that online grocery services have for addressing limited food 

access and poor food environment. 

This paper also complements a growing empirical literature that investigates the economics 

of online grocery shopping. Previous literature has shown that online grocery shopping will 

promote diet health by reducing the purchase of vices (Huyghe et al., 2017), and increasing the 

consumption of healthy food categories such as dark green vegetables (Harris‐Lagoudakis, 2021). 

In addition, Jilcott Pitts et al. (2018) claimed that online grocery shopping can act as a tool to 

mitigate the limited food access to a brick-and-mortar store. The differences in brand loyalty 

between instore shopping and online grocery shopping (Wang et al., 2019), default display option 

and navigation tools (Anesbury et al., 2016), shopping lists online (Davydenko & Peetz, 2020), 

delayed time between ordering and receiving the products and distraction associated with online 

grocery shopping could make differences on food choices and thus affect diet quality (Harris‐

Lagoudakis, 2021). This paper further investigates how online grocery shopping relates to the 

healthfulness of diet for both the entire food purchasing baskets and individual trips, with a special 

focus on low-income households. 

Our results confirm the potential that online grocery services have for addressing limited 

food access and poor food environment, especially for low-income households who have been 

proven by previous research to be more likely to live in worse food environment areas and have 

unhealthier diets than non-low-income households(Alwitt & Donley, 1997; Gittelsohn et al., 2008; 

Gittelsohn & Trude, 2017; Sawyer et al., 2021; Yousefian et al., 2011). We further investigate the 

potential underlying mechanisms for how online grocery shopping might mitigate the effect of 

food environment on the healthfulness of food purchases. We find that households living in areas 

with a higher density of food stores and a lower density of convenience and drug stores are more 

likely to adopt online grocery shopping. However, households who do online grocery shopping 

tend to purchase less healthful food overall in terms of the entire food basket, although online 

grocery shopping trips themselves are healthier than in-store trips. Moreover, online grocery 

shopping adopters rely less on local food stores than non-adopters to get access to healthy foods 

because of the alternative option of purchasing groceries online. Therefore, the positive association 
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between food environment and the healthfulness of food purchases is weaker among households 

who do online grocery shopping. Further, the mitigating role of online grocery shopping is stronger 

for low-income households. Although low-income households purchase less healthful food than 

non-low-income households, the negative effect of limited access to healthy food can be mitigated 

by online grocery shopping options. 

Understanding the role of online grocery shopping in the relationship between food 

environment and the healthfulness of food purchases sheds light on the policies aiming to mitigate 

nutrition inequality. Policymakers can take advantage of online grocery shopping services in 

improving diet quality, especially for poor food environments areas and low-income households. 

First, actions can be taken to promote grocery retailers and third-party companies providing online 

grocery shopping to increase the availability of online grocery purchase options. Second, policies 

to reduce the costs and prices for online groceries can also be implemented to eliminate the higher 

price barriers for consumers to use online grocery services. 

The rest of the paper is organized as follows. Section 2 describes the data used in this paper 

and presents summary statistics for the main variables. Section 3 describes the estimation method. 

Section 4 presents the estimation results. Section 5 concludes and discusses the implications for 

both related research and policymakers.  

2. Data 

We use Nielsen Consumer Panel Data from 2015 to 2019 to collect the household online grocery 

shopping purchases. The Nielsen Consumer Panel Data represents a longitudinal panel of 

approximately 60,000 US households who continually provides information about their 

households, what products they buy, as well as when and where they make purchases. This paper 

focuses on online grocery shopping behaviors and measures the local food environment at the 

county level. Following previous literature (Izumi et al., 2011; Powell & Han, 2011; L. E. Thornton 

et al., 2010)7, the food environment in this paper is measured by the population density of food 

 
7  Previous literature has used different proxies to measure the food environment, such as the presence of food stores and 

supermarkets(Gustafson et al., 2010; Morland et al., 2002), the distance from or travel time to the nearest food 

stores/supermarkets/convenience stores(Michimi & Wimberly, 2010; Pearce et al., 2008), and the store density by land size and 

population(Izumi et al., 2011; Powell & Han, 2011; L. E. Thornton et al., 2010). This paper uses store density as the measurement 

due to data availability. 
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stores8 and the population density of convenience and drug stores. The number of stores is from 

County Business Patterns Data, which provides subnational economic data by industry such as the 

number of business establishments.9  

In general, there is an increasing trend of online grocery shopping during our sample period. 

The percentage of online grocery shopping adopters, which is defined as households who purchase 

grocery products online at least once in a panel year, increased from 8.91% in 2015 to 10.98% in 

2019. There are 297,173 observations in the data covering five years.10 The summary statistics of 

the main variables are shown in Table 1. The first two columns show the mean values and standard 

deviations for each variable for all households, the third and fourth columns report the mean values 

for online grocery shopping non-adopters and adopters respectively, and the last column gives the 

results of a two-sample t-test with unequal variances between the two groups.  

As can be seen in part A, the average percentage of consumers who bought groceries online 

in a year is 9% (27,087 observations). A typical household spent 3078.58 dollars per year on 

grocery products and 0.49% ($15.19) was spent via online grocery shopping. A typical household 

purchases groceries 108.86 times per year, which is slightly more than the results from Statista 

(2022) that the weekly grocery shopping trips per household in the United States are 1.5-1.6 from 

2015 to 2019.11 Overall, the number of online grocery trips among all households is 0.31 per year, 

while the number is 3.44 among online grocery shopping adopters. This means that a typical 

adopter shopped groceries online quarterly. Compared to the non-adopters, the adopters spent 

more on grocery purchases and shop more frequently. 

The local food environment is measured by the number of stores per 10,000 population. 

Specifically, we use two proxies for local food environments: a) food stores and b) convenience 

and drug stores. Previous literature has shown that the presence of and distance to food stores as 

well as convenience and drug stores are correlated with the healthfulness of food consumption 

(Dhakal & Khadka, 2021; Lind et al., 2016; Rummo et al., 2015). On average, the number of food 

stores per 10,000 population is 2.07. And the non-adopters of online grocery shopping (2.05) live 

 
8 Food stores include grocery stores, supermarkets and warehouse clubs. 
9 https://www.census.gov/programs-surveys/cbp.html. 
10 After dropping the outliers whose number of grocery trips in a year is less than 1% quantile or more than 99% quantile, there are 

58,321, 60,580, 60,272, 59,030 and 58,970 households from 2015 to 2019 respectively. 
11 See https://www.statista.com/statistics/251728/weekly-number-of-us-grocery-shopping-trips-per-household/.  

https://www.statista.com/statistics/251728/weekly-number-of-us-grocery-shopping-trips-per-household/
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in areas with a lower density of food stores than the adopters (2.22) and the difference is 

statistically significant at a 1% confidential level.  

The healthfulness of food purchases of households’ total basket, in-store basket, and the 

online basket is presented in part C of Table 1, which is measured by the expenditure share of 

healthy food categories based on the Thrifty Food Plan (TFP)(U.S. Department of Agriculture, 

2021). It divides the food into six groups (vegetables, fruits, grains, dairy, protein foods, 

miscellaneous) and 24 categories (e.g. dark-green vegetables, red and orange vegetables, 

whole/non-whole fruit) which are recommended for either increased or reduced consumption 

(Volpe et al., 2017). As seen in the table, without controlling for other factors, the adopters have a 

higher yearly healthy food expenditure share than the non-adopters and the difference between the 

two groups is significant at only a 10% confidential level. However, there is no significant 

difference in the healthy food expenditure share in the in-store basket between adopters and non-

adopters. 

Part D of Table 1 gives the summary statistics for the main control variables. Compared to 

the non-adopters, the household head ages are higher, and the ratios of being married are lower for 

the adopters. And the adopters have a higher education, smaller household size, and a higher 

probability to have internet access than the non-adopters. 

3. Model 

3.1 Online Grocery Shopping and the Healthfulness of Food Purchases: Whole Basket and 

Yearly Level 

To better understand the role of online grocery shopping, we first evaluate the relationship between 

the local food environment, online grocery shopping, and its interactive effect on the combined 

purchases (in-store and online across all stores) in a year. Specifically, we focus on the role of 

online grocery shopping in the relationship between food environment and the healthfulness of 

their food purchases. The equation of interest is written as: 

𝐻𝑒𝑎𝑙𝑡ℎ𝑆ℎ𝑎𝑟𝑒ℎ𝑡 = 𝛼1𝐸𝑛𝑣ℎ𝑡 + 𝛼2𝑂𝑛𝑙𝑖𝑛𝑒ℎ𝑡 + 𝛼3𝐸𝑛𝑣ℎ𝑡 ∗ 𝑂𝑛𝑙𝑖𝑛𝑒ℎ𝑡 + 𝛽𝑋ℎ𝑡 + 𝑇𝑖𝑚𝑒 +

𝐶𝑜𝑢𝑛𝑡𝑦 + 𝜀ℎ𝑡          (1) 
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where 𝐻𝑒𝑎𝑙𝑡ℎ𝑆ℎ𝑎𝑟𝑒ℎ𝑡 is the healthy food expenditure share of total grocery basket for household 

h at year t. 𝐸𝑛𝑣ℎ𝑡  is a measure of the household food environment, which is measured by the 

number of food stores and the number of convenience and drug stores per 10,000 population in a 

county. 𝑂𝑛𝑙𝑖𝑛𝑒ℎ𝑡 is a dummy variable that equals 1 if household h does online grocery shopping 

in year t, which will capture the direct effect of online grocery shopping on a household’s 

healthfulness of food purchases. 𝑋ℎ𝑡  is a vector of demographic variables of the households, 

including age, education which is measured by the years of schooling, marital status, the race of 

the household head12, household income, and household size. 𝑇𝑖𝑚𝑒 and 𝑐𝑜𝑢𝑛𝑡𝑦 are time fixed 

effect at the year level and county fixed effect respectively. 𝜀ℎ𝑡  is the error term. Further, an 

interaction term of the food environment and online grocery shopping is also included in the 

estimation, which will explore the role of online grocery shopping in mitigating or amplifying the 

effect of the food environment on the healthfulness of consumers’ food purchases. 

3.2 Mechanism 

This section further explores the potential mechanisms of how online grocery shopping may 

mitigate or amplify nutrition inequality associated with the difference in food environments, by 

sequentially investigating the relationship between a) food environment and online grocery 

shopping adoption and b) online grocery shopping adoption and the healthfulness of food 

purchases.  

First, in general, the local food environment may have two opposite effects on online 

grocery shopping at this early stage. On one hand, a higher density of food stores can be positively 

associated with online grocery shopping due to the availability of online grocery shopping services. 

In an area with a higher density of food stores, it is more likely to have more local grocery retailers 

that offer online grocery shopping services, including both curbside pickup and delivery services. 

While in an area with a lower food store density, the number of retailers with online grocery 

shopping and third-party services might both be limited even though consumers may prefer to do 

grocery shopping online. On the other hand, a higher density of food stores may also be negatively 

related to online grocery shopping. When there are no sufficient food stores in an area, households 

 
12 When there are two household heads, we use the average of characteristics the female head and male head. 
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may have more incentive to switch to the alternative, online grocery shopping, to get access to 

fresh and healthy foods.  

Second, the relationship between online grocery shopping adoption and the healthfulness 

of food purchases can also be either positive or negative. On one hand, previous literature has 

shown that online grocery shopping is usually healthier than in-store grocery trips (Harris‐

Lagoudakis, 2021; Huyghe et al., 2017; Zatz et al., 2021) due to reasons such as differences in 

brand loyalty between in-store shopping and online grocery shopping (Wang et al., 2019), delayed 

consumption and distraction (Harris‐Lagoudakis, 2021). On the other hand, online grocery 

shopping may squeeze out in-store purchases for healthy foods. Consumers may switch their 

healthy food purchases online, and spend larger shares of their expenditure on unhealthy food 

when shopping in-store. In addition, there are usually extra processing and delivery fee, as well as 

membership fees when shopping grocery online, which generates extra costs than in-store 

shopping and may restrict the food choices for in-store shopping. Therefore, the in-store trips after 

adopting online options may be less healthy than before the adoption. 

3.2.1 Food Environment and Online Grocery Shopping Behavior 

We investigate the relationship between food environment and online grocery shopping behavior 

from two perspectives: a) online grocery shopping decision and b) online grocery shopping 

frequency. We first evaluate the relationship between food environment and households’ online 

grocery shopping decisions by estimating the logit model (2), and we then use a Zero-inflated 

Poisson (ZIP) model to investigate the association between the food environment and online 

grocery shopping frequency in model (3): 

𝑂𝑛𝑙𝑖𝑛𝑒ℎ𝑡 = 𝛾1𝐸𝑛𝑣ℎ𝑡 + 𝜃1𝑌ℎ𝑡 + 𝑇𝑖𝑚𝑒 + 𝐶𝑜𝑢𝑛𝑡𝑦 + 𝜀ℎ𝑡     (2) 

𝐹𝑟𝑒𝑞ℎ𝑡 = 𝛾2𝐸𝑛𝑣ℎ𝑡 + 𝜃2𝑌ℎ𝑡 + 𝑇𝑖𝑚𝑒 + 𝐶𝑜𝑢𝑛𝑡𝑦 + 𝜀ℎ𝑡     (3) 

where 𝑂𝑛𝑙𝑖𝑛𝑒ℎ𝑡 is a dummy variable that equals 1 if household h uses online grocery shopping in 

year t,  𝐹𝑟𝑒𝑞ℎ𝑡  is the number of online grocery shopping trips in a panel year, 𝐸𝑛𝑣ℎ𝑡  is a 

measurement of the household food environment. 𝑌ℎ𝑡 is a vector of demographic variables of the 

households and is the same as 𝑋ℎ𝑡  in model (1), additionally including a dummy variable 

indicating the availability of internet access. 𝑇𝑖𝑚𝑒 and 𝑐𝑜𝑢𝑛𝑡𝑦 are time fixed effect at the year 

level and county fixed effect respectively. 𝜀ℎ𝑡 is the error term. 
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Given the existence of the excess zero in the frequency of online grocery shopping, we 

implement the ZIP model when investigating the association between the food environment and 

online grocery shopping frequency. The ZIP regression is used to model count data that has an 

excess of zero counts. In our data, there are two types of households: households who do not 

purchase groceries online in a year (frequency =0)  and households who purchase groceries online 

at least once in a year (frequency >0). When the frequency of online grocery shopping is zero, it 

can either be because a household has no access to online grocery shopping services or because 

they have access but choose not to buy groceries online. ZIP model can capture both cases 

appropriately.  

3.2.2 Online Grocery Shopping and the Healthfulness of Food Purchases: Trip Level 

We now use detailed trip-level data to estimate the relationship between online grocery shopping 

and the healthfulness of food purchases. There are three types of trips: a) the online trips of online 

grocery shopping adopters who purchased groceries online at least once in a panel year, b) the in-

store trips of online grocery shopping adopters, and c) the in-store trips of non-adopters who did 

not use online grocery shopping in a year. The equation of interest can be written as: 

𝐻𝑒𝑎𝑙𝑡ℎ𝑆ℎ𝑎𝑟𝑒𝑚 = 𝜆 𝑂𝑛𝑙𝑖𝑛𝑒𝑇𝑟𝑖𝑝𝑚 + 𝛿𝑋ℎ𝑡 + 𝑇𝑖𝑚𝑒 + 𝑐𝑜𝑢𝑛𝑡𝑦 + 𝜀𝑚               (4) 

 𝐻𝑒𝑎𝑙𝑡ℎ𝑆ℎ𝑎𝑟𝑒𝑚 is expenditure share of healthy food categories for a specific trip 𝑚, which is used 

as an indicator for the healthfulness of purchases. 𝑂𝑛𝑙𝑖𝑛𝑒𝑇𝑟𝑖𝑝𝑚 is a dummy variable that equals 

1 if the trip is an online grocery shopping trip and 0 if an in-store trip.  

We first use all trips done by all households to evaluate if there are any differences in the 

expenditure shares between online trips and in-store trips (including both adopters and non-

adopters). We then perform a subsample analysis focusing on adopters’ all shopping trips (both 

online and in-store), to evaluate the effect of online grocery shopping on adopters’ healthfulness 

of purchases, compared to their own in-store trips. Further, we only include the subsample of in-

store grocery trips of all households to measure if there are differences in expenditure shares of 

healthy food categories for in-store trips between online grocery adopters and non-adopters.  
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4. Results 

4.1 Food Environment, Online Grocery Shopping and the Healthfulness of Food Purchases  

The main results from Equation (1) are presented in Table 2. We can see from column (1) that 

households living in an area with a higher food store density and thus a better food environment 

tend to purchase healthier food, which is consistent with the literature in the sense that households 

living in an area with more food stores are more likely to have access to fresh and healthy food. 

Households living in an area with a higher convenience and drug store density are more likely to 

purchase less healthful food. 

The healthfulness of the entire food basket for households who do online grocery shopping 

online is lower, compared to households not using online grocery shopping. One possible 

explanation is that households may shop for fresh produce such as fresh fruits and vegetables 

online, which are typically healthier, and buy unhealthier food categories when shopping in brick-

and-mortar stores. Given that online grocery shopping only accounts for a small proportion of total 

grocery spending, the healthfulness of their online grocery shopping is outweighed by that of their 

in-store shopping. We will explain it in more detail at a trip level in section 4.2.2. 

We focus on the role of online grocery shopping in the relationship between food 

environment and the healthfulness of food purchases, which is captured by the interaction terms 

of online grocery shopping and food environment. The interaction term of convenience and drug 

store density and online grocery shopping has a positive and significant effect on the healthfulness 

of food purchases, suggesting that the negative effect of local convenience and drug stores on the 

healthfulness of food purchases is smaller for households who use online grocery shopping. Thus, 

online grocery shopping adopters tend to depend less on the local food environment to get access 

to healthy foods due to the alternative option of purchasing groceries online. Specifically, for the 

online grocery shopping adopters, an additional increase in the number of convenience and drug 

stores per 10,000 population decreases healthy food expenditure share by 0.17%, compared to a 

0.27% decrease for households not using online grocery shopping.  

Figure 1 shows the relationship between predicted margins of healthy food expenditure 

shares and food environment for both online grocery shopping adopters and non-adopters. Figures 

1A and 1B show the results for food store density, and convenience and drug store density 
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respectively. Overall, with the increase in food store density and the decrease in convenience and 

drug store density, the healthfulness of food purchases improves for both adopters and non-

adopters. Moreover, our results suggest that online grocery shopping is particularly important for 

households living in an area with fewer food stores and more convenience and drug stores.  

As can be seen in Figure 1A, when the number of food stores is less than 3.07 per 10,000 

population, the households that use online grocery shopping tend to purchase healthier food than 

the households not using the online option. Given that the average number of food stores per 

10,000 population is 2.07, the predicted healthy food expenditure shares for online grocery 

shopping adopters are larger than non-adopters at the average level of food store density. About 

90% of households in our sample live in areas where food store density is less than 3.07, which 

means that over 90% of households living in areas with fewer food stores can benefit from online 

grocery shopping. 

We can know from Figure 1B that when the number of convenience and drug stores is 

greater than 4.00 per 10,000 population, the households that use online grocery shopping tend to 

purchase healthier food than the non-adopter. Given that the average number of convenience and 

drug stores per 10,000 population is 5.39, the predicted healthy food expenditure shares for online 

grocery shopping adopters are larger than non-adopters at the average level of convenience store 

density. Over 75% of households in our sample live in areas where the convenience and drug store 

density are greater than 4.00, which means that over three-fourths of households living in more 

convenience and drug stores can benefit from online grocery shopping.  

4.2 Mechanism  

4.2.1 Food Environment and Online Grocery Shopping Behavior 

We first present the relationship between the food environment and online grocery shopping 

behavior, from Equations (2) and (3), in Table 3. Results from the binary logit model are presented 

in Column (1), which evaluates the association of the food environment and households’ online 

grocery shopping decisions. We find that a household is more likely to adopt online grocery 

shopping if living in an area with a higher density of food stores. Translating to the marginal effects, 

the coefficient of 0.1273 implies that an additional increase in the number of food stores per 10,000 

population will increase the probability of using online grocery shopping in a year by 1.05% on 
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average. The result is significant at a 1% confidential level. In addition, a household is less likely 

to adopt online grocery shopping if living in an area with a higher density of convenience and drug 

stores. Translating to the marginal effects, the coefficient of -0.0105 implies that an additional 

increase in the number of convenience and drug stores per 10,000 population will decrease the 

probability of using online grocery shopping in a year by 0.09% on average.  

There might be many households who do not do online grocery shopping either because 

the service was not available in their areas or they choose not to, even with the availability. So, we 

further use a ZIP model to evaluate the effect of the food environment on their online grocery 

shopping frequencies and the results are presented in Column (2). The result is in line with the 

previous online grocery shopping decisions: the adopters buy groceries online more frequently 

when living in an area with a higher density of food stores and a lower density of convenience and 

drug stores. Specifically, an additional increase in the number of food stores per 10,000 population 

increases the number of online grocery trips for a household in a year by 0.07 times, while an 

additional increase in the density of convenience and drug stores will reduce the frequency of 

online grocery shopping trips by 0.01 times. Given that the average number of online grocery trips 

is 0.31 per year, it indicates a 22.58% increase and a 3.23% decrease respectively. In addition, 

households with lower income, older ages, and higher education are more likely to use online 

grocery shopping. Compared to Asian and other races, White households are less likely to use 

online grocery shopping, while Black households have a larger probability to purchase groceries 

online. In addition, households with internet access are more likely to use online grocery shopping.  

Overall, the results imply the combined net effect of the two forces: households are more 

likely to purchase groceries online when living in a better food environment with more food stores. 

The positive effects of food stores on online grocery shopping decisions due to availability 

dominate the negative effects on the food stores due to consumers seeking substitutions.  

4.2.2 Online Grocery Shopping and the Healthfulness of Food Purchases: Trip Level 

Table 4 shows the relationship between online grocery shopping and the healthfulness of food 

purchases at the trip level. Column (1) presents the results using all shopping trips (online and in-

store) done by all types of shoppers (both online shopping adopters and non-adopters). The healthy 

food expenditure shares of online grocery strips are 1.5242% higher, compared to the in-store 
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grocery shopping trips. In addition, older, married households with higher incomes and smaller 

household sizes tend to have healthier food purchases. 

We further restrict our sample to the online grocery shopping adopters only and compare 

their online and in-store grocery shopping trips. We find that the coefficient of online trips is still 

positive and significant, suggesting that online grocery shopping adopters’ online trips are 

healthier than their own in-store trips. This may be explained by the substitution across retail 

channels when consumers are shopping for different categories of products. Consumers may order 

fresh and healthier groceries from online grocery shopping and buy less healthy items from other 

channels. Knowing that in-store trips are generally less healthy, we then restricted our sample to 

just in-store trips done by all shoppers to evaluate whether there are any differences in the 

healthfulness of in-store baskets between online grocery shopping adopters and non-adopters. As 

can be seen in column (3), the healthy food expenditure shares of in-store trips for adopters are 

lower than the non-adopters. In other words, consumers who shop healthier online may 

overcompensate by shopping less healthy on their in-store trips. In general, we find that online 

grocery trips are healthier than in-store grocery trips. But for online grocery shopping adopters, 

although their online grocery baskets are healthier than the non-adopters, the in-store baskets are 

less healthy than that of the non-adopters. 

The combined results from the two steps help us to discover the potential underlying 

mechanisms for how online grocery shopping might mitigate the effect of food environment on 

the healthfulness of food purchases. Households living in areas with a higher density of food stores 

and a lower density of convenience and drug stores are more likely to adopt online grocery 

shopping. However, households who do online grocery shopping tend to purchase less healthful 

food overall in terms of the entire food basket, although online grocery shopping trips themselves 

are healthier than in-store trips. Therefore, the positive association between food environment and 

the healthfulness of food purchases is weaker among households who do online grocery shopping. 

4.3 Low-Income Households 

Low-income households typically have limited access to healthy food, live in a poor food 

environment, and have lower diet quality. In this section, we focus on low-income households and 

assess whether online grocery shopping has a differentiated effect on the healthfulness of food 
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purchases for low-income households. Specifically, we introduce a three-way interaction term of 

the food environment, online grocery shopping dummy, and low-income household dummy. 

𝐻𝑒𝑎𝑙𝑡ℎ𝑆ℎ𝑎𝑟𝑒ℎ𝑡 = 𝛼1𝐸𝑛𝑣ℎ𝑡 + 𝛼2𝑂𝑛𝑙𝑖𝑛𝑒ℎ𝑡 + 𝛼3𝐸𝑛𝑣ℎ𝑡 ∗ 𝑂𝑛𝑙𝑖𝑛𝑒ℎ𝑡 

+𝛼4𝐿𝑜𝑤𝐼𝑛𝑐ℎ𝑡 + 𝛼5𝐸𝑛𝑣ℎ𝑡 ∗ 𝐿𝑜𝑤𝐼𝑛𝑐ℎ𝑡 + 𝛼6𝑂𝑛𝑙𝑖𝑛𝑒ℎ𝑡 ∗ 𝐿𝑜𝑤𝐼𝑛𝑐ℎ𝑡 

 +𝛼7𝐸𝑛𝑣ℎ𝑡 ∗ 𝑂𝑛𝑙𝑖𝑛𝑒ℎ𝑡 ∗ 𝐿𝑜𝑤𝐼𝑛𝑐ℎ𝑡 + 𝛽𝑍ℎ𝑡 + 𝑇𝑖𝑚𝑒 + 𝐶𝑜𝑢𝑛𝑡𝑦 + 𝜀ℎ𝑡  (5) 

where 𝐿𝑜𝑤𝐼𝑛𝑐ℎ𝑡 is a dummy variable that equals 1 if a household is a low-income household. We 

define low-income households as those with an annual income below 130% of the poverty line, 

which is the reference for many food-related policies, such as SNAP eligibility. 𝑍ℎ𝑡 is a vector of 

demographic variables of the households and is the same as 𝑋ℎ𝑡 in previous models, excluding the 

log of income.  

Estimation results in Table 5 show that low-income households purchase less healthy food 

than non-low-income households. Specifically, the expenditure share on healthy food categories 

for low-income households is 1.06% lower than for non-low-income households. The interaction 

terms of low income, online grocery shopping, and food store density allow us to explore the 

differentiated effects on the healthfulness of food purchases by groups.  

We further calculate the net average marginal effects of online grocery shopping and store 

density on the healthfulness of food purchases for four groups: 1) low-income households using 

online grocery shopping, 2) low-income households not using online grocery shopping, 3) non-

low-income households using online grocery shopping, and 4) non-low-income households not 

using online grocery shopping. The results are presented in Table 6. Column A shows the average 

marginal effect of food store density by the four groups. For low-income households who use 

online grocery shopping, the food store density does not have a significant effect on their 

healthfulness of food purchases. However, the effect is positive and significant (0.6698) for those 

low-income households who do not shop grocery online. In addition, the difference in the average 

marginal effect of the food store density between low-income households who do not use online 

grocery shopping and low-income households who use online grocery shopping is negative and 

significant. In other words, online grocery shopping mitigates nutrition inequality caused by 

different food store densities for low-income households. Column B shows the average marginal 

effect of convenience and drug store density by the four groups. For low-income households who 



 

 

16 

 
 

use online grocery shopping, the negative effect of convenience store density on their healthfulness 

of food purchases is not significant. However, the negative effect is significant (-0.2814) for those 

low-income households who do not shop grocery online. The difference in the average marginal 

effect is not significant for low-income households, while it is significant for non-low-income 

households. In addition, the negative marginal effect of the convenience and drug store density is 

larger for those non-low-income households who do not use online grocery shopping. In other 

words, online grocery shopping mitigates the negative effects of convenience and drug store 

density on the healthfulness of food purchases for non-low-income households.  

Finally, Figure 2 shows the predicted margins for healthy food expenditure shares for the 

four groups. We can see that in general, non-low-income households purchase healthier food than 

low-income households. What is worth noting in Figure 2A is that when the number of food stores 

is less than 3.70 per 10,000 population, the low-income households that use online grocery 

shopping tend to buy healthier food than the low-income households not using the online option. 

Given that the average food store density is 2.15 for low-income households in our dataset, we can 

say that online grocery shopping can improve the healthfulness of food purchases for low-income 

households and help reduce the inequality in nutrition between low-income households and non-

low-income households at the average food store density. In addition, the 90% quantile of food 

store density for low-income households is 2.93, which means that over 90% of low-income 

households can benefit from the online grocery shopping option and improve the healthfulness of 

food purchases. As can be seen in Figure 2B, when the number of convenience and drug stores is 

larger than 1.28 per 10,000 population, the adopters of online grocery shopping purchase healthier 

food than non-adopters for low-income households; and when the density of convenience stores 

and drug stores is larger than 4.18 per 10,000 population, the adopters of online grocery shopping 

purchase healthier food than non-adopters for both non-low-income households and low-income 

households. 

5. Conclusion and Discussion 

This paper investigates the role of online grocery shopping in the relationship between food 

environment and household healthfulness of food purchases with a focus on low-income 

households. To reduce nutrition inequality, increasing healthy food supply by investing in poor 
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food environment areas is one of the most common measures and has been discussed a lot in 

previous literature. Although Allcott et al. (2019) argued that policies to increase healthy food 

supply could not play a significant role in reducing nutritional inequality, the online grocery 

shopping option was not discussed in the paper. Our results confirm the potential of online grocery 

services to address the limited healthy food access and poor food environment, especially for low-

income households. The conclusion of the main results in this paper and discussion on measures 

that can be taken to improve diet qualities for worse food environment areas and low-income 

households and to reduce nutrition inequality are presented below. 

We further investigate the potential underlying mechanisms for how online grocery 

shopping might mitigate the effect of food environment on the healthfulness of food purchases. 

We find that households living in areas with a higher density of food stores and a lower density of 

convenience and drug stores are more likely to adopt online grocery shopping. However, 

households who do online grocery shopping tend to purchase less healthful food overall in terms 

of the entire food basket, although online grocery shopping trips themselves are healthier than in-

store trips. Therefore, the positive association between food environment and the healthfulness of 

food purchases is weaker among households who do online grocery shopping. 

In addition, low-income households purchase less healthful food than non-low-income 

households, but the negative effect of limited access to healthy food can be mitigated by online 

grocery shopping options. Among low-income households, results show that the association 

between food store density and the healthfulness of food purchases is not significant for adopters. 

In addition, low-income households are proven by previous literature to be more likely to live in 

areas with worse food environments and our results show that over 90% of low-income households 

can benefit from the online grocery shopping option to get a better diet. Therefore, online grocery 

shopping has the potential to improve the healthfulness of food purchases for low-income 

households living in a poor food environment and then reduce nutrition inequality. Actions can 

thus be taken to facilitate online grocery shopping for better diet quality.  

Policymakers can take measures to promote grocery retailers and third-party companies 

providing online grocery shopping to increase the availability of online grocery purchase options, 

especially for low-income households living in a poor food environment. For example, to facilitate 

the process for low-income households, the US Department of Agriculture launched a pilot 
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program in April 2019 that allowed food stamp recipients to use their electronic benefits transfer 

(EBT) cards to purchase food online for delivery from retailers including Walmart, Amazon, and 

ShopRite. Instacart joined them in October 2021 through a partnership with Aldi and is increasing 

their participation through partnerships with three more retailers: Publix Super Markets, The Save 

Mart Companies, and Golub Corp’s Price Chopper/Market 32. Moreover, higher prices online than 

in local in-store grocery purchases are an important factor that prevents households from using 

online grocery shopping. Policies to reduce the costs and prices of online groceries shopping can 

also be implemented. For example, policymakers can subsidy to grocery retailers and third-party 

companies that provide online grocery shopping services or open a “Green Channel” for faster and 

lower-cost shipping and delivery for online grocery shopping. 

As far as we know, this paper is the first to explore the role of online grocery shopping in 

the relationship between food environment and the healthfulness of food purchases. Although a 

limitation exists in that it is not a causal analysis, it provides evidence of their association, 

especially for low-income households. More importantly, it provides a new perspective for the 

research addressing the food environment, food desert, and nutrition inequality and interest in the 

new trend of online grocery shopping.  
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Tables and Figures 

Table 1 Summary Statistics of the Main Variables 

Variable Mean Std. Dev. Non-Adopters Adopters Mean Difference 

A. Online grocery shopping behaviors       

Online grocery shopping adopter 0.09 0.29 N/A N/A N/A 

Online grocery shopping frequency 0.31 2.39 N/A 3.44 N/A 

In-store grocery shopping frequency 108.55 66.13 107.50 119.05 -11.55*** 

Grocery shopping frequency 108.86 66.14 107.50 122.49 -14.99*** 

Online grocery expenditure ($) 15.19 143.56 N/A 166.65 N/A 

In-store grocery expenditure ($) 3063.39 1768.32 3042.48 3271.90 -229.42*** 

Total grocery expenditure ($) 3078.58 1771.21 3042.48 3438.55 -396.07*** 

B. Food environment (measured by the number of stores per 10,000 population) 

Food Store Density 2.07 0.97 2.05 2.22 -0.17*** 

Convenience and Drug Store Density 5.39 1.75 5.39   5.38 0.01 
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Variable Mean Std. Dev. Non-Adopters Adopters Mean Difference 

 

C. Healthy food expenditure share (%) 

Total basket 25.47 9.73 25.46 25.57 -0.11* 

Online basket 2.30 10.86 N/A 25.24 N/A 

In-store basket 25.46 9.75 25.46 25.51 -0.05 

D. Demographic variables      

Age 56.04 13.23 55.97 56.70 -0.73*** 

Annual income ($) 60907.34 36815.84 60896.31 61017.35 -121.04 

Education: years of schooling 14.58 1.94 14.57 14.63 -0.07*** 

Married 0.65 0.48 0.65 0.64 0.01*** 

Household size 2.43 1.32 2.43 2.39 0.04*** 

Race: White 0.81 0.40 0.81 0.76 0.05*** 

Race: Black 0.11 0.31 0.10 0.14 -0.04*** 

Race: Asian and Others 0.09 0.28 0.09 0.09 -0.01*** 

Internet access 0.95 0.21 0.95 0.96 -0.01*** 

Note: a. The number of observations is 297,173, with 27,087 online grocery shopping adopters and 270,086 non-adopters; b. “N/A” 

means non-applicable. 
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Table 2 Effects of Online Grocery Shopping on the healthfulness of food purchases: Whole 

Basket and Yearly Level  

 (1) (2) 

VARIABLES Dependent Var.: Healthfulness of Purchases 

   

Food Store Density 0.6392*** 0.6477*** 

 (0.0387) (0.0407) 

Online Grocery Shopping Adopter  -0.6434** 

  (0.2726) 

Adopter # Food Store Density  -0.0354 

  (0.0752) 

Convenience/Drug Store Density -0.2638*** -0.2729*** 

 (0.0184) (0.0188) 

Adopter # Convenience/Drug Store Density  0.0984** 

  (0.0408) 

Age 0.0999*** 0.0999*** 

 (0.0025) (0.0025) 

Log(income) 1.1450*** 1.1447*** 

 (0.0459) (0.0459) 

Education 0.7047*** 0.7047*** 

 (0.0174) (0.0174) 

Married 1.7759*** 1.7763*** 

 (0.0770) (0.0770) 

Household size -0.8540*** -0.8543*** 

 (0.0245) (0.0245) 

Race: White -2.4057*** -2.4075*** 

 (0.1193) (0.1193) 

Race: Black -0.5337*** -0.5295*** 

 (0.1493) (0.1493) 

Constant 0.2691 0.3206 

 (0.5282) (0.5289) 

Observations 297,167 297,167 

R-squared 0.0889 0.0889 

Year FE YES YES 

County FE YES YES 

Note: a. Standard errors clustered by households are presented in parentheses; b. *** p<0.01, ** 

p<0.05, * p<0.1; c. county fixed effects and time fixed effects at year level are included. 
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Table 3 Effects of Food Environment on Online Grocery Shopping Behavior 

 (1) (2)  

 Decision Frequency  

VARIABLES (All Hhds-Logit) (All Hhds- ZIP)  

Food Store Density 0.1273*** 0.1321***  

 (0.0090) (0.0093)  

Convenience/Drug Store Density -0.0105** -0.0312***  

 (0.0053) (0.0086)  

Age 0.0049*** 0.0061***  

 (0.0007) (0.0012)  

Log(income) -0.0276** -0.0729***  

 (0.0121) (0.0200)  

Education 0.0136*** 0.0121  

 (0.0045) (0.0079)  

Married 0.0260 -0.0285  

 (0.0209) (0.0355)  

Household size -0.0019 -0.0228*  

 (0.0074) (0.0134)  

Race_White -0.1374*** 0.0440  

 (0.0282) (0.0485)  

Race_Black 0.1683*** -0.0105  

 (0.0348) (0.0592)  

Internet access 0.2020*** -0.0799  

 (0.0380) (0.0773)  

Constant -2.8163*** 1.4231***  

 (0.1530) (0.2336)  

Observations 296,876 297,173  

R-squared    

Note: a. Robust standard errors clustered by households are presented in parentheses; b. *** 

p<0.01, ** p<0.05, * p<0.1; c. County fixed effects and time fixed effects at year level are included; 

d. In the Logit model regressions, some observations are dropped and not used due to predicting 

success or failure perfectly. 
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Table 4 Effects of Online Grocery Shopping on the Healthfulness of Food Purchases : Trip Level 

 Dependent Var.: Healthfulness of Purchases 

 (1) (2) (3) 

VARIABLES All Trips of All Hhds All Trips of Adopters In-store Trips of All Hhds 

    

Online Trip 1.5242*** 1.9319***  

 (0.2996) (0.2949)  

Adopter   -0.5027*** 

   (0.1023) 

Age 0.1322*** 0.1304*** 0.1323*** 

 (0.0035) (0.0085) (0.0035) 

Log (Income) 1.2578*** 1.1655*** 1.2592*** 

 (0.0621) (0.1464) (0.0622) 

Education 0.8096*** 0.8029*** 0.8101*** 

 (0.0239) (0.0551) (0.0239) 

Married 1.6286*** 1.7667*** 1.6250*** 

 (0.1058) (0.2519) (0.1059) 

Household Size -0.8597*** -0.6688*** -0.8605*** 

 (0.0333) (0.0859) (0.0334) 

Race_White -2.9661*** -3.1940*** -2.9711*** 

 (0.1555) (0.3777) (0.1557) 

Race_Black -1.8286*** -1.6466*** -1.8251*** 

 (0.1889) (0.4345) (0.1891) 

Constant -4.8954*** -4.5679*** -4.8683*** 

 (0.6833) (1.6196) (0.6844) 

Observations 32,351,273 3,317,876 32,258,130 

R-squared 0.0115 0.0120 0.0115 

Note: a. Robust standard errors clustered by households are presented in parentheses; b. *** 

p<0.01, ** p<0.05, * p<0.1; c. County fixed effects and time fixed effects at year level are included. 
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Table 5 Effects of Online Grocery Shopping on the Healthfulness of Food Purchases: Low-

income Households 

 (1) 

VARIABLES Healthfulness of Purchases 

  

Food Store Density 0.6793*** 

 (0.0408) 

Online Grocery Shopping Adopters -0.6933** 

 (0.2781) 

Adopters # Food Store Density -0.0135 

 (0.0768) 

Convenience Store Density -0.3163*** 

 (0.0190) 

Adopters # Convenience Store Density 0.0932** 

 (0.0416) 

Low Income -1.2824*** 

 (0.4545) 

Low Income # Food Store Density -0.0095 

 (0.1485) 

Adopters # Low Income 1.1584 

 (1.1552) 

Adopters # Low Income # Food Store Density -0.4510* 

 (0.2598) 

Low Income # Convenience Store Density 0.0350 

 (0.0603) 

Adopters # Low Income # Convenience Store Density 0.0751 

 (0.1730) 

Constant 10.4058*** 

 (0.3561) 

  

Observations 297,167 

R-squared 0.0835 

Note: a. Robust standard errors clustered across households are presented in parentheses; b. *** 

p<0.01, ** p<0.05, * p<0.1; c. County fixed effects and time fixed effects at year level are included; 

d. The same controlled variables except for the log of income are included. 
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Table 6 Average Marginal Effects of Food Environment on the Healthfulness of Food Purchases: Low-income Households 

Average Marginal Effects (AME) by Groups 
A. AME of Food Store 

Density 

B. AME of Convenience 

Store Density 

   

   

Low-Income Households Using Online Grocery Shopping 0.2053 -0.1131 

 (0.2202) (0.1650) 

Low-Income Households Not Using Online Grocery Shopping 0.6698*** -0.2814*** 

 (0.1496) (0.0603) 

Difference -0.4645* 0.1682 

 (0.2546) (0.1707) 

Non-Low-Income Households Using Online Grocery Shopping 0.6658*** -0.2231*** 

 (0.0755) (0.0421) 

Non-Low-Income Households Not Using Online Grocery Shopping 0.6793*** -0.3163*** 

 (0.0408) (0.0190) 

Difference -0.0135 0.0932** 

 (0.0768) (0.0416) 

   

Note: a. Robust standard errors clustered across households are presented in parentheses; b. *** p<0.01, ** p<0.05, * p<0.1; c. County 

fixed effects and time fixed effects at year level are included; d. The same controlled variables except for the log of income are included. 
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Figure 1 The Predict Margins of Healthy Food Expenditure Shares (%): Online Grocery 

Shopping Adopters and Non-adopters
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Figure 2 The Predict Margins of Healthy Food Expenditure Shares (%): Online Grocery 

Shopping and Low-income Households

 

 

 

 

 

  



   

28 

 

References 

Allcott, H., Diamond, R., Dubé, J.-P., Handbury, J., Rahkovsky, I., & Schnell, M. (2019). Food 

Deserts and the Causes of Nutritional Inequality*. The Quarterly Journal of Economics, 

134(4), 1793–1844. https://doi.org/10.1093/qje/qjz015 

Alviola, P. A., Nayga, R. M., & Thomsen, M. (2013). Food Deserts and Childhood Obesity. 

Applied Economic Perspectives and Policy, 35(1), 106–124. 

https://doi.org/10.1093/aepp/pps035 

Alwitt, L. F., & Donley, T. D. (1997). Retail Stores in Poor Urban Neighborhoods. Journal of 

Consumer Affairs, 31(1), 139–164. https://doi.org/10.1111/j.1745-6606.1997.tb00830.x 

Anesbury, Z., Nenycz-Thiel, M., Dawes, J., & Kennedy, R. (2016). How do shoppers behave 

online? An observational study of online grocery shopping: Study of online grocery 

shopping. Journal of Consumer Behaviour, 15(3), 261–270. 

https://doi.org/10.1002/cb.1566 

Caillavet, F., Kyureghian, G., Nayga, R. M., Ferrant, C., & Chauvin, P. (2015). Does Healthy Food 

Access Matter in a French Urban Setting? American Journal of Agricultural Economics, 

97(5), 1400–1416. https://doi.org/10.1093/ajae/aav031 

Caspi, C. E., Sorensen, G., Subramanian, S. V., & Kawachi, I. (2012). The local food environment 

and diet: A systematic review. Health & Place, 18(5), 1172–1187. 

https://doi.org/10.1016/j.healthplace.2012.05.006 

Davydenko, M., & Peetz, J. (2020). Shopping less with shopping lists: Planning individual 

expenses ahead of time affects purchasing behavior when online grocery shopping. Journal 

of Consumer Behaviour, 19(3), 240–251. https://doi.org/10.1002/cb.1812 

Dhakal, C. K., & Khadka, S. (2021). Heterogeneities in Consumer Diet Quality and Health 

Outcomes of Consumers by Store Choice and Income. Nutrients, 13(4), Article 4. 

https://doi.org/10.3390/nu13041046 

Dubowitz, T., Ghosh-Dastidar, M., Cohen, D. A., Beckman, R., Steiner, E. D., Hunter, G. P., 

Flórez, K. R., Huang, C., Vaughan, C. A., Sloan, J. C., Zenk, S. N., Cummins, S., & Collins, 

R. L. (2015). Diet And Perceptions Change With Supermarket Introduction In A Food 

Desert, But Not Because Of Supermarket Use. Health Affairs, 34(11), 1858–1868. 

https://doi.org/10.1377/hlthaff.2015.0667 



   

29 

 

Elbel, B., Mijanovich, T., Kiszko, K., Abrams, C., Cantor, J., & Dixon, L. B. (2017). The 

Introduction of a Supermarket via Tax-Credits in a Low-Income Area. American Journal 

of Health Promotion: AJHP, 31(1), 59–66. https://doi.org/10.4278/ajhp.150217-QUAN-

733 

Gittelsohn, J., Franceschini, M. C. T., Rasooly, I. R., Ries, A. V., Ho, L. S., Pavlovich, W., Santos, 

V. T., Jennings, S. M., & Frick, K. D. (2008). Understanding the Food Environment in a 

Low-Income Urban Setting: Implications for Food Store Interventions. Journal of Hunger 

& Environmental Nutrition, 2(2–3), 33–50. https://doi.org/10.1080/19320240801891438 

Gittelsohn, J., & Trude, A. (2017). Diabetes and obesity prevention: Changing the food 

environment in low-income settings. Nutrition Reviews, 75(suppl_1), 62–69. 

https://doi.org/10.1093/nutrit/nuw038 

Gustafson, A. A., Sharkey, J., Samuel-Hodge, C. D., Jones-Smith, J., Folds, M. C., Cai, J., & 

Ammerman, A. S. (2010). Perceived and objective measures of the food store environment 

and the association with weight and diet among low-income women in North Carolina. 

Public Health Nutrition, 14(6), 1032–1038. Scopus. 

https://doi.org/10.1017/S1368980011000115 

Harris‐Lagoudakis, K. (2021). Online shopping and the healthfulness of grocery purchases. 

American Journal of Agricultural Economics, ajae.12262. 

https://doi.org/10.1111/ajae.12262 

Huyghe, E., Verstraeten, J., Geuens, M., & Van Kerckhove, A. (2017). Clicks as a Healthy 

Alternative to Bricks: How Online Grocery Shopping Reduces Vice Purchases. Journal of 

Marketing Research, 54(1), 61–74. https://doi.org/10.1509/jmr.14.0490 

Izumi, B. T., Zenk, S. N., Schulz, A. J., Mentz, G. B., & Wilson, C. (2011). Associations between 

Neighborhood Availability and Individual Consumption of Dark-Green and Orange 

Vegetables among Ethnically Diverse Adults in Detroit. Journal of the American Dietetic 

Association, 111(2), 274–279. https://doi.org/10.1016/j.jada.2010.10.044 

Jilcott Pitts, S. B., Ng, S. W., Blitstein, J. L., Gustafson, A., & Niculescu, M. (2018). Online 

grocery shopping: Promise and pitfalls for healthier food and beverage purchases. Public 

Health Nutrition, 21(18), 3360–3376. https://doi.org/10.1017/S1368980018002409 



   

30 

 

Larson, N. I., Story, M. T., & Nelson, M. C. (2009). Neighborhood Environments. American 

Journal of Preventive Medicine, 36(1), 74-81.e10. 

https://doi.org/10.1016/j.amepre.2008.09.025 

Lind, P. L., Jensen, P. V., Glümer, C., & Toft, U. (2016). The association between accessibility of 

local convenience stores and unhealthy diet. European Journal of Public Health, 26(4), 

634–639. https://doi.org/10.1093/eurpub/ckv242 

Mercille, G., Richard, L., Gauvin, L., Kestens, Y., Shatenstein, B., Daniel, M., & Payette, H. 

(2016). The food environment and diet quality of urban-dwelling older women and men: 

Assessing the moderating role of diet knowledge. Canadian Journal of Public Health, 

107(S1), eS34–eS41. https://doi.org/10.17269/CJPH.107.5309 

Michimi, A., & Wimberly, M. C. (2010). Associations of supermarket accessibility with obesity 

and fruit and vegetable consumption in the conterminous United States. International 

Journal of Health Geographics, 9(1), 49. https://doi.org/10.1186/1476-072X-9-49 

Morland, K., Diez Roux, A. V., & Wing, S. (2006). Supermarkets, other food stores, and obesity: 

The atherosclerosis risk in communities study. American Journal of Preventive Medicine, 

30(4), 333–339. https://doi.org/10.1016/j.amepre.2005.11.003 

Morland, K., Wing, S., & Roux, A. D. (2002). The Contextual Effect of the Local Food 

Environment on Residents’ Diets: The Atherosclerosis Risk in Communities Study. 

American Journal of Public Health, 92(11), 1761–1768. 

https://doi.org/10.2105/AJPH.92.11.1761 

Pearce, J., Hiscock, R., Blakely, T., & Witten, K. (2008). The contextual effects of neighbourhood 

access to supermarkets and convenience stores on individual fruit and vegetable 

consumption. Journal of Epidemiology & Community Health, 62(3), 198–201. 

https://doi.org/10.1136/jech.2006.059196 

Powell, L. M., Auld, M. C., Chaloupka, F. J., O’Malley, P. M., & Johnston, L. D. (2007). 

Associations Between Access to Food Stores and Adolescent Body Mass Index. American 

Journal of Preventive Medicine, 33(4), S301–S307. 

https://doi.org/10.1016/j.amepre.2007.07.007 

Powell, L. M., & Han, E. (2011). The Costs of Food at Home and Away From Home and 

Consumption Patterns Among U.S. Adolescents. Journal of Adolescent Health, 48(1), 20–

26. https://doi.org/10.1016/j.jadohealth.2010.06.006 



   

31 

 

Rummo, P. E., Meyer, K. A., Boone-Heinonen, J., Jacobs, D. R., Kiefe, C. I., Lewis, C. E., Steffen, 

L. M., & Gordon-Larsen, P. (2015). Neighborhood Availability of Convenience Stores and 

Diet Quality: Findings From 20 Years of Follow-Up in the Coronary Artery Risk 

Development in Young Adults Study. American Journal of Public Health, 105(5), e65–

e73. https://doi.org/10.2105/AJPH.2014.302435 

Sawyer, A. D. M., van Lenthe, F., Kamphuis, C. B. M., Terragni, L., Roos, G., Poelman, M. P., 

Nicolaou, M., Waterlander, W., Djojosoeparto, S. K., Scheidmeir, M., Neumann-

Podczaska, A., Stronks, K., & on behalf of the PEN Consortium. (2021). Dynamics of the 

complex food environment underlying dietary intake in low-income groups: A systems 

map of associations extracted from a systematic umbrella literature review. International 

Journal of Behavioral Nutrition and Physical Activity, 18(1), 96. 

https://doi.org/10.1186/s12966-021-01164-1 

Spence, J. C., Cutumisu, N., Edwards, J., Raine, K. D., & Smoyer-Tomic, K. (2009). Relation 

between local food environments and obesity among adults. BMC Public Health, 9(1), 192. 

https://doi.org/10.1186/1471-2458-9-192 

Story, M., Kaphingst, K. M., Robinson-O’Brien, R., & Glanz, K. (2008). Creating Healthy Food 

and Eating Environments: Policy and Environmental Approaches. Annual Review of Public 

Health, 29(1), 253–272. https://doi.org/10.1146/annurev.publhealth.29.020907.090926 

Thomsen, M. R., Nayga, R. M., Alviola, P. A., & Rouse, H. L. (2016). The Effect of Food Deserts 

on the Body Mass Index of Elementary Schoolchildren. American Journal of Agricultural 

Economics, 98(1), 1–18. https://doi.org/10.1093/ajae/aav039 

Thornton, L. E., Crawford, D. A., & Ball, K. (2010). Neighbourhood-socioeconomic variation in 

women’s diet: The role of nutrition environments. European Journal of Clinical Nutrition, 

64(12), Article 12. https://doi.org/10.1038/ejcn.2010.174 

Thornton, R. L. J., Glover, C. M., Cené, C. W., Glik, D. C., Henderson, J. A., & Williams, D. R. 

(2016). Evaluating Strategies For Reducing Health Disparities By Addressing The Social 

Determinants Of Health. Health Affairs, 35(8), 1416–1423. 

https://doi.org/10.1377/hlthaff.2015.1357 

U.S. Department of Agriculture. (2021). Thrifty Food Plan, 2021 (p. 125). 

Volpe, R., Kuhns, A., & Jaenicke, T. (2017). Store Formats and Patterns in Household Grocery 

Purchases (p. 34). 



   

32 

 

Wang, H. H., Hao, N., Zhou, Q., Wetzstein, M. E., & Wang, Y. (2019). Is fresh food shopping 

sticky to retail channels and online platforms? Evidence and implications in the digital era: 

WANG ET AL. Agribusiness, 35(1), 6–19. https://doi.org/10.1002/agr.21589 

Yousefian, A., Leighton, A., Fox, K., & Hartley, D. (2011). Understanding the rural food 

environment – Perspectives of low-income parents. Rural and Remote Health, 11(2), [32]-

[42]. https://doi.org/10.3316/informit.342939854633623 

Zatz, L. Y., Moran, A. J., Franckle, R. L., Block, J. P., Hou, T., Blue, D., Greene, J. C., Gortmaker, 

S., Bleich, S. N., Polacsek, M., Thorndike, A. N., & Rimm, E. B. (2021). Comparing 

Online and In-Store Grocery Purchases. Journal of Nutrition Education and Behavior, 

53(6), 471–479. https://doi.org/10.1016/j.jneb.2021.03.001 

 

 


