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The digital transformation of the retail food environment is reshaping public health, producing both posi-

tive and negative impacts on how US consumers access food. This Research Report synthesizes these

changes and explains why public health nutrition must modernize definitions and measures of food access,

highlighting priority directions for new measurement approaches. Finally, we discuss future research and

practice needs and directions, and describe how innovative nutrition education and behavior strategies,

appropriate measurement, and policy, systems, and environmental (PSE) approaches can align public health

and health equity efforts with the ongoing digital transformation of the food environment.
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INTRODUCTION

Digitalization is rapidly transforming
the consumer retail food environ-
ment, defined as what consumers
encounter within and around food
outlets in which food and beverages
can be purchased for immediate or
later consumption.1−3 These envi-
ronments are becoming increasingly
digital (using technologies such as
the internet, mobile, and cloud) and
digitalized (leveraging digital data to
transform operations and experien-
ces).4 This digital transformation has
created a fundamental shift in the
retail food landscape in high-income
countries and emerging markets, as
well as in how customers access food,
with significant public health
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implications.5−9 This change is part
of the emerging concept of the Digi-
tal Determinants of Health (any fac-
tor rooted in, contingent on, or
inextricably linked to the digital
world that can directly or indirectly
influence health or well-being).7,10,11

The transformation is character-
ized by a comprehensive shift in how
retailers operate to meet customer ex-
pectations for digital food purchasing
solutions and rapid technological ad-
vancements. Digital marketing is a
significant aspect of this transforma-
tion,12−14 but there are also emerging
interfaces (e.g., augmented reality
[AR], digital kiosks) and server-side
infrastructure, such as artificial intel-
ligence (AI) (technology that enables
computers and machines to simulate
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human learning, comprehension,
problem solving, decision making,
creativity, and autonomy15),
machine learning (a branch of AI
focused on enabling computers and
machines to imitate the way that hu-
mans learn, to perform tasks autono-
mously, and to improve their
performance and accuracy through
experience and exposure to more
data16), big data (massive, complex
datasets that traditional data man-
agement systems cannot handle17),
and Internet of Things (a network of
physical devices, vehicles, applian-
ces, and other physical objects that
are embedded with sensors, software,
and network connectivity, allowing
them to collect and share data).4,14,18

This transformation evolved from
the expansion of online food order-
ing systems, the development of
mobile food applications that simpli-
fied and enhanced the ordering pro-
cess, and the integration of AI and
automation into the retail food
industry.19

There is a growing consensus in
public health nutrition that digitaliz-
ing the retail food environment has
both positive and negative effects on
consumer decisions.14,20 Customers
see the opportunity for convenience,
reduced time burdens, and control.21

Digitalized food retail can free up
time for consumers by replacing time
ehavior � Volume 58, Number 3, 2026

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jneb.2025.11.014&domain=pdf
mailto:jmcguirt@utk.edu
https://doi.org/10.1016/j.jneb.2025.11.014


Journal of Nutrition Education and Behavior � Volume 58, Number 3, 2026 McGuirt et al 243
spent grocery shopping (online gro-
ceries), creating shopping lists and
meal planning, and food preparation
(food delivery applications)—all of
which can help to support healthier
eating, and increase access to full-ser-
vice grocery stores unavailable to
some consumers.9 While online
shopping has the potential to pro-
mote healthy food purchasing behav-
iors, it can also exacerbate unhealthy
shopping behaviors. Research has
shown that the highest proportion of
promotions on online retailers’ land-
ing pages, search results, or emails is
for unhealthy products (i.e., sugar-
sweetened beverages, foods high in
sodium, and saturated fats).22−24

Studies have also suggested that
while online shopping reduces
impulse purchases, it simultaneously
reduces the variety of products and
food categories within a grocery pur-
chase compared with in-person shop-
ping because of buy again options
within online retailers that facilitate
inertial purchasing behaviors.25 This
decreased variety is most concerning
regarding fresh produce, as evidence
suggests less purchasing of fresh pro-
duce online vs in person,26,27 often
because consumers prefer to person-
ally select their produce.27,28

Retailers view digital transforma-
tion as an opportunity to better reach
customers, focus on the customer
experience, and gain a deeper under-
standing of shopping behavior, ulti-
mately increasing revenue,
consumption, and targeted product
promotion.21,29 The commercial
retail industry leverages online and
digital marketing tactics to influence
consumer behaviors. Their use of
generative AI and machine learning
allows companies to identify and tar-
get individuals,30 consequently max-
imizing their ability to influence
consumer purchases regardless of the
nutritional content of products.
More specifically, retailers and mar-
keters can leverage data across multi-
ple platforms to develop machine
learning dashboards that leverage
user and similar buyer data, thereby
further enhancing consumer engage-
ment and providing more relevant,
tailored product recommenda-
tions.31 This mechanism heavily in-
fluences consumer shopping
behaviors by highlighting certain
brands and products, reminding cus-
tomers to make purchases, and trig-
gering impulsive purchases based on
an individual’s profile and past shop-
ping behaviors.32 These technologies
may enable companies and retailers
to treat customers differently based
on certain demographics or charac-
teristics, thus resulting in market-
place discrimination.32 Alternatively,
if tailoring of products and product
filtering could be used for more pub-
lic health rather than profit priorities,
they could help consumers meet
their needs and preferences for
healthier dietary choices (e.g., filters
for low-sodium or diabetes friendly
products).

In the US, government actions
and policies have also shaped the dig-
ital transformation of the food envi-
ronment.33 As of June 2023, online
grocery purchasing using Supplemen-
tal Nutrition Assistance Program
(SNAP) benefits was available in all
50 states and Washington, DC.34 Fur-
thermore, as part of the Special Sup-
plemental Nutrition Program for
Women, Infants, and Children (WIC)
ongoing modernization efforts, the
US Department of Agriculture
(USDA) has funded subgrants for
states to implement online ordering
solutions for WIC with retailers of
various sizes.35

This mix of opportunities and
competing interests creates a
dynamic ecosystem that forces the
field of public health nutrition to
understand how the retail food land-
scape has changed in high-income
and emerging markets, what the im-
pacts are on behaviors (particularly
for groups with low income and who
are marginalized who may be partic-
ularly vulnerable in this increasingly
digitalized food environment36−38),
and what the implications of this
change are for research and practice.

Thus, this paper aims to first clar-
ify elements and terminology within
the rapidly expanding digitalized
retail food environment. For this
paper, we will focus on digital inter-
faces that influence purchasing deci-
sions in or in relation to the retail
food environment. This is followed
by a discussion of 3 important exten-
sion points: (1) connecting digital
retail environment concepts to estab-
lished food access frameworks (5A’s:
availability, accessibility, affordabil-
ity, acceptability, and accommoda-
tion), including relevant approaches
to measure these revised concepts,
(2) consider ways the digital environ-
ment may lead to widening inequi-
ties and undermine ethics and
consumer protections, and (3) dis-
cuss future research needs and direc-
tions, including opportunities for
innovative nutrition education and
behavior strategies, and the need for
strategic public health policies, sys-
tems, and environment approaches.
The focus of this paper is on the US
context, but it may have implications
for other high-income and emerging
countries.
DISCUSSION

Overview and Key Elements of

the Digital Food Environment

The digitalized food environment en-
compasses a spectrum of digital
immersion (the merging of the physi-
cal and digital worlds) and consumer
interactive experiences, including
digital elements being added to the
physical environment (geotargeting/
geofencing, AR, kiosks), digital adver-
tising (affiliate marketing, remarket-
ing, search engine optimization),
digital platforms for food purchasing
(applications, websites), and fully
digital environments (virtual reality
[VR] and immersive systems). The
digital food environment often in-
cludes digitally designed compo-
nents of the marketing mix that
influence customers’ decisions.9,39

Online grocery shopping, food deliv-
ery applications, and online meal
planning are major categories in the
digital retail environment,9,14 but
this environment also includes digi-
tal elements meant to influence in-
the-moment purchasing decisions
within physical food retail outlets,
including fast food locations and
vending. In addition, emerging tech-
nologies, such as extended reality
(VR, AR, and mixed reality), are creat-
ing dynamic food environment inter-
action points for customers.40,41 A
summary of digital technologies
arranged by their levels of digital
immersion (sense of presence or
engagement blurring the lines
between the physical and digital



Figure. Summary of the emerging digitalized food environment arranged by

level of digital immersion (none to full) and retail proximity (online, home,
community, in-store).
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worlds42) (none to full) and physical
retail proximity (online, home, com-
munity, in-store) can be found in the
Figure. The Figure represents the
technology interfaces and digital
retail strategies that customers may
interact with in the digitalized retail
food environment. Some of these in-
terfaces are accessed in the online
and home environment (smart
speakers, smart hubs), home environ-
ment (smart appliances and delivery
applications), the home and commu-
nity environment (geotargeting), the
community environment (geofenc-
ing, digital billboards), and some are
mainly experienced within the retail
environment (digital labels, menu
boards, kiosks). The level of immer-
sion also varies across different digi-
tal retail interfaces. Devices such as
smart speakers have very low immer-
sion and no physical retail proximity.
Immersive digital menu kiosks, in
which the consumer views a digital
screen while still within the retail set-
ting, represent a medium level of dig-
ital immersion. Online grocery
shopping uses a digital screen inter-
face, but the consumer is typically
not present in the retail space. Inter-
faces such as VR have the highest lev-
els of immersion as the retail
environment is simulated or
modeled. The levels of retail proxim-
ity or immersion could influence
how powerful the retail environment
is in influencing consumer behav-
ior.43−46

Each of these technologies and
promotion approaches comes with
unique characteristics that make
them suitable for different food envi-
ronment uses and for different mar-
keting approaches to influence
customer shopping behaviors. Given
this, each digital element comes with
consumer benefits, drawbacks, public
health opportunities (for research
and practice), and threats to public
health, summarized in Table 1.
Modernizing The 5 A’s of Food

Access for the Digital Context

The retail food environment was far
less digital when the 5 A’s of food
access (availability, accessibility,
affordability, acceptability, and
accommodation) were conceptual-
ized initially.47 As such, it is neces-
sary to formally acknowledge the
changing landscape and how public
health researchers and practitioners
can best evolve and modernize the
food environment, considering nec-
essary policy and system changes.
The commonly accepted dimen-
sions of food access have revolved
around the 5 A’s.47 Here, we attempt
to modernize these dimensions and
offer measurement approaches that
encompass the digital evolution of
food access and the food environ-
ment (summarized in Table 2). For
example, availability, which tradi-
tionally evaluates the adequacy of
the number of places to purchase
foods as well as aspects (e.g., health-
fulness, variety) of product availabil-
ity,47 might be modernized by also
incorporating the presence of digital
platforms for purchasing, pick up,
broadband internet availability, and/
or the presence and degree (or satura-
tion) of digital food marketing hap-
pening in a particular area. This
incorporation could help better
understand how the presence or lack
of digital platforms might facilitate
or diminish food access. Accessibility
or geographic access to the food sup-
ply, as well as the ease of reaching
that location (including travel time
and distance),47 may be modernized
by including access to online order-
ing pick-up sites, proximity to digital
food ordering kiosks, service delivery
range, or smartphone access. Factor-
ing in accessibility to locations that
are entirely a result of or heavily
influenced by the digital retail food
environment will help better under-
stand how easily food sold in digital
retail can be accessed. While online
pick-up sites would be expected to
enhance access, metrics to evaluate
the time and distance burden remain
important for assessing the actual im-
provements in convenience. Afford-
ability might go beyond the food’s
relative value in the built environ-
ment (which is usually measured by
store ads or regional price indexes)47

to include AI and machine-learning-
based pricing manipulation through
digitally based dynamic pricing (a
strategy that bases products or serv-
ices’ prices on evolving market trends
such as supply and demand, compet-
itor pricing, and inventory levels48).
Such dynamic pricing is now occur-
ring or being tested in restaurants
and grocery settings,49 with some res-
taurants implementing surge pricing
(changing the price of goods or serv-
ices based on demand and supply at
any given moment50). Measuring the



Table 1. Summary of Elements of the Digitalized Food Environment, including Definitions, Consumer Interaction Points, and Consumer Benefits, Consumer

Drawbacks, Opportunities (for Public Health Research and Practice), and Threats (to Public Health)

Element Definition Consumer Interaction Analysis

Online

Online grocery E-commerce that includes online

versions of grocery stores

Smartphone applications,

websites

Consumer benefit: Convenience, time, curbside delivery

Consumer drawback: Increased costs (delivery fees), customer disconnect (inability to handpick), inade-

quate substitutions

Opportunity: Healthier swaps or alternative healthier products. Marketing of healthier items

Threat: Algorithms can promote unhealthy foods and habits

Online food

ordering/

delivery

application

Digital e-commerce platform

connects consumers with local

businesses

Smartphone applications,

websites

Consumer benefit: Convenience, time, delivery, and real-time service information

Consumer drawback: Delivery costs, food quality

Opportunity: Promotion of healthier food options and support for healthier restaurants

Threat: Algorithms can promote unhealthy foods and habits

Search engine

optimization/

re-targeting

Digital advertisement strategy

that shows ads to consumers

who previously visited a web-

site or application

Websites, applications, email,

social media

Consumer benefit: Building off previous consumer behavior.

Consumer drawback: Privacy concerns, ad fatigue, timing, site relevance, ad blockers, competition

Opportunity: Cost-effective way to boost brand awareness

Threat: Industry promotion of unhealthy items

Digital maps Digital mapping web services

and mobile application interfa-

ces provide detailed location

information

Electronic devices (smart-

phones, computers, tablets,

etc.)

Consumer benefit: Real-time updates, identification of new locations, location sharing, menus and store vis-

uals/photographs, reviews, popular/busy times, connecting to ordering services

Consumer drawback: Oversaturation of options, ads, and optimization can make navigation challenging

Opportunity: Searching for stores with healthier options, promotion of stores that offer healthier items,

health-centric reviews, promotion of healthier menu items

Threat: Algorithms promote less healthy restaurants

Affiliate

marketing

A digital marketing tactic that

compensates affiliates for busi-

ness generated from the affili-

ate’s marketing

Websites, applications, social

media, Short Message Service

messaging, and video stream-

ing platforms

Consumer benefit: Related product reviews, targeting recommendations, exclusive deals/discounts

Consumer drawback: Deceptive marketing, unwanted advertising

Opportunity: Promotion of healthier foods

Threat: Reinforcement of less healthy foods, exacerbating unhealthy habits, and false or misleading infor-

mation about foods, leading to less healthy behaviors

Influencer

marketing

Marketing of products through

collaboration with social media

influencers with a large

following

Social media and video stream-

ing platforms

Consumer benefit: Product reviews and recommendations from individuals they follow and trust, exposure to

new and relevant products, and informed decision making

Consumer drawback: Advertising fatigue, authenticity of endorsements, and social manipulation

Opportunity: Influencers promoting healthy eating and healthy foods, and locations

Threat: Industry sponsoring influencer content and endorsements that promote less healthy habits among

socially vulnerable consumers, such as teens and children

Crowdsourcing

and/or

reviews

Reviews of restaurants and food

items posted on internet web-

sites and mapping platforms

Electronic devices (smart-

phones, tablets, etc.), mapping

web services, websites, appli-

cations, social media, Short

Message Service messaging,

and video streaming platforms

Consumer benefit: Food venue and item reviews to inform choices

Consumer drawback: Oversaturation of opinions, skewed results

Opportunity: Promotion of health-centered food reviews, encouraging people to leave positive reviews for

healthier food locations

Threat: Paid/manipulated reviews can influence public opinion

Virtual reality Computer-generated simulation

of food purchasing and retail

venues in a 3-dimensional

image or environment that can

be interacted with physically by

a person using devices such as

a head-mounted device

Virtual reality headset operating

system

Consumer benefit: Immersiveness in a food-related experience, customer engagement with digitalized retail

spaces, and food retail marketing

Consumer drawback: Equipment and experience cost, access, head-mounted devices, motion sickness

isolation, and learning curve

Opportunity: Building health-promoting experiences, incorporation of health into existing experiences

Threat: Seamless and immersive incorporation of unhealthy products into the virtual world. Sedentary

behaviors

Home

Smart

appliances

Appliance devices connected to

the internet and controllable by

Consumer Benefit: Convenience to control appliances remotely with a smartphone application

Weakness: Cost, glitches/security breaches.
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Table 1. (Continued)

Element Definition Consumer Interaction Analysis

consumer devices (smart-

phones,

etc.)

Home appliances (refrigerators,

microwaves, ovens, air fryers,

etc.)

Opportunity: Promotion of healthy shopping, healthy food use, inventory tracking, meal planning, re-

minders/alerts

Threat: Automated and personalized functions encouraging overeating and sedentary behaviors

Smart hub A central control device with digi-

tal features (screen and

speaker) and a voice assistant

that can be controlled by voice

commands

Home device Consumer Benefit: Convenience to centrally and remotely controlled connected devices, gather information

audibly, and watch videos

Weakness: Compatibility with devices, dependence on the internet, glitches, and privacy concerns

Opportunity: Convenient educational resources (video and audio), smart assistance, choice architecture/

nudging

Threat: Recommendations of less healthy foods or cooking habits, video and audio marketing of less

healthy foods, and sedentary behavior

Smart speaker A device with a speaker and a

voice assistant that can be

controlled with voice

commands

Home device Consumer Benefit: Convenient way to obtain audible, hands-free information, smaller size for counter space

Weakness: Dependence on the internet, no video, glitches, and privacy concerns

Opportunity: Convenient educational resources, smart assistance, choice architecture/nudging

Threat: Recommendations of less healthy foods or cooking habits, audio marketing of less healthy foods

Community

environment

Geotargeting Location-based marketing based

on consumer location (e.g.,

city, zip code) and homing in

on a specific consumer crite-

rion (demographic, behavior,

interest)

Physical retail food environment Consumer benefit: Personalization is more effective for behavior change

Consumer drawback: Currently used to promote sales of all foods, regardless of health

Opportunity: Ability to opt in to healthy food marketing and opt out of unhealthy marketing

Threat: Without regulation, complex algorithms could override behavioral interventions

Digital Maps Digital mapping web service and

mobile application interfaces

providing detailed location

information

Electronic devices (smart-

phones, computers, tablets,

etc.)

Consumer benefit: Real-time updates, identification of new locations, location sharing, menus and store vis-

uals/photographs, reviews, popular/busy times, connecting to ordering services.

Consumer drawback: Oversaturation of options, ads, and optimization can make navigation challenging

Opportunity: Searching for stores with healthier options, promotion of stores that offer healthier items,

health-centric reviews, promotion of healthier menu items

Threat: Algorithms can promote less healthy restaurants as top options

Digital

billboards

A billboard that displays digital

images

Built environment, roadways, and

entertainment areas

Consumer benefit: Highly visible, potentially timely information in the community environment.

Consumer drawback: Limited engagement

Opportunity: Promotion of healthy food options and healthy diet messages

Threat: Promotion of less healthy foods/restaurants

In and around the

store

Geofencing Location-based proximity mar-

keting creates a virtual bound-

ary around a more specific

location (e.g., store), triggering

an action (notification or adver-

tisement) when a customer

moves in or out of the boundary

Smartphone application notifica-

tions and ads, tablet, and

desktop devices. Physical

retail food environment

Consumer benefit: Personalization is more effective for behavior change

Consumer drawback: Customers must opt in, dependent on signal strength (Bluetooth and global posi-

tioning system), drain battery life, push notification fatigue, and privacy (with location tracking)

Opportunity: Promoting healthy items at retail venues. Discouraging less healthy items

Threat: Retail can promote unhealthy items when consumers are most primed to purchase

Digital menu

boards

An electronic display that shows

a menu to customers at a retail

food outlet, and can be adap-

tive and easily updated

Retail food restaurant Consumer benefit: Improve customer experience, easily updated

Consumer drawback: Overstimulation, technical issues

Opportunity: Promotion of healthier items, nutrition information

Threat: Allows opportunity for dynamic/surge pricing of healthier items to change prices at different times.

Unhealthy product promotion can be easier and more dynamic

Self-ordering

kiosks

Digital terminal for customers to

order food without staff

assistance

Retail food restaurant Consumer benefit: Improve customer experience, easily updated, and the ability to review orders more eas-

ily

Consumer drawback weakness: reduced social experience, technical issues, and wait lines

(continued)
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Table 1. (Continued)

Element Definition Consumer Interaction Ana

Op althier items, and nutrition information

Th of healthier items to change prices at different times

Augmented

reality

Enhances the real world by over-

laying computer-

generated information onto a

user’s environment

Smartphones, tablets, smart

glasses, and headsets in the

physical retail food

environment

Con ustomer engagement, marketing, and smartphone

fe

W ogical challenges of spatial computing, and learning

cu

Op for retail environments

Th

QR codes A digital barcode that a digital

device can read

Posted in physical food retail lo-

cations and online locations.

Scannable by smartphones,

scanning devices, and smart

glasses

Con ormation and transactions with fewer copying and

typ

W scan, broken links to information, fake QR codes can

be ishing

Op d packaging can lead to healthier purchasing deci-
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Th lthy foods or shopping patterns by retailers or the

ind

Digital front-of-

package

labels

Digital labels that are dynamic Physical food retail stores, online

retail environments

Con roduct comparison, and overcoming low food literacy.
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Op ls to provide clearer, more real-time information on

pr ing personalized information

Th anipulate the dynamic digital labels to promote less

he ix
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Table 2. Reconceptualized 5 A’s of Food Access in a Digitally Transformed Food Environment: Reconceptualization, Potential Measurement Approaches,
and Policy and Systems Considerations

Access Domain Reconceptualization Measurement Policy and Systems Considerations

Availability: Adequacy of

the supply of healthy
food
The presence of places

to purchase food or
The number of places to
purchase food in a region

Whether healthy food
and sufficient variety are
represented

The presence or number of

places offering digital plat-
forms for purchasing in a
certain location, or the

degree of digital food mar-
keting in a region

� Presence or total count for an area of

online or digital ordering opportuni-
ties; derived from corporate websites,
food delivery sites, business data-

bases, mapping interfaces, crowd-
sourced data, or on-the-ground audits

� Availability of items in the online order-

ing system vs actual/in-store
availability

� Assessment of the presence of digital

advertising
� Availability of in-store digital shopping
support

� Incentivizing retail to expand the avail-

ability of online services, including
SNAP and WIC online ordering

� Incentivize or require retail to have

consistent online and in-store item
availability

� Incentivize businesses to have consis-

tent availability of in-store digital
services

� Restricting location and degree of

exposure to digital food marketing

Accessibility: Geographic

access, or the location of
the food supply, and
ease of getting to that

location (including travel
time and distance)

Geographic access or loca-

tion of the digital food sup-
ply, and ease of getting to
physical locations con-

nected to digitized
experiences

� Travel time, distance, temperature,

and restrictions for online ordering,
pickup, and food delivery

� Broadband internet access and cellu-

lar service
� Proximity to geofencing and geotar-
geted marketing, and the ability to
avoid it

� Expanding access to broadband

high-speed internet, particularly in
rural areas

� Satellite/remote pickup spots for

online orders to reduce travel burden,
particularly communities that are rural/
remote and with low income

Affordability: Food prices
and people’s percep-
tions of worth relative to

the cost, usually mea-
sured by store ads or
regional price indexes

Digitization of food prices and
AI and machine-learning-
based- based manipulation

� Audits of online/applications (grocery,
food delivery) and digital food prices
(e.g., kiosks) pulled from websites, in-

store audits, and regional price
indexes

� Fees for online ordering services
(commissions/service fees, tips),

delivery fees, and surge pricing

� Subsidizing online grocery delivery in
communities that are rural/remote and
with low income

� Regulation of dynamic pricing
� Support for consistent pricing in areas
that are rural and with low income

Accommodation: How well
local food sources

accept and adapt to resi-
dents’ needs (e.g., store
hours, types of payment
accepted, arrangement

How well online and digital in-
terfaces and in-store con-

nections accept and adapt
to residents’ needs

� Online ordering, pickup and delivery
hours, ease of pickup, and payment

method
� Quality of vendor selection and food
transfer from digital orders

� Intuitiveness of digital experiences
� Ease of using SNAP or WIC benefits

� System efficiencies to ensure quality
during food transfer

� Healthy defaults in digital spaces
� Making SNAP or WIC benefits easy to
use

(continued)
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definition of the space and new mea-
surement approaches will be needed.
Another challenge is the dynamic
nature of the data, as most aspects of
the marketing mix (price, product,
and promotions) can shift con-
stantly, and personalized algorithms
create nonstandardized consumer ex-
periences. These nonstandard experi-
ences need to be considered for the
reliable measurement of this envi-
ronment. Exposure and attribution
can also be challenging to track, as
the rapid, evolving nature of many
digital interfaces and experiences,
along with the interconnectedness of
multiplatform approaches, makes it
hard to attribute exposure to decision
making. Data access also makes mea-
surement challenging, as most digital
retail platforms are not transparent
about the data they hold, which may
be proprietary, limiting access to data
that could be useful for measuring or
evaluating impact. Understanding
the impact of geographic access is
also more complicated, as the
impact, location, and accessibility of
food must now be further conceptu-
alized based on the availability of
delivery services, delivery coverage
areas and costs, and access to pick-up
sites. The influence of digital retail
on geographic access will necessitate
a shift in the understanding of food
swamps (areas with a high-density of
establishments selling high-calorie
fast food and less healthful food, rela-
tive to healthier food options)54 and
food deserts (neighborhoods and
communities that have limited
access to affordable and nutritious
foods),55 as accessibility must no lon-
ger be entirely based on access to tra-
ditional brick-and-mortar retail
locations or traditional retail experi-
ences.56 In the future, purchasing
could be made in VR-based grocery
stores with home delivery. Finally,
because of the nature of digital data
and its interconnectedness across
platforms, there are ethical and pri-
vacy concerns about measuring
behavior across devices and plat-
forms. Public health researchers
could use measurement approaches
such as cookies (small files of infor-
mation that a web server generates
and sends to a web browser),57 bots
(a software program that operates on
the internet and performs repetitive



250 McGuirt et al Journal of Nutrition Education and Behavior � Volume 58, Number 3, 2026
tasks),58 or screen recording, particu-
larly if used to monitor retail
changes, but bring ethical and pri-
vacy concerns when tracking individ-
ual behavior. Protocols and privacy
safeguards need to be developed.
Equitable and Ethical Challenges

of the Digitalized Food

Environment

Inequitable access to healthy, nutri-
tious foods has long afflicted Black,
Indigenous, and People of Color,
rural populations, and those with
low incomes in the US.59,60 While
digital retail was initially promoted
as a promising strategy to address
inequitable access among popula-
tions with low income, the digita-
lized food environment may
undermine equity because of who
can access such services in certain
contexts (e.g., high delivery fees
reducing access, broadband
access).27,36,61 In addition, digital
retail can raise ethical concerns about
predatory marketing and data pri-
vacy that affect all who interact with
the platform, potentially widening
health inequities.62

Multiple studies have found dis-
parities in access to online grocery
services across rural-urban areas and
low and high-income areas, includ-
ing delivery, SNAP acceptance, and
the availability of fruits and vegeta-
bles.63−65 In addition to the reduced
availability of online grocery services,
rural residents are also less likely to
have access to home broadband than
urban and suburban residents,
although this has improved in recent
years,66 and rural residents may
depend on cellular internet for inter-
net access despite limited cell cover-
age.67 A much lower percentage of
Americans in rural and tribal areas
(vs urban) have access to adequate
broadband coverage needed for
online ordering, smart devices, and
VR functionality, according to the US
Federal Communications Commis-
sion.68 Some research suggests that
these disparities may be wider
because of the undercounting of
need in certain rural areas.69 These
disparities in broadband availability
may limit rural residents’ ability to
leverage digital technologies,
including online ordering, smart de-
vices, and high-bandwidth devices
(VR/AR headsets). The rise in the
potential of low Earth orbit satellite-
based internet (a constellation of sat-
ellites orbiting closer to Earth than
traditional satellite internet systems,
resulting in lower latency and faster
speeds, and making internet avail-
able in remote areas) could help over-
come the broadband internet gap.70

A second contributor to amplify-
ing disparities is the cost of online
grocery services, which may impede
affordability for lower-income house-
holds. While the SNAP Online Pur-
chasing Pilot allows participants to
use SNAP benefits online, benefits
cannot be used for delivery, service
fees, or tips; these must be paid out
of pocket.33 Some online retailers or
delivery services waive delivery or
service fees, but only if the shopper
meets a minimum purchase require-
ment, which may exceed what the
shopper has available to spend with
their benefits. In addition to the fees,
prices online may be higher than in
the same store,71 compounding the
costs of online grocery shopping and
reducing affordability.27,28,36 More-
over, aversion to the risk of a bad buy
may disproportionately affect house-
holds with low income.

Accommodations for individuals
with disabilities in the digitalized
environment may also be inade-
quate, leading to additional
disparities.72,73 Many individuals
with disabilities lack access to the
internet at home and are less likely to
have mobile devices.73 In addition,
many online food websites do not
meet web content accessibility guide-
lines (e.g., providing alt text, key-
board navigation, and compatibility
with assistive technologies),73 and ki-
osks may not meet Americans with
Disabilities Act standards.74 This is
concerning, given that there are
many potential benefits of online
services for people with disabilities,
including reducing transportation,
mobility, and navigation barriers
they may experience when in-store
shopping, and providing indepen-
dence and flexibility in purchasing
food.75

Older adults (aged ≥ 60 years) also
face specific challenges with the digi-
talized food environment. Many
older adults have less experience and
comfort with online shopping and
digital ordering systems.75,76 These
comfort issues may be related to
reduced hand dexterity, cognitive
skills, and eyesight quality as people
age.76,77 Older adults may also face
restraints related to a fixed income,
making affordability and access to
up-to-date devices and high-speed
internet more challenging.76−78

In addition to equity concerns,
digital retail also raises ethical chal-
lenges for those who interact with
the online platform. First are data pri-
vacy concerns, which involve the
unclear terms users largely agree to
that allow companies to collect,
track, store, use, and share the per-
sonal information of their consumers
and their purchases.37,79 Company
practices of collecting and sharing
private data have “evolved in a
largely unregulated environment,
where no. . .policies provide adequate
protections for consumers” [p.3].37

This context has resulted in limited
transparency of privacy policy disclo-
sures by using long, complicated
legalese and excessive data collection
of private shopper information such
as their social networks, demo-
graphics, household size, geoloca-
tion, purchasing patterns, and cross-
device use.37,80 This leaves a black
box of what data is collected, who
else it is shared with, and how it is
used to manipulate consumer pur-
chasing.

Given the numerous data points
collected on consumers, it is unsur-
prising that companies use this infor-
mation to tailor their marketing
content and approaches to influence
consumers to certain purchases in
the digital retail space—resulting in a
second ethical concern.37 Companies
have designed sophisticated algo-
rithms that offer consumers a wider
range of products, product swaps,
add-ons, and cross-promotions based
on their data profiles, including cur-
rent and past selections.79−81 More-
over, the continued integration of AI
into these marketing strategies
means the content is more personal-
ized and thus engaging, further driv-
ing the sales of products that
companies want to promote and pri-
oritize.81 While such marketing strat-
egies have the potential to improve
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the diet quality purchased,82 their
increasing and poorly transparent
use by the leading global food and
beverage companies81 suggests a con-
tinued promotion of unhealthy prod-
ucts and poor diet-related
outcomes.80

Notably, while data privacy con-
cerns and tailored marketing ap-
proaches are used with all customers,
how these practices are ultimately
implemented can also contribute to
widening nutrition-related health in-
equities. Past purchasing is an exam-
ple, as digital retail marketing
algorithms can reinforce unhealthy
defaults and expand the range of
unhealthy suggestions.82 In addition,
companies’ segmentation and profil-
ing algorithms allow them to group
customers with similar affinities and
purchasing patterns and then rank
these groups based on their likeli-
hood to be profitable marketing tar-
gets, leading to further customer
profiling, targeted marketing, and
exclusive product promotion among
groups with similar
characteristics.32,80 The degree to
which these digital marketing strate-
gies rely on overt demographic fea-
tures, such as race/ethnicity, income,
and gender, raises questions of dis-
criminatory practices. Targeted mar-
keting of unhealthy foods to Black
and Latino individuals has been well-
documented,83 but pairing this with
extensive amounts of digital data
only provides the opportunity to
amplify the nutrition-related health
disparities.80 As Barnhill et al. (2022)
clarify, marketers do not “need it to
be motivated by any discriminatory
intent... [to] exacerbate health dis-
advantage” [p.54].83
IMPLICATIONS FOR

RESEARCH, PRACTICE,

AND POLICY

Given the growing mediums of the
digitalized food environment, the
modernization of the 5 As, and the
key equity and ethical implications
that need to be considered, we offer
several implications for research,
practice, and policy. This section
highlights gaps and opportunities for
informing future research and prac-
tice related to the digitalized food
environment presented in Tables 1
and 2.

Measurement of the Digital Retail

Environment

A detailed summary of potential
measurement approaches is listed in
Table 2. To enhance our understand-
ing of the digitalized food environ-
ment and to help evaluate changes
over time, there is a need to develop
a suite of valid and reliable assess-
ment tools. These tools can be modi-
fied versions of existing food
environment assessment tools, such
as the Nutrition Environment Mea-
surement Survey,84 and/or be based
on key factors related to retail food
marketing. For example, Moran et al
(2022)23 developed a coding instru-
ment to examine the marketing mix
strategies (i.e., product, placement,
promotion, and pricing) and the
nutritional quality of marketed prod-
ucts among online grocery retailers.
Emerging evaluation and assessment
tools and approaches could be tai-
lored to other specific digital retail
food environments and be flexible,
given the rapidly evolving nature of
these environments. While tradi-
tional approaches have leveraged
person-power to collect and code
food environment assessment data,
the digitalization of the food envi-
ronment space creates opportunities
for more efficient digital evaluation
approaches, including web scraping,
sourcing datasets from data servers,
and AI-based methods.
Intervention in the Digitalized

Food Environment and Behavior

Change Tools

Potential intervention strategies for
different digital applications are
identified in Table 1. While many
digital interventions may resemble
those implemented in the physical
environment (choice architecture,
nudging, education), the digital
application offers the potential for a
broader reach through more me-
diums of delivery (applications, web-
sites, kiosks, VR, etc.), higher
personalization, more adaptive and
continuous feedback, more interac-
tivity through gamification and
nudges, and potentially more scal-
able and cost-effective approaches.

Public health interventions in the
digitalized food environment have
thus far focused on choice architec-
ture techniques that seek to predict-
ably influence choices without
dictating the ultimate choice.85,86

The strategies used in these studies
can be categorized as making infor-
mation visible (e.g., using labels indi-
cating low or high-calorie products;
multiple traffic lights or Nutri-score
labels; less healthy food or ingredient
warning labels87−90) or invisible (e.g.,
removing less healthy options),89

changing option consequences (e.g.,
imposing 20% to 25% taxes on
unhealthy products and/or 10% to
50% discounts for healthy ones),
changing choice defaults (setting no-
action defaults), or providing nudges
highlighting healthy products, and
changing option-related efforts (e.g.,
providing a prefilled cart with
healthy products that participants
can still modify as desired).91

There is a need to equip consum-
ers to interact successfully with this
digitalized environment. One way is
to develop and disseminate con-
sumer tools that directly promote
healthier behavioral habits within
the digitalized food environment.
Theoretically driven and practice-
based tools could help consumers
navigate the digital retail environ-
ment.92 These tools may be designed
to directly combat the unhealthy in-
fluences of digital advertising and
machine learning algorithms within
or outside the digital food environ-
ment platform. These tools might
instead use similar tactics or leverage
existing platforms used by retail ac-
tors to promote healthier behaviors.
Tools could also be developed to help
older adults use technology plat-
forms for online grocery shopping,
such as larger fonts, simpler flows to
reduce cognitive demand, and assis-
tive features.77

One example of public health
nutrition digital retail technology is
the WICShopper application,93

which helps WIC participants man-
age their benefits and make informed
food choices through functions such
as scanning barcodes to check if
items are WIC-approved, viewing
current benefit balances, and
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accessing WIC-approved food lists.
Other research has examined ap-
proaches to healthier online purchas-
ing among individuals with low
income. Coffino et al94 and Melo
Herrera et. al (2024)95 have demon-
strated the potential of online default
healthy grocery carts, and McGuirt et
al (2024),96 reported the potential of
embodied conversational agent
online grocery shopping assistants.

Future research could explore ex-
panding these approaches with AI
and extended reality. Future research
could also explore digital reward pro-
grams, health-based digital restau-
rant reviews (integrated into
common review sites such as Google
Maps and Yelp), and real-time feed-
back on food choices. Digital healthy
food maps could be created to help
navigate the built environment more
effectively, including by avoiding
areas with heavy digital marketing. A
combination of approaches may be
necessary; thus, investigators must
leverage study designs to disentangle
the multiple effects on outcomes.
Frameworks such as the multiphase
optimization strategy97 or sequential,
multiple assignment, randomized
trial98 will be essential to evaluate
and refine combined interventions.

Significant capital investments and
strategic funding will be needed to
develop tools and bring them to scale.
Given rapid changes within the digital
transformation, these funding mecha-
nisms need to be expeditious and flex-
ible to keep pace. Cross-disciplinary
collaboration with coders and Big
Tech (the largest and most influential
technology companies) will be essen-
tial, leveraging the knowledge and
skills needed to combat food industry
algorithms and strategies.

Education for the Consumer

Interviews with SNAP program par-
ticipants suggest making nutrition
education publicly available to pro-
mote healthy behaviors in the digita-
lized retail food environment, via
tutorials and related resources, as an
equity-promoting strategy, especially
for households of low income, while
considering digital literacy, language
barriers, and limited budgets.61 Edu-
cation could start early in kindergar-
ten to 12th-grade educational
environments, given the increasing
youth engagement with the digital
food environment. Similarly, federal
nutrition programs could develop
and promote dedicated educational
programs to help consumers navigate
the digitalized food environment,
including older populations. While
there are opportunities within federal
nutrition programs and alternative,
evidence-based nutrition education
programs to promote healthier pur-
chasing in the digital retail food envi-
ronment, these programs face
constraints and challenges in work-
ing within and navigating digital en-
vironments. Online shopping and
digital literacy may be a new addition
to many educators’ curricula, so sup-
port is needed for curriculum devel-
opment, materials, and
training.99,100

Specifically, curricula might focus
on raising awareness of how digital
tactics influence consumers in the
digitalized retail food environment,
which companies are most engaged
in these tactics, and improving their
self-efficacy for identifying, avoiding,
or overcoming these tactics and strat-
egies. Instruction might be based on
emerging theoretical models, such as
the food and beverage cues in digital
marketing model,12 which specifies
key marketing elements and market-
ing integration strategies common
on digital platforms. The digital food
environment brings several impor-
tant differences compared with tradi-
tional marketing: it is cheaper and
therefore more ubiquitous, uses a
wider range of strategies to maximize
impact, including graphics and visu-
als designed to appeal to the con-
sumer, cartoons and brand equity
characters, influencers, and more op-
portunities for engagement (e.g.,
likes, comments, and shares).12,101

Consumers could be educated on
these marketing techniques to under-
stand how they are being targeted
and how they can develop resilience
to marketing strategies that may lead
to less healthy behaviors.

Policy and Systems-level Support

Policies could help provide a formal
framework via laws and regulations
to help support healthy shopping in
this digitalized environment. Policies
may also help facilitate the specific
intervention strategies listed above.
A list of potential policies and sys-
tem-level support for each food
access domain is presented in Table 2.
While many of these are aspirational,
speculative, or prospective, some pi-
lots and initiatives offer the potential
to examine the impact of some of
these approaches on food shopping
behaviors (expanding access to
broadband internet,68,70,102,103

remote pickup locations for online
grocery orders,104,105 and retailers
offering free or discounted delivery
fees for SNAP users106).

Per previous literature, policy-
level pathways to prevent harm, pro-
mote health, and protect against
predatory digital environments exist,
including for the online grocery
retail, online restaurant ordering,
and social media marketing.107 In
this Research Report, we include
these ideas and expand them to the
broader digitalized retail food envi-
ronment. Policy changes that frame
transparency in marketing regula-
tions and marketing business practi-
ces are needed at all levels to protect
consumers against the potential and
real harms of predatory marketing
tactics used on online food delivery
platforms. These policies could be
paired with systems-change commit-
ments to promote social responsibil-
ity.

For instance, voluntary corporate
policies (not legally required) may
include transparency in nutrition
information of marketed products,
dedicating 85% to 95% of the posi-
tive space on webpages for healthier
options (e.g., fresh, frozen, or canned
produce, water, formula) on all digi-
tal platforms, limiting digital market-
ing to adult users, and a policy that
at least 85% of digital menu offerings
will be aligned with the Dietary
Guidelines for Americans.108 Federal
policies involving legally mandated
actions could include expanding
food manufacturer marketing regula-
tions, regulating digital advertising
and deceptive practices, standardiz-
ing nutrition disclosures on digital
platforms, and reducing the digital
marketing of unhealthy foods to chil-
dren.

At the federal level, efforts could
also be made to expand and facilitate
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online ordering and food delivery for
SNAP and WIC, including delivery
support (lowering or subsidizing
delivery fees) and pickup. In addi-
tion, urgent policy action is needed
to protect consumers against the
adverse effects of digital marketing.
In the US, food manufacturers are
subject to limited marketing regula-
tions because of judicial interpreta-
tion of the First Amendment, which
protects commercial free speech by
extending rights to industry and
companies, not just US citizens.
Within a framework that prioritizes
commercial interests over public
health, policymakers could be
encouraged to develop guidance on
digital promotion and incentives for
healthy products, mandatory adver-
tising disclosures, and other con-
sumer protections against
discriminatory practices.109,110

To prevent predatory food market-
ing, which might exacerbate health
disparities, federal benefits programs
(SNAP, WIC) with online shopping
options could consider consumer
protections on the type of data col-
lected, how it is shared, and making
the default not to opt in to user
agreement terms. These protections
may require stronger federal regula-
tions or new legislation if retailer
data practices exceed current regula-
tory reach. While the USDA oversees
the SNAP and WIC programs and au-
thorizes retailers,111 online data prac-
tices are typically governed by
privacy and consumer protection
laws, regulated by the Federal Trade
Commission.112 In the built retail
environment, policies could regulate
the content of digital billboards and
ordering kiosks. Policies could also
help ensure that digital platforms are
accessible to consumers with disabil-
ities, focusing on user-centered
design to create positive experiences
in online and digitalized retail envi-
ronments.

Summary

The retail food environment’s rapid
digitalization and transformation
require the field of public health
nutrition to modernize its conceptu-
alization of food access and the food
environment, adapt its measurement
and research approaches accordingly,
and refine its approaches to health
promotion efforts. Researchers and
practitioners must understand and
identify the elements, opportunities,
and threats of this digitalized food
environment. This paper highlights
the growing need for new measure-
ment approaches, consumer nutri-
tion education, innovative
interventions, and policy and sys-
tems-level support for this digitalized
food environment. There is a clear
need for focused efforts and resource
investments to equip public health
researchers and practitioners to sup-
port consumers in this digitalized
retail food environment.
CONFLICTOF INTEREST

DISCLOSURE

The authors have not stated any con-
flicts of interest.
ACKNOWLEDGMENTS

Authors of this publication are mem-
bers of the Healthy Food Retail work
group jointly supported by Healthy
Eating Research and the Nutrition
and Obesity Policy Research and
Evaluation Network (NOPREN).
Healthy Eating Research is a national
program of the Robert Wood John-
son Foundation; NOPREN is sup-
ported by Cooperative Agreement
Number U48DP006864 funded by
the Centers for Disease Control and
Prevention’s Division of Nutrition,
Physical Activity, and Obesity and
Prevention Research Centers Pro-
gram. The findings and conclusions
in this publication are those of the
author(s) and do not necessarily rep-
resent the official position of Healthy
Eating Research, Centers for Disease
Control and Prevention, or Depart-
ment of Health and Human Services.
MKV received funding from the K01
Career Development award from the
National Heart, Lung, and Blood
Institute (5K01HL165104).
REFERENCES

1. Mattioni D, Loconto AM, Brunori G.

Healthy diets and the retail food envi-

ronment: a sociological approach.

Health Place. 2020;61:102244.
2. Glanz K, Sallis JF, Saelens BE, Frank

LD. Healthy nutrition environments:

concepts and measures. Am J Health

Promot. 2005;19. 330−333, ii.
3. Winkler MR, Zenk SN, Baquero B,

et al. A model depicting the retail

food environment and customer inter-

actions: components, outcomes, and

future directions. Int J Environ Res

Public Health. 2020;17:7591.

4. Winikoff P. What is digitization vs

digitalization vs digital transforma-

tion?. https://www.channelinsider.

com/business-management/digitiza-

tion-vs-digitalization/. Accessed

December 13, 2024.

5. World Health Organization. Digital

food environments. https://www.

who.int/europe/publications/i/item/

WHO-EURO-2021-2755-42513-

59052. Accessed July 23, 2025.

6. McKinsey&Company. Retail. 4.0: the

future of retail grocery in a digital

world. https://www.mckinsey.com/

~/media/mckinsey/industries/retail/

our%20insights/disruption%20and

%20uncer tainty% 20the%20state

%20of%20grocery%20retail%202021/

disruption-and- uncertainty-the-

state-of-grocery-retail-2021.pdf.

Accessed July 23, 2025.

7. van Kessel R, Seghers LE, Anderson

M, et al. A scoping review and expert

consensus on digital determinants of

health. Bull World Health Organ.

2025;103:110–125H.

8. IFPRI. Digital innovations accelerated

by COVID-19 are revolutionizing

food systems: implications for the UN

Food Systems Summit. https://www.

ifpri.org/blog/digital-innovations-

accelerated-covid-19-are-revolution-

izing-food-systems-implications-un-

food/. Accessed July 23, 2025.

9. Fernandez MA, Raine KD. Digital

food retail: public health opportuni-

ties. Nutrients. 2021;13:3789.

10. Kickbusch I, Holly L. Addressing the

digital determinants of health: health

promotion must lead the charge.

Health Promot Int. 2023;38:daad

059.

11. Chidambaram S, Jain B, Jain U, et al.

An introduction to digital determi-

nants of health. PLoS Digit Health.

2024;3:e0000346.

12. Maksi SJ, Keller KL, Dardis F, et al.

The food and beverage cues in digital

marketing model: special considerations

of social media, gaming, and livestream-

ing environments for food marketing

https://doi.org/10.13039/100000050
https://doi.org/10.13039/100000050
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0001
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0001
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0001
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0001
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0002
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0002
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0002
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0002
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0003
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0003
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0003
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0003
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0003
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0003
https://www.channelinsider.com/business-management/digitization-vs-digitalization/
https://www.channelinsider.com/business-management/digitization-vs-digitalization/
https://www.channelinsider.com/business-management/digitization-vs-digitalization/
https://www.who.int/europe/publications/i/item/WHO-EURO-2021-2755-42513-59052
https://www.who.int/europe/publications/i/item/WHO-EURO-2021-2755-42513-59052
https://www.who.int/europe/publications/i/item/WHO-EURO-2021-2755-42513-59052
https://www.who.int/europe/publications/i/item/WHO-EURO-2021-2755-42513-59052
https://www.mckinsey.com/~/media/mckinsey/industries/retail/our%20insights/disruption%20and%20uncertainty%20the%20state%20of%20grocery%20retail%202021/disruption-and-uncertainty-the-state-of-grocery-retail-2021.pdf
https://www.mckinsey.com/~/media/mckinsey/industries/retail/our%20insights/disruption%20and%20uncertainty%20the%20state%20of%20grocery%20retail%202021/disruption-and-uncertainty-the-state-of-grocery-retail-2021.pdf
https://www.mckinsey.com/~/media/mckinsey/industries/retail/our%20insights/disruption%20and%20uncertainty%20the%20state%20of%20grocery%20retail%202021/disruption-and-uncertainty-the-state-of-grocery-retail-2021.pdf
https://www.mckinsey.com/~/media/mckinsey/industries/retail/our%20insights/disruption%20and%20uncertainty%20the%20state%20of%20grocery%20retail%202021/disruption-and-uncertainty-the-state-of-grocery-retail-2021.pdf
https://www.mckinsey.com/~/media/mckinsey/industries/retail/our%20insights/disruption%20and%20uncertainty%20the%20state%20of%20grocery%20retail%202021/disruption-and-uncertainty-the-state-of-grocery-retail-2021.pdf
https://www.mckinsey.com/~/media/mckinsey/industries/retail/our%20insights/disruption%20and%20uncertainty%20the%20state%20of%20grocery%20retail%202021/disruption-and-uncertainty-the-state-of-grocery-retail-2021.pdf
https://www.mckinsey.com/~/media/mckinsey/industries/retail/our%20insights/disruption%20and%20uncertainty%20the%20state%20of%20grocery%20retail%202021/disruption-and-uncertainty-the-state-of-grocery-retail-2021.pdf
https://www.mckinsey.com/~/media/mckinsey/industries/retail/our%20insights/disruption%20and%20uncertainty%20the%20state%20of%20grocery%20retail%202021/disruption-and-uncertainty-the-state-of-grocery-retail-2021.pdf
https://www.mckinsey.com/~/media/mckinsey/industries/retail/our%20insights/disruption%20and%20uncertainty%20the%20state%20of%20grocery%20retail%202021/disruption-and-uncertainty-the-state-of-grocery-retail-2021.pdf
https://www.mckinsey.com/~/media/mckinsey/industries/retail/our%20insights/disruption%20and%20uncertainty%20the%20state%20of%20grocery%20retail%202021/disruption-and-uncertainty-the-state-of-grocery-retail-2021.pdf
https://www.mckinsey.com/~/media/mckinsey/industries/retail/our%20insights/disruption%20and%20uncertainty%20the%20state%20of%20grocery%20retail%202021/disruption-and-uncertainty-the-state-of-grocery-retail-2021.pdf
https://www.mckinsey.com/~/media/mckinsey/industries/retail/our%20insights/disruption%20and%20uncertainty%20the%20state%20of%20grocery%20retail%202021/disruption-and-uncertainty-the-state-of-grocery-retail-2021.pdf
https://www.mckinsey.com/~/media/mckinsey/industries/retail/our%20insights/disruption%20and%20uncertainty%20the%20state%20of%20grocery%20retail%202021/disruption-and-uncertainty-the-state-of-grocery-retail-2021.pdf
https://www.mckinsey.com/~/media/mckinsey/industries/retail/our%20insights/disruption%20and%20uncertainty%20the%20state%20of%20grocery%20retail%202021/disruption-and-uncertainty-the-state-of-grocery-retail-2021.pdf
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0007
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0007
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0007
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0007
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0007
https://www.ifpri.org/blog/digital-innovations-accelerated-covid-19-are-revolutionizing-food-systems-implications-un-food/
https://www.ifpri.org/blog/digital-innovations-accelerated-covid-19-are-revolutionizing-food-systems-implications-un-food/
https://www.ifpri.org/blog/digital-innovations-accelerated-covid-19-are-revolutionizing-food-systems-implications-un-food/
https://www.ifpri.org/blog/digital-innovations-accelerated-covid-19-are-revolutionizing-food-systems-implications-un-food/
https://www.ifpri.org/blog/digital-innovations-accelerated-covid-19-are-revolutionizing-food-systems-implications-un-food/
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0009
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0009
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0009
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0010
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0010
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0010
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0010
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0010
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0011
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0011
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0011
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0011
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0012
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0012
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0012
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0012
http://refhub.elsevier.com/S1499-4046(25)00501-9/sbref0012


254 McGuirt et al Journal of Nutrition Education and Behavior � Volume 58, Number 3, 2026
and eating behavior research. Front

Nutr. 2023;10:1325265.

13. World Health Organization. Policies to

Protect Children From the Harmful Impact

of Food Marketing [WHO Guideline].

World Health Organization; 2023.

14. Granheim SI, Løvhaug AL, Terragni

L, Torheim LE, Thurston M. Map-

ping the digital food environment: a

systematic scoping review. Obes Rev.

2022;23:e13356.

15. IBM. What is artificial intelligence

(AI)? https://www.ibm.com/think/

topics/artificial-intelligence. Accessed

July 22, 2025.

16. IBM. What is machine learning (ML)?

https://www.ibm.com/think/topics/

machine-learning. Accessed July 22,

2025.

17. IBM. What is big data? https://www.

ibm.com/think/topics/big-data. Ac-

cessed July 22, 2025.

18. IBM. What is the internet of things

(IoT)? https://www.ibm.com/think/

topics/internet-of-things. Accessed

July 22, 2025.

19. McMahon D. The impact of technol-

ogy on ordering food for delivery.

https://altametrics.com/online-food-

order/ordering-food-for-delivery.

html. Accessed December 13, 2024.

20. Bennett R, Keeble M, Zorbas C,

et al. The potential influence of the

digital food retail environment on

health: a systematic scoping review

of the literature. Obes Rev. 2024;25:

e13671.

21. Reinartz W, Wiegand N, Imschloss

M. The impact of digital transforma-

tion on the retailing value chain. Int J

Res Mark. 2019;36:350–366.

22. Maganja D, Miller M, Trieu K, Scapin

T, Cameron A, Wu JHY. Evidence

gaps in assessments of the healthiness

of online supermarkets highlight the

need for new monitoring tools: a sys-

tematic review. Curr Atheroscler Rep.

2022;24:215–233.

23. Moran AJ, Headrick G, Perez C, et al.

Food marketing practices of major

online grocery retailers in the United

States, 2019−2020. J Acad Nutr Diet.

2022;122:2295–2310.e2.

24. Center for Science in the Public Inter-

est. Online grocery retailers under-

mining healthy eating, according to

CSPI marketplace scan. https://www.

cspinet.org/news/online-grocery-re-

tailers-undermining-healthy-eating-

according-cspi-marketplace-scan-

20200107. Accessed June 13, 2023.
25. Chintala SC, Liaukonyt_e J, Yang N.

Browsing the aisles or browsing the

app? How online grocery shopping is

changing what we buy. Mark Sci.

2024;43:506–522.

26. Trude ACB, Ali SH, Lowery CM,

et al. A click too far from fresh foods:

a mixed methods comparison of

online and in-store grocery behaviors

among low-income households. Appe-

tite. 2022;175:106038.

27. Pitts SBJ, Ng SW, Blitstein JL, Gustaf-

son A, Niculescu M. Online grocery

shopping: promise and pitfalls for

healthier food and beverage purchases.

Public Health Nutr. 2018;21:3360–

3376.

28. Rogus S, Guthrie JF, Niculescu M,

Mancino L. Online grocery shopping

knowledge, attitudes, and behaviors

among SNAP participants. J Nutr Educ

Behav. 2020;52:539–545.

29. Dennis A. Digital transformation in

the retail industry in 2023. https://

whatfix.com/blog/retail-digital-trans-

formation/. Accessed December 13,

2024.

30. Chui M, Hazan E, Roberts R, et al.

The economic potential of generative

AI. https://www.mckinsey.com/

~/media/mckinsey/business%20

functions/mckinsey%20digital/our%

20insights/the%20economic%20po

tent i a l%20of%20genera t ive%20

ai%20the%20next%20productivity

%20frontier/the-economic-potential-

of-generative-ai-the-next-productiv-

ity-frontier.pdf. Accessed December

13, 2024.

31. Kumar V, Ashraf AR, Nadeem W. AI-

powered marketing: what, where,

and how? Int J Inf Manag. 2024;77

:102783.

32. Chester J, Kopp K, Montgomery K.

Does buying groceries online put

SNAP participants at risk? https://

democraticmedia.org/assets/resour-

ces/cdd_snap_report_ff_0.pdf. Ac-

cessed December 13, 2024.

33. Food and Nutrition Service. Stores

accepting SNAP online. https://

www.fns.usda.gov/snap/online. Ac-

cessed January 24, 2022.

34. Halverson S. SNAP Online Purchas-

ing Now Available in All 50 States -.

AgNet West. June 13, 2023. https://

agnetwest.com/snap-online-purchas-

ing-available-50-states/. Accessed Jan-

uary 15, 2026.

35. Food and Nutrition Service. Modern-

ization WIC, https://www.fns.usda.
gov/wic/modernization. Accessed

December 13, 2024.

36. Trude ACB, Lowery CM, Ali SH, Ve-

dovato GM. An equity-oriented sys-

tematic review of online grocery

shopping among low-income popula-

tions: implications for policy and

research. Nutr Rev. 2022;80:1294–

1310.

37. Center for Digital Democracy. Does

buying groceries online put SNAP

participants at risk? https://democrat-

icmedia.org/assets/resources/

cdd_snap_exec_summary_ff_0.pdf.

Accessed October 19, 2022.

38. Harris J, Fleming-Milici MS. Rudd

report- targeting food and beverage

advertising to Black and Hispanic

consumers: 2022 Update. https://

uconnruddcenter.org/wp-content/

uploads/sites/2909/2022/11/Rudd-

Targeted-Marketing-Report-2022.

pdf. Accessed December 13, 2024.

39. Vitsentzatou E, Tsoulfas GT, Mihiotis

AN. The digital transformation of the

marketing mix in the food and bever-

age service supply chain: A grey DE-

MATEL approach. Sustainability.

2022;14:15228.

40. McGuirt JT, Cooke NK, Burgermas-

ter M, et al. Extended reality technol-

ogies in nutrition education and

behavior: comprehensive scoping

review and future directions. Nutrients.

2020;12:2899.
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