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Abstract: The United States (U.S.) Department of Agriculture (USDA)-administered Supplemental
Nutrition Assistance Program (SNAP) made substantial changes in response to the coronavirus
disease 2019 (COVID-19) pandemic. These changes highlight the need to identify the digital literacy
skills and capacities of SNAP adults to purchase healthy groceries online. We conducted a scoping
review of four electronic databases, Google and Google Scholar to identify studies that measured
food and nutrition literacy outcomes for U.S. adults. We applied a multi-dimensional digital food
and nutrition literacy (MDFNL) model to assess six literacy levels and components. Of 18 studies
published from 2006–2021, all measured functional and interactive literacy but no study measured
communicative, critical, translational, or digital literacy. Six studies examined SNAP or SNAP-
Education outcomes. Adults with higher food or nutrition literacy scores had better cognitive,
behavioral, food security and health outcomes. We suggest how these findings may inform research,
policies, and actions to strengthen the multi-dimensional literacy skills of SNAP participants and
SNAP-eligible adults to support healthy purchases in the online food retail ecosystem.

Keywords: online food retail; food retail environment; online shopping; federal nutrition assistance;
SNAP; nutrition literacy; food literacy; digital literacy; policy; COVID-19

1. Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that caused the
coronavirus disease 2019 (COVID-19) spread throughout the United States (U.S.) and
globally in late 2019 through 2021. By June 2021, COVID-19 had infected over 33 million
Americans and caused more than 599,000 deaths [1]. During 2020, COVID-19 profoundly
weakened the food and nutrition security for American households. One in four urban
U.S. households with children experienced food insufficiency and adverse mental health
outcomes [2]. Many Americans struggled to pay their monthly rent, credit card bills, or
other debts, and depleted their savings accounts or could not afford medical care [3,4].
By December 2020, 11 million Americans had transitioned into poverty after losing their
jobs and depleting the short-term emergency funds provided by the federal government
through the 2020 Coronavirus Aid, Relief, and Economic Security (CARES) Act [5,6]. By
March 2021, 18 million adults reported not having enough food and 67 million adults had
difficulty paying for household expenses, such as rent, food or medical costs [7].

COVID-19 disrupted the U.S. food supply, distribution, and services systems and
produced major changes in the federal government’s safety-net programs [8]. The Supple-
mental Nutrition Assistance Program (SNAP), administered by the U.S. Department of
Agriculture (USDA), provides monthly monetary benefits to low-income families with a
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household income of ≤130 percent of the poverty income level. SNAP served 40 million
Americans in 2019 and cost U.S. $70 billion [9].

Prior to the COVID-19 pandemic, U.S. household food insecurity rates were about
10.5 percent in 2019, representing 13.7 million households and 35 million Americans. These
rates were higher for households with children, with 13.6 percent of households facing food
insecurity and millions of children who experienced disrupted eating and hunger [10,11].
These pre-pandemic food insecurity rates were the lowest documented since the early
1990s [12]. By June 2020, food insecurity among low-income U.S. households with children
had tripled to nearly 30 percent [13]. The Bipartisan Center for Budget on Policy Priorities
estimated that 25 million Americans were unemployed by December 2020, and every
U.S. state had experienced an increase in SNAP enrollment, especially among Black and
Latino households that reported having inadequate food [7]. Food insecurity is projected
to decline in 2021; however, these rates may remain higher than pre-pandemic levels, and
about 42 million people may not have adequate food [12].

COVID-19 shifted the way that Americans access, purchase, prepare and eat food. In
response to the pandemic and the resulting restrictions and safety precautions, Americans
made fewer in-person grocery shopping trips; used online cashless e-commerce platforms
to order food and groceries for delivery or pick up; prepared and ate more meals at
home with their families; stockpiled a higher proportion of shelf-stable, frozen, and highly
processed food products or prepared meals; and were exposed to more direct-to-consumer
branded product advertising through online digital marketing platforms [14–17]. Online
shoppers reported purchasing less fresh produce and more unhealthy processed products
promoted by retailers through digital technology [18,19] that contribute to poorer diet
quality and health. Online food shopping is expected to grow, as marketing research has
forecasted that 70 percent of Americans may purchase a proportion of their groceries online
by 2024, representing U.S. $100 billion annually in online sales [20].

1.1. SNAP Expansion Allows Online Food Grocery Shopping

The Families First Coronavirus Response Act of 2020 provided the USDA Secretary
with the authority to approve state agency waivers to change the emergency SNAP eligibil-
ity standards and provide pandemic electronic benefits transfer (P-EBT) benefits to eligible
Americans [21]. In response to COVID-19, the USDA also expanded the SNAP Online
Purchasing Pilot program, funded by the 2014 U.S. Farm Bill in five states (i.e., New York,
Washington, Alabama, Iowa, and Oregon). This expansion allowed SNAP participants in
47 states and the District of Columbia to use their benefits for online grocery shopping at
approved retailers [22,23]. Amazon and Walmart, for example, are major USDA-authorized
online grocery retailers that serve SNAP recipients in most states [23]. Online orders can be
picked up curbside (called “Click and Collect”) or delivered to SNAP participants’ homes.
However, SNAP funds cannot be used for delivery or other food purchasing fees [24].
President Biden signed the American Rescue Plan into law in March 2021, which included
an extension of the 15 percent increase in SNAP maximum benefit allotments through
September 2021. The law also provides U.S. $1.15 billion to help states manage SNAP
programs and U.S. $25 million to improve SNAP online purchasing, including mobile EBT
use and retailers’ technological capacities [25].

Before 2020, online grocery shopping represented less than three percent of SNAP
users’ spending [26]. SNAP recipients reported many barriers to online shopping, including
a lack of trust in the online retail process, a perceived lack of control over food selection,
and higher prices for products purchased online instead of in brick-and-mortar stores.
However, convenience, free shipping, and discounts may motivate SNAP participants to
use their P-EBT cards to purchase groceries online [26]. Due to the rapid expansion of the
SNAP Online Purchasing Pilot Program during the COVID-19 pandemic, there has yet to
be a formal evaluation of the program. A USDA Economic Research Service study released
in July 2021 found that as the Pilot program expanded, the value of SNAP benefits used for
online grocery purchases grew from $2.9 million USD in February 2020 to $196.3 million in
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September 2020 [27]. More than 1.5 million households were purchasing groceries online
with SNAP benefits by March 2021 [28].

1.2. Digital Infrastructure and Access and Digital Literacy in the U.S. Population

Affordable access to broadband internet services is a social determinant of health [29],
yet an estimated 21.3 to 42 million Americans do not have access to broadband internet
services [30]. Americans living in rural areas are less likely than urban or suburban adults
to have broadband at home or own a smartphone [31]. In 2019, less than a third of U.S.
adults with an annual income below U.S. $30,000 did not own a smartphone and more than
40 percent did not have broadband services, a traditional computer, or were not a tablet
owner. About a quarter (26 percent) of Americans living in low-income households are
“smartphone-dependent internet users,” which means that they own a smartphone but do
not have broadband services at home [32]. Sharing a single smartphone or mobile device
involves multi-tasking many activities, such as ordering groceries or paying bills online; it
is particularly challenging for adults supervising children who are learning remotely at
home due to COVID-related school closures [32].

The digital divide disproportionately affects low-income and racially or ethnically
diverse older adults, non-native English-speakers, the disabled, and senior citizens who
do not have access to high-speed 4G or 5G broadband internet services or lack the skills
to use digital technology. Therefore, daily activities, such as scheduling telemedicine
appointments with healthcare providers, buying groceries, or paying bills online, are
affected [33,34]. The Pew Research Center reported that Black and Hispanic adults are less
likely than White adults to own a computer or have high-speed internet services at home,
although smartphones are reducing these disparities [35].

The United Nations Nutrition defines digital literacy as “the ability and skills to find,
evaluate, create and communicate information effectively using digital technologies and
platforms” [36]. The growth in digital technology is an opportunity to use digital platforms
and channels to improve nutrition and health and transform the food system. It also
presents new challenges ranging from cybersecurity and data privacy risks to the increased
targeted online marketing of unhealthy food and beverage products.

1.3. Food and Nutrition Literacy of Adult SNAP and SNAP-Education Participants

Evidence shows that an increase in SNAP benefits may improve the food security
status of low-income households, but not necessarily improve overall diet quality [37].
Research also suggests that the dietary intake and diet quality of low-income SNAP
participants do not align with the Dietary Guidelines for Americans (DGA) [38,39]. This
observation is important because SNAP participants experience higher rates of obesity,
type 2 diabetes, and cardiovascular diseases [40] that complicate COVID-19 morbidity,
exacerbate food insecurity, and increase mortality rates [41]. Research suggests that low-
income Americans who are more confident in their food resource management [42] and
their financial literacy skills [43] are less likely to be food insecure. Low numeracy skills are
also associated with higher body mass index and lower healthy-weight management [44].

SNAP-Education (SNAP-Ed) is a federal program that supports SNAP participants
by providing nutrition education, including food resource management and access to
affordable and nutritious foods and beverages [45]. SNAP-Ed’s best-practice guidelines
recommend that educational materials should consider literacy, especially age and reading
level [46]. However, neither SNAP nor SNAP-Ed provides any clear guidance or recom-
mendations for improving health, digital, food, nutrition, and/or financial literacy among
SNAP-eligible adults. The COVID-19 and post-COVID online food shopping and eating
trends underscore the need for SNAP participants at risk of food insecurity to develop
many literacy skills to navigate the shift from the in-store to online path to purchase food
ecosystem in order to make healthy food and beverage product choices that align with
national food guidance including the 2020–2025 DGA [47] and USDA’s MyPlate [48].
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1.4. Study Purpose

The aim of this study is to apply a newly developed Multi-Dimensional Digital Food
and Nutrition Literacy (MDFNL) model [49] (Figure 1) to examine the capacities and
skills of SNAP participants and SNAP-eligible adults (herein after referred to collectively
as SNAP adults) to make healthy food and beverage purchases online. The MDFNL
model offers five progressive food and nutrition literacy levels (i.e., functional, interactive,
communicative, critical, and translational literacy). It also depicts digital literacy as a
cross-cutting factor for all levels. This study assesses how food and nutrition capacities and
outcomes have been measured for U.S. adults compared to the MDFNL model. The study
aims to identify gaps in the policies, systems, and environments to support the online
food retail opportunities for SNAP adults. The findings are used to recommend actions for
diverse U.S. actors to strengthen the digital food and nutrition literacy infrastructure and
skills for SNAP adults.
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Figure 1. Multi-dimensional Digital Food and Nutrition Literacy (MDFNL) model to support SNAP adults to make healthy
purchases in an online food retail ecosystem [49].

2. Materials and Methods

This study was guided by two research questions (RQ):
RQ1: What does the available evidence show about the literacy capacities and skills

of American adults, especially low-income SNAP adults, to make healthy and affordable
purchases within the online food retail ecosystem?
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RQ2: How can the MDFNL model be used to assess the available evidence on
U.S. adults’ literacy capacities and skills for online purchases to inform future policy
and research?

The study used a systematic scoping review process, guided by a restricted review
framework [50], to compile and analyze relevant evidence. The five stages of the Arksey &
O’Malley 2005 [51] framework for conducting a scoping review was used to identify, select,
compile, and analyze evidence that was synthesized into a narrative summary.

The first author, K.C.S., worked with university librarians to develop the search strat-
egy to compile data to inform RQ1. The Preferred Reporting Items for Systematic Review
and Meta-Analysis Protocol (PRISMA-P) [52] and the PRISMA Extension for Scoping Re-
views (PRISMA-ScR) [53] checklists were used for the search strategy. Risk of bias and
study quality were not assessed since the research questions were exploratory in nature.
The title and abstract searches were conducted across four electronic databases: Academic
Search Complete, PsycINFO, PubMed, and Web of Science. Google (first 200 hits) and
Google Scholar (first 200 hits) [54] were also searched in incognito mode to collect data to in-
form the research questions. The following search terms were used for each of the databases
and platforms: (literacy) AND (nutrition* OR food OR diet*). Where applicable, relevant
MeSH terms (i.e., literacy; food; diet) were also included in the search. Peer-reviewed
and gray literature sources published from journal inception to January 18, 2021, were
considered for inclusion. Table 1 summarizes the population, intervention, comparison,
outcome, time, and setting/study design (PICOTS) criteria used to identify observational,
cross-sectional, or intervention studies that reported relevant food or nutrition literacy
outcomes for U.S. adults.

Table 1. The PICOTS framework used to identify relevant food and nutrition literacy studies.

PICOTS Inclusion Exclusion

Population • U.S. adults (ages 18 years and older); and/or • Non-U.S. populations
• SNAP participants or SNAP-eligible adults • Children and adolescents

Intervention/Exposure

• Nutrition or food literacy measured with specific
tool; or

• Measurement of a food- or nutrition-relevant
behavior, such as reading a nutrition label, for
which there was a clear link to nutrition or
food literacy.

Studies for which the main goal was to
develop, assess or confirm the validity or
reliability of a specific nutrition or food literacy
assessment tool, unless the target population
was SNAP adults.

Comparison Control populations No comparative population

Outcomes

One or more cognitive, behavioral, food security, or
health status outcomes linked to food and/or
nutrition literacy, including:
• Cognitive: awareness, knowledge, attitudes,

beliefs, self-efficacy, and/or skills.
• Behavioral: food purchasing, preparation, and/or

reading a nutrition or product label.
• Food Security: individual- or household-level

food security.
• Health: obesity measured by body mass index,

type 2 diabetes, heart disease, and/or cancer.

No outcomes relevant to food and/or nutrition
literacy reported.

Time Sources published from inception to 18 January 2021 Sources published after 18 January 2021

Setting/Study Design Observational, cross-sectional, or intervention studies

• Review articles
• Commentaries or editorials
• Poster presentations or abstracts
• Academic theses or dissertations

United States (U.S.); Supplemental Nutrition Assistance Program (SNAP).
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The search identified primary evidence sources that assessed nutrition or food literacy
characteristics and cognitive, behavioral, food security, and/or health outcomes relevant
to understanding the capacities and skills of SNAP adults operating in the online digital
food retail ecosystem. K.C.S. conducted the electronic searches, screened, and identified
relevant full-text articles for consideration. Two co-authors, K.C.S. and P.B.H., indepen-
dently reviewed the full-text articles for alignment with the PICOTS criteria and discussed
or resolved any discrepancies related to the interpretation of evidence sources. P.B.H.
conducted the data extraction and created an evidence table to summarize the lead author
and year published; the study objective; the population and location; the study design and
data collection period; the cognitive, behavioral, food security, and/or health outcomes;
and the major study findings. The lead author (K.C.S.) developed a separate evidence table
to summarize the self-reported type of literacy assessed; the literacy tool used; the literacy
capacities and skills measured; and the level of literacy measured based on the MDFNL
model [49].

3. Results

Figure 2 describes the PRISMA flow diagram that identified 18 studies [55–72] pub-
lished between 2006 and 2020. These included 15 observational or cross-sectional studies
and 3 intervention studies. Eleven studies were conducted in Florida, Indiana, Kansas,
Louisiana, Maryland, New York, Tennessee, and Texas [58–63,65,67–70]; four studies
were conducted in the mid-Atlantic [66], Southeast [57], or the lower Mississippi Delta
regions [71,72]; and three were national studies [55,56,64], two of which were administered
via mail [55,64].
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3.1. Overview of Studies That Evaluated Food and/or Nutrition Literacy of U.S. Adults

Table 2 outlines the objectives, location, population, and outcomes measured and the
major relevant findings for each of the 18 studies. Only three of the 18 studies [55,63,70]
described using a conceptual or theoretically grounded framework to inform the study
design and interpret the results. Grutzmacher et al., 2020 [59] noted the importance of using
conceptual frameworks in future studies to ensure that similar domains are not conflated
and to improve measurement. Three studies [56,61,62] assessed the food security status of
either individuals or households, making it difficult to generalize the relationship between
literacy and food security status. These studies did not consistently use the same eligibility
criteria; therefore, it is difficult to compare the results across literacy and income levels.
Six studies [56,58,59,62,68,72] reported including low-income SNAP or SNAP-eligible
participants. While several studies included diverse racial and ethnic participants, the
majority of participants were White. Fifteen of the 18 studies reported results for two or
more racial or ethnic groups [55,56,58,60–69,71,72], and seven of these studies [55,62,64,66–
69,72] found a statistically significant association between race and/or ethnicity and a food
and/or nutrition literacy outcome.

No study measured any component of digital literacy or the online digital retail
environment more broadly. Therefore, the digital literacy components in the MDFNL
model [49] were not included in this assessment. Based on the MDFNL model’s definitions
and principles, all studies (n = 18) measured functional and interactive literacy. However,
no studies assessed more advanced literacy skills as reflected in the communicative, critical,
and translational levels of the MDFNL model (Table 3).

Zoellner et al., 2009 [71] was the only study that reported on media used by par-
ticipants to obtain health, food, and dietary information. Only one study [56] reported
measuring financial literacy skills of SNAP participants. Six studies measured one or more
household resource management skills, such as frugal buying and stretching food dollars
(e.g., making a grocery list and using coupons or other means of savings) [56,58,61,65,69]
or extending the food safety of perishable items through refrigeration and being aware of
the cost of organic foods [57].
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Table 2. Studies that evaluated the food and/or nutrition literacy of U.S. adults, including SNAP adults, 2006–2021.

Lead
Author, Year

Study
Objective

Study
Location

Study
Population

Race/Ethnicity of
Study

Population

Study
Design

Outcomes Measured
Cognitive (C); Behavioral (B);

Food Security (FS);
Health Status (H)

Major Finding

Amuta-
Jimenez et al.,
2018 [55]

Assess differences between
food label literacy and other
factors between
respondents.

National

U.S. adults
(n = 3185) with cancer
sub-population
(n = 459);
(F = 280; M = 168)

African American
(n = 36); Asian (n = 7);
Caucasian (n = 285);
Hispanic (n = 37);
Other (n = 9)

Cross-sectional
study

C: Food label literacy;
confidence in ability to take care
of self.
B: Food label use; menu use;
dietary intake; health
information seeking behavior;
participation in cancer
support group.
FS: Not measured.
H: Body mass index (BMI).

Food label use
associated with better
quality diets.

Chang et al.,
2017 [56]

Evaluate relationship
between nutrition literacy
and food insecurity in
SNAP participants.

National (house-hold
visits with telephone
follow up)

U.S. households (n = 4158)
with SNAP household
sub-population
(n = 1342 weighted)

Black
(n = 349); Hispanic
(n = 318); White
(n = 859); Other
(n = 148)

Cross-sectional
study

C: Knowledge of U.S.
nutrition guidelines.
B: Food label use; nutrition
guideline use; conscientious or
frugal buying;
financial management practices.
FS: Household-level
food security.
H: Not measured.

SNAP participants face
unique
financial challenges.

Coffman et al.,
2012 [57]

Test the Spanish Nutrition
Literacy Scale and assess
relationship
between literacy and
overweight/obesity.

Southeast US city

Spanish-speaking U.S.
adults
(n = 131);
(F = 103;
M = 28)

Hispanic
(n = 131)

Cross-sectional
study

C: Nutrition literacy;
health literacy.
B: Not measured.
FS: Not measured.
H: BMI (overweight
and obesity).

Nutrition literacy scores
were lower in
overweight or obese
respondents.

Gibbs et al.,
2016 [58]

Test the Nutrition Literacy
Assessment for Parents tool
and relationships among
parental nutrition
literacy, parent, and child
BMI and child diet quality.

Kansas City
Metropolitan Area

English-speaking U.S.
adults in
parent-child dyads
(n = 101);
(F = 86; M = 15)
SNAP households
(n = 25)

Black (n = 24); Hispanic
(n = 6); White (n = 70);
American Indian or
Alaskan Native (n = 1)

Cross-sectional
study

C: Nutrition literacy by health
literacy and
nutrition knowledge.
B: Dietary intake and quality
(parent and child).
FS: Not measured.
H: BMI (parent and child).

Parental nutrition
literacy is a significant
predictor of child
diet quality.
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Table 2. Cont.

Lead
Author, Year

Study
Objective

Study
Location

Study
Population

Race/Ethnicity of
Study

Population

Study
Design

Outcomes Measured
Cognitive (C); Behavioral (B);

Food Security (FS);
Health Status (H)

Major Finding

Grutzmacher
et al., 2020 [59]

Examine numeracy skills
and Nutrition Fact Label
skills in classifying health
literacy and
NVS performance.

Maryland

SNAP-eligible adults
(n = 144);
(F = 110;
M = 34)

Racial and ethnic data
not reported.

Cross-sectional
study

C: Health literacy;
nutrition literacy.
B: Not measured.
FS: Not measured.
H: Not measured.

The NVS literacy tool
appears to measure
many skills
and constructs
simultaneously.

Jay et al.,
2009 [60]

Test multimedia
intervention to improve
food label comprehension in
low-income patients with
chronic health conditions.

New York City

U.S. English-speaking
adult patients with
chronic health conditions
(n = 42);
(F = 34; M = 8)

Asian (n = 5);
African American
(n = 11); Caucasian
(n = 6); Hispanic
(n = 16); Other (n = 2)

Random-ized
Interven-tion trial

C: Food label exposure;
confidence interpreting
knowledge; health literacy.
B: Not measured.
FS: Not measured.
H: Health status measured at
baseline but not at post-test.

A multimedia
intervention can
improve short-term
food label
comprehension in
patients with adequate
health literacy.

Jones and
Adkins
2021 [61]

Examine associations
between nutrition literacy
and food selections in
school-based food pantry.

Indiana

U.S. adult users of a
school food pantry
(n = 61);
(F = 41;
M = 20)

African American
(n = 12); Caucasian
(n = 31); Hispanic
(n = 2);
Other (n = 16)

Cross-sectional
study

C: Nutrition literacy and
preferences.
B: Food selection at a
food pantry.
FS: Household-level and child
food security.
H: Not measured.

Higher adult nutrition
literacy was associated
with a selection of a
more diverse set of food
items in a school-based
food pantry.

Moore et al.,
2020 [62]

Assess and compare
nutrition literacy and food
insecurity in
college students.

Texas
(3 college campuses)

U.S. adult college students
(n = 672);
(F = 527;
M = 69)
SNAP enrolled (n = 14)

Asian
(n = 96);
Black (n = 90); Hispanic
(n = 111); White
(n = 324)

Cross-sectional
study

C: Nutrition literacy.
B: Not measured.
FS: Individual-level food
security.
H: Not measured.

Among students with
adequate nutrition
literacy, a greater
proportion were
food secure.

Parekh et al.,
2018 [63]

Feasibility of nutrition
education workshops for
cancer survivors to inform
the design of a
multi-center intervention.

New York City

U.S. adult female
English-speaking breast
cancer patients
post-treatment
(n = 59)

Asian (n = 3); American
Indian/Alaskan Native
(n = 2);
Black (n = 13); White
(n = 40); Other (n = 1)

Random-ized
Interven-tion Trial

C: Nutrition literacy; health
literacy.
B: Fruit and vegetable, alcohol,
and high fiber food intake.
FS: Not measured.
H: Height; weight.

The workshop
interventions were
found to be promising
and scalable.
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Table 2. Cont.

Lead
Author, Year

Study
Objective

Study
Location

Study
Population

Race/Ethnicity of
Study

Population

Study
Design

Outcomes Measured
Cognitive (C); Behavioral (B);

Food Security (FS);
Health Status (H)

Major Finding

Persoskie et al.,
2017 [64]

Assess Nutrition Facts label
understanding and
associations by diet and
demographics.

National

U.S. adults
(n = 3815)
Nationally representative
(F = 1893;
M = 1190)

Black
(n = 335); Hispanic
(n = 478); White
(n = 2140); Other
(n = 232)

Cross-sectional
study

C: Health literacy.
B: Sugar sweetened beverages,
fruit, and vegetable intake.
FS: Not measured.
H: Not measured.

Even with revised or
simplified Nutrition
Facts label, ability to
make calculations was a
barrier to greater
health literacy.

Rhea et al.,
2020 [65]

Test multi-factorial nutrition
education skill building
program for veterinary
medical students to improve
food literacy scores.

Louisiana

U.S. adult college
veterinary and
non-veterinary students
(n = 37);
(F = 31;
M = 6)

Asian
(n = 6);
Black (n = 5); Hispanic
(n = 1);
White
(n = 25)

Four-week
interven-tion trial

C: Knowledge and awareness of
nutritious foods;
food preferences.
B: Reads nutrition information
before purchase, food selection,
food preparation, menu
planning, practice
cooking skills.
FS: Not measured.
H: Not measured.

The intervention raised
student awareness and
increased behaviors to
select, prepare, and eat
healthy food.

Rosenbaum
et al., 2018 [66]

Identify correlates of
nutrition literacy; whether
nutrition literacy predicted
weight loss, food record
completion and quality, and
session attendance; and
associations of race
and education.

Mid-Atlantic
Metropo-litan Area

U.S. adults with
overweight
or
obesity
(n = 320);
(F = 250;
M = 70)

Black
(n = 80); White
(n = 224); Other
(n = 16)

Secondary data
analysis of a
six-month
behavioral weight
loss interven-tion

C: Nutrition literacy.
B: Food record completion, food
record quality, meeting
attendance, self-monitoring.
FS: Not measured.
H: Weight loss at six months.

Lower nutrition literacy
was associated with less
weight loss in program
participants. Nutrition
literacy was lower for
Black participants and
those with less
education.

Roth-man et al.,
2006 [67]

Patient comprehension of
nutrition labels and
relationship of label
understanding to patient or
demographic characteristics,
literacy, and
numeracy skills.

TN

U.S. primary health care
patient adults (n = 200)
(F = 143;
M = 57)

Black
(n = 50); White
(n = 134); Other
(n = 16)

Cross-sectional
study

C: Nutrition label
comprehension, reading, and
numeracy skills.
B: Food label use and frequency;
diet plan use.
FS: Not measured.
H: Chronic disease status; BMI.

Poor nutrition label
comprehension was
highly correlated with
low literacy and low
numeracy skills.
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Table 2. Cont.

Lead Author,
Year

Study
Objective

Study
Location

Study
Population

Race/Ethnicity of
Study

Population

Study
Design

Outcomes Measured
Cognitive (C); Behavioral (B);

Food Security (FS);
Health Status (H)

Major Finding

Speirs et al.,
2012 [68]

Assess demographic
characteristics and the
relationship between health
literacy and
nutrition behaviors.

Maryland

SNAP-eligible adults
(n = 142);
(F = 108;
M = 34)

African American
(n = 75); White
(n = 50); Other (n = 17)

Cross-sectional
survey

C: Health literacy.
B: Fruit and vegetable intake;
consumption of healthy foods.
FS: Not measured.
H: Not measured.

Strong relationship
between adequate
health literacy and
healthy consumption
behaviors was
not found.

Taylor et al.,
2019 [69]

Describe the relationship
between adherence to
distinct dietary patterns and
nutrition literacy.

Kansas City
Metropolitan Area

U.S. adults
(n = 386) with diabetes,
hypertension,
hyperlipid-emia, and/or
overweight or obesity;
(F = 274;
M = 112)

African American
(n = 131); White
(n = 233); Hispanic
(n = 36); Other (n = 46)

Cross-sectional
study

C: Nutrition literacy.
B: Food intake and practices.
FS: Not measured.
H: Not measured.

Nutrition literacy
predicted diet quality
and diet patterns.

Tucker et al.,
2019 [70]

Examine results from a
culturally sensitive,
church-based health
promotion
intervention among
Black adults.

Florida

U.S. adult church
congregants
(n = 321);
(F = 208;
M = 51;
no sex reported;
n = 62)

Black
(n = 321)

Random-ized
control trial
(pre-post
interven-tion)

C: Nutrition label literacy.
B: Using health promoting
behaviors (i.e., healthy eating,
healthy drinking, physical
activity).
FS: Not measured.
H: Weight, blood pressure.

Intervention group had
significantly greater
increases in nutrition
label literacy and health
behaviors than the
control group.

Zoellner et al.,
2009 [71]

Examine the
nutrition literacy status and
preferred nutrition
communication channels
of adults.

Lower MS Delta
Region

U.S. adults
(n = 177);
(F = 124;
M = 53)

African American
(n = 144); White (n = 33)

Cross-
sectional study

C: Awareness and exposure to
nutrition and health information
and communication channels;
nutrition literacy.
B: Media use for health, food
and diet information.
FS: Not measured.
H: BMI.

Results suggest an
association between
nutrition-seeking
behaviors and
nutrition literacy.

Zoellner et al.,
2011 [72]

Evaluate health literacy, diet
quality, and
sugar-sweetened beverage
intake while accounting for
demographic variables.

Lower MS
Delta Region

U.S. adults
(n = 376);
(F = 287;
M = 89)
SNAP-enrolled
(n = 103)

African American
(n = 254); non-Hispanic
White
(n = 116); Other (n = 6)

Cross-sectional
study

C: Health literacy.
B: Dietary intake, diet quality
(using the Healthy Eating
Index), sugary beverage intake.
FS: Not measured.
H: BMI.

Better understanding of
limited health literacy
needed to
improve practices.

Cognitive (C); Behavioral (B); Food Security (FS); Health Status (HS); United States (U.S.); female (F); male (M); Body mass index (BMI); Mississippi (MS); Supplemental Nutrition Assistance Program (SNAP);
Tennessee (TN); U.S. Department of Agriculture (USDA).
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Table 3. Literacy measurements and tools used in the 18 studies reviewed.

Lead Author, Year Type of
Literacy Measured (Self-Reported) Literacy Tool Used Literacy Skills and Capacities Measured Literacy Proficiency Measured

(Based on MDFNL Model)

Amuta-Jimenez et al.,
2018 [55] Food label literacy

Modified Newest Vital Sign (NVS)
Health Literacy Screener via Health
Information National Trends
Survey (mailed)

Ability to use food label to calculate calories,
specific nutrients, fat intake, and percent daily
value; use of calorie labels on menu.

Functional,
Interactive

Chang et al., 2017 [56] Nutrition literacy USDA’s National Household Food
Acquisition and Purchase Survey

Knowledge of U.S. nutrition guidelines (MyPlate
and MyPyramid); try to follow nutrition guideline
recommendations; use of nutrition facts panel on
food products.

Functional,
Interactive

Coffman et al., 2012 [57] Nutrition literacy; health literacy

Spanish Nutrition Literacy Scale;
Short Test of Functional Health
Literacy in Adults;
NVS Health Literacy Screener

Ability to correctly fill in blanks for food and diet
recommendations and health implication
statements; ability to read food label and
ingredients; ability to use food label to calculate
calories, specific nutrients, fat intake, and percent
daily value.

Functional,
Interactive

Gibbs et al., 2016 [58] Nutrition literacy Modified Nutrition Literacy
Assessment Instrument

Ability to categorize foods based on dietary
recommendations; ability to group foods;
knowledge of macronutrients; ability to estimate
portion size; ability to read food label and
make calculations.

Functional, Interactive

Grutzmacher
et al., 2020 [59] Health literacy Original and modified NVS Health

Literacy Screener

Ability to read food label and ingredients; ability to
use food label to calculate calories, specific
nutrients, fat intake, and percent daily value.

Functional, Interactive

Jay et al., 2009 [60] Food label use and understand-ing
Short Test of Functional Health
Literacy in Adults
(pre/post intervention)

Ability to interpret serving size, fat and nutrient
levels, and percent daily values from food labels
and compare across labels;
confidence in nutrition knowledge.

Functional, Interactive

Jones and
Adkins 2021 [61] Nutrition literacy Nutrition Literacy

Assessment Instrument

Ability to categorize foods based on dietary
recommendations; ability to group foods;
knowledge of macronutrients; ability to estimate
portion size; ability to read food label and
make calculations.

Functional, Interactive



Int. J. Environ. Res. Public Health 2021, 18, 8335 13 of 25

Table 3. Cont.

Lead Author, Year Type of
Literacy Measured (Self-Reported) Literacy Tool Used Literacy Skills and Capacities Measured Literacy Proficiency Measured

(Based on MDFNL Model)

Moore et al., 2020 [62] Nutrition literacy Modified Nutrition Literacy
Assessment Instrument

Ability to answer nutrition questions about energy
sources (proteins, carbohydrates, and fats). Functional, Interactive

Parekh et al., 2018 [63] Nutrition literacy; health literacy
NVS Health Literacy Screener;
Nutrition Literacy Assessment
Instrument for Breast Cancer

Ability to categorize foods based on dietary
recommendations; ability to group foods;
knowledge of macronutrients; ability to estimate
portion size; ability to read food label and
ingredients; ability to use food label to calculate
calories, specific nutrients, fat intake, and percent
daily value.

Functional, Interactive

Persoskie et al., 2017 [64] Health literacy NVS Health Literacy Screener,
shortened version (mailed)

Ability to read food label and ingredients; ability to
use food label to calculate calories, specific
nutrients, fat intake, and percent daily value.

Functional, Interactive

Rhea et al., 2020 [65] Food literacy Eating and Food Literacy Behaviors
Questionnaire (pre/post program)

Self-reported purchase and consumption of healthy
foods and balanced meals; meal preparation and
planning behaviors; use of nutrition information
before purchase; use of recipes when preparing
meals; food
preferences (convenience, taste).

Functional, Interactive

Rosenbaum et al.,
2018 [66] Nutrition literacy NVS Health Literacy Screener

at baseline

Ability to read food label and ingredients; ability to
use food label to calculate calories, specific
nutrients, fat intake, and percent daily value.

Functional, Interactive

Rothman et al. 2006 [67] Health literacy

Nutrition Label Survey;
Rapid Estimate of Adult Literacy in
Medicine;
Wide Range Achievement Test,
third ed.

Ability to read food label; ability to use food label
to calculate various quantities and values, such as
nutrient content; ability to compare nutrient
contents between two food items.

Functional, Interactive

Speirs et al., 2012 [68] Health literacy NVS Health Literacy Screener
Ability to read food label and ingredients; ability to
use food label to calculate calories, specific
nutrients, fat intake, and percent daily value.

Functional, Interactive
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Table 3. Cont.

Lead Author, Year Type of
Literacy Measured (Self-Reported) Literacy Tool Used Literacy Skills and Capacities Measured Literacy Proficiency Measured

(Based on MDFNL Model)

Taylor et al., 2019 [69] Nutrition literacy Nutrition Literacy
Assessment Instrument

Ability to categorize foods based on dietary
recommendations; ability to group foods;
knowledge of macronutrients; ability to estimate
portion size; ability to read food label and
make calculations.

Functional, Interactive

Tucker et al., 2019 [70] Nutrition label health literacy NVS Health Literacy Screener
Ability to read food label and ingredients; ability to
use food label to calculate calories, specific
nutrients, fat intake, and percent daily value.

Functional, Interactive

Zoellner et al., 2009 [71] Nutrition literacy
NVS Health Literacy Screener;
Health Information National Trends
Survey-Adapted

Ability to read food label and ingredients; ability to
use food label to calculate calories, specific
nutrients, fat intake, and percent daily value; use of
communication channels for nutrition, food, or diet
information; awareness and self-reported
knowledge of national dietary guidelines.

Functional, Interactive

Zoellner et al., 2011 [72] Health literacy NVS Health Literacy Screener
Ability to read food label and ingredients; ability to
use food label to calculate calories, specific
nutrients, fat intake, and percent daily value.

Functional, Interactive

Newest Vital Sign (NVS).



Int. J. Environ. Res. Public Health 2021, 18, 8335 15 of 25

3.2. Literacy Measurement and Tools

Several different methodological instruments and tools were used to assess health,
food and/or nutrition literacy of the adult populations studied (Table 3). The Newest Vital
Sign (NVS) health literacy tool was used in eight of 18 studies [57,59,63,66,68,70–72]. The
NVS tool was validated as a rapid six-item health literacy screener to be administered
by an interviewer and not self-administered online [73]. The NVS tool measures an
individual’s understanding and comprehension of a food product label for ice cream. Our
review found that three studies used a shortened NVS tool version (four rather than six
questions) [55,59,64] and two studies [55,64] used the shortened NSV tool in a mailed
survey format. We found that the NVS tool has been used beyond its intended function
as a health literacy screening tool to also serve as a proxy measure of food and nutrition
literacy. The NVS tool measures a limited type of nutrition literacy that aligns with the
functional and interactive literacy levels within the MDFNL model [49,74–76].

4. Discussion

This study assessed 18 studies that reported on the nutrition and/or food literacy sta-
tus of American adults and the relevant cognitive, behavioral, food security, and/or health
outcomes reported, using categories from the MDFNL model [49]. We used the MDFNL
model to describe the levels of literacy assessed by each study based on the participants’
capacities and skills tested. This study also identified knowledge gaps to support U.S.
adults’ multi-dimensional literacy skills. Finally, it examined the context needed to support
digital food and nutrition literacy proficiency and improve both individual and commu-
nity outcomes. The identified gaps can inform the policies, systems, and environments
to support multi-dimensional literacy skills. These gaps can also inform future literacy
research to improve diet quality and health for Americans, particularly for SNAP adults.

The MDFNL model [49] illustrates many factors (e.g., household assets and financial
history, geographic location, access to transportation) that may influence the development
of different types of food and nutrition literacy. However, our analysis found limited
research to understand the magnitude of these effects and potential interacting factors. For
example, while it is recognized that low-income populations have lower access to broad-
band and lower nutrition literacy levels, none of the studies described participants’ access
to internet broadband services. There was insufficient information from the 18 studies
reviewed to draw conclusions around the impact of geographic location on literacy level.

In general, the 18 studies suggest that adults who have higher food or nutrition
literacy scores had better cognitive, behavioral, food security, and/or health outcomes;
although, there were no consistent findings across the studies. We had hoped to separately
report on the subset of studies that included SNAP adults to identify this population’s
unique literacy skills and capacities. However, only six studies [56,58,59,62,68,72] reported
including SNAP or SNAP-eligible adults as a sub-population within the larger study
population. We did not find sufficient evidence to report on these studies separately.

The instruments and tools used by the 18 studies varied, and most of the studies
relied on a tool developed to screen for health literacy. Nearly half of the studies used basic
numeracy and reading skills applied to a food product as a proxy for nutrition or health
literacy. We identified several limitations of the studies that used the full or shortened
version of the NVS tool to assess food and nutrition literacy. Notably, assessing reading
and numeracy skills alone does not address the breadth of literacy skills and capacities that
individuals need to effectively navigate both in-person and online shopping experiences;
this includes the ability to communicate with food retailers or bots and the ability to
understand why and how products are marketed to customers throughout their shopping
experience, among others. We found the NVS tool to be an incomplete measure of food
and nutrition literacy. A recent systematic review documented the inconclusive nature of
the available evidence on the association between health literacy and diet quality [77] that
necessitates using a more accurate literacy model to assess diet quality.
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Our search did not identify any comprehensive food and nutrition literacy tools
to assess a range of literacy capacities and skills. Our results concur with those from a
previous study [78] that appraised 13 instruments across seven countries to operationalize
and measure food and nutrition literacy constructs for adult populations. This study
concluded that most of the tools assessed nutrition literacy, and recommended the need to
develop multi-dimensional and psychometrically sound measures to capture the broader
components of food literacy beyond individuals’ capacities to read and understand food
product labels [78]. We recommend that more robust literacy assessment instruments be
developed and tested. In particular, these assessment instruments should incorporate
digital literacy principles given the growing shift to online platforms to shop for foods and
meals, acquire nutrition information (e.g., the new MyPlate app), conduct health screenings,
and purchase other diet- and health-related products and resources.

Our study findings coupled with the rapid growth in digital platform use for SNAP
and SNAP-Ed participants justify the need for additional research, policies, and actions
to support U.S. adults, especially SNAP adults, to make online grocery purchases. This is
particularly important during the post-COVID-19 recovery when many SNAP adults are at
increased risk for infection and are disproportionately affected by obesity, poverty, food
insecurity, and diet-related chronic diseases [39,41,79]. Many institutional actors influence
policies and programs that could strengthen the multi-dimensional literacy skills of SNAP.
These stakeholders include the U.S. Congress and federal government agencies, such as
USDA, HHS, the FCC, the Food and Drug Administration (FDA), the Federal Trade Com-
mission (FTC), and the U.S. Department of Education; digital technology and media firms;
and private foundations, academic researchers, professional societies, and civil society or-
ganizations. The federal government must re-evaluate the economic livelihoods and digital
food and nutrition literacy skills and infrastructure support needed to adequately respond
to the pandemic and introduce policies and programs for low-income U.S. populations.
Tables 4 and 5 and the next sections provide specific recommendations for diverse U.S.
stakeholders to improve the policies, systems, and environments that support Americans’
digital food and nutrition literacy skills and their digital access, privacy, and safety (Table
4). We also offer recommendations for USDA and other stakeholders to update SNAP
and SNAP-Ed policies and programs to improve SNAP adults’ digital food and nutrition
literacy skills and digital equity, inclusion and safety (Table 5).
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Table 4. Recommended policies and actions for U.S. government agencies and other stakeholders to improve the policies,
systems, and environments that support Americans’ digital food and nutrition literacy, access and safety.

Stakeholder Recommended Policies and Actions

Government

Centers for Disease Control and Prevention
• Develop tools and resources for promoting food and nutrition literacy in schools.
U.S. Department of Education
• Develop national standards and resources for digital food and nutrition literacy for inclusion in U.S. schools’

curricula and for adult learners.
• Encourage community colleges and institutions of higher education to adopt curricula to support digital

food and nutrition literacy for adults.
U.S. Department of Health and Human Services
• Add a research objective to Healthy People 2030 to increase digital food and nutrition literacy and

proficiency of Americans similar to the health literacy objective.
Food and Drug Administration
• Ensure that online retailers and manufacturers offer easy access to clear and readable Nutrition Facts labels,

ingredient lists, and nutrition information to enable consumers to make informed food and beverage
purchases online.

Federal Trade Commission
• Examine the marketing practices of online grocery retailers and third-party partners to develop regulatory

guidance for the use of automated AI or machine learning that collects and shares customers’ personal
information and purchasing patterns.

• Update regulatory guidance for influencer endorsements, commercial sponsorships, misleading or deceptive
advertising, and nutrition misinformation on social media platforms that may target SNAP recipients.

Other

Private Foundations, Academic Researchers, Professional Societies and Civil
Society Organizations
• Develop a comprehensive tool to measure Americans’ digital food and nutrition literacy skills.
• Support and conduct external evaluations and research on food and nutrition literacy strategies and

interventions.
• Develop policy and practice position statements for members to address digital health, food and nutrition

literacy, and digital equity and inclusion comprehensively for individuals and communities.

Table 5. Recommended policies and actions for U.S. Congress, USDA and other stakeholders to update SNAP and SNAP-Ed
and improve SNAP adults’ digital food and nutrition literacy skills.

Stakeholder Recommended Policies and Actions

Government

U.S. Congress
• Authorize and appropriate adequate funding in the 2023 U.S. Farm Bill legislation to include digital food,

nutrition, financial, and health literacy messages and interventions within SNAP and SNAP-Ed.
U.S. Department of Agriculture
• Support the development, testing, and validation of a common multi-dimensional digital food and nutrition

literacy assessment tool for SNAP adults that includes digital technology skills through USDA’s National
Institute of Food and Agriculture and Agriculture and Food and Nutrition Research Initiative funding.

• Incorporate digital, food, nutrition, financial, and marketing literacy skills training into SNAP-Ed and
develop resources to support participants’ use of digital technology.

• Adopt the Center for Digital Democracy’s recommendations to better protect SNAP adults as they navigate
the digital food retail ecosystem.

• Conduct a formal evaluation of the SNAP Online Purchasing Pilot program.

Other

Private Foundations, Academic Researchers, Professional Societies and Civil
Society Organizations
• Support the development, testing, and validation of a multi-dimensional digital food and nutrition literacy

assessment tool for SNAP adults.
Food Retailers and Third-Party Affiliate Companies
• Update personal data and geolocation disclosures to make them easier for SNAP adults to read and

comprehend where and how their personal information is being used.
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4.1. Recommendations for the U.S. Government and Other Actors to Improve the Policies, Systems
and Environments That Support Americans’ Digital Food and Nutrition Literacy, and Digital
Access, Privacy, and Safety
4.1.1. Digital Food and Nutrition Literacy

This study did not identify any comprehensive literacy tools to measure individuals’
food and nutrition literacy skills. It also did not find any tools that examined individ-
uals’ digital literacy skills related to food retail purchases. Researchers should develop
a comprehensive tool to assess Americans’ food and nutrition literacy skills. This effort
could be funded by the U.S. government, private foundations, professional societies, or
civil society organizations given the importance of better understanding Americans’ multi-
dimensional literacy skills and the link between health, digital, food and nutrition literacy,
and diet and health outcomes. Private foundations, academic researchers, professional
societies, and civil society organizations should also support and conduct external research
and evaluations to develop strategies and interventions to improve Americans’ food and
nutrition literacy skills. In particular, these interventions could help guide consumers in
navigating the digital food retail ecosystem. These actors could also develop policy and
practice position statements for members to address digital health, food and nutrition
literacy, and digital equity and inclusion for individuals and communities.

HHS defines health literacy in terms of personal and institutional outcomes and has
included a research objective in Health People 2030 to increase the health literacy of the U.S.
population [80]. However, health literacy and the tools used to test it are not inclusive of
food and nutrition literacy. HHS could include food and nutrition literacy skills to promote
healthy choices and diets as a priority for future national objectives.

The Centers for Disease Control and Prevention (CDC) provides many resources for
educators and childcare providers to support health literacy in children, adolescents, and
young adults [81]. However, we did not find any resources to promote food and nutrition
literacy in schools despite the recognition that improving health behaviors during child-
hood and adolescence to prevent chronic disease is easier than doing so in adulthood [82].
The CDC could develop tools and resources for educators to promote food and nutrition
literacy in schools to complement the existing health literacy resources. The U.S. Depart-
ment of Education could also develop national standards for digital food and nutrition
literacy for teachers to include in the U.S. school system educational curricula. These
national standards could be disseminated and incentivized within community colleges and
institutions of higher education to encourage the adoption of curricula to support digital
food and nutrition literacy for adults, adapted from existing adult digital learning and
literacy resources available through the Literacy Information and Communication System
leadership initiative [83].

4.1.2. Digital Access and Safety

We did not identify any studies that measured digital access as it relates to food
and nutrition literacy. However, access to the internet and to digital technology are
important precursors to individuals’ abilities to develop digital technology skills. The
U.S. government has prioritized the expansion of high-speed internet and broadband
access for all Americans through the 2021 Build Back Better initiative and a bipartisan
infrastructure package. The FCC is also working to subsidize and expand broadband
accessibility and affordability for low-income and rural households through the Emergency
Broadband Benefit Program and Rural Digital Opportunity Fund [84,85]. These initiatives
are addressing the digital divide by strengthening digital equity and inclusion for low-
income Americans [86], many of which are SNAP participants. These actions are an
important step toward ensuring that all Americans have access to broadband to function
effectively in the expanding digital food retail ecosystem.

The growth of digital platform use for food shopping highlights a need to provide
education, skills, and legislation to support Americans’ safety, privacy, and security when
navigating the digital retail ecosystem. As the Center for Digital Democracy outlined in a
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2020 report, online food retailers are able to access and track consumers’ purchase behaviors,
location, and personal information and share this information with food manufacturers,
advertisers or other third parties, often without consumers’ knowledge [87,88]. This
information enables retailers to personalize and target advertisements—the majority of
which promote unhealthy food and beverage products—to customers [19,20]. The FTC
could examine the marketing practices of online grocery retailers and develop regulatory
guidance for the use of automated artificial intelligence (AI) and for the machine learning
used to collect this information. The FTC could also update its regulatory guidance for
online endorsements, commercial sponsorships, misleading or deceptive advertising and
nutrition misinformation shared through social media platforms [89]. This guidance is
especially important to protect SNAP adults from the predatory marketing practices of
some online retailers, manufacturers and digital technology and media firms [88].

Olzenak et al., 2020 [90] found that online grocers may include some nutrition-related
features, such as the ability to filter food-related information by a nutrition attribute. How-
ever, the Nutrition Facts panel and ingredient statements were not universally provided for
food products on grocery store websites, which the FDA requires for product packaging in
brick-and-mortar stores [90]. The FDA should provide regulatory guidance and oversight
to ensure that retailers and manufacturers provide clear and understandable Nutrition Facts
labels and related product information to enable consumers to make informed purchases
online [91].

4.2. Recommendations for USDA and Other Stakeholders
4.2.1. Digital Food and Nutrition Literacy

As noted in a 2021 research report [92], following the rapid expansion of the SNAP
Online Purchasing Pilot program in response to the pandemic, there has not been any
formal evaluation of the program, nor have data been reported on its uptake and use.
While the report found that many SNAP participants are purchasing food online, many
researchers have also identified barriers to SNAP uptake [92]. Barriers range from a lack
of trust in using digital platforms and limited control over the online shopping process to
grocery costs and product quality [26,93]. Additional research is needed to understand
the barriers that SNAP participants experience when purchasing groceries online, and
how to overcome them to improve SNAP Online Purchasing Pilot program participation.
Additional research is also needed to compare how the online versus in-person shopping
experience may impact SNAP adults’ diet quality and health over time. The USDA, with
support from academic researchers, professional societies, private foundations, and civil
society organizations, could support research to better understand SNAP adults’ digital
access, digital food and nutrition literacy status, and the influence of online food purchasing
on long-term diet and health outcomes. The USDA could evaluate the SNAP Online
Purchasing Pilot program to identify barriers and gaps to further improve the program.

While six of the identified studies used literacy tools to assess the skills and capacities
of SNAP adults, no literacy tools were developed specifically for low-income SNAP adults.
Many SNAP adults face unique needs and challenges, such as a lack of social support or
lower educational attainment, that may influence their capacity to respond to the standard
numeracy- and reading-focused questions used in existing literacy tools. The USDA should
support the development, testing, and validation of a tool to assess the multi-dimensional
digital food and nutrition literacy status of SNAP adults. The USDA and partners could
use the MDFNL model as a foundation to develop this literacy tool. Academic researchers,
professional societies, private foundations, and civil society organizations would be key
stakeholders to support this process.

The U.S. Congress could authorize and appropriate adequate funding in the 2023
U.S. Farm Bill legislation to support the inclusion of digital food, nutrition, financial, and
health literacy skills into SNAP and SNAP-Ed messaging to support policies, systems, and
environmental interventions that promote healthy eating patterns [94]. The USDA could in-
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corporate multi-dimensional literacy skills training into SNAP-Ed and provide participants
with resources to support their use of digital technology for food purchasing [95].

4.2.2. Digital Equity, Inclusion and Safety

As the USDA expands its use of digital platforms and technology for SNAP and
SNAP-Ed, greater attention is needed to address SNAP adults’ access to broadband and
digital technologies and the safety measures in place to support them in navigating the
digital retail ecosystem. In addition to supporting research to better understand SNAP
adults’ barriers to online grocery shopping, the USDA should also implement the Center
for Digital Democracy’s recommendations to protect SNAP adults while navigating the
online retail ecosystem [88]. These recommendations include clarifying consumers’ privacy
rights. The USDA should encourage SNAP-authorized retailers to update their privacy
policy disclosures for consumers with limited digital literacy skills to read and understand
where and how their personal information is being used by other parties. The USDA
should also urge retailers to make privacy polices available in Spanish and other languages.
Many retailers, such as Food Lion and Aldi, may partner with companies such as Instacart
to promote e-commerce and grocery delivery [96]. The USDA should encourage these
companies to comply with updating personal data and geolocation disclosures and should
develop additional partnerships through which SNAP users could receive reduced or free
delivery for online food purchases.

4.3. Study Strengths and Limitations

A strength of this study was the extensive interdisciplinary literature searched to
identify the 18 U.S. food and nutrition literacy studies reviewed, and the development of
policy-relevant recommendations for the current U.S. political context. A limitation is that,
due to time constraints, only one researcher screened articles for inclusion and extracted
data for the 18 included studies, which could have introduced bias in the evidence analysis
and synthesis. The MDFNL model [49] should be validated and tested in a SNAP-eligible
adult population in the U.S. Given the lack of consistency in the findings of the 18 studies,
it was not feasible to draw definitive conclusions from these studies. A second limitation
was the inability to draw conclusions from the six studies that included SNAP participants
or SNAP-eligible adults. Further research is needed to understand the digital food and
nutrition literacy skills of SNAP adults, and to develop tools to guide policies and programs
that help the SNAP population function in the digital food retail ecosystem.

5. Conclusions

Limited literature exists that assesses the nutrition and/or food literacy status of
Americans, particularly SNAP adults, and no literature was identified that evaluates
Americans’ digital literacy skills and capacities when functioning in an online food retail
environment. Existing studies that examine nutrition and/or food literacy only assessed
low levels of literacy and did not take into account higher level digital food and nutrition
literacy skills needed to function in a e-commerce world. This study identified a need to
develop and test more robust literacy assessment instruments that include digital literacy
principles. This study also identified a need for greater research, policies, and actions to
address the research gaps for Americans’ digital food and nutrition literacy skills and to
help SNAP adults navigate the purchase of healthy products online. With online grocery
shopping expected to expand given food retailers’ increasing reliance on digital technology,
opportunities exist for U.S. government agencies, academia, foundations, and civil society
to support research and policies to strengthen MDFNL skills and infrastructure to support
a healthy online food retail ecosystem for Americans, especially for SNAP adults.



Int. J. Environ. Res. Public Health 2021, 18, 8335 21 of 25

Author Contributions: V.I.K., K.C.S. and E.L.S. conceptualized the research questions and study
design; K.C.S. designed the search strategy and conducted the scoping review in consultation with
V.I.K.; P.B.H. conducted the data extraction and compiled the main data table; K.C.S. and V.I.K. wrote
the first manuscript, and E.L.S. and P.B.H. provided feedback on subsequent drafts. K.C.S. led the
submission process. V.I.K. and E.L.S. secured funding for this study. All authors have read and
agreed to the published version of the manuscript.

Funding: This project was funded by Healthy Eating Research, a national program of the Robert
Wood Johnson Foundation, through a special rapid-response research opportunity focused on COVID-
19 and the federal nutrition programs, to inform decision-making regarding innovative policies
and/or programs during and after the COVID-19 pandemic.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Acknowledgments: V.I.K. and E.L.S. received partial funding from the Department of Human
Nutrition, Foods, and Exercise at Virginia Tech to support staff salary to complete this paper. The
authors thank Virginia Tech research librarians for assistance with designing the scoping review.
We thank Juan Quirarte for designing the figure. We are grateful for the Virginia Tech Library’s
subvention fund for funding the open access cost for this publication.

Conflicts of Interest: The authors declare no conflict of interest related to the content of this paper.

References
1. Centers for Disease Control and Prevention. CDC COVID Data Tracker. June 2021. Available online: https://covid.cdc.gov/

covid-data-tracker/-cases_casesinlast7days (accessed on 15 June 2021).
2. Nagata, J.M.; Ganson, K.T.; Whittle, H.J.; Chu, J.; Harris, O.O.; Tsai, A.C.; Weiser, S.D. Food insufficiency and mental health in the

U.S. during the COVID-19 pandemic. Am. J. Prev. Med. 2021, 60, 453–461. [CrossRef]
3. Llobrera, J.; Mazzara, A.; Nchako, C.; Sherman, A.; Zippel, C. New Data: Million Struggling to Eat and Pay Rent. Joblessness

Continues to Affect Tens of Millions. Center on Budget and Policy Priorities. September 2020. Available online: https://www.
cbpp.org/research/poverty-and-inequality/new-data-millions-struggling-to-eat-and-pay-rent (accessed on 28 May 2021).

4. Robert Wood Johnson Foundation. Half of Households in the Four Largest U.S. Cities Report Serious Financial Problems
Including Depleted Savings, and Trouble Paying Bills or Affording Medical Care. September 2020. Available online:
https://www.rwjf.org/en/library/articles-and-news/2020/09/poll--half-of-households-in-the-four-largest-us-cities-report-
serious-financial-problems.html (accessed on 28 May 2021).

5. DepArle, J. 8 Million Have Slipped into Poverty Since May as Federal Aid Has Dried Up. The New York Times, 15 October
2020. Available online: https://www.nytimes.com/2020/10/15/us/politics/federal-aid-poverty-levels.html?referringSource=
articleShare (accessed on 28 May 2021).

6. Krisberg, K.U.S. Poverty Rising, Despite Historic CARES Act Stimulus. Nation’s Health 2021, 10, E40. Available online: https:
//www.thenationshealth.org/content/50/10/E40 (accessed on 28 May 2021).

7. Center on Budget and Policy Priorities. Tracking the COVID-19 Recession’s Effects on Food, Housing, and Employment
Hardships. April 2021. Available online: https://www.cbpp.org/research/poverty-and-inequality/tracking-the-covid-19
-recessions-effects-on-food-housing-and (accessed on 28 May 2021).

8. Felix, I.; Martin, A.; Mehta, V.; Mueller, C. US Food Supply Chain: Disruptions and Implications from COVID-19. McKinsey &
Company, July 2020. Available online: https://www.mckinsey.com/industries/consumer-packaged-goods/our-insights/us-
food-supply-chain-disruptions-and-implications-from-covid-19 (accessed on 28 May 2021).

9. U.S. Department of Agriculture. Supplemental Nutrition Assistance Program (SNAP). 2021. Available online: https://www.fns.
usda.gov/snap/supplemental-nutrition-assistance-program (accessed on 28 May 2021).

10. Coleman-Jensen, A.; Rabbitt, M.P.; Gregory, C.A.; Singh, A. Household Food Security in the United States in 2019. In Economic
Research Report Number 275; Economic Research Service, U.S. Department of Agriculture: Washington, DC, USA, 2020. Available
online: https://www.ers.usda.gov/publications/pub-details/?pubid=99281 (accessed on 28 May 2021).

11. Economic Research Service, U.S. Department of Agriculture. Food Security Status of U.S. Households in 2019. September 2020.
Available online: https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/key-statistics-graphics.
aspx#foodsecure (accessed on 28 May 2021).

12. Feeding America. The Impact of the Coronavirus on Food Insecurity in 2020 & 2021. March 2021. Available online: https:
//www.feedingamerica.org/sites/default/files/2021-03/NationalProjectionsBrief_3.9.2021_0.pdf (accessed on 28 May 2021).

13. Bitler, M.P.; Hoynes, H.W.; Schanzenbach, D.W. The Social Safety Net in the Wake of COVID-19. Brookings Papers on Economic
Activity. June 2020. Available online: https://www.brookings.edu/wp-content/uploads/2020/06/Bitler-et-al-conference-draft.
pdf (accessed on 28 May 2021).

https://covid.cdc.gov/covid-data-tracker/-cases_casesinlast7days
https://covid.cdc.gov/covid-data-tracker/-cases_casesinlast7days
http://doi.org/10.1016/j.amepre.2020.12.004
https://www.cbpp.org/research/poverty-and-inequality/new-data-millions-struggling-to-eat-and-pay-rent
https://www.cbpp.org/research/poverty-and-inequality/new-data-millions-struggling-to-eat-and-pay-rent
https://www.rwjf.org/en/library/articles-and-news/2020/09/poll--half-of-households-in-the-four-largest-us-cities-report-serious-financial-problems.html
https://www.rwjf.org/en/library/articles-and-news/2020/09/poll--half-of-households-in-the-four-largest-us-cities-report-serious-financial-problems.html
https://www.nytimes.com/2020/10/15/us/politics/federal-aid-poverty-levels.html?referringSource=articleShare
https://www.nytimes.com/2020/10/15/us/politics/federal-aid-poverty-levels.html?referringSource=articleShare
https://www.thenationshealth.org/content/50/10/E40
https://www.thenationshealth.org/content/50/10/E40
https://www.cbpp.org/research/poverty-and-inequality/tracking-the-covid-19-recessions-effects-on-food-housing-and
https://www.cbpp.org/research/poverty-and-inequality/tracking-the-covid-19-recessions-effects-on-food-housing-and
https://www.mckinsey.com/industries/consumer-packaged-goods/our-insights/us-food-supply-chain-disruptions-and-implications-from-covid-19
https://www.mckinsey.com/industries/consumer-packaged-goods/our-insights/us-food-supply-chain-disruptions-and-implications-from-covid-19
https://www.fns.usda.gov/snap/supplemental-nutrition-assistance-program
https://www.fns.usda.gov/snap/supplemental-nutrition-assistance-program
https://www.ers.usda.gov/publications/pub-details/?pubid=99281
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/key-statistics-graphics.aspx#foodsecure
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/key-statistics-graphics.aspx#foodsecure
https://www.feedingamerica.org/sites/default/files/2021-03/NationalProjectionsBrief_3.9.2021_0.pdf
https://www.feedingamerica.org/sites/default/files/2021-03/NationalProjectionsBrief_3.9.2021_0.pdf
https://www.brookings.edu/wp-content/uploads/2020/06/Bitler-et-al-conference-draft.pdf
https://www.brookings.edu/wp-content/uploads/2020/06/Bitler-et-al-conference-draft.pdf


Int. J. Environ. Res. Public Health 2021, 18, 8335 22 of 25

14. Severson, K. Seven Ways the Pandemic Has Changed How We Shop for Food. The New York Times, 8 September 2020. Available
online: https://www.nytimes.com/2020/09/08/dining/grocery-shopping-coronavirus.html (accessed on 28 May 2021).

15. Acosta. New Acosta Report Details How COVID-19 is Reinventing How America Eats. September 2020. Available online:
https://www.acosta.com/news/new-acosta-report-details-how-covid-19-is-reinventing-how-america-eats (accessed on 28 May
2021).

16. Food Marketing Institute and Hartman Group. What New Cooking Habits Have Americans Developed During COVID-19? June
2020. Available online: https://www.hartman-group.com/infographics/913448754/what-new-cooking-habits-have-americans-
developed-during-covid-19 (accessed on 28 May 2021).

17. International Food Information Council. COVID-19 Transforms the Way We Shop, Eat and Think about Food, According to IFIC’s
2020 Food & Health Survey. June 2020 (Media Release). Available online: https://www.globenewswire.com/news-release/2020
/06/10/2046323/0/en/COVID-19-Pandemic-Transforms-the-Way-We-Shop-Eat-and-Think-About-Food-According-to-IFIC-
s-2020-Food-Health-Survey.html (accessed on 28 May 2021).

18. Jilcott Pitts, S.B.; Ng, S.W.; Bilitstein, J.L.; Gustafson, A.; Niculescu, M. Online grocery shopping: Promise and pitfalls for healthier
food and beverage purchases. Public Health Nutr. 2018, 21, 3360–3376. [CrossRef]

19. McCarthy, J.; Minovi, J.D.D.; Wootan, M.G. Scroll and Shop: Food Marketing Migrates Online. Center for Science in the Public
Interest, 2020. Available online: https://cspinet.org/sites/default/files/attachment/Scroll_and_Shop_report.pdf (accessed on 28
May 2021).

20. Nielsen Company & Food Marketing Institute. 70% of Consumers Will be Grocery Shopping Online by 2024. January 2018 (Media
Release). Available online: https://www.nielsen.com/us/en/press-releases/2018/fmi-and-nielsen-online-grocery-shopping-
is-quickly-approaching-saturation/ (accessed on 28 May 2021).

21. 116th Congress. H.R.6201—Families First Coronavirus Response Act. March 2020. Available online: https://www.congress.gov/
bill/116th-congress/house-bill/6201/text?overview=closed (accessed on 28 May 2021).

22. Brandt, E.J.; Silvestri, D.M.; Mande, J.R.; Holland, M.L.; Ross, J.S. Availability of grocery delivery to food deserts in states
participating in the online purchase pilot. JAMA Netw. Open 2019, 2, e1916444. [CrossRef]

23. U.S. Department of Agriculture. SNAP: COVID-19 Waivers by State. November 2020. Available online: https://www.fns.usda.
gov/disaster/pandemic/covid-19/snap-waivers-flexibilities (accessed on 28 May 2021).

24. U.S. Department of Agriculture. FNS Launches the Online Purchasing Pilot. Updated May 2021. Available online: https:
//www.fns.usda.gov/snap/online-purchasing-pilot (accessed on 13 July 2021).

25. Library of Congress. American Rescue Plan Act of 2021; 117th Congress (2021–2022). Congress.gov. 15 March 2021. Available
online: https://www.congress.gov/117/crec/2021/03/15/CREC-2021-03-15-pt1-PgS1510.pdf (accessed on 28 May 2021).

26. Martinez, O.; Tagliaferro, B.; Rodriguez, N.; Athens, J.; Abrams, C.; Elbel, B. EBT payment for online grocery orders: A mixed-
methods study to understand its uptake among SNAP recipients and the barriers to and motivators for its use. Nutr. Educ. Behav.
2018, 50, 396–402. [CrossRef]

27. Jones, J.W. Online Supplemental Nutrition Assistance Program (SNAP) Purchasing Grew Substantially in 2020. Amber Waves, 6
July 2021. Available online: https://www.ers.usda.gov/amber-waves/2021/july/online-supplemental-nutrition-assistance-
program-snap-purchasing-grew-substantially-in-2020/ (accessed on 13 July 2021).

28. U.S. Department of Agriculture. Biden-Harris Administration’s Actions to Reduce Food Insecurity Amid the COVID-19
Crisis. March 2021. Press Release. Available online: https://www.usda.gov/media/press-releases/2021/03/03/biden-harris-
administrations-actions-reduce-food-insecurity-amid (accessed on 13 July 2021).

29. Benda, N.C.; Veinot, T.C.; Sieck, C.J.; Ancker, J.S. Broadband internet access is a social determinant of health! Am. J. Public Health
2020, 110, 1123–1125. [CrossRef]

30. Busby, J.; Tanberk, J.; Broadband Now Team. FCC Reports Broadband Unavailable to 21.3 Million Americans, Broadband Now
Study indicates 42 Million Americans Do Not Have Access. February 2020. Available online: https://broadbandnow.com/
research/fcc-underestimates-unserved-by-50-percent (accessed on 28 May 2021).

31. Perrin, A. Digital Gap between Rural and Nonrural America Persists. Fact Tank. Pew Research Center, May 2019. Available online:
https://www.pewresearch.org/fact-tank/2019/05/31/digital-gap-between-rural-and-nonrural-america-persists/ (accessed on
28 May 2021).

32. Anderson, M.; Kumar, M. Digital Divide Persists Even as Lower-income Americans Make Gains in Tech Adoption. Fact Tank.
Pew Research Center, May 2019. Available online: https://www.pewresearch.org/fact-tank/2019/05/07/digital-divide-persists-
even-as-lower-income-americans-make-gains-in-tech-adoption/ (accessed on 28 May 2021).

33. Yoon, H.; Jang, Y.; Vaughan, P.W.; Garcia, M. Older adults’ internet use for health information: Digital divide by race/ethnicity
and socioeconomic status. J. Appl. Gerontol. 2020, 39, 105–110. [CrossRef] [PubMed]

34. Browning, K. Seniors Seeking Vaccines have a Problem: They Can’t Use the Internet. The New York Times, 28 February
2021. Available online: https://www.nytimes.com/2021/02/28/technology/seniors-vaccines-technology.html?referringSource=
articleShare (accessed on 28 May 2021).

35. Atske, S.; Perrin, A. Home Broadband Adoption, Computer Ownership Vary by Race, Ethnicity in the U.S. 16 July 2021.
Available online: https://www.pewresearch.org/fact-tank/2021/07/16/home-broadband-adoption-computer-ownership-vary-
by-race-ethnicity-in-the-u-s/ (accessed on 4 August 2021).

https://www.nytimes.com/2020/09/08/dining/grocery-shopping-coronavirus.html
https://www.acosta.com/news/new-acosta-report-details-how-covid-19-is-reinventing-how-america-eats
https://www.hartman-group.com/infographics/913448754/what-new-cooking-habits-have-americans-developed-during-covid-19
https://www.hartman-group.com/infographics/913448754/what-new-cooking-habits-have-americans-developed-during-covid-19
https://www.globenewswire.com/news-release/2020/06/10/2046323/0/en/COVID-19-Pandemic-Transforms-the-Way-We-Shop-Eat-and-Think-About-Food-According-to-IFIC-s-2020-Food-Health-Survey.html
https://www.globenewswire.com/news-release/2020/06/10/2046323/0/en/COVID-19-Pandemic-Transforms-the-Way-We-Shop-Eat-and-Think-About-Food-According-to-IFIC-s-2020-Food-Health-Survey.html
https://www.globenewswire.com/news-release/2020/06/10/2046323/0/en/COVID-19-Pandemic-Transforms-the-Way-We-Shop-Eat-and-Think-About-Food-According-to-IFIC-s-2020-Food-Health-Survey.html
http://doi.org/10.1017/S1368980018002409
https://cspinet.org/sites/default/files/attachment/Scroll_and_Shop_report.pdf
https://www.nielsen.com/us/en/press-releases/2018/fmi-and-nielsen-online-grocery-shopping-is-quickly-approaching-saturation/
https://www.nielsen.com/us/en/press-releases/2018/fmi-and-nielsen-online-grocery-shopping-is-quickly-approaching-saturation/
https://www.congress.gov/bill/116th-congress/house-bill/6201/text?overview=closed
https://www.congress.gov/bill/116th-congress/house-bill/6201/text?overview=closed
http://doi.org/10.1001/jamanetworkopen.2019.16444
https://www.fns.usda.gov/disaster/pandemic/covid-19/snap-waivers-flexibilities
https://www.fns.usda.gov/disaster/pandemic/covid-19/snap-waivers-flexibilities
https://www.fns.usda.gov/snap/online-purchasing-pilot
https://www.fns.usda.gov/snap/online-purchasing-pilot
https://www.congress.gov/117/crec/2021/03/15/CREC-2021-03-15-pt1-PgS1510.pdf
http://doi.org/10.1016/j.jneb.2017.10.003
https://www.ers.usda.gov/amber-waves/2021/july/online-supplemental-nutrition-assistance-program-snap-purchasing-grew-substantially-in-2020/
https://www.ers.usda.gov/amber-waves/2021/july/online-supplemental-nutrition-assistance-program-snap-purchasing-grew-substantially-in-2020/
https://www.usda.gov/media/press-releases/2021/03/03/biden-harris-administrations-actions-reduce-food-insecurity-amid
https://www.usda.gov/media/press-releases/2021/03/03/biden-harris-administrations-actions-reduce-food-insecurity-amid
http://doi.org/10.2105/AJPH.2020.305784
https://broadbandnow.com/research/fcc-underestimates-unserved-by-50-percent
https://broadbandnow.com/research/fcc-underestimates-unserved-by-50-percent
https://www.pewresearch.org/fact-tank/2019/05/31/digital-gap-between-rural-and-nonrural-america-persists/
https://www.pewresearch.org/fact-tank/2019/05/07/digital-divide-persists-even-as-lower-income-americans-make-gains-in-tech-adoption/
https://www.pewresearch.org/fact-tank/2019/05/07/digital-divide-persists-even-as-lower-income-americans-make-gains-in-tech-adoption/
http://doi.org/10.1177/0733464818770772
http://www.ncbi.nlm.nih.gov/pubmed/29661052
https://www.nytimes.com/2021/02/28/technology/seniors-vaccines-technology.html?referringSource=articleShare
https://www.nytimes.com/2021/02/28/technology/seniors-vaccines-technology.html?referringSource=articleShare
https://www.pewresearch.org/fact-tank/2021/07/16/home-broadband-adoption-computer-ownership-vary-by-race-ethnicity-in-the-u-s/
https://www.pewresearch.org/fact-tank/2021/07/16/home-broadband-adoption-computer-ownership-vary-by-race-ethnicity-in-the-u-s/


Int. J. Environ. Res. Public Health 2021, 18, 8335 23 of 25

36. Costa Coitinho Delmuè, D.; Ionata de Oliveira Granheim, S.; Oenema, S. Nutrition in a digital world. Glossary. UNSCN Nutr.
2020, 45, 143–144.

37. Moran, A.J.; Gu, Y.; Clynes, S.; Goheer, A.; Roberto, C.A.; Palmer, A. Associations between governmental policies to improve the
nutritional quality of supermarket purchases and individual, retailer, and community health outcomes: An integrative review.
Int. J. Environ. Res. Public Health 2020, 17, 7493. [CrossRef] [PubMed]

38. Leung, C.W.; Ding, E.L.; Catalano, P.J.; Villamor, E.; Rimm, E.B.; Willett, W.C. Dietary intake and dietary quality of low-income
adults in the Supplemental Nutrition Assistance Program. Am. J. Clin. Nutr. 2012, 96, 977–988. [CrossRef] [PubMed]

39. Andreyeva, T.; Tripp, A.S.; Schwartz, M.B. Dietary quality of Americans by Supplemental Nutrition Assistance Program
participation status: A systematic review. Am. J. Prev. Med. 2015, 49, 594–604. [CrossRef] [PubMed]

40. Conrad, Z.; Rehm, C.D.; Wilde, P.; Mozaffarian, D. Cardiometabolic mortality by Supplemental Nutrition Assistance Program
participation and eligibility in the United States. Am. J. Public Health 2017, 107, 466–474. [CrossRef] [PubMed]

41. Nagata, J.M.; Seligman, H.K.; Weiser, S.D. Perspective: The convergence of coronavirus disease 2019 (COVID-19) and food
insecurity in the United States. Adv. Nutr. 2020, 12, 289–290. [CrossRef]

42. Jomaa, L.; Na, M.; Eagleton, S.G.; Diab-El-Harake, M.; Savage, J.S. Caregiver’s self-confidence in food resource management is
associated with lower risk of household food insecurity among SNAP-Ed-eligible Head Start families. Nutrients 2020, 12, 2304.
[CrossRef]

43. Carman, K.G.; Zamarro, G. Does financial literacy contribute to food security? Int. J. Food Agric. Econ. 2016, 4, 1–19. Available
online: https://pubmed.ncbi.nlm.nih.gov/26949563/ (accessed on 4 August 2021).

44. Huizinga, M.M.; Beech, B.M.; Cavanaugh, K.L.; Elasy, T.A.; Rothman, R.L. Low numeracy skills are associated with higher BMI.
Obesity 2008, 16, 1966–1968. [CrossRef]

45. USDA Food and Nutrition Service. Supplemental Nutrition Assistance Program Education (SNAP-Ed). 2019. Available online:
https://www.fns.usda.gov/snap/snap-ed (accessed on 28 May 2021).

46. Baker, S.; Auld, G.; MacKinnon, C.; Ammerman, A.; Hanula, G.; Lohse, B.; Scott, M.; Serrano, E.; Tucker, E.; Wardlaw, M.
Best Practices in Nutrition Education for Low-Income Audiences. 2014. Available online: https://snaped.fns.usda.gov/snap/
CSUBestPractices.pdf (accessed on 28 May 2021).

47. U.S. Department of Agriculture; U.S. Department of Health and Human Services. Dietary Guidelines for Americans, 2020–2025, 9th
ed.; US Government Printing Office: Washington, DC, USA, December 2020. Available online: https://www.dietaryguidelines.
gov/ (accessed on 28 May 2021).

48. U.S. Department of Agriculture. MyPlate. 2021. Available online: https://www.myplate.gov/ (accessed on 28 May 2021).
49. Kraak, V.I.; Consavage Stanley, K.; Harrigan, P.B.; Serrano, E.L. A Multi-Dimensional Digital Food and Nutrition Literacy Model

to Enable Supplemental Nutrition Assistance Program Adults to Make Healthy Purchases in an Online Food Retail Ecosystem: A
Scoping Review to Inform U.S. Policies and Actions. May 2021. Final report submitted to RWJF’s Healthy Eating Research Office.
Blacksburg, Virginia: Virginia Polytechnic Institute and State University (Virginia Tech). 2021; (unpublished).

50. Plüddemann, A.; Aronson, J.K.; Onakpoya, I.; Heneghan, C.; Mahtani, K.R. Redefining rapid reviews: A flexible framework for
systematic reviews. BMJ Evid. -Based Med. 2018, 23, 201–203. [CrossRef]

51. Arksey, H.; O’Malley, L. Scoping studies: Towards a methodological framework. Int. J. Soc. Res. Method 2005, 8, 19–32. [CrossRef]
52. Moher, D.; Shamseer, L.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P.; Stewart, L.A. Preferred reporting items for

systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst. Rev. 2015, 4, 1. [CrossRef]
53. Trico, A.C.; Lillie, E.; Zarin, W.; O’Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.; Horsley, T.; Weeks, L. PRISMA

extension for scoping reviews (PRISMA-ScR): Checklist and explanation. Ann. Intern. Med. 2018, 169, 467–473. [CrossRef]
54. Haddaway, N.R.; Collins, A.M.; Coughlin, D.; Kirk, S. The role of Google Scholar in evidence reviews and its applicability to grey

literature searching. PLoS ONE 2015, 10, e0138237. [CrossRef]
55. Amuta-Jimenez, A.O.; Lo, C.; Talwar, D.; Khan, N.; Barry, A.E. Food label literacy and use among US adults diagnosed with

cancer: Results from a national representative study. J. Cancer Educ. 2019, 34, 1000–1009. [CrossRef] [PubMed]
56. Chang, Y.; Kim, J.; Chatterjee, S. The association between consumer competency and Supplemental Nutrition Assistance Program

participation on food insecurity. J. Nutr. Educ. Behav. 2017, 49, 657–666. [CrossRef]
57. Coffman, M.J.; La-Rocque, S. Development and testing of the Spanish Nutrition Literacy Scale. Hisp. Health Care Int. 2012, 10,

168–174. [CrossRef]
58. Gibbs, H.D.; Kennett, A.R.; Kerling, E.H.; Yu, Q.; Gajewski, B.; Ptomey, L.T.; Sullivan, D.K. Assessing the nutrition literacy of

parents and its relationship with child diet quality. J. Nutr. Ed. Behav. 2016, 48, 505–509. [CrossRef] [PubMed]
59. Grutzmacher, S.; Munger, A.; Messina, L.; Downes, K. Screening for health literacy among SNAP-eligible adults using the Newest

Vital Sign: Implications for Nutrition Facts Label policy and education. J. Hunger Environ. Nutr. 2020, 15, 339–352. [CrossRef]
60. Jay, M.; Adams, J.; Herring, S.J.; Gillespie, C.; Ark, T.; Feldman, H.; Jones, V.; Zabar, S.; Stevens, D.; Kalet, A. A randomized trial of

a brief multimedia intervention to improve comprehension of food labels. Prev. Med. 2009, 48, 25–31. [CrossRef] [PubMed]
61. Jones, C.L.; Adkins, K. Nutrition literacy, food preference, and food choices within a school-based choice food pantry. J. Hunger

Environ. Nutr. 2021, 16, 370–386. [CrossRef]
62. Moore, C.E.; Davis, K.E.; Wang, W. Low food security present on college campuses despite high nutrition literacy. J. Hunger

Environ. Nutr. 2020, 1–17. [CrossRef]

http://doi.org/10.3390/ijerph17207493
http://www.ncbi.nlm.nih.gov/pubmed/33076280
http://doi.org/10.3945/ajcn.112.040014
http://www.ncbi.nlm.nih.gov/pubmed/23034960
http://doi.org/10.1016/j.amepre.2015.04.035
http://www.ncbi.nlm.nih.gov/pubmed/26238602
http://doi.org/10.2105/AJPH.2016.303608
http://www.ncbi.nlm.nih.gov/pubmed/28103061
http://doi.org/10.1093/advances/nmaa126
http://doi.org/10.3390/nu12082304
https://pubmed.ncbi.nlm.nih.gov/26949563/
http://doi.org/10.1038/oby.2008.294
https://www.fns.usda.gov/snap/snap-ed
https://snaped.fns.usda.gov/snap/CSUBestPractices.pdf
https://snaped.fns.usda.gov/snap/CSUBestPractices.pdf
https://www.dietaryguidelines.gov/
https://www.dietaryguidelines.gov/
https://www.myplate.gov/
http://doi.org/10.1136/bmjebm-2018-110990
http://doi.org/10.1080/1364557032000119616
http://doi.org/10.1186/2046-4053-4-1
http://doi.org/10.7326/M18-0850
http://doi.org/10.1371/journal.pone.0138237
http://doi.org/10.1007/s13187-018-1403-z
http://www.ncbi.nlm.nih.gov/pubmed/30062619
http://doi.org/10.1016/j.jneb.2017.01.008
http://doi.org/10.1891/1540-4153.10.4.168
http://doi.org/10.1016/j.jneb.2016.04.006
http://www.ncbi.nlm.nih.gov/pubmed/27216751
http://doi.org/10.1080/19320248.2019.1590277
http://doi.org/10.1016/j.ypmed.2008.10.011
http://www.ncbi.nlm.nih.gov/pubmed/19022282
http://doi.org/10.1080/19320248.2021.1873882
http://doi.org/10.1080/19320248.2020.1790460


Int. J. Environ. Res. Public Health 2021, 18, 8335 24 of 25

63. Parekh, N.; Jiang, J.; Buchan, M.; Meyers, M.; Gibbs, H.; Krebs, P. Nutrition literacy among cancer survivors: Feasibility results
from the Healthy Eating and Living Against Breast Cancer (HEAL-BCa) Study: A pilot randomized controlled trial. J. Cancer
Educ. 2018, 33, 1239–1249. [CrossRef]

64. Persoskie, A.; Hennessy, E.; Nelson, W.L. US consumers’ understanding of nutrition labels in 2013: The importance of health
literacy. Prev. Chronic Dis. 2017, 14, 170066. [CrossRef]

65. Rhea, K.C.; Mayeux, M.C.; Cater, M.W.; Carr, I.J.; Tuuri, G. The Eating with Ease Program improved veterinary medical students’
perceived ability to buy, cook, and eat healthy foods. J. Vet. Med. Educ. 2020, e20190162. [CrossRef]

66. Rosenbaum, D.L.; Clark, M.H.; Convertino, A.D.; Call, C.C.; Forman, E.M.; Butryn, M.L. Examination of nutrition literacy and
quality of self-monitoring in behavioral weight loss. Ann. Behav. Med. 2018, 52, 809–816. [CrossRef]

67. Rothman, R.L.; Housam, R.; Weiss, H. Patient understanding of food labels: The role of literacy and numeracy. Am. J. Prev. Med.
2006, 31, 391–398. [CrossRef] [PubMed]

68. Speirs, K.E.; Messina, L.A.; Munger, A.L.; Grutzmacher, S.K. Health literacy and nutrition behaviors among low-income adults. J.
Health Care Poor Underserved 2012, 23, 1082–1091. [CrossRef]

69. Taylor, M.K.; Sullivan, D.K.; Ellerbeck, E.F.; Gajewski, B.J.; Gibbs, H.D. Nutrition literacy predicts adherence to healthy/unhealthy
diet patterns in adults with a nutrition-related chronic condition. Public Health Nutr. 2019, 22, 2157–2169. [CrossRef] [PubMed]

70. Tucker, C.M.; Kang, S.; Ukonu, N.A.; Linn, G.S.; DiSangro, C.S.; Arthur, T.M.; Ralston, P.A. A culturally sensitive church-based
health-smart intervention for increasing health literacy and health-promoting behaviors among black adult churchgoers. J. Health
Care Poor Underserved 2019, 30, 80–101. [CrossRef] [PubMed]

71. Zoellner, J.; Connell, C.; Bounds, W.; Crook, L.; Yadrick, K. Nutrition literacy status and preferred nutrition communication
channels among adults in the Lower Mississippi Delta. Prev. Chronic Dis. 2009, 6, A128. Available online: http://www.cdc.gov/
pcd/issues/2009/oct/08_0016.html (accessed on 28 May 2021).

72. Zoellner, J.; You, W.; Connell, C.; Smith-Ray, R.L.; Allen, K.; Tucker, K.L.; Davy, B.M.; Estabrooks, P. Health literacy is associated
with healthy eating index scores and sugar-sweetened beverage intake: Findings from the rural Lower Mississippi Delta. J. Am.
Diet. Assoc. 2011, 111, 1012–1020. [CrossRef] [PubMed]

73. Weiss, B.D. The Newest Vital Sign: Frequently asked questions. Health Lit. Res. Pract. 2018, 2, e125–e127. [CrossRef]
74. Pleasant, A.; Rudd, R.E.; O’Leary, C.; Paasche-Orlow, M.K.; Allen, M.P.; Alvarado-Little, W.; Myers, L.; Parson, K.; Rosen, S.

Considerations for a new definition of health literacy. In Discussion Paper; National Academy of Medicine: Washington, DC, USA,
2016. [CrossRef]

75. Krause, C.; Sommerhalder, K.; Beer-Borst, S.; Abel, T. Just a subtle difference? Findings from a systematic review on definitions of
nutrition literacy and food literacy. Health Promot. Int. 2018, 33, 378–389. [CrossRef]

76. Vettori, V.; Lorini, C.; Milani, C.; Bonaccorsi, G. Towards the implementation of a conceptual framework of food and nutrition
literacy: Providing healthy eating for the population. Int. J. Environ. Res. Public Health 2019, 16, 5041. [CrossRef] [PubMed]

77. Buja, A.; Grotto, G.; Montecchio, L.; De Battisti, E.; Sperotto, M.; Bertoncello, C.; Cocchio, S.; Baldovin, T.; Baldo, V. Association
between health literacy and dietary intake of sugar, fat and salt: A systematic review. Public Health Nutr. 2021, 4, 2085–2097.
[CrossRef] [PubMed]

78. Yuen, E.Y.N.; Thomson, M.; Gardiner, H. Measuring nutrition and food literacy in adults: A systematic review and appraisal of
existing measurement tools. Health Lit. Res. Pract. 2018, 2, e134–e160. [CrossRef]

79. Wolfson, J.A.; Leung, C.W. Food insecurity and COVID-19: Disparities in Early Effects for US Adults. Nutrients 2020, 12, 1648.
[CrossRef] [PubMed]

80. U.S. Department of Health and Human Services, Office of Disease Prevention and Health Promotion. Health Literacy in Healthy
People 2030. Updated December 2020. Available online: https://health.gov/our-work/healthy-people/healthy-people-2030
/health-literacy-healthy-people-2030 (accessed on 28 May 2021).

81. Centers for Disease Control and Prevention. Health Literacy: Schools. Updated May 2021. Available online: https://www.cdc.
gov/healthliteracy/education-support/schools.html (accessed on 28 May 2021).

82. National Center for Chronic Disease Prevention and Health Promotion, Centers for Disease Control and Prevention. Promoting
Health for Children and Adolescents. Updated October 2020. Available online: https://www.cdc.gov/chronicdisease/resources/
publications/factsheets/children-health.htm (accessed on 28 May 2021).

83. U.S. Department of Education. Digital Literacy Initiatives. 2021. Available online: https://lincs.ed.gov/state-resources/federal-
initiatives/digital-literacy (accessed on 28 May 2021).

84. Federal Communications Commission. Bridging the Digital Divide for All Americans. February 2021. Available online:
https://www.fcc.gov/about-fcc/fcc-initiatives/bridging-digital-divide-all-americans (accessed on 28 May 2021).

85. Kang, C. FCC Approves a $50 Monthly High-speed Internet Subsidy. The New York Times, February 2021. Available online: https:
//www.nytimes.com/2021/02/25/technology/fcc-broadband-low-income-subsidy.html?referringSource=articleShare (accessed
on 28 May 2021).

86. National Digital Inclusion Alliance. Definitions: Digital Equity, Digital Inclusion, and Digital Literacy. 2021. Available online:
https://www.digitalinclusion.org/definitions/ (accessed on 28 May 2021).

87. Spiro, M. The FTC and AI Governance: A Regulatory Proposal. Seattle J. Technol. Environ. Innov. Law 2020, 10, 1–35. Available
online: https://digitalcommons.law.seattleu.edu/cgi/viewcontent.cgi?article=1001&context=sjteil (accessed on 28 May 2021).

http://doi.org/10.1007/s13187-017-1238-z
http://doi.org/10.5888/pcd14.170066
http://doi.org/10.3138/jvme-2019-0162
http://doi.org/10.1093/abm/kax052
http://doi.org/10.1016/j.amepre.2006.07.025
http://www.ncbi.nlm.nih.gov/pubmed/17046410
http://doi.org/10.1353/hpu.2012.0113
http://doi.org/10.1017/S1368980019001289
http://www.ncbi.nlm.nih.gov/pubmed/31146797
http://doi.org/10.1353/hpu.2019.0009
http://www.ncbi.nlm.nih.gov/pubmed/30827971
http://www.cdc.gov/pcd/issues/2009/oct/08_0016.html
http://www.cdc.gov/pcd/issues/2009/oct/08_0016.html
http://doi.org/10.1016/j.jada.2011.04.010
http://www.ncbi.nlm.nih.gov/pubmed/21703379
http://doi.org/10.3928/24748307-20180530-02
http://doi.org/10.31478/201604a
http://doi.org/10.1093/heapro/daw084
http://doi.org/10.3390/ijerph16245041
http://www.ncbi.nlm.nih.gov/pubmed/31835678
http://doi.org/10.1017/S1368980020002311
http://www.ncbi.nlm.nih.gov/pubmed/32744216
http://doi.org/10.3928/24748307-20180625-01
http://doi.org/10.3390/nu12061648
http://www.ncbi.nlm.nih.gov/pubmed/32498323
https://health.gov/our-work/healthy-people/healthy-people-2030/health-literacy-healthy-people-2030
https://health.gov/our-work/healthy-people/healthy-people-2030/health-literacy-healthy-people-2030
https://www.cdc.gov/healthliteracy/education-support/schools.html
https://www.cdc.gov/healthliteracy/education-support/schools.html
https://www.cdc.gov/chronicdisease/resources/publications/factsheets/children-health.htm
https://www.cdc.gov/chronicdisease/resources/publications/factsheets/children-health.htm
https://lincs.ed.gov/state-resources/federal-initiatives/digital-literacy
https://lincs.ed.gov/state-resources/federal-initiatives/digital-literacy
https://www.fcc.gov/about-fcc/fcc-initiatives/bridging-digital-divide-all-americans
https://www.nytimes.com/2021/02/25/technology/fcc-broadband-low-income-subsidy.html?referringSource=articleShare
https://www.nytimes.com/2021/02/25/technology/fcc-broadband-low-income-subsidy.html?referringSource=articleShare
https://www.digitalinclusion.org/definitions/
https://digitalcommons.law.seattleu.edu/cgi/viewcontent.cgi?article=1001&context=sjteil


Int. J. Environ. Res. Public Health 2021, 18, 8335 25 of 25

88. Chester, J.; Kopp, K.; Montgomery, K.C. Does Buying Groceries Online Put SNAP Participants at Risk? How to Protect Health,
Privacy and Equity. Center for Digital Democracy, July 2020. Available online: https://www.democraticmedia.org/sites/default/
files/field/public-files/2020/cdd_snap_exec_summary_ff_0.pdf (accessed on 28 May 2021).

89. Federal Trade Commission. The FTC’s Endorsement Guides: What People Are Asking. February 2017. Available online:
https://www.ftc.gov/tips-advice/business-center/guidance/ftcs-endorsement-guides-what-people-are-asking (accessed on 28
May 2021).

90. Olzenak, K.; French, S.; Sherwood, N.; Redden, J.P.; Harnack, L. How online grocery stores support consumer nutrition
information needs. J. Nutr. Educ. Behav. 2020, 52, 952–957. [CrossRef] [PubMed]

91. Food and Drug Administration. Industry Resources on the Changes to the Nutrition Facts Label. January 2021. Available online:
https://www.fda.gov/food/food-labeling-nutrition/industry-resources-changes-nutrition-facts-label (accessed on 28 May
2021).

92. Foster, I.; Polselli, A.; Hoffs, C.; de Nocker, C.; LeBoa, C.; Rummo, P.; Brandt, E.J.; Rimm, E. Understanding Nationwide Uptake:
An Analysis of the Newly Expanded SNAP Online Purchasing Pilot Program during 2020. unBox Food Action Collaborative,
February 2021. Available online: https://www.unboxproject.org/snap-online-purchasing-brief (accessed on 13 July 2021).

93. Cohen, N.; Tomaino Fraser, K.; Arnow, C.; Mulcahy, M.; Hille, C. Online grocery shopping by NYC public housing residents
using Supplemental Nutrition Assistance Program (SNAP) benefits: A service ecosystems perspective. Sustainability 2020, 12,
4694. [CrossRef]

94. Bleich, S.N.; Sullivan, K.; Broad Leib, E.; Dunn, C.G.; Woteki, C.; Yaroch, A.L.; Fleischhacker, S. Strengthening the Public Health
Impacts of SNAP: Key Opportunities for the Next Farm Bill; Healthy Eating Research: Durham, NC, USA, July 2021. Technical
Report. Available online: https://healthyeatingresearch.org/research/strengthening-the-public-health-impacts-of-snap-key-
opportunities-for-the-next-farm-bill/ (accessed on 13 July 2021).

95. Bipartisan Policy Center. Leading with Nutrition: Leveraging Food Programs for Better Health; Bipartisan Policy Center: Washington,
DC, USA, 2018; Available online: https://bipartisanpolicy.org/wp-content/uploads/2019/03/BPC-Health-Leading-With-
Nutrition.pdf (accessed on 28 May 2021).

96. Redman, R. Food Lion Launches SNAP EBT Payment for Instacart Orders. Supermarket News. February 2021. Avail-
able online: https://www.supermarketnews.com/online-retail/food-lion-launches-snap-ebt-payment-instacart-orders?eType=
EmailBlastContent&eId=91443974-b37a-492d-83fa-3e0b81fb7c84 (accessed on 28 May 2021).

https://www.democraticmedia.org/sites/default/files/field/public-files/2020/cdd_snap_exec_summary_ff_0.pdf
https://www.democraticmedia.org/sites/default/files/field/public-files/2020/cdd_snap_exec_summary_ff_0.pdf
https://www.ftc.gov/tips-advice/business-center/guidance/ftcs-endorsement-guides-what-people-are-asking
http://doi.org/10.1016/j.jneb.2020.07.009
http://www.ncbi.nlm.nih.gov/pubmed/33039023
https://www.fda.gov/food/food-labeling-nutrition/industry-resources-changes-nutrition-facts-label
https://www.unboxproject.org/snap-online-purchasing-brief
http://doi.org/10.3390/su12114694
https://healthyeatingresearch.org/research/strengthening-the-public-health-impacts-of-snap-key-opportunities-for-the-next-farm-bill/
https://healthyeatingresearch.org/research/strengthening-the-public-health-impacts-of-snap-key-opportunities-for-the-next-farm-bill/
https://bipartisanpolicy.org/wp-content/uploads/2019/03/BPC-Health-Leading-With-Nutrition.pdf
https://bipartisanpolicy.org/wp-content/uploads/2019/03/BPC-Health-Leading-With-Nutrition.pdf
https://www.supermarketnews.com/online-retail/food-lion-launches-snap-ebt-payment-instacart-orders?eType=EmailBlastContent&eId=91443974-b37a-492d-83fa-3e0b81fb7c84
https://www.supermarketnews.com/online-retail/food-lion-launches-snap-ebt-payment-instacart-orders?eType=EmailBlastContent&eId=91443974-b37a-492d-83fa-3e0b81fb7c84

	Introduction 
	SNAP Expansion Allows Online Food Grocery Shopping 
	Digital Infrastructure and Access and Digital Literacy in the U.S. Population 
	Food and Nutrition Literacy of Adult SNAP and SNAP-Education Participants 
	Study Purpose 

	Materials and Methods 
	Results 
	Overview of Studies That Evaluated Food and/or Nutrition Literacy of U.S. Adults 
	Literacy Measurement and Tools 

	Discussion 
	Recommendations for the U.S. Government and Other Actors to Improve the Policies, Systems and Environments That Support Americans’ Digital Food and Nutrition Literacy, and Digital Access, Privacy, and Safety 
	Digital Food and Nutrition Literacy 
	Digital Access and Safety 

	Recommendations for USDA and Other Stakeholders 
	Digital Food and Nutrition Literacy 
	Digital Equity, Inclusion and Safety 

	Study Strengths and Limitations 

	Conclusions 
	References

