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ARTICLE HIGHLIGHTS

• Our goal was to review the complex relationship that exists between food insecurity and diabetes.
• We sought to understand what strategies exist to simultaneously address food insecurity and diabetes.
• Several promising food security interventions have demonstrated positive impacts on diabetes outcomes.
• More rigorous research is needed to understand how to design and implement these programs for populations

with diabetes. Policy and practice efforts are needed to scale and strengthen these programs.



Food Insecurity and Diabetes:
Overview of Intersections and
Potential Dual Solutions
Diabetes Care 2023;46:1599–1608 | https://doi.org/10.2337/dci23-0002

Ronli Levi,1 Sara N. Bleich,2 and

Hilary K. Seligman1

Food insecurity increases the risk of developing diabetes and its complications. In
this article, we describe the complex relationship that exists between food insecurity
and diabetes and describe potential mechanisms that may underlie this association.
We then describe how two different types of interventions, food-is-medicine and fe-
deral nutrition assistance programs, may help address both food insecurity and
health. Finally, we outline the research, policy, and practice opportunities that exist
to address food insecurity and reduce diabetes-related health disparities.

Type 2 diabetes (T2D) is a leading cause of and contributor to death in the U.S.,
and it disproportionately impacts historically underserved populations (1). Overall,
11.3% of the U.S. population has been diagnosed with diabetes. Diagnoses are
higher among Black (12.1%), Latinx (11.8%), and American Indian/Alaska Native
(14.5%) populations than among White (7.4%) and Asian (9.5%) populations (1).
Lower socioeconomic status is associated with increased diabetes mortality, diagno-
sis, and complications. For example, as household income and education level de-
cline, the likelihood of being diagnosed with diabetes increases, and Black and
Latinx adults experience disproportionately high rates of microvascular and macro-
vascular complications compared with non-Hispanic White adults (2).
T2D is caused by a complex web of individual, clinical, social/behavioral, and en-

vironmental factors. Each of these factors can influence dietary intake and nutri-
tion, which play a critical role in the prevention and management of diabetes
through their effects on weight, insulin resistance, blood pressure, and lipid levels
(3). Poor diet is estimated to account for 18.2% of cardiovascular- and T2D-related
costs (4). In general, dietary intake recommended for the prevention and control of
diabetes includes high consumption of fruits and vegetables (particularly non-
starchy vegetables), shifts in carbohydrate intake toward more complex carbohy-
drates, and reduced consumption of added sugars, refined grains, processed foods,
and trans fats (5). Solutions focused on modifiable risk factors, such as diet, are an
important approach to slowing or reversing rising rates of T2D and its complica-
tions in the U.S. and globally.
Food insecurity, defined as a lack of consistent access to enough food for an active,

healthy life, is a potent risk factor for the development and progression of diabetes (6).
Data indicate that 13.5million households in the U.S. experience food insecurity, with dis-
proportionately higher rates among Black, Latinx, and American Indian/Alaska Native
households (7,8). Food insecurity contributes to disparities in diabetes outcomes by im-
pacting diabetes prevention andmanagement (Table 1). Individuals who experience food
insecurity are at greater risk of developing T2D and hyperglycemia (6). Food insecurity is
also more common among those who are already diagnosed with T2D: approximately
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16% of adults with diabetes report food in-
security, compared with 9% of adults with-
out diabetes (9). Prevalence rates are even
higher among adults with more advanced
forms of diabetes (e.g., those on insulin,
19%; thosewho had eye or kidney compli-
cations, 22%) (9). During pregnancy, food
insecurity is associated with increased
gestational weight gain and gestational di-
abetes, a risk factor for developing T2D
(10,11).

The term “nutrition security” builds on
long-standing efforts to advance food se-
curity by recognizing the critical role of
diet quality in preventing and managing
chronic disease. It also prioritizes equity
and recognizes that structural inequities
make it hard for people to eat healthy and
be physically active. Nutrition security is
defined by the U.S. Department of Agricul-
ture (USDA) as the “consistent and equita-
ble access to healthy, safe, and affordable
food that is essential to health and well-
being” (12). Because the term is relatively
new and there is currently no standardized
way tomeasure ormonitor nutrition secu-
rity (and thus very limited nutrition secu-
rity research), in this article we primarily
focus on the concept of food insecurity.

We begin with a review of the relation-
ship between food insecurity and diabetes
and a description of the underlying mech-
anisms that may drive this association.We
then examine interventions that target

food insecurity and diabetes prevention
andmanagement simultaneously.We con-
clude with a discussion of gaps and oppor-
tunities for research, policy, and practice.

COEXISTENCE OF FOOD
INSECURITY AND DIABETES

A substantial body of research documents
the bidirectional relationship between food
insecurity and poor health (13). Broadly
speaking, food insecurity can lead to poor
health when patients are unable to afford
enough nutritious food, resulting in the de-
velopment or poor management of diet-
related illness. Poor health can also lead to
food insecurity through increased health
care expenditures and increased trade-offs
between food, medications, and other ne-
cessities. Further, worsening disease may
lead to increased workplace absenteeism,
resulting in decreased income and greater
difficulty affording food. Food insecurity
is also associated with a number of cardi-
ometabolic risk factors and conditions,
including overweight/obesity (although
results differ by sex), hypertension, coro-
nary heart disease, congestive heart fail-
ure, stroke, diabetes, and chronic kidney
disease (6). Food insecurity is also associ-
ated with prediabetes, a strong predictor
for later diabetes diagnosis, and this
association differs by race/ethnicity and
sex (14). A cross-sectional study using

National Health Interview Survey (NHIS)
data found an association between food
insecurity and diabetes among non-
Hispanic White women and non-Hispanic
Blackwomen, but no associationwas found
between men and Hispanic women (15).
Among those with T2D, food insecurity is
associated with worse glycemic control,
lower diabetes self-efficacy, poorer diabetes
self-management behaviors, more depres-
sive symptoms, greater diabetes distress
(the emotional distress that results from the
burden of living with and/or managing the
disease), and lower adherence to medica-
tion and blood glucosemonitoring (16).

Food insecurity is a powerful toxic
stressor that can elicit behavioral, physio-
logical, and psychological responses. Re-
sulting hormonal and pathophysiological
changesmay increase an individual’s risk of
developing diabetes and its complications
(17). There are several mechanisms by
which food insecurity and diabetes have
been hypothesized to co-occur (Fig. 1). Ac-
cording to a conceptual framework previ-
ously developed byWeiser et al. (18), food
insecurity can lead to or worsen diabetes-
related outcomes through three main
paths: 1) nutritional, 2) behavioral, and 3)
mental health.

The link between food insecurity and
poor diet quality defines the nutritional
path. Faced with a limited household food
budget, food insecurity may pressure

Table 1—Influence of food insecurity on diabetes prevention, management, and outcomes (13,16,23)

Diabetes risk Food insecurity is associated with a greater risk of T2D. It is also more common among those who are
already diagnosed with diabetes.

Diet quality Food insecurity is associated with lower overall diet quality and intake of fruits and vegetables. Individuals
experiencing food insecurity are also more likely to choose low-cost, nutritionally poor foods.

Weight Evidence for the association between food insecurity and weight is mixed and differs by age and sex.

Competing demands Food insecurity is associated with increased spending trade-offs (choosing between paying for food and
other necessities, including medical care, utilities, and transportation), purchasing cheaper food in order
to afford diabetes supplies, skipping or delaying medical care, reducing the amount of food consumed
to save it for household children, and utilization of charitable (e.g., food pantries) and federal (e.g.,
SNAP) nutrition assistance.

Diabetes self-management Food insecurity is associated with reduced diabetes self-efficacy and lower medication adherence and
blood glucose monitoring.

Mental health Food insecurity is associated with increased stress, depression, diabetes distress, and anxiety.

Absenteeism Food insecurity is associated with greater risk of overall and health-related missed workdays, which lowers
household income and exacerbates food insecurity.

Glycemic control Food insecurity is associated with more labile blood sugars, i.e., higher incidence of both hyperglycemia (as
measured by HbA1c) and hypoglycemia (as measured by diagnostic codes and self-report).

Health care utilization Food insecurity is associated with greater health care expenditures and T2D-related health care utilization,
including outpatient visits, emergency department visits, and hospitalizations. No clear relationship
exists between food insecurity and utilization of diabetes-specific care (e.g., HbA1c tests, eye and foot
exams, and urine tests).
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individuals to more frequently choose
energy-dense, nutritionally poor, and more
highly processed food items that tend to
be lower in cost than more healthy alter-
natives. In fact, low income, high food pri-
ces, lack of time to shop and prepare
food, lack of transportation, and limited ac-
cess to grocery stores that stock healthy
food are often cited as barriers to con-
suming a healthy diet (13). Thus, individ-
uals living in food-insecure households
consume fewer fruits and vegetables,
have lower intake of important nutrients,
and have worse overall diet quality than
those living in food-secure households
(6). This dietary pattern can lead to
increased insulin resistance and higher
blood glucose levels among individuals
with diabetes. Conversely, low food avail-
ability at the end of the month can also re-
sult in hypoglycemia. Risk of an inpatient
admission for hypoglycemia increases 27%
during the last week of the month com-
pared with the first week of the month in
the lowest-income zip codes in California,
a pattern not seen in higher-income zip
codes (19). This pattern suggests the ex-
haustion of household food budgets at
month’s end can drive some health dis-
parities (19). Similarly, using a national
sample of commercial claims data, Basu

et al. (20) observed that low-income indi-
viduals with diabetes had a greater chance
of having an emergency room or inpatient
hospital visit for hypoglycemia during the
last week of the month compared with
the earlier weeks. Households experienc-
ing food insecurity are also more likely to
report multiple episodes of hypoglycemia
and are more likely to attribute those epi-
sodes to the inability to afford food (21).
Individuals anticipating a lack of food in
the future or with recent experiences of
food inadequacy may also compensate by
binging when food is available (13). For
those with diabetes, this pattern may in-
crease the risk for poor glycemic control
and diabetes-related complications.

Competing demands force individuals
experiencing food insecurity tomake diffi-
cult decisions about whether to prioritize
paying for food or other necessities (re-
ferred to in Fig. 1 as the behavioral path-
way). For example, when faced with
economic constraints, individuals may have
to choosewhether topay for food, their dia-
betes medications, and/or medical care
(22). Some may have to skip, delay, or
reduce their medications (known as cost-
relatedmedication underuse) and/or health
care visits to afford food or other basic
needs, which may lead to worsening

disease control. Among a sample of NHIS
respondents, individuals who reported both
cost-related medication underuse and food
insecurity were more likely to be Hispanic
or non-Hispanic Black, have no usual place
of care, have no insurance, and have more
chronic conditions (22). Competing de-
mands and food insecuritymay also reduce
an individual’s cognitive bandwidth to ef-
fectively manage their diabetes, as atten-
tion is focused onmore pressing concerns.

Through the mental health pathway,
food insecurity is linked to poor psychoso-
cial outcomes, including a higher risk of
depression, anxiety, and stress, as well
diabetes-specific distress (23). Food insecu-
rity may also contribute to self-doubt,
worry, shame, and guilt (18). Although the
causal nature of these relationships is still
unclear, a dose-response relationship exists
inwhichmore severe forms of food insecu-
rity are associated with an increased likeli-
hood of suboptimal mental health (23).
Some of these mental health outcomes,
depression in particular, are risk factors for
the development of diabetes (24).

Inflammationmay be another important
mechanism by which food insecurity leads
to adverse health outcomes, potentially op-
erating through the nutritional, behavioral,
and mental health pathways (25). Food

Poor outcomes, increased health
care u�liza�on and costs

Food securityDiabetes
Co-occurrence of diabetes

and food insecurity

Mental health Nutri�onBehavior

Food insecurity

Policies, systems, and
environment (e.g., health care
system, health care policies,
nutri�on assistance policies
and programs)

Socioecological factors

Household (e.g., budget,
social norms, cultural values)

Community (e.g., charitable
food system and other 
community food programs,
diabetes self-management
programs, housing,
transporta�on, grocery store
availability)

Individual (e.g., gene�c 
vulnerability, demographics,
clinical, employment,
insurance)

Without diabetes: Increased risk
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Diabetes preven�on

With diabetes: Labile blood sugars
and increased risk of complica�ons
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Figure 1—Co-occurrence of diabetes and food insecurity.
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insecurity is associated with elevated
inflammatory markers associated with
chronic disease risk (26,27). In a study of
121 individuals with T2D, food insecurity
was associated with higher insulin resis-
tance, partially explained by inflammation
and stress hormones (28). Further, food-
insecure individuals with T2D experienced
more chronic, low-grade inflammation
than their food-secure counterparts (28).

Food insecurity and T2D are both more
common in historically underserved popu-
lations, which means these groups also
are more likely to be affected by their syn-
ergistic effects.

WHAT INTERVENTIONS MIGHT
TARGET BOTH FOOD INSECURITY
AND DIABETES?

Policies and programs that support food
security, healthy dietary intake, and op-
timal health are important for reducing
the overall burden of diabetes and in-
equities in diabetes incidence and out-
comes. We begin this section with a
brief review of the impact of policies
and programs that support food secu-
rity and health (Table 2), followed by a
more in-depth discussion of two inter-
ventions that hold promise for also ad-
dressing diabetes disparities: produce

prescription programs and the Special Sup-
plemental Nutrition Program for Women,
Infants, and Children (WIC). Here,we divide
these interventions into two broad catego-
ries: federal nutrition assistance and a suite
of interventions commonly referred to now
as “food ismedicine.”

Food Is Medicine
While there is no single agreed-upon defi-
nition for food is medicine, it is frequently
defined as the integration of specific food
and nutrition interventions in, or in close
collaboration with, the health care sys-
tem (29). These include a spectrum of

Table 2—Food programs and diabetes outcomes

Food-is-medicine programs
Food pantry, food pharmacy and other

healthy grocery distribution programs
Food pantry studies and food pharmacy studies that provide participants with appropriate
food boxes or healthy groceries have demonstrated improvements
in fruit and vegetable consumption, food security, food stability, depression,
self-efficacy, trade-offs between food and health care, and self-reported health status
(33–35). However, evidence for improvements in HbA1c has been mixed (34,35).

Medically tailored meals Medically tailored meals (MTM) are associated with improvements in diet quality,
including increased consumption of produce and whole grains and decreased
consumption of solid fat, alcohol, and added sugars among adults with diabetes (66).
Further, studies have also observed reductions in food insecurity, BMI, hypoglycemia,
depression, diabetes distress, self-reported stress, and trade-offs, along with
improvements in quality of life and ability to manage diabetes (30). Studies have been
less conclusive on their impact on HbA1c as well as hospitalizations and emergency
department visits among people with diabetes. However, among individuals with
multiple health conditions, participation in MTM programs has been associated with
lower health care utilization and lower health care costs (30).

Produce prescriptions programs While most studies include a focus on individuals with diabetes or those at risk for chronic
disease, few collect data on HbA1c. Produce prescription program participation is
associated with improved fruit and vegetable intake and food security (37,39). Among
those with diabetes, there is some evidence to show improvements in glycemic control
and BMI, but results are inconsistent (38,39).

Federal nutrition assistance programs

SNAP Among people experiencing food insecurity, SNAP participation is associated with
improved glucose control and (among older adults) a moderate decrease in cost-
related medication nonadherence (67,68). An increase in SNAP benefits is
associated with reduced likelihood of hypoglycemia (69). State policies aimed at
increasing SNAP participation were associated with slower growth in diabetes
prevalence rates across a 10-year period in one study (70). In general, SNAP
participation is associated with improved medication adherence, reduced health care
costs, better self-reported health status, fewer trade-offs, reduced psychological distress,
and (among older adults) decreased likelihood of nursing home or hospital admission
(42). Receipt of SNAP during childhood is also associated with reductions in metabolic
syndrome later in life (42).

WIC WIC is associated with more appropriate gestational weight gain, longer gestational age,
improved distribution of birth weight, and decreased preterm delivery and infant
mortality (48). The new WIC food package is associated with increased consumption of
healthy food items. Increases to the cash value benefit (CVB) allotment have also been
associated with greater consumption of fruits and vegetables (49).

Other

Diabetes self management education In general, diabetes self management education (DSME) is associated with multiple
positive clinical, psychosocial, and behavioral effects, and it has been
demonstrated to be a cost-effective intervention (5). Although few studies have
examined DSME interventions among food-insecure individuals, research has shown
improvements in food security and fruit and vegetable intake but mixed results for
HbA1c (35,38).
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programs designed to support chronic
disease prevention, management, and
treatment by providing access to nutri-
tious foods, including medically tailored
meals (MTMs), healthy groceries or food
boxes, and produce prescription programs
(30). As health systems and insurers in-
creasingly recognize the link between acute
social needs and chronic disease, more ef-
forts are being made to integrate food-
is-medicine programs into patient care. A
growing body of research documents the
efficacy of these interventions, particularly
for individuals with diabetes (30) (Table 2).
Pooled estimates from a recent systematic
review and meta-analysis of healthy food
interventions revealed a 22% (0.8 serving)
increase in fruit and vegetable consumption
and overall decreases in BMI (0.6 kg/m2)
and HbA1c (0.8%) (31). Another system-
atic review and meta-analysis of 16 stud-
ies that examined the impact of food-is-
medicine interventions on diabetes health
outcomes found similar results, demon-
strating improvements in fruit and vegeta-
ble intake and HbA1c (32). However, both
reviews included studies that were highly
heterogenous and varied considerably in
their methodologic quality.
Of all the food-is-medicine approaches,

evidence is most robust for MTMs (e.g.,
medically appropriate meals often home
delivered to individuals living with com-
plex, severe, or chronic disease). MTM in-
terventions for individuals with diabetes
improve diet quality, decrease food inse-
curity and hypoglycemia, improve diabe-
tes self-management, and support better
psychosocial outcomes (29). Participation
in MTM programs has also been associ-
ated with lower health care utilization
and lower costs (29). However, MTMs are
typically costly to implement (compared
with other food-is-medicine interventions)
and are likely most cost-effective for the
most medically and socially complex pa-
tients, particularly those without capacity
to shop for or prepare their own meals.
An increasing number of health sys-

tems are partnering with the charitable
food sector, particularly food banks and
pantries, to develop programs that con-
nect patients to food resources if they are
identified as food insecure while receiving
care. Studies show that the provision
of produce and/or diabetes-appropriate
packages to adults with diabetes results in
improved food security, dietary intake,
diabetes self-efficacy, medication adher-
ence, diabetes distress, and depression

(33–35). However, effects on HbA1c have
been mixed (33–36). Although there are
limited studies with a control group, one
randomized controlled trial of a pantry in-
tervention by Seligman et al. (35) found
no effect on HbA1c, except among those
participants who were fully engaged in the
intervention (a nonrandom sample). Closer
integration with the health system may
increase the efficacy of these programs.

Produce prescription programs have
emerged as a popular, promising, and po-
tentially cost-effective model for simulta-
neously reducing food insecurity, improving
diet, and supporting improved diabetes
outcomes. These programs typically pro-
vide individuals or households with bene-
fits (in the form of physical vouchers or an
electronic card) to purchase produce at
participating farmers’markets and grocery
stores. Like other food-is-medicine inter-
ventions, there is significant variation in
program dose (e.g., the amount of the
benefit), duration, and populations served.
There is increasing momentum for produce
prescription programs, and millions of dol-
lars in dedicated federal funding are pro-
vided each year through the USDA’s Gus
Schumacher Nutrition Incentive Program
(GusNIP) to support these interventions. Re-
search shows that produceprescriptionpro-
grams are associated with improvements in
dietary intake and food security (31,37).
Several evaluations of produce prescription
programs focus on patients with or at high
risk for diabetes; some of these demon-
strate evidence of improvements in BMI
and HbA1c, although findings are variable.
For example, in a pre/post study of
97 adults with T2D enrolled in a produce
prescription program coupled with diabe-
tes self-management education (DSME),
participants exhibited a 1.3% clinically
and statistically significant decrease in
HbA1c (38). Reductions in HbA1c were as-
sociated with higher redemption rates. In
another pre/post study of 333 T2D adults
receiving care at rural community health
centers, patients demonstrated statisti-
cally significant reductions in HbA1c, and
the number of patients with uncontrolled
T2D (HbA1c >9%) decreased by 46% (2).
However, this study also had a high attri-
tion rate (48%), which could have biased
study results. In a pilot trial of 128 adults
with T2D (HbA1c >8.0%) at a Federally
Qualified Health Center (FQHC) random-
ized to receive either $80 in produce for up
to 8 weeks or standard care, there were
no significant differences between the

intervention and control groups for any
health metrics (HbA1c, BMI, or blood pres-
sure) after programcompletion (39).

Multiple simulation models have been
conducted to estimate the downstream
impacts of produce prescription programs.
One of these analyses suggested that fruit
and vegetable incentives have the poten-
tial to prevent 1.93 million cardiovascular
disease events and save $39.7 billion in
formal health care costs (40). A broader
healthy food incentive, which covered the
cost of fruits and vegetables, whole grains,
nuts/seeds, seafood, and plant-based oils,
was found to prevent 120,000 cases of dia-
betes (40). However, this same result was
not found for the fruit and vegetable in-
centive only. A similar study found that a
Supplemental Nutrition Assistance Pro-
gram (SNAP) subsidy on produce would
be expected to increase the alternative
Healthy Eating Index (HEI) score (a mea-
sure of diet quality) and avert 39,000
cases of diabetes and 4,600 cardiovascu-
lar deaths over a 10-year period (41).

While more research is needed, pro-
duce prescription programs, compared
with other food-is-medicine interventions,
typically cost less to implement and may
be more readily scaled. Thus, while inter-
ventions like MTMs may be reserved for
the highest-risk patient populations, pro-
duce prescription programsmay be better
suited for a broader patient population,
including those at risk for or living with di-
abetes but who do not have multiple,
complex comorbidities or challenges with
shopping for and preparing food.

Federal Nutrition Assistance
The USDA Food and Nutrition Service ad-
ministers a suite of 15 nutrition assistance
programs, which reach one in four Ameri-
cans over the course of a year and provide
income-eligible households with food or
money to purchase food. Two of the larg-
est are the Supplemental Nutrition Assis-
tance Program (SNAP) (formerly known as
food stamps) and WIC, both of which de-
crease food insecurity and improve nutri-
tion and health.

SNAP, the nation’s largest food assis-
tance program, currently serves 41 million
Americans each month, reduces food inse-
curity by 20–30%, and is one of the nation’s
largest antipoverty programs. Although it
was designed primarily to support food se-
curity among participants, it is now clear
that SNAP also improves health and
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reduces health care costs (42). Multiple
design changes have been proposed to
nudge SNAP participants toward purchas-
ing more healthy foods with their SNAP
dollars, including financial incentives for
fruit and vegetable purchases (such as
those funded by the GusNIP program), or
purchases of healthy foods more broadly,
and restrictions on purchases of unhealthy
foods. Although modeling studies consis-
tently show a positive benefit of these
design changes on health outcomes, in-
cluding those related to diabetes, it is not
clear what impact they would have on pro-
gramenrollment, stigma, or the complexity
of benefit redemption for participants (43).

WIC supports the health of more than
6 million income-eligible pregnant and
postpartum individuals, infants, and chil-
dren under the age of 5 years and at nutri-
tion risk by providing nutritious foods,
nutrition and breastfeeding education,
and referrals to health care and other so-
cial services. Studies show that early nutri-
tion, starting in utero, plays a key role in
long-term behavior and health outcomes
(44). Epidemiologic studies have identified
suboptimal nutrition (both overnutrition
and undernutrition) as a risk factor for the
development of T2D later in life (44). Fur-
ther, pregnant people experiencing food
insecurity are more likely to develop ges-
tational diabetes, a strong risk factor for
the later development of T2D (45).

Although it is designed for a specific
target population, WIC is the only federal
nutrition assistance program established
with the sole purpose of addressing
health (rather than the dual purpose of
supporting American agriculture and pub-
lic health). While WIC is designed as a
short-term intervention, its goal is to influ-
ence nutrition across the lifespan. WIC is
also the nation’s only federal produce pre-
scription program. In addition to provid-
ing money for specific healthy food items,
additional dollars (known as a cash value
benefit [CVB]) are allotted for the pur-
chase of fruits and vegetables. In 2009,
theWIC food packagewas updated to bet-
ter align with the latest nutrition science,
and the USDA has recently announced
proposed changes to supplement the foods
and beverages participants already con-
sume and fill in key nutritional gaps to sup-
port healthy growth and development (46).

Following the introduction of the 2009
WIC food package, participants were more
likely to purchase and consume fruits and
vegetables andwhole grains, and theywere

less likely to purchase and consume fruit
juice, refined grains, grain-based desserts,
higher-fat milks, and sugar-sweetened
beverage (47). WIC households also pur-
chased fewer total calories (�11%), so-
dium (�12%), total fat (�10%), and sugar
(�15%) than they did before 2009 (47).
Improvements to the WIC food package
have also contributed to a healthier food
environment by increasing the availability
and variety of healthy foods in grocery
and corner stores. In a recent systematic
review, WIC participation was associated
with better maternal and child diet quality
and nutrient intake (48). There is also a
substantial body of literature demonstrat-
ing WIC’s positive impact on birth out-
comes, including a lower risk of inadequate
gestational weight gain, infant mortality,
and preterm delivery (48). However, stud-
ies have not yet been able to demonstrate
any association between WIC and gesta-
tional diabetes outcomes.

During the coronavirus disease 2019
(COVID-19) pandemic, the USDA increased
the CVB from $9–$11/month to $24–$47/
month, and in summer 2021, the WIC CVB
was temporarily increased to $35 for all
WIC participants. This benefit increase was
associated with increased purchasing and
consumption of fruits and vegetables and
greater dietary quality and variety among
participants (49). The CVB increase has
been temporarily extended through 30
September 2023, and the new amount is
$25 for child participants, $44 for pregnant
and postpartum participants, and $49 for
fully and partially breastfeeding partici-
pants (50).

Given its effects on dietary intake, WIC
may also be an important policy lever for
improving obesity rates, thereby reducing
chronic disease risk. A 2019 study byDaepp
et al. (51) found that the 2009 changes to
the WIC food package were associated
with a 0.34 percentage point decrease in
annual obesity prevalence among children
aged 2–4 years old. Similar findings were
found among children who received WIC
from birth to age 4 years in Los Angeles
County (52).

Participation in WIC likely reduces
food insecurity, and aging out of WIC
has a negative impact on child food se-
curity (53,54). Longer program partici-
pation is associated with lower odds of
household food insecurity and better diet
quality (as measured by HEI score) (53).
Given the connection between childhood
food insecurity and later disease risk

(including diabetes risk), interventions
such as WIC, designed to target both food
insecurity and nutrition, may be an impor-
tant primary prevention strategy.

Other Social Policies
Social policies designed to alleviate pov-
erty, such as income supports, may also
be an important solution for reducing
food insecurity risk. For example, expan-
sion of the child tax credit as part of the
American Rescue Plan in 2021 resulted
in reductions in food insecurity, includ-
ing very low food security, and an Ur-
ban and Brookings Institute study found
that the majority of recipients used
their credit to purchase food (55–57).
The earned income tax credit, a tax refund
for low-income, working families, is associ-
atedwith improvements in food insecurity,
particularly in the short term. The effect of
the earned income tax credit on health
has been mixed in adults, but the majority
of studies show improvements in long-
term (but not short-term) health among
children (58). Finally, studies that exam-
ined the effects of universal basic income
(UBI) (otherwise known as unconditional
cash transfers) both globally and domesti-
cally have demonstrated improvements in
birth outcomes, educational attainment,
and mental health and well-being (59). Al-
though not specifically designed to target
food insecurity, these programs may serve
as an important policy lever for addressing
food insecurity and supporting health by
stabilizing household income.

The numerousmechanisms bywhich fe-
deral nutrition programs, food-is-medicine
programs, or other social policies that re-
duce food insecurity work to improve
health have yet to be fully explored. Theo-
retically, these programs may affect health
by directly reducing food insecurity; by
compensating for the effects of food inse-
curity, regardless of whether food insecu-
rity is actually reduced; or by buffering the
effects of food insecurity on health. For ex-
ample, SNAP alleviates food insecurity, but
it may also result in positive health out-
comes by freeing up additional money in
the household budget thatmay then be di-
verted to health care. Other programs,
such as SNAP-Education (SNAP-Ed) or the
Expanded Food and Nutrition Education
Program (EFNEP), could positively influ-
ence health by supporting food security
directly, but they may also buffer the detri-
mental effects of food insecurity on health
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through education and peer group support.
A better understanding of the different
ways in which these programs support
health can inform future program models
and policies.

WHAT ARE THE PATHS FORWARD
FOR RESEARCH, POLICY, AND
PRACTICE?

Addressing the coexistence of food inse-
curity and T2D calls for a multilayered
approach by policymakers, researchers,
clinicians, and public health practition-
ers. Given the disproportionate impact
on historically underserved populations,
there is a need to prioritize solutions for
these groups. Table 3 summarizes se-
lected opportunities.

Research
Research is needed to fill important gaps.
First, there is significant heterogeneity
in the implementation of food-is-medicine
programs, and there is currently no consen-
sus on the optimal intensity, dose, and du-
ration of these programs. More research is
needed to understand the most effective
delivery models for these programs,
which is also likely to differ by target pop-
ulation. Further, the vast majority of
food-is-medicine studies are pre/post,
single-site, observational studies, which are
also limited by relatively small sample sizes.
Recommendations for food-is-medicine

research call for more rigorous study de-
signs that include both quantitative and
qualitative approaches (30). Where ran-
domized controlled trials are not feasible,
alternative causal inference methodologies
should be considered (30). A commentary
by Hager andMozaffarian (60) in response
to a systematic scoping review of health
care interventions to increase fruit and
vegetable intake similarly outline current
challenges and opportunities for food-is-
medicine programs.

Limitations also exist in federal nutrition
assistance program research. Because it is
not possible to randomize federal nutrition
assistance program recipients, evaluations
of SNAP and WIC typically rely on observa-
tional or quasi-experimental approaches.

While there is currently no standardized
measure of nutrition security, research is
underway by the USDA and independent
researchers to understand the conceptual
underpinnings of nutrition security, its re-
lationship to food security, and how it
might be measured (61,62). Future re-
search should continue to leverage exist-
ing measures of diet quality (like HEI)
while metrics are under development.

While there is early evidence that sup-
ports the importance of food security inter-
ventions on diabetes outcomes, assessment
of long-term impacts remains an important
gap in the literature. More research is
needed to elucidate the complex pathways
that link food insecurity and diabetes

outcomes in different populations in order
to develop targeted prevention and treat-
ment approaches (2). Finally, a significant
gap remains in building equity into re-
search design. More intentional action is
needed to center racial equity across the
research continuum to ensure interven-
tions are both relevant and effective across
different populations (30). Investment in
these research actions represents an im-
portant step for advancing health equity in
diabetes prevention andmanagement.

Policy
Policy changeswill be important to acceler-
ate progress. At the federal level, major
legislative vehicles can help to maintain or
strengthen the federal nutrition assistance
programs. For example, the Farm Bill sets
policy and funding structure for many agri-
culture, food, and nutrition programs, in-
cluding SNAP, and is reapproved about
every 5 years (with the 2018 Farm Bill be-
ing the most recent). Child Nutrition Reau-
thorization (CNR) is used to fund and
structure child nutrition programs, includ-
ing WIC. Congress has not passed CNR leg-
islation since the Healthy, Hunger Free Kids
Act in 2010. Annual appropriations are a
third key opportunity for change; the FY23
appropriations extended the WIC CVB as
mentioned above. At the local and state
levels, there is considerable opportunity to
innovate and test promising approaches.
For example, states can test Medicaid

Table 3—Opportunities for research, policy, and practice

Research Understand the most effective food-is-medicine delivery models by target population, particularly for historically
underrepresented populations where disparities in diabetes and food insecurity risk may be most prevalent

Develop a measure of nutrition security
Identify the optimal intensity/dose (e.g., how much food or money is provided) and minimum duration of intervention
Invest in longitudinal and high-quality studies that include a control group and are adequately powered to detect

outcomes of interest, especially HbA1c
Prioritize the collection of clinical data, such as HbA1c, in addition to other outcome and process metrics, such as dietary

intake, food insecurity, and program engagement, using standardized data collection tools where possible
Assess the cost-effectiveness of food insecurity interventions across different populations and quantify their impact on

health care utilization and costs
Examine the complex pathways and mechanisms that underly the relationship between food insecurity and diabetes to

develop targeted treatment and prevention approaches
Apply an equity lens throughout the research design process

Policy Leverage legislative vehicles to maintain and further strengthen the federal nutrition assistance programs

Support coverage of the National Diabetes Prevention Program by state Medicaid agencies
Encourage innovation by local and state governments

Practice Support implementation of relevant recommendations in the National Strategy (63)

Encourage all health systems to screen for food insecurity and provide individuals with food insecurity a warm hand off
to the social safety net

Build a coalition that includes health care and antipoverty advocates to support this work
Provide more medical education about social determinants of health, including food insecurity and its clinical implications
Foster better coordination of diabetes prevention and treatment across government agencies
Encourage enrollment in the federal nutrition assistance programs to maximize participation
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coverage of nutrition education and other
nutrition supports using Medicaid Section
1115 demonstration projects.

The recent, historicWhite House Confer-
ence on Hunger, Nutrition, and Health and
corresponding National Strategy included a
number of policy recommendations that
are particularly salient for diabetes preven-
tion and management (63). These include
strengthening federal nutrition assistance
programs by providing a WIC CVB amount
that supports adequate fruit and vegetable
consumption (which is mentioned above
and included in the fiscal year 2023 appro-
priation), updating WIC nutrition standards
to align with national nutrition standards
(which is mentioned above and is under-
way), and expanding incentives for fruits
and vegetables in SNAP.These policy actions
represent an important step for achieving
nutrition security and promoting health
equity.

Practice
The National Strategy also recommends
administrative actions that can be taken by
the federal government or the private sec-
tor. For example, it calls for the expansion
of access to food-is-medicine programs by
both public and private insurers and the
implementation of nationally funded and
state-funded produce prescription pilots.
Specific to diabetes prevention and man-
agement are recommendations to expand
access to the National Diabetes Prevention
Program (DPP) and increase funding for
the implementation of evidence-based
strategies, especially those that focus on
reducing health disparities. Recommen-
dations also call for the adoption of uni-
versal food insecurity screening in federal
health care settings and increased data in-
frastructure to support these screenings.
The recommendation that food insecurity
screening should happen in all health care
settings elevates the importance of pa-
tients receiving a warm hand off to safety
net programs (e.g., leverage case workers
to help eligible individuals enroll in federal
nutrition programsor food-is-medicine pro-
grams, similar to what is often done for
Medicaid enrollment) when they screen
positive for food insecurity—screening
without an intervention is unlikely to im-
prove any clinical outcomes.This is particu-
larly important since the federal nutrition
assistance programs are not fully used
(e.g., one in two individuals eligible forWIC
and one in five eligible for SNAP do not

participate), so efforts such as these could
help close the participation gap.To support
this process, there is a need for more edu-
cation about how to conduct food insecu-
rity screenings. One successful example is
the American Academy of Pediatrics (AAP)
and Share Our Strength committing (as
part of the recent White House Confer-
ence) to offering training to all 67,000 AAP
member pediatricians on both screening
for nutrition insecurity and referring pa-
tients to federal and community nutrition
resources by 2030 (64). This is also a good
example of the health care sector and
antihunger community coming together;
more coalition building like this is needed
to support this effort. Philanthropy has
and may continue to play an important
role in convening thought leaders around
food is medicine and providing support
for evaluation.

Food insecurity should also informclinical
treatment plans. For example, physicians
and health care providers may prescribe
medications with a lower risk of hypoglyce-
mia or tailor nutrition counseling to support
consumption of healthy, lower-cost items
(such as canned or frozen produce with no
added sugar or salt) (65).

CONCLUSIONS

Food insecurity and diabetes are linked
through multiple, interwoven pathways.
Food programs, including both food-
is-medicine and federal nutrition assis-
tance programs, offer a promising strategy
to simultaneously address food insecurity
and reduce health disparities. While there
is good evidence that these programs can
impact intermediate outcomes (dietary in-
take and food security), there is less con-
sistent evidence about their capacity to
impact BMI, glycemic control, and diabe-
tes complications, particularly for food-
is-medicine interventions. Future research
efforts should focus on how to design
and implement these programs so that
they best support people with diabetes
and people at high risk of diabetes, with a
particular emphasis on attenuating long-
standing disparities for historically under-
served populations. Policy and practice
efforts from a variety of actors are also
needed to bring this work to scale.
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