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Abstract

Purpose of Review This review examines the current epidemiological evidence for the relationship between levels of food
insecurity and cardiovascular disease (CVD) outcomes among US adults > 17 years.

Recent Findings Review of recent literature revealed that reduced food security was associated with decreased likelihood of good
self-reported cardiovascular health and higher odds of reporting CVD-related outcomes such as coronary heart disease, angina,

heart attack, peripheral arterial disease, and hypertension.

Summary Existing evidence suggests a compelling association between each level of reduced food security and CVD risk with a
particularly strong association between very low food security and CVD risk. Policies and public health-based strategies are
needed to identify the most vulnerable subgroups, strengthen and enhance access to food assistance programs, and promote
awareness and access to healthful foods and beverages to improve food security, nutrition, and cardiovascular health.
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Introduction

Cardiovascular disease (CVD) is the number one leading
cause of death globally [1¢]. In the USA, CVD death was
primarily attributable to coronary heart disease (CHD,
42.6%), followed by stroke (17.0%), hypertension (10.5%),
heart failure (9.4%), and diseases of arteries (2.9%); other
minor CVD causes combined accounted for 17.6% in 2017
[2]. CVD poses a substantial health and economic burden in
the USA. About 10.6% of US adults were living with CHD,
heart failure, or stroke between 2013 and 2016 [3]. The esti-
mated annual direct and indirect cost of CVD was $351.2
billion for 2014-2015, and the total cost is expected to reach
$1.1 trillion in 2035 [1°]. Although estimates suggest that

This article is part of the Topical Collection on Nutrition

>4 Yibin Liu
yibinliu@buftalo.edu

Heather A. Eicher-Miller
heicherm @purdue.edu

Department of Community Health and Health Behavior, School of
Public Health and Health Professions, University at Buffalo, 314
Kimball Tower, Buffalo, NY 14214, USA

Department of Nutrition Science, Purdue University, West
Lafayette, IN, USA

approximately 80% of CVD can be prevented by controlling
risk factors and adopting a healthy lifestyle, currently in the
USA, the prevalence of heart healthy behaviors is low, and
substantial barriers to implementation exist including low so-
cioeconomic status and food insecurity [1°, 4, 5].

Food insecurity is a major US public health concern, with
10.5% of households having limited access at all times to
enough food for an active and healthy life in 2019 [6]. Due
to the coronavirus disease 2019 (COVID-19) pandemic, food
insecurity is estimated to have tripled to 38.3% and increased
well beyond levels seen during the Great Recession, based on
a representative national sample of US adults collected in
March 2020 [7]. The prevalence of food insecurity was even
higher (44%) for US adults with income below 250% of the
federal poverty level [8]. Growing evidence reveals food in-
security to be a risk factor for poor health across the life
course. Children and adults living in food insecure households
may have increased risk for negative health outcomes such as
poor development, overall poor health, adverse mental health
conditions, chronic diseases, functional limits, and potentially
shorter life expectancy compared with those living in food
secure households [9-13]. To cope with food insecurity,
households may rely on a low variety of nutritionally inade-
quate foods and have disordered eating patterns that contribute
to poor overall dietary quality, and do not meet the recom-
mendation for key food groups nor fulfill the average require-
ment for nutrients [5, 11, 14-19]. Indeed, the classification of

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11883-021-00923-6&domain=pdf
http://orcid.org/0000-0003-3929-8943
mailto:yibinliu@buffalo.edu

24 Page2of12

Curr Atheroscler Rep (2021) 23: 24

food security defines ranges; in the most severe level, very
low food security (VLFS), amount of food is reduced, and
disrupted eating patterns are present [20]. Low food security
(LFS) is comparatively less severe but defines a range where
there is reduced quality or variety but not amount of food [20].
In marginal food security (MFS), anxiety of having enough
food exists, but no changes in diet are present, and finally, in
high food security (HFS), there are no indications of food
access limits [20]. Compromised dietary intake present with
LFS and VLFS combined with potential cycles of bingeing
and fasting alongside the fluctuating nature of food insecurity
may lead to adverse metabolic effects such as insulin resis-
tance and poor weight management that heighten CVD risk
[Le, 11, 21, 22]. Additionally, lower food security may affect
CVD risk by activating the stress response and elevating de-
pressive and anxiety symptoms that could potentially trigger
unhealthful coping behaviors or limit one’s ability to manage
disease [21, 22].

Dietary intake and other lifestyle factors associated with
and independent from food insecurity are important to CVD
risk. Research using comparable risk assessment methods and
nationally representative data have shown that about 45% of
cardiometabolic deaths were attributable to poor dietary habits
[23]. The leading dietary risk factors for cardiometabolic
deaths included low consumption of vegetables and fruits
(15%), high sodium intake (10%), low consumption of
nuts/seeds (9%), high consumption of processed meats (8%),
low intake of seafood omega-3 fats (8%), and high consump-
tion of sugar-sweetened beverages (7%) [23], many of which
have been associated with food insecurity [5, 15, 24, 25].
Besides eating a healthy diet, the American Heart
Association’s Life’s Simple 7 highlights three other health
behaviors (non-smoking/non-smokeless tobacco use, physical
activity, healthy body weight) and three CVD risk factors
(blood glucose, total cholesterol, and blood pressure) im-
portant for heart health [1¢]. Poor adherence to these mod-
ifiable risk factors has been associated with reduced food se-
curity, indicating the great potential of food insecurity to be
associated with cardiovascular health [9, 11, 24, 26].
Therefore, a strong link between food insecurity and CVD
risk is plausible. Several studies have evaluated this relation-
ship, but there is a lack of synthesis of recent literature to
determine how the severity or the range of food insecurity
may be associated with CVD risk. Summarizing the compre-
hensive evidence for this relationship may inform specific
intervention strategies targeting food insecure groups by food
security level to reduce CVD risk. This review examines the
current epidemiological evidence for the relationship between
the range of food insecurity and CVD outcomes among US
adults > 17 years of age and concentrates on papers that reflect
the most recent work. An explanation of the proposed mech-
anisms and policy implications is also included in discussion
of the findings.

@ Springer

Methods

A PubMed search of the terms “food security” and “health
outcomes” or “chronic disease” or “cardiovascular disease”
or “heart disease” or “coronary heart disease” or “angina
pectoris” or “myocardial infarction” or “heart attack” or “pe-
ripheral arterial disease” or “stroke” or “cerebrovascular dis-
ease” or “heart failure” or “arrhythmia” or “rheumatic heart
disease” or “congenital heart disease” or “thrombosis” or
“pulmonary embolism” yielded 262 peer-reviewed studies
published between 2010 and 2020. Searches were limited to
human studies published in the English language. First, the
title and abstract were assessed for general relevance. Second,
the full text of remaining articles was examined for accor-
dance with eligibility criteria. Relevant articles were included
in this review if they (1) used a sample drawn from the US
population, (2) contained self-reported or measured CVD-
related outcomes, and (3) classified food insecurity using the
US Department of Agriculture (USDA) Household Food
Security Survey Module or variants on this measure.

Results

After an examination of the title and abstract, 234 articles were
excluded from further consideration (Fig. 1). Full texts of the
remaining 28 articles were assessed in accordance with the
eligibility criteria, and 12 articles were retained for inclusion.
Two additional eligible articles were identified through review
of article references. A total of 14 studies [27-29, 30ee, 31-40]
met all criteria and were included in the final review (Table 1).

Most of the research examining food insecurity and its
association with CVD concentrated on working-age adults
or adults in general (Table 1), except for three studies that
featured older adults [29, 33, 37]. Eleven studies used a na-
tionally representative sample [27, 29, 30ee, 32, 33, 35-40],
while three studies used convenience samples [28, 31] or
state-specific representative samples [34]. Twelve studies
were cross-sectional [28, 29, 30, 31-39], and one study
was ecological [40], whereas one used longitudinal analysis
[27]. Four studies focused on evaluating the relationship be-
tween food insecurity and CVD outcomes among low-income
populations that fell below a certain percentage of the federal
poverty level [27, 30, 31, 36]. High prevalence of heart
disease (18%) and stroke (12%) above the national average
[41] were reported specifically in a food pantry user popula-
tion (aged 21-80 years) where the majority lived below 100%
federal poverty level [31]. Only one study used clinical mea-
sures to ascertain peripheral arterial disease [33], while the
majority used self-reported data for CVD-related outcomes
[27, 30, 31, 32, 34-38]. Additionally, three studies calculat-
ed the 10-year risk for atherosclerotic CVD events [28, 29, 39]
using the pooled cohort equations introduced by the American
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Fig. 1 Flowchart of the literature
search and article selection

Number of records after duplicates removed: 262

process

Number of articles excluded
based on title or abstract:
234

A 4

A 4

Number of full-text articles assessed for

eligibility: 28

Number of full-text articles
excluded: 16
= review (8)
= non-US sample (5)
= CVD was not the
dependent variable (2)

A 4

Additional eligible -
articles identified
through references: 2

food insecurity was not the
independent variable (1)

A 4

College of Cardiology/American Heart Association [42],
based on risk factors such as age, total cholesterol, blood pres-
sure, high-density lipoprotein cholesterol, type 1 or 2 diabetes
status, and smoking status. Food security status was quantified
by the 18-item or 10-item USDA’s Household Food Security
Survey Module in 12 studies [27, 29, 30ee, 31-33, 35-40],
while two studies used a l-item or 2-item screener to assess
food security [28, 34]. The prevalence of food insecurity
ranged from 9.4% [29] to 79% [31].

Four studies in this review classified food security into
HFS, MFS, LFS, and VLFS [29, 30ee, 35, 39], while three
studies combined HFS and MFS as being food secure (FS)
that was then examined along with LFS and VLFS [32, 36,
38]. These studies suggested a compelling association be-
tween each level of reduced food security and CVD risk,
though evidence supporting a dose-dependent relationship
was mixed. According to the USDA report conducted using
data from the National Health Interview Survey of over
40,000 working-age adults living <200% federal poverty lev-
el, adults in households with MFS, LFS, and VLFS all had
significantly increased risk of CHD, hypertension, diabetes,
and four other chronic illnesses (asthma, arthritis, chronic ob-
structive pulmonary disease, kidney disease), compared to
those in HFS households [30e¢]. As food insecurity worsened,
the risk of chronic illness was progressively higher as

A 4

Total number of articles
included in the review: 14

suggested by the statistically significant differences between
MES, LFS, and VLFS groups [30¢¢]. Findings from another
study did not support a consistent dose-dependent relationship
between food insecurity and CVD-related outcomes.
Specifically, MFS, LFS, and VLFS were associated with
higher odds of CHD (f = 1.5+0.3,p<0.1; § = 1.8 £ 0.3,
p<0.01; =1.5+0.3, p<0.1), angina pectoris (3 =2.2 £0.5,
p<0.01;3=2.0+£04,p<0.01; 3 =2.5+£0.6,p<0.01),and
heart attack (3 =0.7+0.2,p>0.1; 3 =2.2+£0.6,p<0.01; 3 =
1.8 £ 0.5, p < 0.05) compared with HFS among low-income
adults living < 300% federal poverty level (n = 15,499) from
the National Health and Nutrition Examination Survey
(NHANES) [36]. Similar findings were reported in another
study using NHANES data where only VLFS adults had sig-
nificantly higher odds for CHD and heart attack and both LFS
and VLFS adults had significantly higher odds for hyperten-
sion, diabetes, and inflammatory disease or joint/muscular
pain, compared with FS adults [38]. Another study pointed
out that the significantly greater odds of CHD (OR = 1.5,
95% CI 1.1-2.0) observed among food insecure adults was
primarily seen among individuals living in VLFS households
(OR = 2.0, 95% CI 1.3-3.0), compared to their FS counter-
parts based on NHANES data (n = 9,203) [32]. Using data
from NHANES of over 13,000 adults aged 20—64 years, one
study showed 2.4 times greater odds of excess predicted 10-
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year CVD risk (> 20%) among VLFS adults compared with
FS adults [39]. Another study showed significantly increased
predicted 10-year CVD risk (> 20 %) among VLFS adults
aged 30-59 years compared with FS adults (adjusted preva-
lence ratio = 2.38, p = 0.03), but not among older adults aged
6074 years [29]. Of these seven studies, only one reported no
significant association between food insecurity and heart fail-
ure, CHD, angina, heart attack, or stroke [35].

The other seven studies used binary comparisons of adults
living in food insecure households with those living in FS
households [27, 28, 31, 33, 34, 37, 40]. Overall, food insecu-
rity was associated with significantly decreased likelihood of
good self-reported cardiovascular health (OR = 0.53, 95% CI
0.31-0.92) [34], higher odds of reporting CVD-related out-
comes such as peripheral arterial disease (OR = 1.50, 95% CI
1.11-2.03) [33] and heart disease (OR = 2.65, 95% CI 1.05—
6.69) [31], and higher mortality rate among individuals with
cardiorenal syndrome (HR = 2.81, 95% CI 1.57-5.05) [27].
The ecological study using county-level longitudinal analysis
of data from 3142 US counties across 50 states and
Washington DC (2011-2017) showed that a 1% point in-
crease in food insecurity was associated with a 0.83% (95%
CI 0.43-1.25%, p < 0.001) increase in age-adjusted cardio-
vascular mortality [40]. Surprisingly, one study using data
from a convenience sample of 2066 US adults aged 30-64
years showed that living in FS households was associated with
higher 10-year CVD risk (p < 0.001) relative to food insecure
households, though the study used a single item question to
assess food security status and thus may be subjected to mis-
classification bias [28]. Another study using NHANES data
reported no association between food insecurity and self-
reported CVD outcome among older adults aged > 55 years;
however, the study reported that adults living in poverty had
greater odds of CVD (OR = 1.56, 95% CI 1.10-2.20) com-
pared with those living above the poverty level [37].

Discussion

This review of the recent literature suggests a compelling as-
sociation between reduced food security and CVD risk. The
association between VLFS with CVD-related outcomes was
particularly strong; however, each level of food insecurity and
even MFS presented a unique risk for CVD. The full range of
food insecurity classification to four levels captures important
information about economic hardship translated to poor health
outcomes, showing statistically significant differences be-
tween each level across the range of food insecurity in terms
of likelihood of various chronic health outcomes [30¢¢]. For
most chronic health outcomes examined in the USDA report,
MEFS, LFS, and VLFS were strongly associated with increased
risk and increased number of chronic conditions, relative to
HFS [30+¢]. Specifically, there was a statistically significant

@ Springer

increase in the prevalence of hypertension for adults as food
security worsens (HFS, 20%; MFS, 24%; LFS, 28%; VLFS,
36%) [30+]. Another study supported the notion that MFS
was associated with higher cumulative biological risk scores
and MFS adults were more likely to have higher mean
glycohemoglobin, C-reactive protein, and systolic blood pres-
sure, relative to HFS [43]. Yet the relationship of MFS to
CVD may not be observed when food security status is di-
chotomized [10]. LFS and VLFS were both associated with
CVD-related outcomes [27, 29, 30+, 31-34, 36, 38-40]; in
particular, VLFS adults had at least two times higher odds of
having excess 10-year CVD risk (>20%) and at least 1.4 times
higher odds of having CHD, heart attack, and hypertension
compared to FS adults [29, 30ee, 32, 38, 39]. One study re-
ported that VLFS adults had the highest likelihood of having
CHD, hypertension, and stroke across the four levels of food
insecurity [30ee].

The mechanisms by which reduced food security may cause
or heighten CVD risk remain unclear, but previous studies hy-
pothesized several pathways by which reduced food security
could lead to the development or worsening of chronic disease
and health conditions. In addition to the mechanisms described
in the introduction of this paper, previous life experiences of
food insecurity may heighten CVD risk, yet these remain
uninvestigated hypotheses. For example, the experience of food
deprivation as a child may have lifelong influence on eating
patterns, attitudes, and preference in adulthood; some adults
who experienced food shortages in childhood described long-
term disordered eating practice, such as bingeing when food
was available or food hoarding [44, 45]. Food insecurity has
also been associated with increased depressive symptoms and
stress [13]. Stress activates the sympathetic-adrenal-medullary
system and the hypothalamic-pituitary-adrenal axis, which trig-
ger the fight-or-light responses and a surge in stress-mediator
hormones that act on multiple biological systems [46]. Thus,
stress has the potential to affect blood glucose level, serum
lipids, and blood pressure, which have implications on CVD
outcomes [46]. Chronic stress may lead to increased allostatic
load, a concept referring to the excessive wear and tear on
multiple physiological systems due to the chronic overuse and
imbalance of the stress mediators [47, 48]. Based on the
allostatic load framework, one study created a cumulative bio-
logical risk score using data from NHANES and found that
food insecurity was associated with a 0.14-unit higher cumula-
tive biological risk score (p = 0.003) and 1.2 times higher odds
of elevated biological risk (p = 0.003), which indicated a po-
tential role of food insecurity in influencing chronic health out-
comes through chronic stress [43]. In addition, stress may fur-
ther reduce cognitive bandwidth, motivation, and self-efficacy,
which may undermine efforts at self-management or trigger
unhealthful behaviors such as smoking [13, 14].

Reduced ability to manage complex chronic conditions
may increase the risk of developing or worsening CVD among
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food insecure populations. Some researchers suggested a bi-
directional relationship between food insecurity and cardio-
vascular health [39, 49]. Food insecure individuals were re-
ported to have higher odds of delaying medication, postpon-
ing needed medical care, and hospitalization compared with
food secure individuals [50, 51]. Cost-related medication
underuse is a term used to describe reducing, skipping, or
delaying use of medications or using lower-cost medications
to compensate for lack of resources [52]. A significant dose-
response relationship between cost-related medication
underuse and food insecurity was reported among older
adults, with increasing likelihood of cost-related medication
underuse with increasing severity of food insecurity [52].
Studies have also associated food insecurity with impaired
glucose self-monitoring and poor metabolic control among
diabetic patients [9, 11, 49]. Conversely, it is also possible
that worsening cardiovascular health may increase medical
expenses and reduce capacity for maintaining employment,
leading to lower income and increasing risk of food insecurity
[39, 49]. One study suggested that individuals living with food
insecurity incurred an additional $1863 annually in healthcare
expenditure, $493 more for inpatient hospitalizations, and
$779 more for prescription medications [49]. The estimated
annual total healthcare expenditures were higher among food
insecure individuals with heart disease ($5144.1, p < 0.0001),
hypertension (+$2175.5, p = 0.003), and diabetes (+$4414.6,
p = 0.004), compared with FS individuals with these condi-
tions [49]. Another study also showed that food insecurity was
associated with higher use of emergency visits, inpatient ad-
missions, and having high healthcare costs [53].

Most studies included in this review were cross-sectional
and focused on working-age adults or adults in general, while
the senior population received little attention. According to a
Feeding America report, food insecure seniors were 19%
more likely to have hypertension, 57% more likely to have
congestive heart failure, 66% more likely to have experienced
a heart attack, 65% more likely to be diabetic, twice as likely
to report fair or poor general health, 2.3 times more likely to
suffer from depression, and over 30% more likely to report at
least one limitation in activities of daily living compared with
food secure seniors [26]. A subgroup of concern is food inse-
cure seniors with income below 200% of the federal poverty
level. Food insecurity rate was highest among seniors with
incomes below the poverty line (30%), compared to those
with incomes between 100 and 200% of the federal poverty
level (18%) or those with income above 200% of the federal
poverty level (4%) [26]. Food insecure seniors with income
below 200% of the federal poverty level were more likely to
have CHD, congestive heart failure, heart attack, chest pain,
hypertension, high cholesterol, diabetes, depression, and other
negative health outcomes compared with their food secure
counterparts [26]. Additionally, seniors living with limitation
in activities of daily living experience difficulty in performing

daily functions such as going to the grocery store to purchase
food, eating, or bathing [26]. Future research is warranted to
assess how levels of food insecurity affect CVD-related out-
comes among older adults, especially those living with func-
tional limits and below 200% of the federal poverty level.
Food insecurity and its association with CVD present chal-
lenges to policy-makers, program administrators, and
healthcare providers in the USA. With the COVID-19 pan-
demic causing a never-before-seen food insecurity crisis and
economic downturn in the USA, existing disparities related to
food insecurity are exacerbated and may continue to exert
acute and long-lasting health consequences disproportionately
felt by low-income populations [54, 55]. The summarized
evidence supports the need for strengthening existing success-
ful strategies such as federal nutrition assistance, nutrition ed-
ucation, and implementation of potentially new strategies to
improve food security. For example, the Supplemental
Nutrition Assistance Program (SNAP) has been established
since 1964 and shown to successfully improve household
food security [56-58]. Expansion of the SNAP program
may contribute to further reduction in food insecurity, which
in turn may lead to the potential reduction in CVD burden [59,
60]. Many people who are eligible for SNAP do not partici-
pate in this entitlement program as suggested by a national
average participation rate of 84% in 2017 [61]. Especially
among seniors, over 60% of those eligible do not receive
benefits, suggesting room for improvement in reach of the
current SNAP program [9]. Nutrition education has also been
shown to improve food security [62, 63]. Education through
the Supplemental Nutrition Assistance Program-Education
(SNAP-Ed) combines nutrition and budgeting education for
those who qualify for SNAP; SNAP-Ed improved food secu-
rity by 25% over a 1-year timeframe in an intervention com-
pared with a control group that was independent of participa-
tion in SNAP or other food assistance [62, 63]. Yet SNAP-Ed
is even more restricted as a non-entitlement program serving
approximately 5% of US adults who used SNAP in 2018 [64,
65]. With food insecurity incurring an additional $77.5 billion
in healthcare expenditure annually, the “return on investment”
potential of expanding food insecurity reduction programs
like SNAP and SNAP-Ed may be significant [49].
Understanding the extent to which food insecure popula-
tions achieve dietary recommendations is the foundation for
tailoring powerful public health-based strategies to “meet peo-
ple where they are” to help them make small and positive
shifts [66]. Interventions that integrate food insecurity screen-
ing into routine care (at clinics or dietitian’s office) may be an
important step to identify individuals experiencing food inse-
curity and subsequently improve chronic health conditions
and patient care for vulnerable populations [67-70].
Emergency food pantries have been increasingly used as a
dependable food source over the last decade and chronic use
may continue to increase with guidelines that further restrict
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SNAP eligibility [71, 72]. Programs that link patients to emer-
gency food pantries and other community resources to help
support unmet need for food assistance may also be helpful
[73]. Lastly, supporting access to healthful foods and bever-
ages in food environments such as federal food assistance
programs and emergency food assistance network may be
particularly relevant for disadvantaged subgroups to improve
diet, health, and wellness [74].

Conclusions

This review suggests a compelling association between re-
duced food security and CVD risk with a particularly strong
link between VLFS with CVD risk and evidence that each
range of food security presents a unique risk for CVD.
Future research using longitudinal individual-level data focus-
ing on CVD outcomes will likely allow researchers to exam-
ine how different factors mediate the observed relationships
between reduced food security and CVD risk over time, with
appropriate adjustment of covariates such as cigarette
smoking and physical activity. Policies and public health-
based interventions are needed to identify the most vulnerable
subgroups experiencing food insecurity, strengthen and en-
hance access to food assistance programs, and promote aware-
ness and access to healthful foods and beverages to improve
nutrition, food security, and cardiovascular health.
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