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BACKGROUND: Atherosclerotic cardiovascular disease (ASCVD) results in high out-of-pocket healthcare expenditures predis-
posing to food insecurity. However, the burden and determinants of food insecurity in this population are unknown.

METHODS AND RESULTS: Using 2013 to 2018 National Health Interview Survey data, we evaluated the prevalence and so-
ciodemographic determinants of food insecurity among adults with ASCVD in the United States. ASCVD was defined as 
self-reported diagnosis of coronary heart disease or stroke. Food security was measured using the 10-item US Adult Food 
Security Survey Module. Of the 190 113 study participants aged 18 years or older, 18 442 (adjusted prevalence 8.2%) had 
ASCVD, representing ≈20 million US adults annually. Among adults with ASCVD, 2968 or 14.6% (weighted ≈2.9 million US 
adults annually) reported food insecurity compared with 9.1% among those without ASCVD (P<0.001). Individuals with ASCVD 
who were younger (odds ratio [OR], 4.0 [95% CI, 2.8–5.8]), women (OR, 1.2 [1.0–1.3]), non-Hispanic Black (OR, 2.3 [1.9–2.8]), 
or Hispanic (OR, 1.6 [1.2–2.0]), had private (OR, 1.8 [1.4–2.3]) or no insurance (OR, 2.3 [1.7–3.1]), were divorced/widowed/sepa-
rated (OR, 1.2 [1.0–1.4]), and had low family income (OR, 4.7 [4.0–5.6]) were more likely to be food insecure. Among those with 
ASCVD and 6 of these high-risk characteristics, 53.7% reported food insecurity and they had 36-times (OR, 36.2 [22.6–57.9]) 
higher odds of being food insecure compared with those with ≤1 high-risk characteristic.

CONCLUSION: About 1 in 7 US adults with ASCVD experience food insecurity, with more than 1 in 2 adults reporting food inse-
curity among the most vulnerable sociodemographic subgroups. There is an urgent need to address the barriers related to 
food security in this population.
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Food insecurity represents disruptions in food 
intake or eating patterns because of a lack 
of money and resources. In 2018, nearly 11% 

or 14.3  million households in United States were 
food insecure at least some time during the year.1 
Atherosclerotic cardiovascular disease (ASCVD), one 

of the leading causes of morbidity and mortality in 
the United States,2 can result in high out-of-pocket 
healthcare expenditures, which may potentially ex-
pose these individuals to food insecurity.2 Previous 
studies have shown that patients with ASCVD fre-
quently report financial hardship from medical bills 
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and experience the significant burden of medical 
debt.3,4 However, few studies have examined the 
prevalence and the sociodemographic factors asso-
ciated with food insecurity in this population.

Food insecurity has been associated with poor 
health status, worse cardiovascular risk factor pro-
file, poor mental health, and unhealthy behaviors and 
diets,5 all of which contribute to poor health outcomes 
among individuals with ASCVD. Food insecurity has 
also been shown to be associated with higher cost-
related medication nonadherence,6 which can be fur-
ther detrimental to individuals’ health and lead to poorer 
health outcomes. As such, understanding the burden 
and predictors of food insecurity among adults with 
ASCVD, particularly among socioeconomically disad-
vantaged communities, may inform interventions that 
can minimize this issue and thereby improve clinical 
outcomes in these patients. Accordingly, we evaluated 
the prevalence and determinants of food insecurity 
among adults with ASCVD in the United States using a 
nationally representative sample.

METHODS
We used data from the National Health Interview 
Survey (NHIS), a nationally representative annual 
cross-sectional survey of the noninstitutionalized pop-
ulation in the United States, for years 2013 to 2018 and 
included participants aged ≥18 years. The data used in 
this study are publicly available from the NHIS website7 
and the statistical code for the results can be made 
available from the corresponding author upon rea-
sonable request. This study was exempt from review 
by the Houston Methodist Institutional Review Board 
committee because NHIS data are deidentified and 
publicly available. Individuals were identified as having 
ASCVD if they reported having prior coronary artery 
disease or stroke.

Food security was measured using a validated 10-
item US Adult Food Security Survey Module, which 
assesses the frequency with which each household/
adult reported food insecurity in the past 30  days. 
Each survey question was scored as “1” if reported 
to be “yes” and were then summed to a potential 
maximum of 10. Based on the aggregate score, the 
respondents were categorized into 2 groups: food se-
cure (high and marginal food security with scores of 
0 and 1–2, respectively) and food insecure (low and 
very low food security with scores of 3–5 and 6–10, 
respectively). The following variables were assessed as 
potential determinants of food insecurity: age (18–39, 
40–64, and ≥65 years), sex (men and women), race/
ethnicity (non-Hispanic White, non-Hispanic Black, 
non-Hispanic Asian, and Hispanic), family income 
(high/middle-income, and poor/low-income), insur-
ance status (private insurance, public insurance, and 

uninsured), education level (some college or more and 
high school or less), immigration status (US-born and 
non-US-born), marital status (married/living with part-
ner, unmarried, and divorced/widowed/separated), 
usual source of care (yes/no), and sexual minority (yes/
no). Sexual minority included individuals who selected 
“gay,” “lesbian,” “bisexual,” “something else,” or “do not 
know” when asked about their sexual orientation by 
using the question “which of the following best rep-
resents how you think of yourself?".

We assessed the national survey–weighted propor-
tion of adults with food insecurity among individuals 
with ASCVD and compared them with those without 
ASCVD using Rao-Scott χ2 analysis. Then, we as-
sessed the prevalence of food insecurity specifically 
among adults with ASCVD across different sociode-
mographic subgroups, both as a dichotomous variable 
(ie, food security versus food insecurity) and an ordinal 
categorical variable (ie, high, marginal, low, and very 
low food security). We also assessed the prevalence of 
each question of the 10-item questionnaire separately. 
Next, we examined the association between food in-
security and the sociodemographic characteristics by 
using multivariable survey-specific logistic regression 
models adjusted for the abovementioned sociodemo-
graphic variables, cardiovascular risk factors, comor-
bidities, and geographic region among individuals with 
and without ASCVD separately.

Next, we created a composite score of the socio-
demographic characteristics that were significantly 
associated with food insecurity to study their cumula-
tive association with food insecurity among individu-
als with ASCVD. We also created a composite score 
of the sociodemographic characteristics that were 
significantly associated with food insecurity among 
individuals without ASCVD to study their cumulative 
association with food insecurity in this population and 
compared it with the ASCVD population. Finally, we 
created a composite score using all of the potential 
determinants of food insecurity mentioned above and 
studied their cumulative association with food inse-
curity among individuals with ASCVD as a sensitivity 
analysis.

All analyses were performed using Stata SE version 
16.0 (StataCorp, College Station, TX) and accounted 
for the complex survey design of the NHIS, including 
appropriate sampling weights and sampling units, to 
ensure that our results were nationally representa-
tive. We considered 2-sided P<0.05 to be statistically 
significant.

RESULTS
Our final study population included 190  113 adults, 
81.6% of whom were aged <65 years, and 51.8% were 
women. Overall, 18  442 (adjusted prevalence 8.2%) 
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individuals, representing 19.9 million US adults annu-
ally, had ASCVD, and of these 43.6% individuals were 
<65 years old and 43.4% were women. Among adults 
with ASCVD, 2968 (14.6%) individuals, representing 
2.9 million US adults annually, reported food insecu-
rity compared with 9.1% among those without ASCVD 
(P<0.001). Additionally, adults with ASCVD had 1.24 
higher odds (95% CI, 1.14–1.35) of reporting food inse-
curity compared with those without ASCVD. The gen-
eral characteristics of individuals with ASCVD by food 
security status are described in the Table.

Among adults with ASCVD, the prevalence of food 
insecurity was significantly higher among younger 
individuals (25.9% and 22.9% among individuals 
aged 18–39 and 40–64  years, respectively, versus 
7.8% among those aged ≥65 years), women (17.6% 
versus 12.2% among men), non-Hispanic Black and 
Hispanic individuals (30.1% and 23.4%, respectively, 
versus 10.7% among non-Hispanic White respon-
dents), those with poor/low family income (30.8% 
versus 5.0% among high/middle-income), individuals 
who had private or no insurance (14.8% and 36.1%, 
respectively, versus 8.2% among those with public 
insurance), and those who were divorced/widowed/
separated (18.2% versus 10.9% among married or 
living with a partner) (Figure  1). The details of the 
responses to each of the 10 questions included in 
the Food Security Survey Module and the distribu-
tion of food security among individuals with ASCVD 
are shown in Tables S1 and S2, respectively. Of note, 
18.5% of individuals reported being worried about 
running out of food before they had money to buy 
more, 17.1% reported that they ran out of food before 
they had money to get more, and 15.5% reported that 
they could not afford balanced meals among individ-
uals with ASCVD.

In multivariable-adjusted analyses among individ-
uals with ASCVD, we found that those with the fol-
lowing characteristics had significantly higher odds 
of reporting food insecurity: <65  years of age (18–
39 years odds ratio [OR], 4.04; 95% CI, 2.83–5.76] and 
40–64  years [OR, 3.08; 95% CI 2.59–3.66]), women 
(OR, 1.16; 95% CI, 1.01–1.33), non-Hispanic Black or 
Hispanic race/ethnicity (OR, 2.32; 95% CI, 1.93–2.78 
and OR, 1.58; 95% CI, 1.23–2.03; respectively), private 
or no insurance (OR, 1.78; 95% CI, 1.37–2.30; and OR, 
2.27; 95% CI, 1.66–3.11), divorced/widowed/separated 
(OR, 1.17; 95% CI, 1.01–1.36), and poor/low family in-
come (OR, 4.74; 95% CI, 4.00–5.61) when compared 
with individuals who were aged ≥65 years, men, non-
Hispanic White, had public insurance, were married/
living with partner, and had high/middle family income, 
respectively (Figure 1). In addition to these characteris-
tics, those who were less than high school educated, 
did not have usual source of care, were US-born, and 
were a sexual minority also had higher odds of having 

food insecurity among individuals without ASCVD 
(Table S3). Additionally, non-Hispanic Asians and non-
US-born individuals were found to have lower odds of 
food insecurity among individuals without ASCVD.

On assessment of the cumulative effect of the 6 
observed high-risk characteristics (ie, age <65  years, 
female sex, non-Hispanic Black or Hispanic race/eth-
nicity, poor/low income, divorced/widowed/separated 
marital status, and private or no health insurance) that 
were individually associated with greater food insecurity 
among individuals with ASCVD, we found that among 
individuals with ≤1 of these characteristics, 2.2% of indi-
viduals were food insecure compared with 6.4%, 15.7%, 
27.9%, 42.6%, and 53.7% among those with 2, 3, 4, 5, 
and 6 high-risk characteristics, respectively (Figure 2). In 
multivariable-adjusted analyses, individuals with ASCVD 
and 2, 3, 4, 5, and 6 high-risk characteristics were found 
to have nearly 3-fold (OR, 2.75; 95% CI, 1.94–3.90), 7-
fold (OR, 6.60; 95% CI, 4.71–9.24), 12-fold (OR, 12.42; 
95% CI, 8.91–17.31), 22-fold (OR, 21.86; 95% CI, 15.41–
31.03), and 36-fold (OR, 36.15; 95% CI, 22.55–57.94) 
higher odds of being food insecure compared with 
those with ≤1 high-risk characteristic. Similarly, on as-
sessment of the cumulative association of all 10 poten-
tial high-risk characteristics with food insecurity, there 
was a stepwise increase in the likelihood of being food 
insecure as the number of high-risk characteristics in-
creased among individuals with ASCVD (Table  S4). 
Individuals without ASCVD also had a stepwise increase 
in the likelihood of being food insecure as the number 
of high-risk characteristics increased (Table S5); how-
ever, the magnitude of this increase was less than in the 
ASCVD population (Figure S1).

DISCUSSION
In this nationally representative study, we found that 
nearly 1 in 7 adults with ASCVD reported food inse-
curity, representing nearly 3  million individuals with 
ASCVD in the United States annually. Food insecu-
rity was substantially higher for individuals who were 
younger, female, non-Hispanic Black or Hispanic, di-
vorced/widowed/separated, had poor/low income, 
and had private or no health insurance. Additionally, 
among individuals with ASCVD and all 6 of these high-
risk characteristics, more than half of the individuals 
reported food insecurity and they were 36 times more 
likely to report food insecurity when compared with 
those with ≤1 high-risk characteristic.

Our study contributes to the existing literature on 
food insecurity in several ways. To the best of our 
knowledge, our study is the first to provide detailed in-
formation on the prevalence of food insecurity among 
individuals with ASCVD in the United States at a na-
tionally representative level. Additionally, we described 
food insecurity across diverse sociodemographic 
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Table.  Characteristics of Study Population Among Individuals With ASCVD, by Food Security Status

Total, n
Food Secure,  

n (weighted %, 95% CI)
Food Insecure,  

n (weighted %, 95% CI) P Value

Sample size 18 442 15 474 (83.9) 2968 (16.1)

Weighted sample size 19 855 958 16 963 396 (85.4%, 84.7–86.1) 2 892 562 (14.6%, 13.9–15.3)

Age category, y <0.001

≥65 11 378 10 336 (60.8%, 59.7–61.9) 1042 (30.3%, 28.1–32.5)

40–64 6281 4569 (34.5%, 33.4–35.5) 1712 (60.0%, 57.5–62.4)

18–39 783 569 (4.7%, 4.2–5.3) 214 (9.7%, 8.1–11.7)

Sex <0.001

Men 9667 8372 (58.1%, 57.1–59.1) 1295 (47.5%, 44.9–50.0)

Women 8775 7102 (41.9%, 40.9–42.9) 1673 (52.5%, 50.0–55.1)

Race/ethnicity <0.001

Non-Hispanic White 13 332 11 750 (77.8%, 76.6–78.9) 1582 (55.5%, 52.7–58.2)

Non-Hispanic Black 2567 1798 (9.8%, 9.1–10.6) 769 (25.3%, 23.1–27.7)

Non-Hispanic Asian 528 459 (3.3%, 2.9–3.7) 69 (2.5%, 1.9–3.4)

Hispanic 1748 1290 (9.1%, 8.3–10.0) 458 (16.6%, 14.4–19.2)

Family income <0.001

Middle/high-income 9052 8621 (67.1%, 66.0–68.2) 431 (19.4%, 17.4–21.6)

Poor/low-income 7857 5427 (32.9%, 31.8–34.0) 2430 (80.6%, 78.4–82.6)

Insurance status <0.001

Public 2929 2663 (21.5%, 20.6–22.5) 266 (11.3%, 9.7–13.1)

Private 14 620 12 234 (74.6%, 73.6–75.5) 2386 (75.8%, 73.4–78.1)

Uninsured 856 543 (3.9%, 3.5–4.4) 313 (12.9%, 11.2–14.9)

Education <0.001

≥Some college 8908 7822 (52.6%, 51.4–53.7) 1086 (35.8%, 33.5–38.2)

≤High school 9425 7561 (47.4%, 46.3–48.6) 1864 (64.2%, 61.8–66.5)

Usual source of care <0.001

Yes 17 538 14 811 (95.9%, 95.5–96.4) 2727 (90.4%, 88.3–92.1)

No 775 560 (4.1%, 3.6–4.5) 215 (9.6%, 7.9–11.7)

Immigration status <0.001

Nonimmigrant 16 574 14 002 (88.6%, 87.7–89.4) 2572 (85.4% 83.5–87.2)

Immigrant 1860 1464 (11.4%, 10.6–12.3) 396 (14.6%, 12.8–16.5)

Marital status <0.001

Married/living with 
partner

7973 7120 (59.7%, 58.7–60.7) 853 (42.7%, 40.2–45.2)

Unmarried 1832 1360 (7.8%, 7.3–8.4) 472 (14.8%, 13.3–16.5)

Divorced/widowed/
separated

8602 6965 (32.5%, 31.6–33.4) 1637 (42.5%, 40.1–44.8)

Sexual minority* <0.001

No 17 383 14 652 (97.3%, 96.9–97.6) 2731 (95.7%, 94.6–96.5)

Yes 566 428 (2.7%, 2.4–3.1) 138 (4.3%, 3.5–5.4)

Region <0.001

Northeast 3045 2603 (17.5%, 16.4–18.6) 442 (14.5%, 12.6–16.6)

Midwest 4234 3658 (24.6%, 23.4–25.9) 576 (21.1%, 19.0–23.4)

South 7260 5885 (39.0%, 37.6–40.5) 1375 (48.2%, 45.4–51.1)

West 3903 3328 (18.9%, 17.7–20.1) 575 (16.2%, 14.2–18.4)

Number of high-risk 
characteristics†

<0.001

≤1 3558 3476 (28.4%, 27.4–29.4) 82 (3.7%, 2.8–4.9)

2 4416 4143 (28.9%, 28.0–29.8) 273 (11.9%, 10.3–13.8)

 (Continued)
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subgroups and examined the cumulative association 
of potentially higher-risk characteristics with food inse-
curity to identify the most vulnerable subgroups and 

demonstrated that the prevalence of food insecurity in-
creased progressively as the number of these high-risk 
characteristics increased.

Figure 1.  Prevalence and odds of food insecurity among individuals with atherosclerotic cardiovascular disease by 
sociodemographic and clinical characteristics.
The % food insecure represents weighted proportions. *Adjusted for age, sex, race/ethnicity, family income, insurance status, 
education, immigration status, usual source of care, marital status, sexual minorities, geographic region, cardiovascular risk factors, 
and comorbidities. Sexual minority include gay, lesbian, bisexual, other, and unknown sexual orientation. Cardiovascular risk factors 
include hypertension, diabetes mellitus, hyperlipidemia, current smoking, obesity, and insufficient physical activity. Comorbidities 
include chronic obstructive pulmonary disease, asthma, ulcer disease, cancer, arthritis, chronic kidney disease, hepatitis, and liver 
disease. OR indicates odds ratio.

Total, n
Food Secure,  

n (weighted %, 95% CI)
Food Insecure,  

n (weighted %, 95% CI) P Value

3 4590 3957 (22.7%, 21.9–23.6) 633 (24.9%, 22.7–27.2)

4 3718 2710 (14.1%, 13.4–14.9) 1008 (32.2%, 30.0–34.5)

5 1832 1034 (5.2%, 4.8–5.7) 798 (22.8%, 21.0–24.8)

6 328 154 (0.7%, 0.5–0.8) 174 (4.5%, 3.6–5.5)

ASCVD indicates atherosclerotic cardiovascular disease.
*Sexual minority include gay, lesbian, bisexual, other, and unknown sexual orientation.
† High-risk characteristics include: 18 to 64 years of age, female sex, non-Hispanic Black and Hispanic race/ethnicity, poor/low income, divorced/widowed/

separated marital status, and private or lack of insurance.

Table.  Continued
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Previous studies have evaluated the burden of food 
insecurity among individuals with chronic illnesses and 
shown that individuals with cancer, lung disease, and 
cardiovascular disease have higher odds of being food 
insecure.8 Similarly, prior studies have assessed the 
association of food insecurity with cardiometabolic risk 
factors such as obesity, diabetes mellitus, and hyper-
tension and shown that food insecurity was significantly 
more common in those with, versus without, cardiomet-
abolic conditions.9–11 We evaluated the association be-
tween ASCVD and food insecurity and showed that 
those with ASCVD had a 60% greater (weighted prev-
alence 14.6% versus 9.1%) prevalence of food insecu-
rity than those without ASCVD. Given the large burden 
of ASCVD in the United States, and the associated fi-
nancial toxicity from medical bills and other health ex-
penditures, our study highlights that a large number of 
these individuals may routinely face trade-offs between 
affording food, medications, and other basic needs.

On assessment of the predictors of food insecurity 
among the ASCVD population, we found that those 
who were younger, female, identified as a minority 
racial/ethnic group, were divorced/widowed/sepa-
rated, had low income, or had private or no health 
insurance had a higher prevalence of food insecurity, 
which was in accordance with previous studies.9,10 
Notably, in addition to uninsured individuals, even 
those with private insurance had substantially higher 
odds of food insecurity as compared with individu-
als with public insurance, which was consistent with 
previous reports showing that insurance coverage 

may not fully provide sufficient financial protection in 
this population.4 Though these specific characteris-
tics were associated with food insecurity among in-
dividuals without ASCVD as well, on assessment of 
the cumulative effect of these high-risk characteris-
tics on food insecurity we found that individuals with 
ASCVD had a greater increase in the odds of food 
insecurity as the number of high-risk characteristics 
increased compared with those without ASCVD, 
which underscores the urgent need to combat food 
insecurity among the ASCVD population.

Our findings have important public health implica-
tions. Food insecurity has been associated with multiple 
health behaviors and risk factors that contribute to sub-
optimal cardiovascular health,12 poor health outcomes,5 
and increased healthcare costs.13 Moreover, food inse-
curity is associated with higher likelihood of cost-related 
medication underutilization and nonadherence,6,14 
which can be further detrimental to the health of individ-
uals with ASCVD and lead to poorer health outcomes. 
Considering that adherence to optimal diet and medi-
cations is especially critical in this population, assessing 
for the presence food insecurity in patients with ASCVD 
and supporting access to healthy food through federal 
nutrition programs for individuals who are food insecure 
can have significant implications for their clinical care. 
Moreover, previous studies have shown that even after 
adjustment for sociodemographic, dietary, and lifestyle 
factors, participants with food insecurity have a higher 
risk of all-cause and cardiovascular disease mortal-
ity compared with those with no food insecurity.15 As 

Figure 2.  Prevalence and odds of food insecurity among individuals with atherosclerotic cardiovascular disease by number 
of high-risk characteristics.
Note 1: The % food insecure represents weighted proportions. Note 2: High-risk characteristics include 18 to 64 years age, female sex, 
non-Hispanic Black or Hispanic race/ethnicity, poor/low income, divorced/widowed/separated marital status, and private or lack of 
insurance. *Adjusted for education, immigration status, usual source of care, sexual minorities, geographic region, cardiovascular risk 
factors, and comorbidities. OR for high-risk characteristics were adjusted for the abovementioned variables except those included in 
the composite score of high-risk characteristics. Sexual minority include gay, lesbian, bisexual, other, and unknown sexual orientation. 
Cardiovascular risk factors include hypertension, diabetes mellitus, hyperlipidemia, current smoking, obesity, and insufficient physical 
activity. Comorbidities include chronic obstructive pulmonary disease, asthma, ulcer disease, cancer, arthritis, chronic kidney disease, 
hepatitis, and liver disease. OR indicates odds ratio.
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such, interventions aimed at improving food security, 
or its root causes, in this population, might potentially 
influence their health outcomes.

Our study has some limitations. NHIS data consist 
of self-reported information on food insecurity and 
ASCVD, and therefore is subject to recall bias and 
social desirability bias, which may underestimate the 
burden of food insecurity in this population. However, 
the questionnaire used in the NHIS is a validated in-
strument delivered by trained interviewers to minimize 
bias. Additionally, we were unable to assess the rural 
versus urban divide in food insecurity in this population.

In conclusion, nearly 1 in 7 individuals with ASCVD 
in the United States report food insecurity, with more 
than 1 in 2 adults with ASCVD being food insecure 
among the most vulnerable sociodemographic sub-
groups. Given the potential impact of food insecurity on 
long-term risk of adverse health outcomes among pa-
tients with ASCVD, there is an urgent need to address 
the barriers related to food security in this population.
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Table S1. Prevalence of each question included in the food security survey module by sociodemographic characteristics among individuals 

with atherosclerotic cardiovascular disease. 

  

Did not 

eat for ≥ 3 

days 

because 

not 

enough 

money for 

food 

Did not 

eat for a 

whole 

day 

because 

not 

enough 

money 

for food 

Lost 

weight 

because 

not 

enough 

money 

for food 

Was 

hungry but 

did not eat 

because not 

enough 

money for 

food 

Ate less 

than felt you 

should 

because not 

enough 

money for 

food 

Cut size or 

skipped 

meals 

because not 

enough 

money for 

food 

Cut size or 

skipped 

meals for ≥ 

3 days 

because not 

enough 

money for 

food 

Worried that 

food would 

run out 

before 

having 

money to 

buy more 

Food did not 

last long 

enough and 

did not have 

money to 

get more 

Could not 

afford to eat 

balanced 

meals 

Overall 429 (1.9) 616 (2.7) 789 (3.8) 1,122 (5.5) 1,790 (8.8) 1,917 (9.3) 1,631 (7.9) 3,683 (18.5) 3,414 (17.1) 3,160 (15.5) 

Age Category                     

≥65 years 98 (0.7) 147 (1.0) 223 (1.6) 337 (2.6) 549 (4.1) 606 (4.5) 503 (3.7) 1,379 (10.9) 1,274 (9.9) 1,173 (8.8) 

40-64 years 286 (3.3) 415 (4.8) 515 (6.6) 697 (8.9) 1,104 (14.5) 1,155 (14.9) 997 (12.9) 2,036 (27.8) 1,896 (25.9) 1,780 (24.0) 

18-39 years 45 (4.9) 54 (5.5) 51 (6.1) 88 (11.9) 137 (17.4) 156 (19.4) 131 (16.6) 278 (32.7) 244 (30.7) 207 (25.1) 

Sex                     

Men 202 (1.6) 288 (2.3) 344 (3.1) 478 (4.5) 764 (7.2) 835 (7.8) 703 (6.5) 1,623 (15.4) 1,477 (14.1) 1,389 (13.0) 

Women 227 (2.4) 328 (3.3) 445 (4.6) 644 (6.8) 1,026 (10.8) 1,082 (11.3) 928 (9.7) 2,070 (22.6) 1,937 (21.0) 1,771 (18.8) 

Race/Ethnicity                     

Non-Hispanic 

White 
248 (1.6) 358 (2.2) 413 (2.7) 640 (4.3) 976 (6.5) 1,075 (7.3) 934 (6.3) 1,976 (13.9) 1,807 (12.6) 1,723 (11.6) 

Non-Hispanic 

Black 
104 (3.8) 149 (5.6) 195 (7.7) 261 (10.6) 459 (18.6) 458 (17.7) 378 (14.4) 926 (35.9) 896 (35.1) 768 (29.7) 

Non-Hispanic 

Asian 
4 (0.7) 12 (1.9) 18 (2.8) 23 (4.0) 36 (5.8) 40 (6.7) 31 (4.8) 84 (14.3) 84 (13.9) 75 (12.8) 

Hispanic 50 (2.1) 68 (2.6) 126 (6.3) 148 (7.8) 255 (13.1) 276 (13.5) 229 (11.5) 598 (30.5) 525 (27.4) 500 (25.9) 

Family Income                     

Middle/High-

Income 
43 (0.5) 61 (0.6) 103 (1.1) 145 (1.6) 243 (2.8) 253 (2.9) 215 (2.4) 632 (7.0) 530 (6.3) 505 (5.7) 

Poor/Low-

Income 
377 (4.5) 541 (6.4) 663 (8.4) 952 (12.3) 1,508 (19.3) 1,611 (20.4) 

1,373 

(17.4) 
2,910 (37.6) 2,751 (35.2) 2,524 (32.0) 

Insurance Status                     



Public 28 (6.5) 38 (0.8) 65 (2.1) 96 (2.8) 163 (5.0) 168 (5.0) 142 (4.4) 370 (11.5) 325 (10.5) 300 (9.1) 

Private 343 (2.0) 494 (2.8) 632 (3.7) 888 (5.5) 1,418 (8.7) 1,537 (9.4) 1,308 (7.9) 2,947 (18.8) 2,743 (17.4) 2,540 (15.8) 

Uninsured 57 (6.4) 83 (8.7) 90 (10.3) 137 (16.2) 208 (24.3) 211 (24.9) 180 (21.3) 372 (41.5) 341 (38.9) 318 (36.1) 

Education                     

≥Some College 169 (1.6) 235 (2.2) 308 (2.9) 448 (4.2) 695 (6.6) 739 (7.0) 639 (6.0) 1,334 (13.1) 1,208 (12.1) 1,132 (11.1) 

≤High School 259 (2.3) 379 (3.3) 477 (4.6) 667 (6.8) 1,087 (11.0) 1,169 (11.6) 986 (9.9) 2,334 (23.9) 2,186 (22.3) 2,009 (20.0) 

Usual Source of 

Care 
                    

Yes 381 (1.8) 550 (2.5) 712 (3.5) 1,006 (5.1) 1,630 (8.2) 1,739 (8.7) 1,493 (7.5) 3,414 (17.8) 3,154 (16.3) 2,931 (14.9) 

No 44 (5.5) 59 (6.9) 66 (7.6) 105 (14.2) 145 (19.9) 159 (21.4) 125 (16.6) 248 (33.1) 235 (31.8) 205 (27.7) 

Immigration 

Status 
                    

Non-immigrant 402 (2.1) 559 (2.8) 699 (3.7) 1,009 (5.5) 1,580 (8.7) 1,695 (9.3) 1,453 (8.0) 3,195 (17.8) 2,960 (16.5) 2,737 (15.0) 

Immigrant 27 (0.8) 57 (1.9) 90 (4.1) 113 (5.3) 210 (9.3) 222 (9.6) 178 (7.6) 498 (23.7) 454 (21.8) 423 (19.5) 

Marital Status                     

Married/Living 

with partner 
101 (1.3) 138 (1.7) 193 (2.5) 278 (3.7) 494 (6.3) 503 (6.4) 439 (5.6) 1,122 (14.2) 1,008 (13.0) 926 (11.6) 

Unmarried 81 (3.5) 114 (5.0) 142 (7.2) 194 (10.0) 303 (16.2) 322 (17.0) 264 (13.7) 572 (30.3) 542 (28.9) 488 (26.1) 

Divorced/Wido

wed/Separated 
245 (2.7) 362 (4.0) 452 (4.9) 646 (7.4) 989 (11.1) 1,089 (12.2) 926 (10.3) 1,990 (22.7) 1,854 (21.0) 1,739 (19.3) 

Sexual Minority                     

No 392 (1.9) 554 (2.6) 712 (3.6) 1,023 (5.4) 1,643 (8.5) 1,748 (9.0) 1,490 (7.7) 3,405 (18.2) 3,156 (16.8) 2,918 (15.2) 

Yes 26 (3.6) 36 (4.4) 46 (6.6) 59 (7.8) 89 (14.4) 98 (15.4) 84 (11.5) 169 (25.6) 153 (25.8) 147 (23.9) 

Region                     

Northeast 54 (1.5) 83 (2.1) 120 (3.1) 168 (4.6) 266 (7.4) 295 (7.9) 248 (6.6) 554 (16.0) 495 (14.7) 468 (13.0) 

Midwest 77 (1.7) 116 (2.4) 159 (3.5) 246 (5.6) 368 (8.4) 386 (8.8) 328 (7.5) 711 (16.3) 682 (15.4) 613 (13.3) 

South 201 (2.3) 288 (3.4) 346 (4.2) 484 (6.1) 810 (10.2) 857 (10.6) 714 (8.8) 1,717 (22.1) 1,602 (20.4) 1,468 (18.7) 

West 97 (1.8) 129 (2.4) 164 (3.7) 224 (4.8) 346 (7.5) 379 (8.5) 341 (7.7) 711 (15.9) 635 (14.5) 611 (13.8) 

Number of High-

Risk 

Characteristics† 

                    

≤1 4 (0.05) 6 (0.08) 13 (0.4) 23 (0.6) 43 (1.2) 45 (1.2) 39 (1.1) 126 (3.6) 106 (3.2) 106 (2.8) 



2 26 (0.6) 39 (0.8) 59 (1.4) 95 (2.1) 147 (3.5) 156 (3.7) 134 (3.2) 397 (9.4) 334 (8.1) 318 (7.4) 

3 92 (2.2) 128 (2.8) 171 (4.0) 228 (5.9) 370 (9.3) 404 (10.1) 338 (8.4) 811 (20.0) 745 (18.6) 695 (17.0) 

4 159 (4.2) 224 (6.0) 261 (7.2) 386 (10.6) 605 (16.7) 671 (18.5) 572 (15.6) 1,223 (34.7) 1,156 (32.9) 1,060 (29.4) 

5 122 (6.0) 184 (9.0) 
229 

(11.9) 
319 (17.5) 512 (27.9) 523 (27.8) 446 (23.9) 933 (50.8) 883 (47.5) 806 (43.0) 

6 26 (8.4) 35 (10.8) 56 (19.9) 71 (24.5) 113 (36.8) 118 (36.6) 102 (31.7) 203 (62.1) 190 (57.6) 175 (55.5) 

 
The prevalence results are presented as number and weighted %. 
† High-risk characteristics include 18-64 years age, female sex, non-Hispanic Black and Hispanic race/ethnicity, poor/low income, divorced/widowed/separated 

marital status, and private and lack of insurance. 
 

  



Table S2. Distribution of food insecurity by sociodemographic characteristics among individuals with atherosclerotic cardiovascular 

disease. 

Characteristics High Food Security Marginal Food Security Low Food Security Very Low Food Security 

Overall 14,070 (78.0) 1,404 (7.5) 1,538 (7.6) 1,430 (6.9) 

Age Category         

≥65 years 9,653 (86.5) 683 (5.7) 631 (4.7) 411 (3.1) 

40-64 years 3,946 (67.6) 623 (9.5) 799 (11.3) 913 (11.6) 

18-39 years 471 (62.5) 98 (11.6) 108 (12.1) 106 (13.8) 

Sex 
    

Men 7,751 (81.7) 621 (6.1) 673 (6.5) 622 (5.7) 

Women 6,319 (73.1) 783 (9.2) 865 (9.1) 808 (8.5) 

Race/Ethnicity 
    

Non-Hispanic White 10,947 (83.2) 803 (6.1) 776 (5.3) 806 (5.4) 

Non-Hispanic Black 1,506 (58.9) 292 (11.0) 425 (16.6) 344 (13.5) 

Non-Hispanic Asian 421 (81.5) 38 (7.0) 39 (6.4) 30 (5.2) 

Hispanic 1,052 (63.7) 238 (12.9) 268 (13.8) 190 (9.6) 

Family Income 
    

Middle/High-Income 8,260 (91.0) 361 (4.0) 260 (3.0) 171 (2.0) 

Poor/Low-Income 4,471 (56.3) 956 (13.0) 1,203 (15.1) 1,227 (15.6) 

Insurance Status 
    

Public 2,478 (85.9) 185 (5.9) 150 (4.7) 116 (3.5) 

Private 11,127 (77.6) 1,107 (7.6) 1,237 (7.7) 1,149 (7.1) 

Uninsured 434 (52.2) 109 (11.7) 149 (17.2) 164 (18.9) 

Education 
    

≥Some College 7,326 (84.1) 496 (5.5) 534 (5.3) 552 (5.1) 

≤High School 6,663 (71.8) 898 (9.4) 992 (10.0) 872 (8.8) 

Usual Source of Care     

Yes 13,483 (78.8) 1,328 (7.4) 1,426 (7.3) 1,301 (6.5) 

No 493 (62.1) 67 (9.2) 99 (12.8) 116 (15.9) 

Immigration Status     



Non-immigrant 12,796 (78.9) 1,206 (7.0) 1,285 (7.1) 1,287 (7.0) 

Immigrant 1,266 (71.1) 198 (11.0) 253 (11.2) 143 (6.7) 

Marital Status         

Married/Living with partner 6,641 (83.0) 479 (6.1) 481 (6.1) 372 (4.7) 

Unmarried 1,157 (63.6) 203 (12.0) 225 (11.5) 247 (12.9) 

Divorced/Widowed/Separated 6,248 (73.2) 717 (8.6) 829 (9.0) 808 (9.2) 

Sexual Minority     

No 13,345 (78.4) 1,307 (7.3) 1,423 (7.5) 1,308 (6.8) 

Yes 368 (66.9) 60 (11.8) 65 (11.1) 73 (10.2) 

Region 
    

Northeast 2,385 (80.9) 218 (6.7) 233 (6.6) 209 (5.8) 

Midwest 3,371 (80.4) 287 (6.8) 285 (6.2) 291 (6.6) 

South 5,245 (74.0) 640 (8.6) 739 (9.5) 636 (7.9) 

West 3,069 (80.7) 259 (6.6) 281 (6.2) 294 (6.5) 

Number of High-risk Characteristics†     

≤1 3,385 (95.1) 91 (2.8) 55 (1.4) 27 (0.7) 

2 3,929 (88.6) 214 (4.8) 154 (3.8) 119 (2.8) 

3 3,608 (75.6) 349 (8.7) 346 (8.5) 287 (7.2) 

4 2,268 (58.9) 442 (13.1) 512 (14.4) 496 (13.6) 

5 775 (42.7) 259 (14.7) 392 (20.5) 406 (22.1) 

6 105 (31.7) 49 (14.6) 79 (22.9) 95 (30.8) 

 
The prevalence results are presented as number and weighted %. 
† High-risk characteristics include 18-64 years age, female sex, non-Hispanic Black and Hispanic race/ethnicity, poor/low income, divorced/widowed/separated 

marital status, and private and lack of insurance.



Table S3. Odds of food insecurity among individuals with and without atherosclerotic 

cardiovascular disease, by sociodemographic characteristics.  
 Odds Ratio (95% CI) * 

 ASCVD Non-ASCVD 

Age Category   
≥65  Reference Reference 

40-64 3.08 (2.59, 3.66) 3.46 (3.15, 3.80) 

18-39 4.04 (2.83, 5.76) 4.24 (3.78, 4.75) 

Sex   
Men Reference Reference 

Women 1.16 (1.01, 1.33) 1.06 (1.01, 1.11) 

Race/Ethnicity   
Non-Hispanic White Reference Reference 

Non-Hispanic Black 2.32 (1.93, 2.78) 1.85 (1.72, 1.99) 

Non-Hispanic Asian 1.17 (0.73, 1.89) 0.76 (0.65, 0.90) 

Hispanic 1.58 (1.23, 2.03) 1.54 (1.41, 1.68) 

Family Income   
Middle/High-Income Reference Reference 

Poor/Low-Income 4.74 (4.00, 5.61) 3.97 (3.73, 4.23) 

Insurance Status   
Public Reference Reference 

Private 1.78 (1.37, 2.30) 1.87 (1.75, 2.01) 

Uninsured 2.27 (1.66, 3.11) 2.02 (1.85, 2.20) 

Education   
≥Some College Reference Reference 

≤High School 1.07 (0.92, 1.25) 1.31 (1.23, 1.39) 

Usual Source of Care   
Yes Reference Reference 

No 1.20 (0.87, 1.66) 1.19 (1.11, 1.29) 

Immigration Status   
Non-immigrant Reference Reference 

Immigrant 1.16 (0.90, 1.50) 0.85 (0.78, 0.92) 

Marital Status   
Married/Living with partner Reference Reference 

Unmarried 0.93 (0.73, 1.18) 1.26 (1.17, 1.35) 

Divorced/Widowed/Separated 1.17 (1.01, 1.36) 1.52 (1.43, 1.63) 

Sexual Minority   
No Reference Reference 

Yes 1.12 (0.79, 1.61) 1.33 (1.18, 1.49) 

Region   
Northeast Reference Reference 

Midwest 0.96 (0.76, 1.22) 0.95 (0.86, 1.05) 

South 1.06 (0.85, 1.32) 1.02 (0.94, 1.11) 



West 0.85 (0.66, 1.11) 1.02 (0.93, 1.12) 

 
ASCVD, atherosclerotic cardiovascular disease; CI, confidence interval 

*Adjusted for age, sex, race/ethnicity, family income, insurance status, education, immigration status, usual source 

of care, sexual minorities, geographic region, cardiovascular risk factors, and comorbidities 
 

 



Table S4. Prevalence and odds of food insecurity by high-risk characteristics (including all theory-based characteristics) among 

individuals with atherosclerotic cardiovascular disease. 

High-Risk Characteristic*, No Total (n=18,442) Food Secure (n=15,474) Food Insecure (n=2,968) OR ǂ (95% CI) 

≤2 5,293 5,149 144 Reference 

3 3,906 3,598 308 3.09 (2.31, 4.15) 

4 3,679 3,053 626 6.41 (4.88, 8.42) 

5 3,079 2,207 872 11.78 (8.94, 15.51) 

6 1,714 1,054 660 16.43 (12.36, 21.83) 

7 630 336 294 21.43 (15.16, 30.29) 

≥8 141 77 64 26.82 (15.87, 45.33) 
ASCVD, atherosclerotic cardiovascular disease; OR, odds ratios; CI, confidence interval 

*High-risk characteristics include 18-64 years age group, female sex, non-Hispanic Black and Hispanic race/ethnicity, poor/low-income subgroup, 

uninsured/private insured, ≤high school education, no usual source of care, immigrant, LGBTQ+, and unmarried/divorced/widowed/separated. 

ǂ Adjusted for cardiovascular risk factors, comorbidities, and geographic region 

Note 1: Cardiovascular risk factors include hypertension, diabetes, hyperlipidemia, current smoking, obesity, and insufficient physical activity 

Note 2: Comorbidities include chronic obstructive pulmonary disease, asthma, ulcer disease, cancer, arthritis, chronic kidney disease, hepatitis, and liver 

diseases 

  



Table S5. Prevalence and odds of food insecurity by high-risk characteristics among individuals without atherosclerotic cardiovascular 

disease. 

High-Risk Characteristic*, No Total (n=171,671) Food Secure (n=154,598) Food Insecure (n=17,073) OR ǂ (95% CI) 

≤2 5,490 5,405 85 Reference 

3 22,420 21,968 452 1.44 (1.07, 1.92) 

4 44,012 42,491 1,521 2.32 (1.75, 3.07) 

5 42,982 39,914 3,068 4.95 (3.75, 6.54) 

6 29,425 25,008 4,417 10.87 (8.23, 14.37) 

7 19,181 14,419 4,762 18.26 (13.85, 24.08) 

≥8 8,161 5,393 2,768 25.37 (19.09, 33.73) 

ASCVD, atherosclerotic cardiovascular disease; OR, odds ratios; CI, confidence interval 

*High-risk characteristics include 18-64 years age group, female sex, non-Hispanic White/Black/Hispanic race/ethnicity, poor/low-income subgroup, 

uninsured/private insured, ≤high school education, no usual source of care, non-immigrant, LGBTQ+, and unmarried/divorced/widowed/separated. 

ǂ Adjusted for cardiovascular risk factors, comorbidities, and geographic region 

Note 1: Cardiovascular risk factors include hypertension, diabetes, hyperlipidemia, current smoking, obesity, and insufficient physical activity 

Note 2: Comorbidities include chronic obstructive pulmonary disease, asthma, ulcer disease, cancer, arthritis, chronic kidney disease, hepatitis, and liver diseases 

 



 

 

Figure S1. Odds of food insecurity among adults with and without atherosclerotic cardiovascular 

disease, by number high-risk characteristics. 

 

 
 

ASCVD, atherosclerotic cardiovascular disease 

*High-risk characteristics among individuals with ASCVD include 18-64 years age group, female sex, non-Hispanic 

Black and Hispanic race/ethnicity, poor/low-income subgroup, uninsured/private insured, ≤high school education, 

no usual source of care, immigrant, LGBTQ+, and unmarried/divorced/widowed/separated. 

#High-risk characteristics among individuals without ASCVD include 18-64 years age group, female sex, non-

Hispanic White/Black/Hispanic race/ethnicity, poor/low-income subgroup, uninsured/private insured, ≤high school 

education, no usual source of care, non-immigrant, LGBTQ+, and unmarried/divorced/widowed/separated. 

 

 

 


