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Abstract

Background Minoritized racial/ethnic groups and women in the United States (US) are disproportionately burdened
by food insecurity, which likely contributes to disparities in cardiovascular health (CVH). Disparities are projected

to widen due to the worsening climate crisis that is straining the agricultural system including food supplies. None-
theless, studies have not investigated the relationship between food security status and ‘ideal’ CVH in a large, nation-
ally-representative and racially/ethnically diverse US sample.

Methods and results We investigated household food security status in relation to ‘ideal’ CVH among US adults
(N=157,001) using 2014-2018/2020 National Health Interview Survey data. Food security status was defined as very
low, low, marginal, or high. A summed score of 4 health behaviors and 3 clinical factors totaling 7 different measures
was dichotomized (yes/no) to assess modified ‘ideal’ CVH (mICVH). Using Poisson regression with robust variance,
we estimated prevalence ratios (PRs) and 95% Cls of mICVH by household food security status. We stratified models
by sex/gender and race/ethnicity. Very low food security prevalence was higher among non-Hispanic (NH)-Black
(8.0%) compared to Hispanic/Latinx (5.1%), NH-White (3.1%) and NH-Asian (1.7%) adults. The association between very
low versus high food security and mICVH was stronger among women (PR=0.23 [95% Cl: 0.17-0.31]) than men
(PR=0.48 [95% Cl: 0.35-0.66]). Compared to NH-White adults with high food security, racially/ethnically minoritized
groups with very low to high food security were generally less likely (range: [PR =0.25[95% Cl: 0.14-0.44] -
[PRygn =0.88 [95% ClI: 0.79-0.97]) to meet mICVH criteria.

Conclusions Food insecurity was associated with lower mICVH prevalence and racially/ethnically minoritized groups
were disproportionately burdened.
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Introduction
Food insecurity disproportionately burdens minoritized
racial/ethnic groups and women in the United States
(US) [1] and likely contributes to observed disparities in
cardiovascular health (CVH) [2]. Although food is essen-
tial for life, food insecurity, defined as a lack of access to
nutritious substances due to financial or resource con-
straints, is a major challenge in the US [1]. For instance,
the prevalence of food insecurity was 10.5% among the
overall population of US households in 2020 and was
substantially higher among racially/ethnically minor-
itized households (e.g., 21.7% for Non-Hispanic (NH)
Black) [3]. Additionally, households headed by NH-Black
or Hispanic adults, women, or a single parent are the
most likely to experience food insecurity [1, 4—6].

Inequities in food insecurity can be mapped to a vari-
ety of environmental and social factors. For instance,
as climate change intensifies with more frequent and
widespread natural disasters that strain agricultural
systems and ultimately regional food supplies, exist-
ing inequities in food security status are projected to
worsen [7, 8]. Diets rich in plant-based foods and with
fewer animal products have been found to confer both
improved health and environmental benefits, but access
to these diets are inequitably distributed [9]. Further-
more, increasing effort has focused on understanding the
contribution of social determinants of health—the con-
ditions in which individuals live, grow, work, play and
age—which are more downstream or proximal factors
influencing health [10—12]. However, social determinants
in the US have largely been shaped by more upstream
factors such as globalization, structural racism, as well as
federal, state, and local policies [11]. For example, histori-
cal and current supermarket, redlining practices in the
US have hindered opportunities for social mobility and
contributed to food insecurity through, for instance, a
lack of community investments leading to ‘food deserts’
(areas devoid of healthy food options) as well as food
swamps (areas concentrated with energy-dense, low-
nutrient foods) which tend to be largely clustered in and
around low-income neighborhoods as well as neighbor-
hoods primarily comprised of racially/ethnically minor-
itized groups [13—17]. Notably, the term ‘food deserts’
has been met with much criticism among scholars and
activists, as it inaccurately depicts the context of struc-
tural racist practices antecedent to the lack of healthy
food options in some areas [14, 18]. Using the term food
apartheid—which refers to the racist structures and prac-
tices that led to inequitable food environments—has
instead been strongly recommended as a replacement for
‘food deserts’ [19, 20].

Food insecurity can affect health behaviors, such as
diet, which makes achieving a healthy and balanced diet
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more difficult [21]. In fact, food insecurity may contrib-
ute to both malnutrition and obesity risk, directly exac-
erbating CVH disparities, particularly among households
headed by women within racially/ethnically minoritized
groups [1, 4, 5, 21]. The aforementioned food apartheid
may also promote CVH disparities. For example, heads of
households encountering financial hardship may decide
to purchase high-energy, low-nutrient foods as way to
feed their family within their budgetary constraints, even
when low-energy, nutrient-dense options are present
but unaffordable. Food insecurity has also been associ-
ated with poor sleep (via stress related to worrying about
food, hunger, and the consumption of energy-dense, low
nutrient foods) which is an important component of
CVH [22-25].

Achieving and maintaining ‘ideal’ CVH (ICVH) — a
key metric for ascertaining cardiovascular disease (CVD)
risk factors using the American Heart Association’s
(AHA) Life’s Essential 8 — is based on eight key meas-
ures that include smoking status, body mass index (BMI),
physical activity, diet, total cholesterol, blood pressure,
fasting glucose, and sleep duration (an understudied but
more recently recognized CVD risk factor) [25, 26]. Prior
literature suggests that a higher number of ICVH metrics
correlates with lower cumulative CVD incidence, as well
as both all-cause and CVD-mortality risk [27, 28]. Prior
studies have observed that women are more likely to be
food insecure and have lower ICVH prevalence than
men [1, 4, 5, 29, 30]. Additionally, while the prevalence
of meeting>5 ICVH metrics is 45% among US adults,
one prior study observed that ICVH prevalence was
three times higher among NH-White compared to NH-
Black and Hispanic/Latinx adults [26, 31, 32]. Since food
insecurity is higher and ICVH prevalence is lower among
racially/ethnically minoritized groups, studies assessing
the relationship between the two are needed. Moreover,
as more extreme weather events continually reoccur,
disparate impacts in communities primarily consisting
of racially/ethnically minoritized groups are expected to
exacerbate CVH risk driven by social determinants of
health inequities [33].

While it is known that food insecurity contributes to
racial/ethnic disparities in health, few studies have deter-
mined the relationship between food security status and
ICVH prevalence (especially using the updated metric
including sleep duration) in a racially/ethnically diverse,
nationally representative sample of US adults [1, 6, 21,
23, 24]. Further, fewer studies have employed an inter-
sectional framework—the way in which the interconnect-
edness of race, gender, socioeconomic status, and other
systems of power shape oppression and privilege—to
investigate food insecurity in relation to ICVH inequi-
ties, an important consideration for conducting health
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disparities research [34]. Therefore, we addressed these
important gaps in the literature by assessing food secu-
rity status in relation to modified ‘ideal’ CVH (mICVH)
prevalence among US adults. We hypothesized that indi-
viduals with ‘very low” and ‘low’ as well as ‘marginal’ vs.
‘high’ food security status will have the lowest prevalence
of mICVH and that lower levels of food security status
would be associated with lower mICVH prevalence.
Additionally, given findings from prior literature, we
hypothesized that associations between food security
status and mICVH prevalence would be stronger among
women compared to men. Lastly, considering that food
insecurity is higher and mICVH prevalence is lower
among racially/ethnically minoritized groups compared
to NH-White adults, we hypothesized that the associa-
tion between food security status and mICVH prevalence
would be the strongest among minoritized racial/ethnic
groups.

Methods
Study population
The National Health Interview Survey (NHIS) is a
nationally representative study that uses three-stage clus-
ter probability sampling to administer interviews to indi-
viduals residing in non-institutionalized households in
the United States. Study design and recruitment details
for the NHIS study have been previously described [35].
We used 2014—2018 and 2020 cross-sectional NHIS data.
NHIS participant data from 2019 were excluded from
our study, as data on sleep duration—a component of the
AHA’s ‘ideal’ CVH metric—were not collected during
the 2019 survey year. All participants in the NHIS study
provided written informed consent. Additionally, the
use of non-identifiable, publicly available NHIS data was
deemed exempt from approval by the National Institute
of Environmental Health Sciences Institutional Review
Board. The response rate among participants in our study
was 49% (range: 58.8% (2014) — 45.2% (2020)).
Participants were eligible for inclusion in our study if
they were>18 years, NH-Asian, Hispanic/Latinx, NH-
Black, or NH-White. Additional racial/ethnic groups
were not included due to small sample sizes. These cri-
teria resulted in a sample of 182,056 adults. Further, we
excluded NHIS participants if they were missing data
on the exposure, outcome, and potential confounders:
food security status, mICVH metrics (smoking status,
BMI, physical activity, sleep duration, hypertension, pre-
diabetes/type 2 diabetes, and dyslipidemia), age, sex/
gender, race/ethnicity, annual household income, educa-
tional attainment, marital status, or alcohol consumption
(n=25,055). The exclusions resulted in a final analytic
sample of 157,001 participants (Supplemental Figure 1).
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Exposure assessment: household food security status

Food security status data were collected using the
U.S. Department of Agriculture’s (USDA) U.S. House-
hold Food Security Survey Module, a 10-item screener
(derived from the full 18-item U.S. Household Food
Security Survey Module) routinely used to monitor food
security [36]. The full 18-item scale has been shown to
have good reliability (Cronbach a=0.81 (for households
with children) and 0.74 (for all households)) [37]. Par-
ticipants were asked about household availability and
consumption of food in the past 30 days. For example,
participants were asked how often (often true; sometimes
true; never true; or don’t know) the following happened
in the past 30 days: “we worried whether our food would
run out before we got money to buy more”; “we couldn’t
afford to eat balanced meals”; “we were hungry but did
not eat because there was not enough money” Addition-
ally, participants were asked whether or not (yes versus
no) the following occurred during the past 30 days: “did
you ever cut the size of meals or skip meals because there
wasn't enough money for food?”; “did you ever eat less
than you felt you should because there wasn’t enough
money for food?”; “did any of your family not eat for a
whole day because there wasn’t enough money for food?”.
The remaining questions have been summarized in Sup-
plemental Table 1. Participants responding to an item
affirmatively as “yes’, “often true’, or “sometimes true”
were counted as 1 [38]. Responses were summed (0—10)
and categorized as very low (6-10), low (3-5), marginal
(1-2), and high (0) food security [38].

Outcome assessment: modified ideal cardiovascular health
We constructed a mICVH metric using a summed score
of 4 health behaviors and 3 clinical factors, which totaled
7 different measures [26]. The metrics included: 1) smok-
ing (never smoked/quit smoking>12 months prior to
study enrollment); 2) BMI (>18.5 kg/m* and <25 kg/
m?); 3) physical activity (>150-300 min/week moderate
or>75-150 min/week vigorous [39]); 4) sleep duration
(7 to 9 h of sleep nightly); and no prior diagnosis of 5)
dyslipidemia, 6) hypertension, or 7) prediabetes/diabetes.
Participants who reported “yes” to all of these measures
were considered to have mICVH, and participants who
reported “no” to any of these measures we not consid-
ered to have mICVH. This metric is considered modified
because data on diet were not collected in the NHIS.

Potential confounders

Potential sociodemographic and lifestyle confound-
ers were selected a priori. Sociodemographic variables
included age (18-30, 31-49, or>50 years); sex/gender
(men or women); annual household income (<$35,000;
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$35,000-$74,999; > $75,000); educational attainment
(<high school, high school graduate, some college,
or > college); geographic region (Northeast, Midwest,
South, or West); marital status (married/living with
partner or cohabitating, divorced/widowed/separated,
or single/no live-in partner); and survey year [5, 40].
Race/ethnicity (NH-Asian, NH-Black, Hispanic/Latinx,
or NH-White) was also considered as a confounder for
overall models. Lastly, we considered alcohol consump-
tion (current, [heavy], current [<moderate], former or
lifetime abstainer) as a lifestyle variable [40].

Potential modifiers

Based on prior literature revealing more social vulner-
ability to food insecurity as well as CVD among both
minoritized racial/ethnic groups and women, we investi-
gated potential effect modification by sex/gender (men or
women) and race/ethnicity (NH-Asian, Hispanic/Latinx,
NH-Black or NH-White) [1, 4—6].

Statistical analyses

We reported mean+standard error for age and age-
standardized (based on the 2010 US Census popula-
tion) along with weighted percentages (to account for
the complex survey design) for sociodemographic, life-
style, health behavior, and clinical factors in the overall
population and by food security status category. Pois-
son regression with robust variance was used to estimate
prevalence ratios (PR’s) and 95% confidence intervals
(CT’s) for associations between food security status and
mICVH, adjusting for sociodemographic and lifestyle
confounders. High food security status was the refer-
ence group to make comparisons to very low, low, and
marginal food security status. We investigated poten-
tial differences in the association between food security
status and mICVH by and sex/gender and race/ethnic-
ity through stratification and by including multiplicative
interaction terms in the models and testing their signif-
icance with a Wald test of interaction terms. In a sepa-
rate analysis, we used NH-White adults with high food
security as the reference group to compare racially/eth-
nically minoritized groups with very low, low, marginal,
and high food security and mICVH. We used a two-sided
alpha level of 0.05 to determine statistical significance in
all analyses. All analyses were conducted using Stata ver-
sion 15 (StataCorp LLC, College Station, TX).

Results

Study population characteristics

Of the 157,001 participants, the mean age was
47.0£0.1 years, and balanced in terms of sex/gender
(51.1%yomen VS. 48.9%,..,) (Table 1). Most participants
identified as NH-White (68.4%) followed by NH-Black
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(11.2%), Hispanic/Latinx (14.7%), and NH-Asian (5.7%).
Approximately 32.4% of participants earned a college
degree, 43.2% had an annual household income > $75,000,
61.1% were married/living with a partner or cohabitating,
37.0% resided in the Southern region of the US, 84.3%
never smoked or quit smoking > 12 months prior to base-
line, and 66.7% formerly consumed alcohol (> 12 months
prior to baseline). Additionally, most lived in households
with high food security (83.9%) followed by marginal
(6.5%), low (5.3%) and very low (4.3%) (Table 1).

Women versus men had a higher prevalence of very
low food security among those who were Hispanic/
Latinx (5.5% vs. 4.7%), NH-Asian (1.9% vs. 1.4%), NH-
Black (8.6% vs. 7.2%) and NH-White (3.4% vs. 2.7%) (Sup-
plemental Table 2). Additionally, more NH-Black (8.6%)
and Hispanic/Latinx (5.5%) women had a higher preva-
lence of very low food security compared to NH-Asian
(1.9%) and NH-White (3.4%) women (Supplemental
Table 2). Further, more Hispanic/Latinx (5.1%) and NH-
Black (8.0%) adults had a higher prevalence of very low
food security compared to NH-Asian (1.7%) and NH-
White (3.1%) adults (Fig. 1). Compared to men, women
had a higher prevalence of mICVH overall (10.2% vs.
6.7%) (Supplemental Table 3). Similarly, women ver-
sus men had a higher mICVH prevalence among those
who were NH-White (12.2% vs. 7.3%), Hispanic/Latinx
(6.8% vs. 4.5%) and NH-Asian (11.6% vs. 9.6%). However,
among NH-Black participants, women had a lower prev-
alence of mICVH (3.0%) compared to men (4.3%). Fur-
ther, NH-Asian (10.7%) and NH-White (9.8%) adults had
a higher prevalence of mICVH compared to Hispanic/
Latinx (5.7%) and NH-Black (3.6%) adults (Fig. 2).

Food security status and modified ideal cardiovascular
health overall

Compared to participants with high food security status,
those with very low (PR=0.34 [95% CI: 0.27-0.43]), low
(PR=0.62 [95% CI: 0.52-0.73]), and marginal (PR=0.61
[95% CIL: 0.54-0.70]) food security had lower mICVH
prevalence (Table 2).

Food security status and modified ideal cardiovascular
health by sex/gender

The association between very low versus high food secu-
rity and mICVH was stronger among women (PR=0.23
[95% CI: 0.17-0.31]) compared to men (PR=0.48 [95%
CI: 0.35-0.66]); p-interaction<0.01) (Table 2). Women
with low (PR=0.59 [95% CI: 0.47-0.75]), and marginal
(PR=0.56 [95% CI: 0.48-0.66]) versus high food secu-
rity status had a lower prevalence of mICVH. Men with
low, and marginal versus high food security status was
associated with a lower prevalence of mICVH; (PR=0.66
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Table 1 Age-standardized sociodemographic, health behavior, and clinical characteristics, overall and by household food security
status, National Health Interview Survey, 2014-2018, 2020, (N=157,001) @

Characteristics Household Food Security Status "
Very Low Lown=8,260  Marginal Highn=131,839 Overall
n=6,691(43%) (5.3%) n=10,211(6.5%) (83.9%) N=157,001
(100%)
Sociodemographic
Age, mean + SE (years) 437+03 436+0.2 431402 47.7+0.1 47.0+0.1
18-30 26.2 279 295 22.1 23.0
31-49 354 35.0 355 318 324
>50 383 37.1 349 46.1 446
Sex/gender
Men 432 436 433 49.9 489
Women 56.8 56.4 56.7 50.1 51.1
Race/ethnicity
NH-White 539 47.0 524 71.3 68.4
NH-Black 24.0 233 19.2 94 1.2
Hispanic/Latinx 196 26.0 237 133 14.7
NH-Asian 25 3.7 4.7 6.0 57
Educational Attainment
<High School 24.0 24.3 20.2 7.9 10.0
High School graduate 353 37.0 36.2 258 275
Some College 319 283 293 302 302
>College 8.8 104 143 36.1 324
Annual household income
<$35,000 739 67.0 53.8 214 276
$35-$74,999 212 254 30.8 293 29.1
>$75,000 49 7.6 153 49.2 432
Unemployed/not in labor force 64.3 58.5 514 372 403
Marital status
Divorced/widowed 384 33.1 284 18.8 20.7
Single/no live-in partner 254 23.0 21.1 174 182
Married/living with partner/co-habited 36.2 439 50.5 63.8 61.1
Region of residence
Northeast 15.2 16.2 17.1 18.1 17.8
Midwest 214 184 21.2 226 22.3
South 434 452 40.7 36.0 37.0
West 20.0 20.2 21.0 233 229
Health Behaviors
Smoking status
Never/quit > 12 months prior 62.1 734 76.0 86.6 84.3
Former (quit < 12 months ago) 2.3 15 20 12 13
Current 356 25.1 220 12.2 144
Alcohol consumption
Lifetime abstinence (< 12 drinks in life) 221 252 218 16.7 17.5
Former (no drinks past year) 52.7 520 56.2 68.8 66.7
Current (> 1 drink past year) 253 228 22.1 14.5 15.8
Leisure-time physical activity (PA)
Never/unable 50.6 46.7 427 286 31.1
Does not meet PA guidelines 18.8 19.7 20.0 19.8 19.8

Meets PA guidelines ® 306 336 373 51.7 49.1
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Table 1 (continued)
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Characteristics

Household Food Security Status "

Very Low Lown=8,260  Marginal Highn=131,839 Overall
n=6,691(43%) (5.3%) n=10,211(6.5%) (83.9%) N=157,001
(100%)
Usual sleep duration
<6h 24.2 16.7 134 7.7 9.1
<7h 49.8 413 38.1 29.3 312
7-9 h (recommended) 431 529 56.1 67.2 64.9
>9h 7.0 58 58 35 39
Clinical Characteristics
Health status
Excellent/very good/good 538 62.5 72.5 89.2 85.7
Fair/poor 46.2 375 275 10.8 14.3
Body Mass Index (BMI) ©
Underweight (< 18.5 kg/m?) 2.1 19 15 16 16
Recommended (18.5-< 25 kg/mz) 269 255 258 326 316
Overweight (25-29.9 kg/m?) 29.0 300 328 36.0 352
Obesity (>30 kg/m?) 421 426 399 299 316
Dyslipidemia ¢ 77.1 738 67.7 68.2 689
Hypertension © 50.6 47.0 41.8 343 36.0
Diabetes or type 2 diabetes f 313 294 24.1 16.9 184
Modified ideal cardiovascular health 9 1.8 33 39 94 84

Abbreviation: SE Standard error

2 Note all estimates are weighted for the survey’s complex sampling design. All estimates are age-standardized to the US 2010 population, except for age. Percentage

may not sum to 100 due to missing values or rounding

b Meets PA guidelines for Americans, defined as > 150 min/week of moderate intensity or > 75 min/week of vigorous intensity or> 150 min/week of moderate and

vigorous intensity

¢ Self-reported weight and height were used to calculate (weight [kg] / height [m?]) body mass index

9 Dyslipidemia defined as currently taking prescribed medicine to lower cholesterol high cholesterol in the 12 months prior to interview

€ Hypertension defined as ever told on two or more different visits that you have hypertension or high blood pressure or currently taking prescribed medicine to

lower blood pressure

fPrediabetes defined as ever told by a doctor had prediabetic condition, prediabetes, or borderline diabetes. Type 2 diabetes defined as ever told by a doctor or health
professional that you have diabetes or sugar diabetes and being told you have type 2 diabetes

9 Modified ideal cardiovascular health includes a dichotomized (yes [7]/no [< 7]) summary score for never smoking/quit> 12 months prior to interview, BMI
18.5—< 25 kg/m?, meeting physical activity guidelines for Americans, sleep duration of 7-9 h, and no dyslipidemia, hypertension, or prediabetes/type 2 diabetes

" Household food security status was captured using the U.S. Department of Agriculture’s U.S. Household Food Security Survey Module 10-item screener. Responses
were summed (0-10) and categorized as very low (6-10), low (3-5), marginal (1-2), and high (0) food security

[95% CI: 0.51-0.85]) and (PR=0.71 [95% CI: 0.58-0.89])
respectively.

Food security status and modified ideal cardiovascular
health by race/ethnicity

Among NH-Black participants, very low versus high
food security status was more strongly associated with
lower mICVH prevalence (PR=0.52 [95% CI: 0.30-0.92];
p-interaction <0.01) compared to those with low or mar-
ginal versus high food security status and mICVH preva-
lence; ((PR=0.88 [95% CI: 0.59-1.31]) and (PR=0.84
[95% CI: 0.57-1.23]), respectively). Additionally, very low,
low, and marginal versus high food security was associ-
ated with lower mICVH prevalence among NH-White

participants; (PR=0.27 [95% CI: 0.19-0.36]), (PR=0.51
[95% CI: 0.40-0.66]), and (PR=0.47 [95% CI: 0.39-0.56]),
respectively).

Food security status and modified ideal cardiovascular
health by sex/gender and race/ethnicity

Among Hispanic/Latinx adults, very low versus high food
security status was associated with lower mICVH but
was stronger among women (PR=0.29 [95% CI: 0.15—
0.56]) compared to men (PR=0.53 [95% CIL: 0.29-0.98]).
Compared to those with high food security, low food
security status was associated with lower mICVH preva-
lence (PR=0.34 [95% CI: 0.15-0.78]) among NH-Black
women. Additionally, the association between very low
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Fig. 1 Age-standardized household food security status ? by race/ethnicity, National Health Interview Survey, 2014-2018, 2020, (N=157,001) °.
@ Household food security status was captured using the U.S. Department of Agriculture’s U.S. Household Food Security Survey Module 10-item
screener. Responses were summed (0-10) and categorized as very low (6-10), low (3-5), marginal (1-2), and high (0) food security. b Note all
estimates are weighted for the survey’s complex sampling design. All estimates are age-standardized to the US 2010 population, except for age.
Percentage may not sum to 100 due to missing values or rounding
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Fig. 2 Age-standardized modified ideal cardiovascular health @ by race/ethnicity, National Health Interview Survey, 2014-2018, 2020, (N=157,001)
b Abbreviations: mICVH = Modified ideal cardiovascular health. ® Modified ideal cardiovascular health includes a dichotomized (yes [71/no [<7])
summary score for never smoking/quit > 12 months prior to interview, BMI 18.5—< 25 kg/m?, meeting physical activity guidelines for Americans,
sleep duration of 7-9 h, and no dyslipidemia, hypertension, or prediabetes/type 2 diabetes. ® Note all estimates are weighted for the survey’s
complex sampling design. All estimates are age-standardized to the US 2010 population, except for age. Percentage may not sum to 100 due
to missing values or rounding

versus high food security among NH-White adults was  Food security status and modified ideal cardiovascular
stronger among women (PR=0.19 [95% CI: 0.12-0.28])  health among minoritized racial/ethnic groups compared
compared to men (PR=0.40 [95% CI: 0.25-0.63]). to NH-White participants with high food security



Murkey et al. BMC Public Health

(2024) 24:1220

Page 8 of 13

Table 2 Prevalence ratios of modified ideal cardiovascular health among participants with very low, low, or marginal compared to
high food security overall, by sex/gender b and by race/ethnicity ¢, National Health Interview Survey, 2014-2018, 2020, (N=157,001)

Prevalence Ratio (95% Confi
Security Status ¢

dence Interval) for Modified Ideal CVH ? by Household Food

Very low (n=6,691) vs. High
(n=131,839)

Low (n=28,260) vs. High
(n=131,839)

Marginal (n=10,211)
vs. High (n=131,839)

Overall (N=157,001)

Men (n=72,436)

Women (n=84,565)

Hispanic/Latinx (n=22,022)

Men (n=9904)

Women (n=12,118)

NH-Asian (n=8458)

Men (n=3973)

Women (n=4,485)

NH-Black (n=18,223)

Men (n=7365)

Women (n=10,858)

NH-White (n=108,298)

Men (n=51,194)

Women (n=57,104)

0.34
[0.27—0.43]
0.48
[0.35—0.66]
0.23
[0.17—0.31]
0.41
[0.27—0.65]
0.53
[0.29—0.98]
0.29
[0.15—0.56]
0.36
[0.14—0.91]
0.37
[0.08—1.65]
0.35
[0.11—1.18]
0.52
[0.30—0.92]
0.58
[0.29—1.18]
0.34
[0.15—0.78]
0.27
[0.19—0.36]
0.40
[0.25—0.63]
0.19
[0.12—0.28]

0.62 0.61
[0.52—0.73] [0.54—0.70]
0.66 0.71
[0.51—0.85] [0.58—0.89]
0.59 0.56
[0.47—0.75] [0.48—0.66]
0.70 0.83
[0.52—0.95] [0.63—1.09]
0.93 0.89
[0.62—1.39] [0.57—1.38]
0.55 0.80
[0.36—0.84] [0.58—1.11]
045 0.73
[0.18—1.11] [0.49—1.10]
043 0.73
[0.13—1.45] [0.38—1.39]
0.46 0.75
[0.13—1.67] [0.44—1.27]
0.88 0.84
[0.59—1.31] [0.57—1.23]
0.75 0.83
[043—1.32] [0.47—1.46]
0.98 0.83
[0.55—1.74] [0.52—1.34]
0.51 0.47
[0.40—0.66] [0.39—0.56]
0.44 0.57
[0.30—0.66] [0.43—0.76]
0.57 0.42
[0.41—0.78] [0.34—0.53]

Models are adjusted for age (18-30 years, 31-49 years, > 50 years), sex/gender (man, woman), annual household income (< $35,000; $35,000-5$74,999; > $75,000),
marital status (married/cohabitating, single/no live-in partner, divorced/separated/widowed), educational attainment (< high school, high school graduate, some
college, > college), region of residence (Northeast, Midwest, South, West), alcohol consumption (current [heavy], current [< moderate], former, lifetime abstainer), and
survey year. Models in the total/overall sample are additionally adjusted for race and ethnicity (Hispanic/Latinx, NH-Asian, NH-Black/African American, NH-White)

All estimates are weighted for the complex survey design. Bolded values indicate statistical significance at a two-sided p-value <0.05

Abbreviations: CVH Cardiovascular health, NH Non-Hispanic, NE Not able to estimate

2 Modified ideal cardiovascular health includes a dichotomized (yes [7]/no [< 7]) summary score for never smoking/quit > 12 months prior to interview, BMI
18.5—< 25 kg/m?, meeting physical activity guidelines for Americans, sleep duration of 7-9 h, and no dyslipidemia, hypertension, or prediabetes/type 2 diabetes

b Significant interaction effect between sex/gender and food security status on modified ideal CVH (p <.0001)

¢ Significant interaction effect between race/ethnicity and food security status on modified ideal CVH (p <.0001)

9 Household food security status was captured using the U.S. Department of Agriculture’s U.S. Household Food Security Survey Module 10-item screener. Responses
were summed (0-10) and categorized as very low (6-10), low (3-5), marginal (1-2), and high (0) food security

Hispanic/Latinx participants with very low, low, mar-
ginal, and high food security versus NH-White par-
ticipants with high food security had lower mICVH

prevalence; (PRey 10w

[95% CI: 0.20-0.47]),

(PR),y =0.52 [95% CI: 0.38-0.70]), (PR pyqygina =0.61 [95%
CI: 0.47-0.78]), and (PRyg,=0.70 [95% CI: 0.64-0.77])
respectively (Table 3). Compared to NH-White partici-
pants with high food security, associations between very
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Table 3 Prevalence ratios of modified ideal cardiovascular health among Hispanic/Latinx, non-Hispanic Asian, and non-Hispanic Black
participants with very low, low, marginal, and high food security compared to non-Hispanic White participants with high food security,
National Health Interview Survey, 2014-2018, 2020, (N=144,019)

Prevalence Ratio (95% Confidence Interval) for Modified Ideal CVH ? by Household Food Security Status ®

Very low (n=3,036) vs. Low (n=4,288)
NH-White High (n=95,316) vs. NH-White High

Marginal (n=4,856) vs. High (n=36,523)
NH-White High (n=95,316) vs. NH-White High

(n=95,316) (n=95,316)

Overall (N=144,019) 0.28 0.47 0.53 0.65
[0.20—0.39] [0.37—0.58] [0.43—0.64] [0.61—0.69]

Men (n=66,982) 0.43 0.64 0.67 0.74
[0.28—0.66] [0.47—0.88] [0.50—0.90] [0.67—0.82]

Women (n=77,037) 0.17 0.36 0.46 0.60
[0.11—0.27] [0.26—0.50] [0.36—0.58] [0.55—0.65]

Hispanic/Latinx (n=22,022) 0.30 0.52 0.61 0.70
[0.20—0.47] [0.38—0.70] [0.47—0.78] [0.64—0.77]

Men (n=9,904) 0.38 0.69 0.65 0.70
[0.21—0.69] [0.46—1.04] [0.43—0.99] [0.61—0.80]

Women (n=12,118) 0.22 0.42 0.59 0.72
[0.11—0.42] [0.27—0.64] [0.43—0.82] [0.64—0.80]

NH-Asian (n=8,458) 0.36 044 0.77 0.88
[0.14—0.96] [0.17—1.13] [0.52—1.15] [0.79—0.97]

Men (n=3,973) 0.30 044 0.80 0.99

[0.06—1.41] [0.13—1.46] [042—1.52] [0.86—1.15]
Women (n=4,485) 0.44 0.45 0.78 0.81
[0.13—1.48] [0.12—1.72] [046—1.32] [0.7—0.92]

NH-Black (n=18,223) 0.25 0.42 0.38 0.41
[0.14—0.44] [0.29—0.61] [0.26—0.55] [0.36—0.47]

Men (n=7,365) 0.50 0.63 067 0.62
[0.26—0.93] [0.37—1.08] [0.39—1.17] [0.51—0.75]

Women (n=10,858) 0.11 0.31 0.25 0.30
[0.05—0.24] [0.18—0.53] [0.16—0.39] [0.25—0.35]

Models are adjusted for age (18-30 years, 31-49 years, > 50 years), gender (man, woman), annual household income (< $35,000, $35,000-$74,999, > $75,000),

marital status (married/cohabitating, single/no live-in partner, divorced/separated/widowed), educational attainment (< high school, high school graduate, some
college, > college), region of residence (Northeast, Midwest, South, West), alcohol consumption (current [heavy], current [< moderate], former, lifetime abstainer), and
survey year. Models in the total/overall sample are additionally adjusted for race and ethnicity (Hispanic/Latinx, NH-Asian, NH-Black/African American, NH-White)

All estimates are weighted for the complex survey design. Bolded values indicate statistical significance at a two-sided p-value <0.05

Abbreviations: CVH Cardiovascular health, NH Non-Hispanic, NE Not able to estimate

2 Modified ideal cardiovascular health includes a dichotomized (yes [7]/no [< 7]) summary score for never smoking/quit > 12 months prior to interview, BMI

18.5—< 25 kg/m?, meeting physical activity guidelines for Americans, sleep duration of 7-9 h, and no dyslipidemia, hypertension, or prediabetes/type 2 diabetes

® Household food security status was captured using the U.S. Department of Agriculture’s U.S. Household Food Security Survey Module 10-item screener. Responses
were summed (0-10) and categorized as very low (6-10), low (3-5), marginal (1-2), and high (0) food security

low and low food security and lower mICVH preva-
lence were stronger for Hispanic/Latinx women ((PR,,
tow=0.22 [95% CI: 0.11-0.42]) and (PR,,,,=0.42 [95% CL:
0.27-0.64])) versus men ((PRVery low=0.38 [95% CI: 0.21—
0.69]) and (PR,,,,=0.69 [95% CI: 0.46-1.04])). NH-Asian
participants with very low or high food security versus
NH-White participants with high food security was asso-
ciated with lower mICVH prevalence; (PR, 1, =0.36
[95% CI: 0.14-0.96]) and (PR, =0.88 [95% CI: 0.79—
0.97]) respectively. NH-Black participants with very low,
low, marginal, and high food security versus NH-White

participants with high food security had lower mICVH
prevalence; (PR, 1, =025 [95% CIL: 0.14-0.44]),
(PR}, =0.42 [95% CI: 0.29-0.61]), (PR, gina1=0.38 [95%
CIL: 0.26-0.55]), and (PRy;,,=0.41 [95% CI: 0.36-0.47])
respectively. In terms of differences by sex/gender and
race/ethnicity, associations between very low security
compared to NH-White participants with high food
security and lower mICVH prevalence were significantly
stronger for NH-Black women (PR, 14,,=0.11 [95% CIL:
0.05-0.24]) and versus NH-Black men (PR =0.50
[95% CI: 0.26-0.93]).

very low
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Discussion

In this nationally representative and racially/ethnically
diverse study, we investigated household food security
status in relation to mICVH prevalence among US adults.
Very low, low, and marginal compared to high food secu-
rity status was associated with lower mICVH prevalence.
These findings aligned with our hypothesis. Contrary
to our hypothesis, stronger associations between lower
food security status and lower mICVH prevalence were
observed among NH-White adults compared to asso-
ciations within racially/ethnically minoritized groups.
However, the burden of low and very low food security
prevalence was higher among racially/ethnically minor-
itized groups in comparison to NH-White adults. Addi-
tionally, lower mICVH was observed among minoritized
racial/ethnic groups when comparing Hispanic/Latinx,
NH-Asian, and NH-Black adults with high food security
compared to NH-White adults with high food security.
Stronger statistically significant associations between
very low, low, and marginal versus high food security
in relation to lower mICVH prevalence were observed
among women compared to men.

We found that NH-Black and Hispanic/Latinx adults
had higher levels of very low and low food security sta-
tus compared to NH-White and NH-Asian adults. Prior
literature has also described racial/ethnic differences in
distributions of both food security status and mICVH
prevalence, with racially/ethnically minoritized groups
being less likely to be food secure or have mICVH than
NH-White adults [1, 26, 31, 32]. Considering that our
study observed racial/ethnic disparities in mICVH preva-
lence, even among racially/ethnically minoritized groups
with high food security, additional social determinants
(e.g., interpersonal racial discrimination; job strain) of
mICVH disparities may exist beyond food security itself.
For example, the American Heart Association recently
identified structural racism as a fundamental driver of
health disparities in the US [41, 42]. While race is a social
construct primarily predicated on phenotype (e.g., skin
color; hair texture), structural racism has created and
perpetuated differential access to power, resources, and
opportunities in ways that advantage NH-White indi-
viduals while synchronously disadvantaging minoritized
racial and ethnic groups [41-43]. The subsequent social
and environmental contextual level factors (e.g., commu-
nity and individual level stress) stemming from structural
racism (e.g., limited neighborhood resources following
residential segregation) are hypothesized drivers of racial
and ethnic health disparities and may partially explain
why our study observed weaker relative associations
between lower food security and low mICVH preva-
lence among adults from minoritized racial/ethnic
groups compared to NH-White adults [41-44]. When
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comparing minoritized racial/ethnic groups with high
vs. low prevalence of food insecurity, along with a mul-
titude of other adverse exposures — caused by concen-
trated and cumulative disadvantage that increase disease
risk (i.e., non-ideal CVH) - the impact of a particular
adverse exposure (i.e., food insecurity) can be expected
to be more difficult to detect. The unexposed group (e.g.,
without food insecurity) among minoritized groups com-
pared to non-minoritized groups has more risk factors
for non-ideal CVH, which can make relative associations
for one particular adverse exposure appear weaker in
minoritized racial/ethnic groups with more risk factors.
Nonetheless, the exposure and outcome burden (based
on absolute estimates of prevalence) is higher among
minoritized groups, which is more informative for public
health impact than relative estimates (most relevant for
disease etiology). Ultimately, future research that consid-
ers the multifactorial determinants of CVH disparities
and its complex manifestations are warranted, but food
insecurity is indeed a plausible contributor.

Subgroup analyses in our study yielded differential
associations between food insecurity and mICVH after
stratifying by sex/gender and race/ethnicity. For exam-
ple, very low versus high food security was associated
with lower mICVH for each racial/ethnic group, but
strongest among women who were NH-White. How-
ever, when comparing racially/ethnically minoritized
groups with very low food security to NH-White adults
with high food security and lower mICVH, associations
were the strongest for NH-Black women. Those find-
ings align with one study that found that women com-
pared to men living in food insecure households were
more likely to be NH-Black, irrespective of advanced
educational attainment [5]. Additionally, some eviden-
tiary support in the literature also suggests that food
insecure households are most likely to be headed by
women versus men and NH-Black or Hispanic/Latinx
versus NH-White adults [1, 4, 5]. While food inse-
curity was found to be associated with lower mICVH
overall, and when comparing racially/ethnically minor-
itized to NH-White adults, its deleterious effect may be
stronger among Hispanic/Latinx and NH-Back com-
pared to NH-White women [45]. Considering the inter-
connectedness of systems of power (e.g., race, gender,
socioeconomic status) shaping oppression, as well as
privilege, additional studies incorporating an intersec-
tional framework approach to investigate food inse-
curity and CVH inequities are warranted [34]. Such
studies are vital for elucidating mechanistic pathways
driving inequities in food insecurity and poor CVH
observed among groups with multiple identities endur-
ing oppression (e.g., women from minoritized racial/
ethnic groups living below the poverty line).
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Although many public health strategies in the US
aimed at reducing mICVH disparities have historically
focused more on downstream, individual level factors
(e.g., health behaviors), addressing upstream, commu-
nity level factors (e.g., the neighborhood food environ-
ment) may be equally as important. Policies aimed at
addressing upstream drivers of social determinants can
help alleviate the burden of food insecurity, which may
otherwise promote and exacerbate health inequities that
are systemically linked (e.g., food insecurity, obesity and
type 2 diabetes) [21, 46, 47]. However, it will be impor-
tant to delineate components of upstream community
level factors, including how they may contribute towards
or reduce food insecurity. For example, food apartheid
in the US has subsequently contributed towards limited
access to affordable healthy food options in neighbor-
hoods that are predominantly comprised of racial/eth-
nic minoritized groups who live in concentrated poverty
[13-17]. Further, limited availability of affordable healthy
food in those neighborhoods potentially increase cumu-
lative risk for mICVH disparities, which may be com-
pounded by additional social determinants [10, 11, 13,
14, 16, 48]. In fact, one study found that food swamps
(with calorie dense, nutrient poor products) rather than
‘food deserts’ may be a stronger indicator of obesity risk
[49]. While addressing food apartheid will be necessary,
policies aimed at eliminating food swamps and provid-
ing access to healthy options (e.g., fruits; vegetables)
should be prioritized to reduce food insecurity dispari-
ties. Policies that help grant access (e.g., food trucks with
produce) and reduce the cost of healthier food options
in low-income communities may be a way to afford and
ultimately purchase healthy food options that may exist
in their neighborhoods but otherwise are unafford-
able. Additionally, future policies seeking to take a harm
reduction (strategies that seek to minimize the unfavora-
ble effects of health behaviors) approach should focus
on limiting serving sizes of energy-dense, low nutrient
items in a non-punitive way [50]. Such approaches may
be promising for combating food insecurity disparities
among racially/ethnically minoritized groups, despite
cohabitating with food swamps.

Our study has limitations. First, we relied on a cross-
sectional study design, which precludes causal interpre-
tations. Additionally, the average response rate was lower
than in previous years (potentially due to the 2020 survey
year occurring during the COVID-19 pandemic). If the
lower average response rate in the 2020 survey is attrib-
uted to the COVID-19 pandemic, food insecurity may
be underreported, which potentially produced underes-
timates of associations between food security status and
mICVH reported in this study. Further, we excluded 2019
NHIS data in our study, as data on sleep duration were
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not collected during the 2019 survey year. It is worth
noting that the omission of the 2019 survey year, due to
missing data on sleep, may have reduced the power in our
study due to a smaller sample size. Next, food security
and mICVH measures (for which the updated mICVH
metric inclusive of sleep has not yet been validated) were
self-reported, which may have resulted in underreporting
(e.g., due to social desirability bias, not recently having a
physical examination, etc.) and thus may have resulted in
the underestimation of associations between food secu-
rity study and mICVH. Further, because the addition of
sleep to the mICVH metric was not validated, misclassifi-
cation of mICVH may vary by race/ethnicity due to ineq-
uities in high quality healthcare access [51]. Therefore,
future research using objective and validated measures is
warranted. However, the addition of sleep as an mICVH
metric contributes to the novelty of our study. Data on
diet were not collected by the NHIS, which is why we
did not model our measure based on the AHA’s Life’s
Essential 8 metric, which includes an assessment of diet.
While underrepresented populations (e.g., gender minor-
ity and other understudied racial/ethnic groups) were
not included in this study, our observation that ‘very low,
‘low; and ‘marginal’ versus ‘high’ household food security
status—which disproportionally burdens minoritized
racial/ethnic adults (particularly women)—was associ-
ated with lower mICVH prevalence, underscoring the
need to address inequities in food security to reduce
racial/ethnic CVH disparities [1, 3-6, 26, 31].

Despite these limitations, our study also has note-
worthy strengths that extend the scientific literature.
For instance, we used a large, nationally representative,
and racially/ethnically diverse sample of the US, which
allowed us to examine the intersectionality of sex/gen-
der and race/ethnicity. This ‘National Health Interview
Survey’ data source is used to monitor the health of the
nation. To our knowledge, we are among the first study
to investigate associations between food insecurity and
ICVH, inclusive of the newly added sleep metric, using
a nationally representative US sample. Furthermore, the
USDA’s U.S. Household Food Security Survey Module
scale used to collect data on food security has been pre-
viously validated [52]. Future large, longitudinal stud-
ies (that oversample racially/ethnically minoritized and
other historically excluded individuals) investigating
drivers of ICVH and food security disparities are needed.

Conclusions

We found that ‘very low; ‘low! and ‘marginal’ compared
to ‘high’ food security status was associated with lower
mICVH prevalence, using the updated mICVH metric
that now includes sleep duration. Stronger magnitude
of associations between very low, low and marginal
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versus high food security and lower mICVH were
observed when comparing women to men. Addition-
ally, lower mICVH was observed among minoritized
racial/ethnic groups when comparing racially/ethni-
cally minoritized adults with high food security to
NH-White adults with high food security. This finding
underscores the need to prioritize initiatives directed at
meeting basic needs by achieving food security equity
to prevent further exacerbating mICVH disparities,
particularly among already identified socially vulner-
able populations. Addressing upstream drivers of social
determinants (e.g., financial strain; food apartheid) can
help alleviate the burden of food insecurity, which may
exacerbate the health inequities projected to widen due
to the worsening climate crisis [21, 46, 47]. Ultimately,
developing and enforcing effective and sustainable poli-
cies, programs, and practices that address upstream
drivers of food insecurity in the US are imperative for
promoting CVH equity.
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