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Pathways by Which Food Insecurity 
Is Associated With Atherosclerotic 
Cardiovascular Disease Risk
Deepak Palakshappa,  MD, MSHP; Edward H. Ip,  PhD; Seth A. Berkowitz,  MD, MPH;  
Alain G. Bertoni, MD, MPH; Kristie L. Foley, PhD, MS; David P. Miller, Jr.,  MD, MS;  
Mara Z. Vitolins, DrPH, MPH; Gary E. Rosenthal, MD

BACKGROUND: Food insecurity (FI) has been associated with an increased atherosclerotic cardiovascular disease (ASCVD) risk; 
however, the pathways by which FI leads to worse cardiovascular health are unknown. We tested the hypothesis that FI is 
associated with ASCVD risk through nutritional/anthropometric (eg, worse diet quality and increased weight), psychological/
mental health (eg, increased depressive symptoms and risk of substance abuse), and access to care pathways.

METHODS AND RESULTS: We conducted a cross- sectional study of adults (aged 40– 79 years) using the 2007 to 2016 National 
Health and Nutrition Examination Survey. Our primary exposure was household FI, and our outcome was 10- year ASCVD 
risk categorized as low (<5%), borderline (≥5% – <7.5%), intermediate (≥7.5%– <20%), and high risk (≥20%). We used structural 
equation modeling to evaluate the pathways and multiple mediation analysis to determine direct and indirect effects. Of the 
12 429 participants, 2231 (18.0%) reported living in a food- insecure household; 5326 (42.9%) had a low ASCVD risk score, 
1402 (11.3%) borderline, 3606 (29.0%) intermediate, and 2095 (16.9%) had a high- risk score. In structural models, we found 
significant path coefficients between FI and the nutrition/anthropometric (β, 0.130; SE, 0.027; P<0.001), psychological/mental 
health (β, 0.612; SE, 0.043; P<0.001), and access to care (β, 0.110; SE, 0.036; P=0.002) pathways. We did not find a significant 
direct effect of FI on ASCVD risk, and the nutrition, psychological, and access to care pathways accounted for 31.6%, 43.9%, 
and 15.8% of the association, respectively.

CONCLUSIONS: We found that the association between FI and ASCVD risk category was mediated through the nutrition/an-
thropometric, psychological/mental health, and access to care pathways. Interventions that address all 3 pathways may be 
needed to mitigate the negative impact of FI on cardiovascular disease.
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The social determinants of health, or the conditions 
in which people are born, grow, live, and age, 
have a profound impact on morbidity and mortal-

ity.1– 3 One way social determinants of health can affect 
health is through structuring the distribution of unmet 
health- related social needs for individual patients. 
Unmet health- related social needs are associated with 
worse health outcomes and disparities in care.1 One 
unmet social need that is prevalent in the United States 
is food insecurity (FI), or the lack of consistent access 

to enough food for an active and healthy life.4 Before 
the COVID- 19 pandemic, 10.5% of US households, or 
over 35 million people, were food insecure.4 An addi-
tional 17 million people in the United States are esti-
mated to have become food insecure due to the social 
and economic impacts of the pandemic.5

FI is associated with numerous negative health out-
comes including cardiometabolic disease and increased 
atherosclerotic cardiovascular disease (ASCVD) risk.6– 11 
The mechanisms or pathways by which FI affects 

Correspondence: Deepak Palakshappa, MD MSHP, Department of Internal Medicine, Wake Forest School of Medicine, Winston- Salem, NC 27157. E- mail: 
dpalaksh@wakehealth.edu

For Sources of Funding and Disclosures, see page 10.

© 2021 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution- NonCommercial- NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non- commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0003-1467-4965
mailto:﻿
https://orcid.org/0000-0002-4811-4205
https://orcid.org/0000-0003-1030-4297
https://orcid.org/0000-0001-7879-4427
mailto:dpalaksh@wakehealth.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2021;10:e021901. DOI: 10.1161/JAHA.121.021901 2

Palakshappa et al Pathways Between Food Insecurity and ASCVD Risk

cardiovascular health are still unclear, but 3 have been hy-
pothesized: (1) nutritional/anthropometric, (2) psychologi-
cal or mental health, and (3) compensatory or behavioral 
(Figure 1).12– 14 In the nutritional/anthropometric pathway, 
individuals living in food- insecure households resort to 
consuming cheap, calorie- dense foods because of cost, 
which can affect cardiovascular disease (CVD) risk both 
through diet quality and by leading to weight gain and 
obesity.11,15 In the psychological pathway, FI leads to in-
creased stress and feelings of depression because of 
concerns about having enough food.16,17 Depression 
has been independently associated with progression 
of atherosclerosis and an elevated CVD risk.18,19 In the 
compensatory pathway, the competing priorities of FI 
(ie, having to choose between spending money on food 
versus medical care) lead to individuals having to com-
pensate for their inadequate food budget by reducing 

consumption of other goods and services necessary for 
health.20– 22 These can include delays in seeking medi-
cal care (because of the cost of accessing health care) 
and taking less medication than recommended because 
of cost. Although each pathway is plausible alone, few 
studies have comprehensively tested these pathways 
together or quantified their relative contributions.12 
Understanding the complex relationship between FI 
and CVD and the relative importance of these pathways 
could inform both interventions and policies designed to 
reduce FI and improve cardiovascular health.

To fill this gap in the literature, we conducted a 
cross- sectional analysis of national data to evaluate 
the pathways through which FI is associated with in-
creased ASCVD risk. Specifically, we evaluated the 
association between household FI and 10- year risk 
of developing a first ASCVD event based on the 2013 
American College of Cardiology and American Heart 
Association Pooled Cohort risk equations (PCEs).23 
Elucidating these pathways could inform targets for in-
terventions designed to mitigate the negative effect of 
FI on cardiovascular health and identify mediators of 
the association between FI and ASCVD risk.

METHODS

Study Design and Data Sources
Based on a prior published conceptual framework,12– 14 
we evaluated the nutrition/ anthropometric, psycho-
logical/mental health, and one aspect of the compen-
satory/behavioral (access to care) pathways through 
which FI may be associated with ASCVD risk. We con-
ducted a cross- sectional analysis and used structural 
equation modeling (SEM) to test these pathways using 
data from the National Health and Nutrition Examination 
Survey (NHANES). SEM is a statistical approach that 
uses a combination of techniques, including path 
analysis and factor analysis, to evaluate multivariate 

CLINICAL PERSPECTIVE

What Is New?
• We found that food insecurity was associated 

with higher odds of participants being in an ele-
vated atherosclerotic cardiovascular disease risk 
category.

• Over 90% of the association between food inse-
curity and atherosclerotic cardiovascular disease 
risk was mediated by the nutritional/anthropo-
metric, psychological/mental health, and access 
to care pathways, with the psychological pathway 
accounting for almost half of the effect.

What Are the Clinical Implications?
• Food insecurity likely leads to adverse health 

outcomes through multiple pathways.
• Interventions that address food insecurity and 

all 3 pathways may be necessary to reduce 
the impact of food insecurity on cardiovascular 
health.

Nonstandard Abbreviations and Acronyms

FI food insecurity
HEI- 15 Healthy Eating Index- 2015
NHANES National Health and Nutrition 

Examination Survey
PCE pooled cohort equation
PHQ- 9 Patient Health Questionnaire- 9
SEM structural equation modeling
USDA United States Department of 

Agriculture

Figure 1. Conceptual framework for examining the 
association between food insecurity and increased 
atherosclerotic cardiovascular disease (ASCVD) risk.
Compensatory/behavioral includes 2 aspects, access to care 
and medication adherence.



J Am Heart Assoc. 2021;10:e021901. DOI: 10.1161/JAHA.121.021901 3

Palakshappa et al Pathways Between Food Insecurity and ASCVD Risk

pathways between categorical variables, measured or 
indicator variables, and latent constructs.24 SEM pro-
vides a framework for evaluating complex relationships 
between multiple variables and tests the validity of the-
oretical models (for this study evaluating the pathways 
through which FI may be associated with ASCVD risk). 
As opposed to regression analysis, SEM allows vari-
ables in the model to correlate, simultaneously testing 
the relationships among multiple observed and latent 
variables, and accounts for measurement error in both 
latent and observed variables.24– 26 NHANES is col-
lected by the National Center for Health Statistics and 
is a series of large, cross- sectional surveys conducted 
in 2- year cycles.27 We combined data from the 2007 
to 2008, 2009 to 2010, 2011 to 2012, 2013 to 2014, 
and 2015 to 2016 waves of the NHANES, the most re-
cent years available that include data on FI. The data 
obtained in the NHANES include responses to an in- 
home interview (in either English or Spanish) on a vari-
ety of demographic and health characteristics, findings 
from a physical examination and 24- hour dietary re-
call conducted at a mobile examination center, and 
laboratory measurements. Trained interviewers using 
a computer- assisted personal interviewing system 
collected all questionnaire data. Further details of the 
NHANES study design and recruitment procedures 
have been previously published.27,28 The data that 
support the findings of this study are available from 
the corresponding author upon reasonable request. 
Informed consent was obtained as part of the National 
Health and Nutrition Examination nation survey. The 
data we included in this study are from their survey but 
our study team did not obtain informed consent.

Study Sample
We limited inclusion to participants who were aged 40 
to 79 years (N=17 389), because the ASCVD PCE risk 
score has been validated in this age group.23 We then 
excluded participants who were pregnant (N=14) or 
missing FI data (N=243). We also excluded participants 
with a self- reported history of CVD (coronary heart dis-
ease), myocardial infarction, angina, or stroke (N=2083), 
and participants who were missing data necessary to 
calculate the PCE score (cholesterol results, systolic 
blood pressure, or medication history [N=2620]), yield-
ing a final sample size of 12 429 (71.5%).

Exposure
Our exposure of interest was household FI. FI was meas-
ured in the NHANES using the 18- item US Department 
of Agriculture (USDA) Household Food Security Survey 
Module.29 This validated questionnaire was developed 
by the USDA to measure household FI over the prior 
12 months. NHANES administers the survey in accord-
ance with recommendations from the USDA and uses 

the established scoring system for responses to cat-
egorize household food security: high food security (0 
affirmative responses), marginal food security (1– 2 af-
firmative responses), low food security (3– 7 affirmative 
responses), and very low food security (8– 18 affirmative 
responses). Consistent with USDA definitions, we de-
fined FI as households that reported low or very low food 
security. In this study, we analyzed the data using both 
the categorical food security variable (high food security, 
marginal food security, low food security, and very low 
food security) and FI as a binary variable by categorizing 
participants as food secure (0– 2 affirmative responses) 
or food insecure (≥3 affirmative responses).29

Outcome
Our primary outcome was 10- year ASCVD risk based on 
the 2013 American College of Cardiology/American Heart 
Association sex and race- specific PCE.23 The American 
College of Cardiology/American Heart Association PCE 
is a validated tool to evaluate individuals’ 10- year risk of 
developing a first hard ASCVD event, including coronary 
heart disease death, nonfatal myocardial infarction, and 
fatal or nonfatal stroke. The risk estimates were derived 
from a combination of established cardiovascular risk 
factors examined prospectively in 5 cohorts. The vari-
ables include: age, sex, race and ethnicity (non- Hispanic 
White, non- Hispanic Black, other [including Hispanic, 
Asian, other race or multiracial]), smoking status, hyper-
tension treatment status, systolic blood pressure, total 
and high- density lipoprotein cholesterol, and diabetes. 
The PCE was validated for non- Hispanic White and non- 
Hispanic Black men and women. As recommended,23 we 
used the equations for non- Hispanic White participants 
for other racial and ethnic groups. We calculated the 
risk score for participants using the stepwise approach 
provided by the American College of Cardiology and 
American Heart Association.23 For this study, age, sex, 
race and ethnicity, smoking status (current or not), and if 
a participant was taking a medication to manage blood 
pressure were based on self- report. Systolic blood pres-
sure was based on the average of 3 readings as meas-
ured at the NHANES examination. Total cholesterol and 
high- density lipoprotein cholesterol were based on direct 
laboratory measures at the time of the NHANES exami-
nation. Diabetes was defined as having any of the follow-
ing: self- report of diabetes, glycated hemoglobin >6.5%, 
fasting glucose >126, or taking a diabetes medication.10,30 
As in prior studies,31 we categorized participants based 
on their estimated 10- year ASCVD risk into the following 
groups: low (<5%), borderline (≥5%– <7.5%), intermediate 
(≥7.5%– <20%), and high (≥20%).

Measures
We constructed variables based on the question-
naire and physical examination data collected in the 
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NHANES for 3 latent constructs: nutrition/anthropo-
metric, psychological/mental health, and access to 
care.

Nutrition/Anthropometric Latent Construct

The nutrition/anthropometric latent construct was 
based on 3 indicator variables: Healthy Eating Index 
(HEI)- 2015 score, body mass index (BMI), and waist 
circumference (centimeters). Researchers from the 
USDA’s Center for Nutrition Policy and Promotion 
and the National Cancer Institute developed the HEI- 
2015 score to assess individuals’ conformance to the 
2015 to 2020 Dietary Guidelines for Americans.32– 34 
The HEI- 2015 consists of 13 components: total fruits, 
whole fruits, total vegetables, greens and beans, whole 
grains, dairy, total protein foods, seafood and plant 
proteins, fatty acids, refined grains, sodium, added 
sugars, and saturated fats. The HEI- 2015 score as-
sesses whether individuals met the recommended 
amounts of the initial 9 components and did not ex-
ceed the recommended amounts from the last 4 di-
etary components. We calculated the HEI- 2015 total 
score using the standard scoring algorithm established 
by the USDA and National Cancer Institute based on 
one 24- hour dietary recall. The score ranges from 0 
to 100, with a higher HEI- 2015 score reflecting closer 
adherence to the 2015 to 2020 dietary guidelines or 
a healthier diet. BMI (weight in kilograms divided by 
height in meters squared) based on weight and height, 
and waist circumference (in centimeters) were meas-
ured at the time of the NHANES examination.

Psychological/Mental Health Latent Construct

The psychological latent construct was based on 4 
indicator variables: depressive symptoms, illicit drug 
use, alcohol abuse, and contact with a mental health 
provider. Depressive symptoms were measured by 
the validated Patient Health Questionnaire- 9 (PHQ- 
9).35,36 The PHQ- 9 consists of 9 items that assess 
the frequency of symptoms over the prior 2 weeks. 
Responses include not at all, several days, more than 
half the days, and nearly every day, and are given a 
point range from 0 to 3. We evaluated depressive 
symptoms as a continuous variable based on the 
total sum of the item responses (0– 27). Illicit drug use 
was based on if participants self- reported ever using 
cocaine, heroin, or methamphetamines (yes or no). 
Alcohol abuse was based on one question that asked 
if participants drank 4 (women)/5 (men) or more alco-
holic beverages of any kind almost every day (yes or 
no). Contact with a mental health provider was based 
on self- report (yes or no) to one question asked to all 
participants, “During the past 12  months, have you 
seen or talked to a mental health professional such as 

a psychologist, psychiatrist, psychiatric nurse, or clini-
cal social worker about your health?”

Access to Preventative Care Latent Construct

As described above, 2 key elements of the compensa-
tory pathway include forgoing care and having subop-
timal medication adherence, because of the resource 
constraints of FI. Unfortunately, the NHANES does 
not contain data needed to assess medication adher-
ence. Therefore, we examined only the aspect of the 
compensatory pathway related to access to care. This 
latent construct was based on 3 indicator variables, 
with a higher score representing worse access to pre-
ventative care: routine place to go for health care, usual 
source of care, and frequency of health care use in 
the past year. Routine place to go for health care was 
based on one question asking participants if there is 
a place they go if they are sick or need advice about 
health (yes or no). Usual source of care was based on 
one question asking participants what kind of place 
they go for health care (clinic/doctor’s office, or other). 
Frequency of health care use was based on one ques-
tion asking participants how many times they had seen 
a doctor or other health care professional in the past 
12 months, not including if they had been seen in the 
emergency room or been hospitalized (none or ≥1 
times).

Covariates
Covariates included demographic characteristics that 
have been associated with FI and ASCVD risk.4 These 
included age, household income- to- poverty ratio, high-
est education level achieved (lower than high school, 
high school graduate, or higher than high school), 
and current marital status (married/living with a part-
ner, divorced/widowed/separated, or never married). 
Household income- to- poverty ratio is calculated by di-
viding the total household income by the poverty guide-
lines, based on family size, year, and state. Because 
sex and race and ethnicity (non- Hispanic White, non- 
Hispanic Black, other [including Hispanic, Asian, other 
race or multiracial]) are used to determine the PCE used 
to calculate ASCVD risk, we did not include them as co-
variates in the multivariable model or structural model, 
but did use sex and race and ethnicity to characterize 
the study population and evaluate for differences in bi-
variate analysis. We did not control for smoking status, 
blood pressure, cholesterol, or diabetes because they 
were used to calculate ASCVD risk score.

Statistical Analysis
We performed univariate analysis and bivariate analy-
sis, using χ2 test or t test, to evaluate the association 
between FI and each individual measure and covariate. 
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We used multivariate normal multiple imputation with 
10 imputed data sets to quantify uncertainty related 
to missing values for HEI score (5.3% missing), BMI 
(1.0% missing), waist circumference (3.1% missing), 
PHQ- 9 (7.2% missing), and income- to- poverty ratio 
(8.1% missing).24 We performed bivariate analyses, 
using χ2 tests, t tests, or analysis of variance to com-
pare characteristics between food- insecure and food- 
secure participants, and we used multivariable ordinal 
logistic regression to evaluate the association between 
FI and ASCVD risk categories. Afterward, SEM was 
conducted to assess the relationship between FI and 
ASCVD risk. We followed a 2- step approach to evalu-
ate the model; first, the measurement models were 
tested and refined, and second, the structural model 
was tested using weighted least squares. Controlling 
for age, income, education level, and marital status, 
we initially tested the model with FI as a binary vari-
able and then tested the model using FI as a categori-
cal variable. All continuous variables (HEI- 2015, BMI, 
waist circumference, PHQ- 9, age, income- to- poverty 
ratio) included in the SEM analysis were standardized. 
For the SEM analyses, we reverse coded the HEI- 2015 
score (100– total score), so higher scores represented 
worse dietary quality, and the directionality would be 
similar to other variables included in the nutrition latent 
construct (eg, worse diet quality and higher BMI would 
be more likely to lead to increased ASCVD risk). Model 
fit was determined using accepted relative fit indices: 
the comparative fit index, Tucker- Lewis index, the root 
mean square error of approximation , and the stand-
ardized root mean square residual, with values >0.95 
comparative fit index, >0.95 Tucker- Lewis index, <0.06 
root mean square error of approximation, and <0.08 
standardized root mean square residual recognized as 
good fit.37 We used modification indices to fine tune 
the model for improvement. Modification indices rep-
resent a commonly used, data- driven improvement in 
the fit of the hypothesized model if a previously omit-
ted parameter was added and freely estimated. The 
largest modification indices may be associated with 
parameters that are unsupported by theory and repre-
sent idiosyncratic characteristics of the data; therefore, 
we only used modification indices that were theoreti-
cally plausible (eg, the correlation between PHQ- 9 and 
BMI).38 We used bias- corrected bootstrapping, with 
1000 iterations, to determine direct and indirect ef-
fects with 95% CIs of the relationship between FI and 
ASCVD risk. Because our goal was to investigate the 
relationship between FI and ASCVD risk score, and 
not to generate nationally representative estimates, 
we did not apply the sample weights included in the 
NHANES for this study. We used a 2- sided hypoth-
esis test and considered a P value of <0.05 statistically 
significant. All analyses were conducted using Stata 
15.1 (StataCorp, College Station, TX) and Mplus V8 

software (Muthén & Muthén). The Wake Forest School 
of Medicine Institutional Review Board deemed this 
study of publicly available, deidentified data exempt 
from human subject research.

RESULTS
Study Population Characteristics
Of the 12 429 participants, the plurality were women 
(51.7%), non- Hispanic White (41.3%), and had higher 
than a high school education level (51.0%) (Table 1). Of 
the participants, 2231 (18.0%) reported living in a food- 
insecure household, of whom 1373 (11.1%) reported 
low food security, and 858 (6.9%) reported very low 
food security. In the study population, 5326 (42.9%) 
had a low ASCVD risk score, 1402 (11.3%) had a bor-
derline risk score, 3606 (29.0%) had an intermediate 
score, and 2095 (16.9%) were identified as having a 
high ASCVD risk score.

In bivariate analysis, FI was associated with younger 
age, being a woman, identifying as being non- Hispanic 
Black or Hispanic, lower educational attainment, and 
lower household income- to- poverty ratio (Table 2; all 
P<0.001). Participants who were food insecure, com-
pared with participants who were food secure, were 
more likely to have a lower mean HEI- 2015 score (49.4 
versus 53.1; P<0.001), higher mean BMI (30.3 versus 
29.2 kg/m2; P<0.001), and higher waist circumference 
(102.4 versus 100.7 cm, P<0.001). Food- insecure par-
ticipants were also more likely to report a higher mean 
PHQ- 9 total (5.5 versus 2.7; P<0.001), illicit drug use 
(17.6% versus 12.7%; P<0.001), alcohol abuse (11.2% 
versus 7.3%; P<0.001), and seeing a mental health 
provider in the past 12  months (12.5% versus 6.2%; 
P<0.001). Food- insecure participants were signifi-
cantly more likely to report not having a routine place 
to go for health care (19.2% versus 10.8%; P<0.001), 
usual source of care was not a clinic or doctor’s of-
fice (28.6% versus 15.6%; P<0.001), and not seeing 
a doctor or other health care professional in the prior 
12 months (20.3% versus 13.6%). In multivariable mod-
els controlling for age, income, education, and marital 
status, FI was significantly associated with participants 
being in a higher risk ASCVD category (β, 0.17; 95% 
CI, 0.07– 0.28; P=0.001) (Table 3). This association was 
primarily seen among participants who lived in very low 
food- secure households (β, 0.38; 95% CI, 0.22– 0.54; 
P<0.001).

Pathways Through Which FI Was 
Associated With ASCVD Risk Category
Figure 2 depicts the structural model for the associa-
tion between FI and ASCVD risk category controlling 
for all covariates. The initial model did not achieve ac-
ceptable goodness of fit across all metrics. Therefore, 
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we used modification indices to add 5 correlations to 
indicator variables in the model (Table 4). After modi-
fications, the model with FI as a binary variable (food 
secure versus food insecure) showed good model fit 
(Figure 2a). We found a significant path coefficient be-
tween FI and the nutrition/anthropometric (β, 0.130; 
SE, 0.027; P<0.001), psychological (β, 0.612; SE, 
0.043; P<0.001), and access to care (β, 0.110; SE, 
0.036; P=0.002) latent constructs. There was a signifi-
cant association between the nutrition/anthropometric 
(β, 0.137; SE, 0.007; P<0.001), psychological/mental 

health (β, 0.040; SE, 0.017; P=0.02), and access to 
care (β, 0.085; SE, 0.012; P<0.001) latent constructs 
and an elevated ASCVD risk category. In mediation 
analysis, we did not find a significant direct effect be-
tween FI and ASCVD risk category after adjusting for 
the indirect effects, and the indirect effect of the path-
ways accounted for 91.2% of the total effect (Table 5). 
The nutritional/anthropometric, psychological/mental 
health, and access to care paths accounted for 31.6%, 
43.9%, and 15.8%, respectively, of the association of 
FI with ASCVD risk category.

The model with FI as a categorical variable (high, 
marginal, low, and very low food security) also showed 
good model fit after modifications (Table 4, Figure 2B). 
Similarly, we found a significant path coefficient be-
tween FI and the nutrition/anthropometric (β, 0.061; SE, 
0.011; P<0.001), psychological/mental health (β, 0.295; 
SE, 0.018; P<0.001), and access to care (β, 0.061; SE, 
0.015; P<0.001) latent constructs. There was a signifi-
cant association between the nutrition/anthropometric 
(β, 0.137; SE, 0.007; P<0.001), psychological/mental 
health (β, 0.038; SE, 0.011; P=0.03), and access to 
care (β, 0.084; SE, 0.012; P<0.001) latent constructs 
and ASCVD risk category. We did not find a significant 
direct effect of FI after adjusting for the indirect effects, 
and the indirect effect accounted for 73.5% of the total 
effect (Table  5). The nutritional/anthropometric, psy-
chological/mental health, and access to care paths 
accounted for 23.5%, 44.0%, and 14.7%, respectively, 
of the association of FI with ASCVD risk category.

DISCUSSION
There is a growing recognition of the impact of unmet 
health- related social needs on the development of 
CVD and CVD risk factors and the need to address the 
social and economic factors that lead to CVD heath 
disparities.2,39 In this study, we found that FI, primarily 
among individuals who lived in a household with very 
low food security, was associated with greater odds 
of participants having a higher predicted ASCVD risk 
score category. The association of FI with ASCVD risk 
category was mediated by the nutrition/anthropomet-
ric, psychological/mental health, and access to care 
pathways, and these 3 pathways accounted for over 
90% of the total effect of the association between FI 
and ASCVD risk category.

Our results are consistent with the growing body 
of literature showing FI to be associated with an in-
creased risk of ASCVD risk and CVD.6– 11,30 This study 
adds to this prior research by evaluating the complex 
relationship between FI and ASCVD risk and testing 
the theory that the association between FI and ASCVD 
is mediated by the nutrition/anthropometric, psycho-
logical/mental health, and access to care pathways. 

Table 1. Study Population Characteristics (N=12,429)

Characteristic Value

Age, y Mean (SD) 56.5 (10.7)

Sex Women 6423 (51.7)

Race and ethnicity Non- Hispanic White 5131 (41.3)

Non- Hispanic Black 2610 (21.0)

Hispanic 3417 (27.5)

Other 1271 (10.2)

Marital status Married/living with a 
partner

8076 (65.0)

Divorced/widowed/
separated

3221 (25.9)

Never married 1125 (9.1)

Adult education level <High school 3335 (26.8)

High school graduate 2755 (22.2)

>High school 6339 (51.0)

Income- to- poverty 
ratio

Mean (SD) 2.67 (1.6)

HEI- 2015 score Mean (SD) 52.4 (13.5)

Body mass index Mean (SD) 29.4 (6.5)

Waist circumference Mean (SD) 101.0 (15.3)

PHQ- 9 total Mean (SD) 3.1 (4.2)

Drug use Yes 1685 (13.6)

Alcohol abuse Yes 990 (8.0)

Mental health provider Yes 908 (7.3)

Place for care None 1525 (12.3)

Usual source of care Not a clinic or doctor’s 
office

2230 (17.9)

Health care use None 1841 (14.8)

Household food 
security

Food secure 8912 (71.7)

Marginal food security 1286 (10.4)

Low food security 1373 (11.1)

Very low food security 858 (6.9)

Food insecurity Yes 2231 (18.0)

ASCVD category Low, <5% 5326 (42.9)

Borderline, ≥5– <7.5% 1402 (11.3)

Intermediate, ≥7.5– <20% 3606 (29.0)

High, ≥20% 2095 (16.9)

Data are presented as number (percent) unless otherwise specified. 
ASCVD indicates atherosclerotic cardiovascular disease; HEI- 2015, Healthy 
Eating Index- 2015; and PHQ- 9, Patient Health Questionnaire- 9.
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We found that the association of FI and an elevated 
ASCVD risk category was mediated through all 3 of 
these potentially modifiable pathways. Because of lim-
ited food budgets, studies have found that individuals 
in food- insecure households are incentivized to con-
sume cheap, calorie- dense foods that could directly 
lead to cardiometabolic risk factors (eg, diabetes or 
hyperlipidemia) or indirectly lead to increased ASCVD 
risk through increased weight gain and obesity.15,40,41 
Although studies often focus on the impact of FI on 
nutrition, prior studies, as well as our results, provide 
support that the association between FI and ASCVD 
risk is also mediated through the psychological/men-
tal health and access to care pathways.17,42,43 FI can 
lead to increased anxiety and depression, which have 
been shown to be associated with increased CVD 
risk. Studies have also shown that FI is associated 
with increased risk of substance abuse, which has 
been associated with increased CVD risk.44,45 FI can 
also lead to delays in individuals seeking medical care, 
which could lead to the development or worsening of 

underlying health conditions and increased ASCVD 
risk.22,46,47 The results of this study advance our un-
derstanding of the potential reasons FI could be asso-
ciated with elevated CVD risk, and these results can 
inform future interventions designed to mitigate the 
negative effect of FI on ASCVD risk (ie, including proxi-
mal dietary and mental health outcomes in studies de-
signed to address FI).

The association between FI and ASCVD risk cat-
egory was primarily mediated through the nutrition/
anthropometric and psychological/mental health path-
ways, with 31.6% of the total effect through the nu-
trition/anthropometric pathway and 43.9% of the total 
effect through the psychological/mental health path-
way. One prior study that evaluated this same con-
ceptual framework in individuals with HIV found that 
FI primarily affected HIV outcomes (eg, viral suppres-
sion and CD4 count) through the psychological and 
compensatory pathways.12 It could be that FI nega-
tively affects populations and chronic health condi-
tions differently. It could also be that because we were 

Table 2. Characteristics of Food- Secure Compared With Food- Insecure Participants

Characteristic Food secure, N=9698 Food insecure, N=2176 P value

Age, y Mean (SD) 57.1 (10.7) 54.1 (10.0) <0.001

Sex

Men 4991 (48.9) 1015 (45.5) 0.003

Women 5207 (51.1) 1216 (54.5)

Race and ethnicity

Non- Hispanic White 4494 (44.1) 637 (28.6) <0.001

Non- Hispanic Black 2077 (20.4) 533 (23.9)

Hispanic 2509 (24.6) 908 (40.7)

Other 1118 (11.0) 153 (6.9)

Marital status

Married/living with a partner 6885 (67.6) 1191 (53.4) <0.001

Divorced/widowed/separated 2466 (24.2) 755 (33.9)

Never married 841 (8.3) 284 (12.7)

Education level

<High school 2343 (23.0) 992 (44.5) <0.001

High school graduate 2226 (21.8) 529 (23.7)

>High school 5629 (55.2) 710 (31.8)

Income- to- poverty ratio Mean (SD) 2.9 (1.6) 1.4 (1.0) <0.001

HEI- 2015 score Mean (SD) 53.1 (13.5) 49.4 (13.2) <0.001

Body mass index Mean (SD) 29.2 (6.4) 30.3 (7.0) <0.001

Waist circumference Mean (SD) 100.7 (15.2) 102.4 (15.8) <0.001

PHQ- 9 total Mean (SD) 2.7 (3.7) 5.1 (5.5) <0.001

Drug use Yes 1292 (12.7) 393 (17.6) <0.001

Alcohol abuse Yes 741 (7.3) 249 (11.2) <0.001

Mental health provider Yes 630 (6.2) 278 (12.5) <0.001

Place for care None 1096 (10.8) 429 (19.2) <0.001

Usual source of care Not a clinic or doctor’s office 1592 (15.6) 638 (28.6) <0.001

Health care use None 1388 (13.6) 453 (20.3) <0.001

Data are presented as number (percent) unless otherwise specified. HEI- 2015 indicates Healthy Eating Index- 2015; and PHQ- 9, Patient Health Questionnaire- 9.
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only able to evaluate one aspect of the compensatory 
pathway, access to care, this resulted in lower esti-
mates of the association explained by this pathway. 
Several studies have shown that FI can lead to delays 
or missed doses of prescribed medications because 

individuals have to choose between spending money 
on food versus medications, and we may have seen 
a larger indirect effect of the compensatory pathway 
if we had been able to include data on medication 
adherence.21,48 Future studies can help confirm this 

Table 3. Multivariable Analysis Evaluating Association Between Food Security and Atherosclerotic Cardiovascular 
Disease Risk Category

Binary FI model Categorical FI model

β (95% CI) P value β (95% CI) P value

Food secure Ref Ref

Food insecure 0.17 (0.07– 0.28) 0.001 …

Marginal food security … 0.15 (0.02– 0.28) 0.02

Low food security … 0.10 (−0.03 to 0.23) 0.14

Very low food security … 0.38 (0.22– 0.54) <0.001

Age 0.20 (0.20– 0.21) <0.001 0.20 (0.20– 0.21) <0.001

Marital status Married/living with a partner Ref Ref

Divorced/widowed/separated −0.27 (−0.36 to −0.18) <0.001 −0.27 (−0.36 to −0.18) <0.001

Never married 0.11 (−0.02 to 0.25) 0.11 0.11 (−0.03 to 0.25) 0.11

Education level <High school 0.26 (0.16– 0.36) <0.001 0.26 (0.16– 0.36) <0.001

High school graduate 0.32 (0.22– 0.42) <0.001 0.32 (0.23– 0.42) <0.001

>High school Ref Ref

Income- to- poverty ratio −0.15 (−0.18 to −0.13) <0.001 −0.15 (−0.17 to −0.12) <0.001

FI indicates food insecurity; and Ref, reference.

Figure 2. Path diagram showing the relationship between food insecurity and atherosclerotic cardiovascular disease 
(ASCVD) risk category.
A, Binary food insecurity (food insecure vs food secure). B, Categorical food security (high, marginal, low, and very low food security). 
All associations adjusted for age, income- to- poverty ratio, highest education level achieved, and marital status. Includes β coefficient 
(SEs), and bold indicates significance of P<0.05. BMI indicates body mass index; Drugs, self- reported use of cocaine, heroin, or 
methamphetamines; HEI, Healthy Eating Index- 2015; MH, mental health (provider seen in the past 12  months); No place, place 
participant goes if sick or needs advice about health (yes or no); No use, how many times participant saw a doctor or other health care 
professional in the past 12 months (none or ≥1 time); PHQ- 9, Patient Health Questionnaire- 9; Usual source, place participant goes for 
health care (clinic/doctor’s office or other); and Waist, waist circumference.
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conceptual framework in other populations and other 
health conditions.

This study has both important public health and clin-
ical implications. FI is a major public health problem that 
affects over 35 million people in the United States and 
disproportionately impacts low- income and minority 
households.4 FI has increased because of the economic 
and social impacts of the COVID- 19 pandemic, and de-
veloping further interventions to mitigate the negative 

impacts of FI on health is important given the likely last-
ing economic effects of the pandemic.5 There has been 
growing interest among national health care organizations 
in addressing FI and other unmet social needs in clinical 
settings.49– 51 These interventions have primarily focused 
on providing food- insecure patients nutrition support (eg, 
referrals to local food pantries).52,53 Interventions that ad-
dress only the nutritional pathway may be less effective 
than interventions that address multiple pathways or FI 

Table 4. Goodness- of- Fit Indices for Each Model Modification

RMSEA (90% CI) CFI TLI SRMR

Binary FI model

Initial model 0.050 (0.048– 0.052) 0.94 0.90 0.059

Adding correlation between PHQ- 9 and BMI 0.048 (0.046– 0.050) 0.95 0.91 0.059

Adding correlation between PHQ- 9 and waist circumference 0.047 (0.045– 0.049) 0.95 0.92 0.058

Adding correlation between PHQ- 9 and no health care use 0.045 (0.043– 0.047) 0.96 0.92 0.057

Adding correlation between no health care use and seeing a 
mental health provider

0.041 (0.039– 0.043) 0.96 0.94 0.046

Adding correlation between no routine place to go for health 
care and seeing a mental health provider (final model)

0.040 (0.038– 0.042) 0.97 0.94 0.041

Categorical FI model

Initial model 0.050 (0.048– 0.052) 0.94 0.91 0.060

Adding correlation between PHQ- 9 and BMI 0.048 (0.046– 0.050) 0.95 0.91 0.060

Adding correlation between PHQ- 9 and waist circumference 0.047 (0.045– 0.049) 0.95 0.92 0.059

Adding correlation between PHQ- 9 and no health care use 0.045 (0.043– 0.047) 0.96 0.92 0.058

Adding correlation between no health care use and seeing a 
mental health provider

0.042 (0.040– 0.044) 0.96 0.94 0.048

Adding correlation between no routine place to go for health 
care and seeing a mental health provider (final model)

0.040 (0.038– 0.042) 0.97 0.94 0.042

BMI indicates body mass index; CFI, comparative fit index; FI, food insecurity; PHQ- 9, Patient Health Questionnaire- 9; RMSEA, root mean square error of 
approximation; SRMR, the standardized root mean square residual; and TLI, Tucker- Lewis index .

Table 5. Mediation Path of the Relationship Between Food Insecurity and Atherosclerotic Cardiovascular Disease Risk 
Category

Effect Bootstrap 95% CI P value % Total effect

Binary food insecurity

Total effect 0.057 0.019– 0.095 0.005

Total indirect effects 0.052 0.03– 0.076 <0.001 91.2%

Direct effect of food insecurity 0.005 −0.04 to 0.047 0.83 …

Indirect paths

Nutrition/anthropometric 0.018 0.011– 0.26 <0.001 31.6%

Psychological/mental health 0.025 0.005– 0.046 0.02 43.9%

Access to care 0.009 0.003– 0.017 0.005 15.8%

Categorical food insecurity

Total effect 0.034 0.017– 0.049 <0.001

Total indirect effects 0.025 0.014– 0.036 <0.001 73.5%

Direct effect of food insecurity 0.009 −0.009 to 0.027 0.35 …

Indirect paths

Nutrition/anthropometric 0.008 0.005– 0.012 <0.001 23.5%

Psychological/mental health 0.011 0.001– 0.021 0.03 44.0%

Access to care 0.005 0.003– 0.008 <0.001 14.7%
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directly. Multipronged interventions, such as pairing men-
tal health services with the delivery of healthy food, may 
more effectively address the potential effect of FI on CVD 
risk. Addressing FI directly could also affect all 3 path-
ways by which FI may be associated with cardiometabolic 
health. The Supplemental Nutrition Assistance Program 
may serve as an example of such an intervention. By pro-
viding a near- cash transfer to lower income households, 
Supplemental Nutrition Assistance Program participation 
could improve food access, improve mental health, and 
free up resources that can be devoted to health care and 
self- management activities. Because the Supplemental 
Nutrition Assistance Program is the largest program in 
the United States to combat FI, examining associations 
between Supplemental Nutrition Assistance Program 
participation and cardiometabolic health is of great im-
portance.54– 56 Given confounding related to the decision 
of eligible individuals to participate, however, we were 
not able to examine these associations in this study. We 
think this is an important step for future work. Additionally, 
broader public health and policy changes that address 
the underlying causes of FI, such as poverty, racism, and 
access to healthy foods, could be necessary to signifi-
cantly address the negative health effects of FI.

There are several limitations to this study that should 
be acknowledged. First, the analysis used cross- sectional 
data, so causation cannot be determined. Whether FI 
leads to an elevated ASCVD risk category or an elevated 
ASCVD risk category leads to FI is unclear. This was some-
what mitigated by excluding participants with a previous 
history of CVD, but future longitudinal studies should be 
conducted to test the pathways by which FI could lead to 
CVD risk. Second, the ASCVD PCE score has only been 
validated in non- Hispanic White and non- Hispanic Black 
populations. The score may overestimate the 10- year risk 
in other racial and ethnic groups. Also, we evaluated the 
association between FI and ASCVD risk category. FI may 
influence the association between ASCVD risk and actual 
ASCVD, which could be a future area of research. Third, 
the HEI- 2015 score was based on one 24- hour dietary in-
take, which may not represent a participants’ usual intake. 
Fourth, we were unable to include data on stress or anx-
iety in the psychological/mental health pathway, because 
the NHANES did not consistently measure these data 
through the years included in this study. Additionally, the 
NHANES does not include data on other health- related 
social needs, such as lack of transportation, that often 
cluster with FI. It is unclear if FI is a marker for these other 
unmet social needs or on the causal pathway in the devel-
opment of the ASCVD risk.

CONCLUSIONS
In this study, we found that FI was associated with higher 
odds of participants being in an elevated ASCVD risk 

category. Over 90% of the association between FI and 
ASCVD risk was mediated by the nutritional/anthropo-
metric, psychological/mental health, and access to care 
pathways, with the psychological pathway accounting 
for almost half of the effect. Although further research 
is needed to confirm our associations, interventions 
that directly address FI and these 3 pathways may be 
needed to mitigate the negative impact of FI on CVD.
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