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Abstract

Introduction: Cardiovascular disease is a leading cause of mortality in the U.S. Although the
risk of cardiovascular disease can be mitigated substantially by following a healthy lifestyle,
adhering to a healthy diet and other healthy behaviors are limited by reduced food security. This
study aims to determine the association between food security and cardiovascular disease risk.

Methods: Three samples from the 2007-2014 National Health and Nutrition Examination Survey
were examined: (1) 7,340 non-fasting adults (aged 40-79 years); (2) 13,518 non-fasting adults
(aged 20-64 years); and (3) 6,494 fasting adults (aged 20-64 years). Food security was assessed
using the U.S. Household Food Security Survey Module, with households categorized as having
full, marginal, low, or very low food security. Regressions were conducted in 2018 to test the
associations between food security status and odds of 220% 10-year cardiovascular disease risk
among middle-aged to older adults (OR, 95% CI) and cardiovascular disease risk factors among
all adults (8, 95% CI).

Results: Compared with adults with full food security, those with very low food security had
higher odds of =220% 10-year cardiovascular disease risk (OR=2.36, 95% CI=1.25, 4.46), whereas
those with marginal food security had higher systolic blood pressure (5=0.94 mmHg, 95%
Cl=0.09, 1.80). Compared with adults with full food security, adults with different levels of food
security had higher BMIs (marginal: 0.76, 95% CI1=0.26, 1.26; low: 0.97, 95% CI1=0.34, 1.60; and
very low: 1.03, 95% CI1=0.44, 1.63) and higher odds of current smoking (marginal: OR=1.43, 95%
Cl=1.17, 1.75; low: OR=1.47, 95% Cl=1.22, 1.77; and very low: OR=1.95, 95% CI=1.60, 2.37).

Conclusions: Adults with food insecurity have elevated cardiovascular disease risk factors and
excess predicted 10-year cardiovascular disease risk. Substantially improving food security may be
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an important public health intervention to reduce future cardiovascular disease in the U.S.
population.

INTRODUCTION

Cardiovascular disease (CVD) is a leading cause of mortality in the U.S., with heart disease
and stroke responsible for nearly 30% of all deaths each year.1 CVD poses a substantial
economic burden on the U.S. healthcare system, resulting in direct and indirect costs of
greater than $400 billion annually.2 More than 90 million Americans have at least one type
of CVD, and it is projected that by 2030, 44% of the U.S. adult population will have CVD.3
Although the risk of CVD can be mitigated substantially by following a healthy lifestyle,*
the ability to adhere to a healthy diet and other healthy behaviors is severely limited by low
SES and reduced food security.®

Food security is defined by the Food and Agriculture Organization as “physical and
economic access to sufficient safe and nutritious foods to meet [one’s] dietary needs and
food preferences for an active and healthy life.”8 Particularly in high-income countries,
households lacking sufficient financial resources to purchase food may compensate by
increasing reliance on inexpensive, energy-dense, and nutrient-poor foods.>’ This poor diet
quality, combined with the cyclical nature of reduced food security, may lead to metabolic
dysregulation, fat accumulation, insulin resistance, and heightened CVD risk.8 Additionally,
reduced food security may affect cardiovascular health through non-dietary pathways by
activating a physiological stress response (e.qg., elevated cortisol levels); triggering
unhealthful coping behaviors (e.g., excessive drinking); or limiting the ability to properly
manage chronic conditions (e.g., diabetes).8-11

Although studies have examined the association between food security status and individual
CVD risk factors,11-16 few have studied combining these factors to estimate long-term CVD
risk. Examining summary CVD risk may be more meaningful than individual CVD risk
factors because it more broadly captures the multiple pathways through which food security
is hypothesized to affect cardiovascular health.

The present study aims to examine the association between food security status and 10-year
predicted CVD risk among a nationally representative sample of middle-aged and older
adults. To inform these findings, the relationships between food security status, individual
CVD risk factors, and anthropometric measures of adiposity are also examined.

METHODS

The National Health and Nutrition Examination Survey (NHANES) is a cross-sectional
study released every 2 years and designed to be representative of the U.S. non-
institutionalized, civilian population.1”-18 During a home interview, data are collected on
demographic; socioeconomic (including food security); and health-related topics. A separate
examination collects standardized physical assessments (including weight, height, and blood
pressure) and laboratory measurements. Additionally, a subsample of participants is
randomly selected to undergo a fasting metabolic panel. A complete description of data
collection procedures and analytic guidelines is available through NHANES.18
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Study Population

Measures

Data from four survey cycles (2007-2008, 2009-2010, 2011-2012, and 2013-2014) were
combined to ensure a sufficient analytic sample. The 2007-2008 cycle was chosen as the
earliest cycle because at this point, physical activity (an important covariate controlled for in
other analyses on food security and health outcomes1-19) was measured in a consistent and
objective manner.

To predict 10-year CVD risk, the analytic sample was limited to 7,340 males and non-
pregnant females (aged 40-79 years) with non-missing data on all covariates, who were free
of self-reported CVD, and who did not report using cholesterol-lowering medication.
Fasting biological samples were not required. The older age group of this analytic sample
was selected to be consistent with the age range for which use of the Pooled Cohort
Equations (PCESs) is recommended.2° To analyze individual CVD risk factors among adults,
the analytic sample was limited to 13,518 males and non-pregnant females (aged 20-64
years) with non-missing data on all covariates. This age range was chosen to maximize
comparisons with other studies.1® To analyze CVD risk factors requiring fasting blood
samples (e.g., glucose), a subsample was created consisting of 6,494 adults who were
randomly selected to undergo the fasting laboratory examination and reported fasting
between 9 and 24 hours before measurement. Appendix Figure 1 (available online) shows
the flow of participant inclusion into the analytic sample.

Household food security status over the past 12 months was measured using the U.S.
Department of Agriculture’s 18-item Household Food Security Survey Module.2! Scores
ranged from O to 10, with higher scores signifying reduced food security. Households were
classified into categories based on validated cutpoints: full food security (score=0); marginal
food security (score=1-2); low food security (score=3-5); and very low food security
(score=6-10).

Blood pressure; total cholesterol; high-density lipoprotein cholesterol (HDL); and current
smoking status were obtained from the full sample, whereas triglycerides, fasting glucose,
and calculated low-density lipoprotein cholesterol were obtained from the fasting subsample
only. Systolic and diastolic blood pressure were each calculated as the average of three
readings. Participants who reported currently smoking were classified as current smokers
(yes, no). BMI and waist circumference (centimeters) were also measured.

In 2013, the American College of Cardiology/American Heart Association introduced the
PCE for estimation of 10-year risk for atherosclerotic CVD events using prediction data
from several large cohorts with >12 years of follow-up each.?% Race- and sex-specific PCE
were used to estimate 10-year risk for CVD events for each individual in the study
population.2® The PCE includes the following variables as part of its estimation: age, total
cholesterol, HDL, blood pressure, type 1 or 2 diabetes status, and smoking status.
Participants self-reported if they were current smokers (yes, no), had ever been told they had
diabetes by a doctor (yes, no), and were currently taking any blood pressure medications
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(yes, no). In line with previous studies and the cut off for immediate lipid-lowering drug
therapy,22 participants with predicted CVD risk >20% were considered to be high risk.

In 2018, a revised version of the PCE was created to improve prediction accuracy and
ameliorate criticisms that the original PCE overestimates CVD risk, particularly among non-
Hispanic blacks.23 The results of both the original PCE (main paper) and the revised PCE
(Appendix) are reported.

The following covariates were included: sex (male, female); age (continuous); race/ethnicity
(non-Hispanic white, non-Hispanic black, Mexican American, other Hispanic, other race/
ethnicity); marital status (single/no partner, married/partnered); educational attainment (less
than high school, high school graduate or more); smoking status (never, former, current);
physical activity (five questions; each yes, no); household Supplemental Nutrition
Assistance Program (SNAP) participation in the past 12 months (participant,
nonparticipant); and household income-to-poverty ratio (continuous).

Physical activity was assessed by asking participants if they typically (yes, no) engaged in
physical activity in each of the following domains: vigorous work, moderate work, traveling
to and from places by walking or bicycling, vigorous recreational activities, and moderate
recreational activites.2 Participants who reported currently smoking were classified as
current smokers, whereas those who had smoked <100 cigarettes during their life were
classified as never smokers. Participants who reported smoking >100 cigarettes during their
life but did not report currently smoking were classified as former smokers. Household
income-to-poverty ratio was calculated by dividing household income by the poverty
guidelines (specific to family size, year, and state).

Statistical Analysis

All analyses were weighted to account for the multistage, clustered probability sampling of
NHANES. Chi-square and ANOVA were used to test for differences in characteristics across
food security status categories. This comparison is intended to be descriptive in nature and
does not imply causal relationships (e.g., SNAP participants appear to experience greater
food insecurity, but this association has been shown to be diminished when one controls for
nonrandom selection into the SNAP program?2°:26),

Logistic regression was used to assess the association between household food security
status and the odds of having a 10-year CVD risk =20%. Three models were specified:
Model 1 adjusted only for age; Model 2 adjusted for age, sex, and race/ethnicity; and Model
3 adjusted for all individual- and household-level covariates except smoking status. Sex-
specific models were also fitted for each outcome.

Separate multiple linear regressions were conducted to analyze the association between food
security status and individual CVD risk factors (systolic blood pressure, diastolic blood
pressure, total cholesterol, HDL, low-density lipoprotein cholesterol, triglycerides, and
fasting plasma glucose) and adiposity (BMI and waist circumference). Logistic regression
was used to assess the association between food security status and the odds of being a
current smoker. As previous studies have shown differing effects of food security on
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adiposity and CVD risk among males versus females,®27 sex-specific models were also fit
for each of the outcomes. Analyses were conducted in 2018 using SAS, version 9.4.

RESULTS

A total of 13,518 adults aged 20-64 years (weighted proportions=75.4% food security, 9.9%
marginal food security, 8.2% low food security, and 6.5% very low food security) were
included in the full analytic sample for adults (Table 1). Overall, adults in households with
reduced food security were younger, less likely to be married, and more likely to be a racial/
ethnic minority, smokers, and SNAP participants. On average, adults in households with
reduced food security also had lower income-to-poverty ratios, educational attainment, and
physical activity.

Table 2 reports ORs for the association between food security status and 220% predicted 10-
year CVD risk for older adults. In the model adjusted only for age (Model 1) and the model
adjusted for age, sex, and race/ethnicity (Model 2), adults in households with marginal and
very low food security had significantly elevated odds of CVD risk =20% compared with
those in households with full food security. After maximal adjustment (Model 3), only adults
in households with very low food security had significantly greater odds of CVD risk >20%
compared with adults in households with food security (OR=2.36, 95% CI=1.25, 4.46;
Figure 1). In analyses of the recently revised PCE, similar, albeit even stronger, associations
were found between severity of food insecurity and predicted 10-year risk of CVD
(Appendix Table 1, available online).

Compared with adults in households with full food security, those in households with
marginal food security had higher systolic blood pressure (£=0.94 mmHg, 95% CI1=0.09,
1.80), whereas those in households with low and very low food security were not
significantly different in systolic blood pressure than food secure adults. Adults in
households with marginal, low, and very low food security had higher odds of being a
current smoker than adults in households with full food security (marginal: OR=1.43, 95%
Cl=1.17, 1.75; low: OR=1.47, 95% Cl1=1.22, 1.77; and very low: OR=1.95, 95% CI=1.60,
2.37; Table 3). There were no significant differences for other CVD risk factors across food
security status.

In subgroup analyses, males in households with low food security had higher total
cholesterol (8=6.93 mg/dL, 95% CI=1.16, 12.70) than males in households with full food
security. Females in households with marginal food security had lower HDL (8= —1.56
mg/dL, 95% Cl=-3.02, -0.09), females in households with very low food security had
higher triglycerides (5=9.36 mg/dL, 95% CI=0.97, 17.76), and females in households with
low food security had higher fasting plasma glucose (8= 4.53, 95% CI = 0.37, 8.68)
compared with their fully food-secure counterparts.

Compared with adults in households with food security, adults in households with marginal,
low, or very low food security had a higher BMI (marginal: 5=0.76, 95% CI=0.26, 1.26;
low: £=0.97, 95% CI1=0.34, 1.60; very low: f=1.03, 95% CI1=0.44, 1.63). A similar pattern
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was observed for waist circumference (marginal: f=1.74 cm, 95% CI1=0.55, 2.93; low:
S=2.20 cm, 95% CI1=0.74, 3.66; and very low: =2.22 cm, 95% CI1=0.80, 3.66).

When stratified by sex, most of the associations between food security, BMI, and waist
circumference among males were not significant. Findings for BMI and waist circumference
among females remained strong.

DISCUSSION

This study provides evidence that adults in households with less than full food security have
increased CVD risk factors and excess predicted 10-year risk of CVD, suggesting that
improving food security may be an important public health intervention to reduce future
CVD in the U.S. population. The results of this study demonstrate that adults in the least
food secure households had the highest odds of excess predicted 10-year CVD risk, and
adults with reduced food security had higher individual CVD risk factors, including systolic
blood pressure; adiposity (females); triglycerides (females); and total cholesterol (males).
Although differences in individual CVD risk factors between groups were small, these
differences have a large impact at the population level. Furthermore, their combined effect
on 10-year CVD risk was substantial. These findings are consistent with prior studies, which
have found little or mixed associations between food security and individual risk factors, but
stronger links with CVD outcomes.11-15

Researchers have posited several possible mechanisms by which reduced food security could
contribute to increased CVD risk and adiposity. First, individuals in households with
reduced food security may be constrained to purchasing inexpensive food, leading to diets
high in refined grains, added sugars, and saturated fats.” On a calorie for calorie basis, these
diets cost less but are nutritionally poor and strongly associated with weight gain and CVD
risk.28 Second, households with reduced food security often cycle in and out of food scarcity
within a given month or year. This type of cyclic food restriction may be associated with a
heightened desire for energy-dense, nutrient-poor foods, as well as metabolic dysregulation
that heighten the risk of CVD.”-8 Furthermore, individuals who anticipate low food security
may overconsume calories when available.2? Third, the presence of reduced food security
may affect self-management of chronic diseases that, when poorly controlled, increase the
risk of developing CVD. Studies have shown that among diabetic patients, reduced food
security can affect self-management through cost-related medication underuse, impaired
glucose self-monitoring, poor mental health, and gaps in food intake that cause poor
glycemic control 3031 Fourth, reduced food security may activate the stress response (e.g.,
increasing blood pressure) and trigger unhealthful coping behaviors (e.g., smoking). Given
the substantial gradient in smoking status across food security status,32:33 smoking is likely a
large driver of differences in CVD risk found in this study. Finally, a bidirectional
relationship between food security and CVD risk is likely. Although reduced food security
has the potential to reduce cardiovascular health through the above explanations, it is also
plausible that worsening cardiovascular health may increase medical expenses and limit
one’s ability to work, thereby reducing food security.
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Consistent with prior studies, 273435 this study identified important sex differences in the
associations between food security, individual CVD risk factors, and adiposity, with strong
and consistent findings observed primarily among females. From a behavioral perspective,
gender norms may place women at higher risk, as traditional discourse has emphasized the
role of women (particularly in households with children) in feeding the family.3¢ Previous
studies have demonstrated that the psychological burden of reduced food security may cause
women to compromise their own nutritional intake to preserve the adequacy of their family’s
diets (e.g., skipping meals).37:38 From a physiologic perspective, adiposity plays an
important role in reproduction for women but is less important for men.39 If the relationship
between reduced food security and obesity occurs through a metabolic response that
preserves fat stores in times of food scarcity to ensure reproduction and survival, it is
plausible that this response is stronger in women than in men, but more research in this area
is needed.*0

Lack of food security is increasingly being recognized as a key public health concern in the
U.S.,*1 with the most recent national estimates suggesting that 12% of American households
experience reduced food security for at least some time during each year.#2 This is
particularly important given evidence demonstrating the high economic burden that reduced
food security places on healthcare systems.43:44 The findings of this study support the need
for the implementation of new strategies to improve food security, as well as the
strengthening of existing strategies.*> For example, because research suggests that SNAP is
effective in improving household food security, 2526 expansion of the program may result in
further reductions in food insecurity, which could in turn lead to decreases in CVD burden.

This study helps to advance understanding of the role of food security as a modifiable
determinant of health. Longitudinal cohort studies that track at-risk individuals over time
will help to determine if there are critical developmental periods during which individuals
are most susceptible to the CVD effects of reduced food security. Additionally, more
research is needed examining the impact of interventions or policies aimed at reducing food
insecurity on cardiovascular health.

This study has a number of strengths. First, these findings provide some of the first evidence
for the relationship between food security and CVD risk by incorporating the PCE as a
summary CVD risk measure. Furthermore, the utilization of both the original and revised
versions of the PCE maximizes the validity of predictions. Second, a standardized measure
of food security was used, promoting cross-study comparisons and pooling of results. Third,
biological data were used to examine CVD risk, avoiding the potential biases present in self-
reported measures.

This study has several limitations. First, NHANES is a cross-sectional study, limiting the
ability to make strong causal inferences, introducing the potential for reverse causation, and
precluding the ability to examine how different factors (e.g., diet quality) mediate observed
relationships between reduced food insecurity and CVD risk over time. In the analysis
predicting 10-year CVD risk, this was mitigated by excluding participants with previous
CVD history. Second, food security was measured at the household level, meaning there
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may be some risk of misclassification for the experience of individuals. Third, because
NHANES assesses food insecurity status over the past 12 months, the measure does not shed
light on the duration of food insecurity within that time period or on experiences of food
insecurity prior to that point. Fourth, total and HDL cholesterol were obtained from a non-
fasting sample. Although the vast majority of empirical evidence suggests that use of non-
fasting lipids is similar or better in predicting CVD risk,*6:4 there are no data in food
insecure populations that non-fasting samples are a perfect proxy for usual fasting levels.
Finally, NHANES may not represent people in the U.S. at the highest risk for reduced food
security, such as undocumented immigrants, migrant workers, and the homeless.*8

CONCLUSIONS

The results of this study demonstrate that adults in the least food secure households have
heightened 10-year CVD risk and adults with reduced food security have higher individual
CVD risk factors and measures of adiposity. Given the high prevalence of reduced food
security and CVD in the U.S., this is a key public health concern. Substantially improving
food security may be an important public health intervention to reduce future CVD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
ORs (95% Cls) for association between food security and 10-year CVD risk 220%.

Notes. Error bars indicate the 95% CI. Figure represents Model 3 (fully adjusted).
CVD, cardiovascular disease.
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