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Abstract

Background: Cardiovascular disease (CVD) mortality is persistently higher in the Black 

population than in other racial/ethnic groups in the US.

Objective: To examine the degree to which social, behavioral, and metabolic risk factors are 

associated with CVD mortality and the extent to which racial differences in CVD mortality persist 

after accounting for these factors.

Design: A prospective cohort study.

Setting: The National Health and Nutrition Examination Surveys (NHANES) 1999-2018.

Participants: A nationally representative sample of 50,808 individuals aged ≥20 years.

Measurements: Data on social, behavioral, and metabolic factors were collected in each 

NHANES survey using standard methods. CVD deaths were ascertained from linkage to the 

National Death Index with follow-up through 2019.

Results: Over an average of 9.4 years of follow-up, 2,598 CVD deaths were confirmed. 

The age- and sex-standardized CVD mortality rate was 484.7/100,000 in Black, 384.5/100,000 

in White, 292.4/100,00 in Hispanic, and 255.1/100,000 in Other race groups. In a multiple 

Cox regression analysis adjusted for all measured risk factors simultaneously, several social 

(unemployment status, low family income, food insecurity, lack of home ownership, unpartnered 

status), behavioral (current smoking, lack of leisure-time physical activity, sleep <6 or >8 

hours/day), and metabolic risk factors (obesity, hypertension, diabetes) were associated with a 

significantly higher risk for CVD mortality. After adjusting for these metabolic, behavioral, and 
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social risk factors, separately, hazard ratios (95% CI) of CVD mortality for Black compared to 

White individuals were attenuated from 1.54 (1.34-1.77) to 1.34 (1.16-1.55), 1.31 (1.15-1.50), and 

1.04 (0.90-1.21), respectively.

Limitations: Causal contributions of social, behavioral, and metabolic risk factors to racial/

ethnic disparities in CVD mortality could not be established.

Conclusions: The Black-White difference in CVD mortality diminished after adjusting for 

behavioral and metabolic risk factors and completely dissipated with adjustment for social 

determinants of health in the US population.

Funding Source: National Institutes of Health
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behavioral risk factors; cardiovascular disease mortality; metabolic risk factors; racial disparity; 
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Introduction

Despite a substantial reduction in cardiovascular disease (CVD) mortality in the US general 

population, racial and ethnic disparities persist.(1-3) For example, age-adjusted CVD 

mortality was 32% higher for Black women and 33% higher for Black men compared with 

their respective White counterparts in 2019.(2) In the US, Black persons are at an increased 

risk for obesity, diabetes, hypertension, and other CVD risk factors compared with White 

persons.(4-8) Elevated CVD risk factors partially explain the increased risk of CVD among 

the Black population.(3, 9-11) In the Multiethnic Cohort Study, established lifestyle and 

clinical risk factors explained the majority of racial differences in CVD mortality between 

Black and White participants.(10)

Social determinants of health (SDOH) have been associated with CVD risk factors and CVD 

events and mortality in epidemiologic studies.(12-15) Several prospective cohort studies 

have also reported that socioeconomic status was associated with racial differences in CVD 

mortality in the US.(3, 9, 11) However, there are scarce data on the complex relationship 

of social, behavioral, and metabolic risk factors with racial differences in CVD mortality 

in a large nationally representative sample in the US population. Such information may be 

critical to guide the development of national public health policies for targeted interventions 

aimed at eliminating health disparities in CVD mortality.

The present analysis aims to determine the degree to which social, behavioral, and metabolic 

risk factors are associated with CVD mortality in the US general population and the extent 

to which racial differences in CVD mortality persist after accounting for these factors. 

Data from the National Health and Nutrition Examination Surveys (NHANES) 1999-2018 

mortality follow-up study were used to achieve these goals.
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Methods

Study Participants

NHANES uses stratified, multistage probability sampling methods to select a series 

of nationally representative samples of noninstitutionalized US adults in 2-year cycles 

since 1999-2000.(16) We included 10 survey cycles conducted from 1999-2000 through 

2017-2018 and excluded 122 individuals missing unique identifiers sufficient for linkage 

to the National Death Index (NDI). In addition, 1,468 pregnant participants were excluded. 

After these exclusions, a total of 50,808 individuals aged ≥20 years were included in the 

present analysis (eFigure 1). NHANES protocols were approved by the National Center for 

Health Statistics’ IRB, and each participant provided written informed consent.

Data Collection

In each 2-year survey, participants completed in-home interviews and visited a mobile 

examination center, where they responded to additional questionnaires and underwent a 

physical examination and blood sample collection.

Self-reported race in 6 categories (American Indian or Alaska Native, Asian, Black or 

African American, Native Hawaiian or Pacific Islander, White, or other), in addition to 

Hispanic origin, were collected using a standardized questionnaire. Because Asian race was 

not listed as a separate category in NHANES until 2011-2012, we grouped participants 

into 4 mutually exclusive racial and ethnic categories: non-Hispanic Black, Hispanic, non-

Hispanic White, and Other.

We identified all SDOH variables across the five Healthy People 2030 domains: economic 

stability, education access and quality, health care access and quality, neighborhood and built 

environment, and social and community context by reviewing the NHANES questionnaires.

(17) Eight SDOH, including employment status, family income-to-poverty ratio, food 

security, education level, health care access, health insurance status, home ownership, and 

marital status, were available in each NHANES cycle 1999-2018 and included in the 

analysis (eTable 1). Participants were asked what type of work they had done in the last 

week. Those not working were classified as unemployed, except students or retired persons 

who were grouped with those reporting employment. Ratio of family income-to-poverty 

was calculated by dividing family income by a family size-specific poverty threshold.(18) 

Household food insecurity was measured using the validated 10-item US Food Security 

Survey Module.(19) Food insecurity was defined as one or more affirmative responses.(20) 

Participants were also asked for the highest grade or level of school they completed. Access 

to healthcare was determined by asking participants if there was a place they usually go 

when sick or needing advice about health. If they answered “no” or “hospital emergency 

room” to this question, they were classified as no routine place for healthcare. Participants 

were also asked whether they were covered by health insurance and types of insurance. 

Housing ownership was determined by asking if the home they were living in was owned 

or being bought, rented, or occupied by some other arrangement. Participants were asked 

whether they were married, widowed, divorced, separated, never married, or living with a 

partner. Those reporting marriage or living with a partner were grouped together.
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Behavioral and metabolic variables for CVD included American Heart Association Life's 

Essential 8: diet, physical activity, smoking, sleep, body weight, cholesterol, glucose, and 

BP.(21) Dietary intake was assessed by one or two 24-hour dietary recalls. Dietary data 

from the first recall was used to calculate the Healthy Eating Index-2015 (HEI).(22) The 

HEI scores range from 0 to 100 with a score of 100 reflecting that the set of foods ideally 

aligns with key recommendations from the 2015-2020 Dietary Guidelines for Americans. 

In NHANES 1999-2004, physical activity over the last 30 days preceding the examination 

accrued from leisure and household activities and transportation was assessed using an 

interviewer-administered questionnaire.(16) In NHANES 2005-2018, usual physical activity 

during work, transport, and leisure time in a typical week was evaluated using the Global 

Physical Activity Questionnaire.(23) In the current analysis, the duration of leisure-time 

physical activity was calculated as the minutes of moderate-intensity physical activity plus 

twice the minutes of vigorous-intensity physical activity.(24) The duration of sleep during 

the night on weekdays or workdays was assessed and classified as 6-8 hours per day or <6 

hours or >8 hours per day.

During the physical examination, weight, height, and waist circumference were measured, 

and body-mass index (BMI) was calculated as weight in kilograms divided by height 

in meters squared. Blood pressure (BP) was measured by trained staff using a mercury 

sphygmomanometer after the participant rested quietly in a seated position for at least 5 

minutes.(25) Three BP measurements were obtained, and the mean of all measurements 

was used in analyses. Blood samples were collected at the mobile examination center, 

stored at −20°C, and sent to central laboratories for the determination of total cholesterol, 

HDL-cholesterol, and hemoglobin A1c using standard methods. Fasting blood samples were 

only available in a subsample of survey participants for measuring LDL-cholesterol and 

glucose. Obesity was defined as BMI ≥30 kg/m2, and central obesity was defined as waist 

circumference ≥102 cm in men and ≥88 cm in women.(26) Hypertension was defined as 

systolic BP ≥130 mmHg or diastolic BP≥80 mmHg or use of antihypertensive medications.

(27) Diabetes was defined as fasting glucose ≥126 mg/dL or hemoglobin A1c ≥6.5% or 

diagnosed diabetes.(28) Hypercholesterolemia was defined as total-to-HDL cholesterol ratio 

≥5.(29)

Ascertainment of Deaths

Deaths of NHANES participants were identified through linkage to the NDI by the National 

Center for Health Statistics using a probabilistic matching strategy. A complete description 

of the methodology is available elsewhere.(30) The Linked Mortality Files have been 

updated with mortality follow-up data through December 31, 2019. The underlying cause 

of death was identified according to ICD-10, and CVD mortality was defined as death due 

to heart disease (codes I00–I09, I11, I13, I20–I51) and stroke (codes I60–I69). NDI-derived 

CVD mortality had sensitivity of 73.4%, specificity of 84.5%, positive predictive value 

of 70.6%, and negative predictive value of 86.2% compared with expert adjudication.(31) 

Follow-up time for each person was calculated as the difference between the baseline 

examination date and the date of CVD death, the date of censoring due to non-CVD death, 

or the last known date alive (December 31, 2019). Participants not matched with a death 

record were considered alive throughout the entire follow-up period.
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Statistical Analysis

In the primary analysis, multiple imputation by chained equation was applied to address 

partially missing data among individuals and systematically missing data for specific 

NHANES cycles (i.e., lack of sleep data in NHANES 1999-2004).(32) We assumed that 

data were missing at random.(33) The study outcome and all covariables, e.g., age, sex, 

race/ethnicity, social, behavioral, and metabolic risk factors, were included in the analytic 

model for multiple imputation. Ten imputed datasets were generated and analyzed using the 

statistical methods described below. The results from ten imputed datasets were combined 

for inference. In additional sensitivity analysis, a complete case analysis was performed. 

Social, behavioral, and metabolic risk factors were dichotomized based on conventional 

cut-points or the median if there was a linear association between exposure and CVD 

mortality.

The distributions of social, behavioral, and metabolic risk factors were compared among 

racial and ethnic groups using ANOVA for continuous variables and χ2 test for categorical 

variables. Age- and sex-standardized CVD mortality rates and their 95% CIs (per 100,000 

person-years) by race/ethnicity were calculated according to 2010 US census data using 

direct standardization. Pairwise correlations among dichotomous risk factors were assessed 

using Cramér's V.(34)

We tested the independent associations of social, behavioral, and metabolic risk factors 

with CVD mortality by including these risk factors in a multivariable Cox regression model 

simultaneously, in addition to age, sex, and race/ethnicity. Furthermore, the dose-response 

association of the number of social, behavioral, and metabolic risk factors with CVD 

mortality was assessed. The proportional hazard assumption was verified using weighted 

Schoenfeld residuals. Given that baseline data collection extended over 20 years, all 

analyses were stratified by NHANES examination cycle to account for potential secular 

trends. In addition, we conducted a sensitivity analysis stratified by two 10-year survey 

periods (1999-2008 and 2009-2018) to check for consistency of associations of social, 

behavioral, and metabolic risk factors with CVD mortality over time. The associations of 

social, behavioral, and metabolic risk factors with racial differences in CVD mortality were 

investigated using multivariable Cox regression model. We hypothesized that racial/ethnic 

differences in CVD mortality was entirely associated with racial/ethnic differences in social, 

behavioral, and metabolic risk factors (eFigure 2). Because age- and sex-adjusted CVD 

mortality was not significantly different between White vs. Hispanic or Other Race groups, 

we focused on Black-White differences. Social, behavioral, and metabolic risk factors were 

adjusted in three separate models to assess the degree to which Black-White differences in 

CVD mortality persisted after adjustment for each of these risk factor domains.

All analyses were conducted using SAS statistical software, version 9.4 (SAS Institute Inc) 

and R software, version 4.2.2 (R Foundation) with survey analysis procedures to account 

for the complex sampling design. Survey examination weights were used for analysis to 

obtain nationally representative estimates. All statistical tests were 2-sided, and p<0.05 

was considered statistically significant. Because of the potential for type I error due to the 

absence of adjustment for multiple comparisons, results should be interpreted as exploratory.
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Results

Participant Characteristics

Characteristics of study participants are presented in Table 1. In general, Black, Hispanic, 

and Other racial/ethnic populations had higher proportions of social risk factors than White 

populations. Most social risk factors were moderately correlated with each other (eTable 2).

Race, Ethnicity and CVD Deaths

Over an average of 9.4 years of follow-up, 2,589 CVD deaths (537 in Black, 415 in 

Hispanic, 1563 in White, and 74 in Other individuals) were confirmed. The age- and 

sex-standardized CVD mortality rate in the overall population was 383.0 per 100,000 

(95% CI 343.4-428.9). The age- and sex-standardized CVD mortality rate was highest 

among Black adults [484.7 (397.3-599.1) per 100,000] followed by White adults [384.5 

(338.3-441.6)], Hispanic adults [292.4 (217.8-402.7)] and adults of other race/ethnicity 

[255.1 (143.0-510.2)].

Figure 1 presents age- and sex-adjusted and fully adjusted associations between race and 

CVD mortality after accounting for measured social, behavioral and metabolic factors. In the 

age- and sex-adjusted analysis, Black individuals, but not Hispanic or Other race individuals 

had a higher risk of CVD mortality compared to White individuals.

Social, Behavioral, and Metabolic Risk Factors and Racial Differences in CVD Mortality

After adjustment, social risk factors – including unemployment, lower family income, food 

insecurity, not owning a home and not being married nor living with a partner – were 

independently associated with higher CVD mortality (Figure 1). Behavioral risk factors 

such as current smoking, physical inactivity, and sleep duration <6 or >8 hours/day were 

also independently associated with higher CVD mortality as was the metabolic risk factors 

– obesity, hypertension, and diabetes. A dose-response association was identified between 

the number of risk factors and the HR of CVD mortality after adjusting for age, sex, and 

race/ethnicity (Figure 2).

In the subset of Black and White adults, the age- and sex-adjusted HR (95% CI) of CVD 

mortality in Black compared to White individuals was 1.54 (1.34-1.77). After additionally 

adjusting for metabolic, behavioral, and social risk factors in three separate models, the HR 

for the Black-White difference decreased to 1.34 (1.16-1.55), 1.31 (1.15-1.50), and 1.04 

(0.90-1.21), respectively (Figure 3). Similarly, the HR (95% CI) of CVD mortality for the 

Black-White difference in our primary analysis was also diminished from 1.53 (1.33, 1.75) 

after adjustment for age and sex to 0.91 (0.79, 1.05) after full adjustment for measured 

social, behavioral, and metabolic risk factors (Figure 1).

Sensitivity analyses

Associations of social, behavioral, and metabolic risk factors using various cut-points 

with CVD mortality were consistent (eTable 3). In addition, multivariable-adjusted HRs 

of CVD mortality associated with social, behavioral, and metabolic risk factors were 

consistent between the NHANES 1999-2008 and NHANES 2009-2018 cohorts (eTable 
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4). Furthermore, associations of social, behavioral, and metabolic risk factors with CVD 

mortality, as well as the Black-White difference in CVD mortality, after adjusting for social, 

behavioral, and metabolic risk factors in the complete case analysis were largely consistent 

with primary analyses based on multiple-imputed datasets although the magnitude and 

precision around some estimate changed modestly (eTables 5 and eFigure 3).

Discussion

Our study found that age- and sex-adjusted CVD mortality was significantly higher in 

Black individuals compared to White individuals. There was no significant difference in 

age- and sex-adjusted CVD mortality between Hispanic, Other race, and White individuals. 

In addition to behavioral and metabolic risk factors, several social factors --including 

unemployment, lower family income, food insecurity, not owning a home, and not being 

married nor living with a partner -- were significantly associated with CVD mortality 

independent of established behavioral and metabolic risk factors. Black-White differences 

in CVD mortality were diminished after adjusting for behavioral and metabolic risk factors, 

and entirely dissipated after adjusting for social factors.

Previous prospective cohort studies showed that lower socioeconomic status was associated 

with a higher risk of CVD.(14, 15, 35) In an analysis of data from the UK Biobank, Zhang 

and colleagues reported that individuals with low socioeconomic status (household income, 

education level, and employment status) had a 2.25-fold higher risk of CVD mortality 

compared to those with high socioeconomic status.(15) In the Prospective Urban Rural 

Epidemiologic (PURE) study, low education was associated with an increased risk of major 

CVD, but household wealth, consistent with measures of income and expenditure, was not 

associated with CVD risk.(14) In our study, education level was not associated with CVD 

mortality after adjusting for other social, behavioral, and metabolic risk factors. However, 

employment, family income, and home ownership were independently associated with CVD 

mortality.

We found that individuals who were unmarried or living without a partner had a higher risk 

for CVD mortality. Being married or living with a partner may be a proxy for several 

important factors, including greater social support and a healthier lifestyle.(36) Future 

studies are needed to understand the mechanisms underlying the association between marital 

status and CVD risk in order to develop novel strategies for intervention. We also found that 

food insecurity was associated with a higher risk of CVD mortality. Previous studies showed 

that food insecurity was associated with poor nutrition and increased CVD risk factors.(37) 

Future studies are needed to identify the most vulnerable populations, enhance access to 

food assistance programs, and promote awareness and access to healthful foods to improve 

food security, nutrition, and cardiovascular health.(38)

Our findings are consistent with prior studies. In the Multiethnic Cohort Study, racial 

differences in mortality rates from myocardial infarction and other heart disease between 

Black and White participants disappeared in men but remained in women after adjusting 

for established CVD risk factors, including BMI, hypertension, diabetes, smoking, alcohol 

consumption, physical activity, educational level, and diet, and, for women, menopause and 
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hormone replacement therapy use.(10) Except for education, other social risk factors were 

not included in that analysis. In the Reasons for Geographic and Racial Differences in 

Stroke (REGARDS) study, socioeconomic status (education, income, and health insurance) 

explained 21.2% and 38.0% of the Black-White difference in CVD mortality among 

participants <65 years and ≥65 years, respectively.(3) In the Multi-Ethnic Study of 

Atherosclerosis (MESA), HRs for the Black-White difference in CVD mortality reduced 

from 1.72 to 0.95 after adjusting for socioeconomic status (neighborhood socioeconomic 

status, education, income, and health insurance), lifestyle and psychosocial factors, and 

clinical risk factors.(9) A recent analysis of NHANES data showed that SDOH, such as 

education, contributed to racial/ethnic differences in behavioral and metabolic risk factors 

for CVD.(12) In aggregate, available evidence indicates that SDOH explain most of the 

race-related differences in CVD mortality between Black and White populations in the US.

The strengths of NHANES include that it was conducted in a nationally representative 

sample of Black, Hispanic, White, and Other racial/ethnic populations; social, behavioral, 

and metabolic risk factors were systematically collected with standard methods and stringent 

quality control; and mortality data were matched with national death registration. However, 

there are some limitations of our study. First, social, behavioral, and metabolic risk factors 

were collected cross-sectionally in NHANES so causal ordering among these risk factors 

with CVD mortality could not be studied. Second, the number of deaths from heart disease 

and stroke was too small to conduct cause-specific analyses. Third, although NDI is accurate 

in ascertaining vital status, it only has modest accuracy in classifying CVD mortality.(31) 

Fourth, baseline data collection extended over 20 years from 1999 to 2018, so the effect 

of secular trends could be a concern. However, our primary models were stratified by two-

year NHANES cycles, and sensitivity analysis by the first and second 10-year NHANES 

cohorts yielded similar findings. Fifth, some NHANES cycles did not collect data on sleep 

duration. Given the rich information on covariates, multiple imputation by the chained 

equation method should provide valid estimates. Furthermore, the results were consistent 

with those obtained in the complete case analysis. Sixth, data on the neighborhood and built 

environment were not collected and, therefore, could not be analyzed. In addition, fasting 

blood samples were only available in half of the sample, and glucose and LDL-cholesterol 

were not included in our analysis. However, hemoglobin A1c, total and HDL-cholesterol 

were included. Furthermore, data on incident CVD events were not collected in NHANES, 

so we focused on CVD mortality, which has direct public health implications.

The Black-White difference in CVD mortality diminished after adjusting for behavioral and 

metabolic risks factors and completely dissipated after adjusting for SDOH. Future research 

is warranted to understand the underlying mechanisms of SDOH on CVD mortality and 

develop novel interventions for reducing CVD mortality in populations, especially in Black 

individuals.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Multiple-adjusted hazard ratios (95% CI) of race/ethnicity and social, behavioral, and 
metabolic risk factors associated with cardiovascular disease mortality in the US adults aged 20 
and older, NHANES 1999-2018
* Healthy eating index scores range from 0 to 100 with a higher score indicating greater 

consistency of the diet with the Dietary Guidelines for Americans. The median healthy 

eating index score was 52 among NHANES 1999-2018 participants. Obesity was defined 

as body mass index ≥30 kg/m2. Central obesity was defined as waist circumference ≥102 

cm in men and ≥88 cm in women. Hypertension was defined as systolic blood pressure 

≥130 mmHg or diastolic blood pressure ≥80 mmHg or use of antihypertensive medications. 

Diabetes was defined as fasting glucose ≥126mg/dL or hemoglobin A1c ≥6.5% or diagnosed 

diabetes. † Adjustment for age, sex, race/ethnicity, and all other social, behavioral, and 

metabolic risk factors listed in the figure.
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Figure 2. Hazard ratio of cardiovascular disease mortality associated with the number of social, 
behavioral, and metabolic risk factors in the US population.
(A). hazard ratio of cardiovascular disease mortality by the number of social risk factors; 

(B). hazard ratio of cardiovascular disease mortality by the number of behavioral risk 

factors; (C). hazard ratio of cardiovascular disease mortality by the number of metabolic risk 

factors; (D). hazard ratio of cardiovascular disease mortality by the number of overall social, 

behavioral, and metabolic risk factors. Error bars indicate 95% CIs. All hazard ratios were 

stratified by NHANES cycles and adjusted for age, sex, race and ethnicity.
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Figure 3. Hazard ratio of Black-White difference in cardiovascular mortality adjusting for 
metabolic, behavioral, and social risk factors in the US adults aged 20 and older, NHANES 
1999-2018
Metabolic risk factors included obesity, central obesity, hypertension, diabetes, and total-to-

HDL cholesterol ratio ≥5. Behavioral risk factors included current smoking, healthy eating 

index score <52, no leisure-time physical activity, and sleep duration <6 or >8 hours per day. 

Social risk factors included unemployed, family income-to-poverty ratio <300%, marginal 

or low food security, not owning a home, less than high school education, no regular health 

care access, no private health insurance, and not married nor living with a partner.
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