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Introduction: Social determinants of health (SDOH) are fundamental causes of poor cardiovascular health, yet
cardiovascular disease (CVD) risk assessment tools exclude SDOH. Our objective was to determine whether
SDOH are independently associated with CVD risk in US adults.

Methods: Utilizing the National Health and Nutrition Examination Survey (NHANES), we combined years
1999-2018 and included participants aged 40-79 without history of CVD and with information to calculate CVD
risk (n = 21,694). Ten-year risk of atherosclerotic CVD (ASCVD) was calculated using the American Heart As-
sociation/American College of Cardiology (AHA/ACC) pooled cohort equations. We used linear regression
models to estimate the association between SDOH and ASCVD risk, after adjusting for demographic factors. All
analyses accounted for the complex survey design.

Results: Mean age was 54.7 years, with 52.7 % female, 73.8 % non-Hispanic White, 9.4 % non-Hispanic Black,
and 10.7 % Hispanic. From adjusted models, compared with an income of > $75 K, ASCVD risk was greater by
3.06 (95 % CI: 2.65, 3.47) among those with income < $25 K, by 1.55 (95 % CI: 1.21, 1.89) among those with
income $25 K-<$55 K, and by 1.20 (95 % CI: 0.84, 1.56) among those with income $55 K-<$75 K. Compared to
college graduates, ASCVD risk was greater by 3.09 (95 % CI: 2.56, 3.62) among those with less than a high school
education, by 1.65 (95 % CI: 1.31, 200) among those who were high school graduates, and by 1.41 (95 % CL:
1.11, 1.72) among those with some college education.

Conclusion: We found strong graded associations between lower income and lower educational attainment with
greater CVD risk.

et al., 2020).
In fact, social determinants of health (SDOH) are recognized as a

1. Introduction

Cardiovascular disease (CVD) is the leading cause of death in the US
(Tsao et al., 2022), and about 10 % of the US population is actively
affected by CVD (Tsao et al., 2022). To help identify those at increased
risk of CVD, risk assessment tools are frequently utilized (Goff et al.,
2014). For example, the American College of Cardiology/American
Heart Association (ACC/AHA) atherosclerotic cardiovascular disease
(ASCVD) risk calculator is used to predict the likelihood of a first CVD
event within the next ten years (Goff et al., 2014). Beyond its utility as a
risk assessment tool, the ASCVD risk score is also used clinically to guide
treatment decisions, demonstrating its wide range of importance
(Whelton et al., 2018). While CVD is common among men, women, and
across all race/ethnic groups, individuals of lower socio-economic status
(SES) are disproportionately burdened (Schultz et al., 2018; Abdalla

major driver of health inequities and health disparities (Abdalla et al.,
2020; Lloyd-Jones et al., 2022). At the individual level, income and
education remain the most common measures of SES (Braveman and
Gottlieb, 2014). The strong inverse gradient between education and
income with CVD has been frequently described in high income coun-
tries (Schultz et al., 2018; Kaplan and Keil, 1993; Stringhini et al., 2017),
with socioeconomically disadvantaged populations having greater risk
of CVD related morbidity and mortality (Framke et al., 2020; Hamad
et al., 2019; Schultz et al., 2018). Women and historically marginalized
groups, such as Black and Hispanic persons, are overrepresented among
those living in poverty and thus, disproportionately affected by health
disparities in CVD (Wenger et al., 2022; Woodward, 2019; Mosca et al.,
2011; Humphries et al, 2017). In fact, numerous studies have
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highlighted stronger associations between SDOH with cardiovascular
health among women compared with men (Lindley Kathryn et al., 2021;
Kathryn et al., 2017; Gebreab et al., 2015). Likewise, compared to non-
Hispanic White adults, racial/ethnic minority populations are more
likely to have lower educational attainment, which is widely considered
one of the most reliable social risk factors for the development of CVD
(Kelli et al., 2019; De Brey et al., 2019). As a consequence, lower SES
results in substantial health disparities and health inequities, manifest-
ing as higher rates of CVD for racial/ethnic minorities and women.

While the relationship between SES and cardiovascular health (CVH)
outcomes has been well studied in various racial/ethnic groups (Lloyd-
Jones et al., 2009; Brewer et al., 2018; Gasevic et al., 2015; Wenger
et al., 2022; Bello et al., 2022), fewer studies have evaluated the rela-
tionship between SDOH and ASCVD risk among ethnic/racial minorities
within the US (Shen et al., 2022). Therefore, the goal of our study was to
assess the relationship between SES and ASCVD risk and determine
whether these associations were modified by sex and race/ethnicity. We
leveraged data from the National Health and Nutrition Examination
Survey (NHANES), a representative survey of the US general adult
population.

2. Methods

All data have been made publicly available by the National Center
for Health Statistics, and thus, the study is exempt from ethical
compliance.

2.1. Study sample

The National Health and Nutrition Examination Survey (NHANES) is
a cross-sectional survey conducted annually since 1999 and represen-
tative of the US non-institutionalized population. NHANES is designed
to evaluate the health and nutritional status of the US population using
the standardized household interview questionnaires and physical ex-
aminations. Since 1999, NHANES participants have been drawn from a
multi-year, stratified, clustered four-stage sample design (Curtin et al.,
2012; Mirel et al., 2013; Chen et al., 2018; Chen et al., 2020). NHANES
data collection occurs in three steps: a household screener determines
eligible individuals for the home interview and examination, the inter-
viewer administers questionnaires and collects demographic, health,
and nutritional information, and the participant then schedules and
attends an examination at the mobile examination center where physical
measurements, and blood and urine specimens are collected for labo-
ratory testing (Curtin et al., 2012; Mirel et al., 2013; Chen et al., 2018;
Chen et al., 2020). An appointment can be made to administer the
household interview at a later date. Each participant provided infor-
mation that was current at the time of their respective NHANES data
cycle. The current study utilizes NHANES data from all nationally
representative and available survey cycles, years 1999 to 2018, and
restricted to 21,694 participants between the ages of 40 and 79, without
a history of CVD, and with complete data on SES and CVD risk factors
necessary to calculate the ASCVD risk score (all described and defined
below) (NCHS, xxxx). A study flow chart is shown in Supplemental
Fig. 1. The National Center for Health Statistics approved all NHANES
protocols and obtained written informed consent from all participants
prior to survey commencement.

2.2. Socio-economic Status (SES)

SES was conceptualized with three measures. Annual family income
was self-reported in the following categories: <$25 K, $25 K-<$55 K,
$55 K-<75 K, or > $75 K. Income criteria were selected to ensure con-
sistency across data cycles with the lowest top-coded income criteria
from 4 cycles from 1999 to 2006. Further, the lowest income level (<25
k) was selected to reflect living below the poverty level for a family of
four in 2018 (Services USDoHaH, 2018). Finally, the threshold of 55 k
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reflects the unadjusted median household income in the U.S. in 2016.
Annual family income to poverty ratio (FIPR) was calculated as a ratio
between annual family income to the federal poverty threshold based on
household size (NCHS, xxxx). FIPR was treated as both a continuous
variable and a categorical variable with the following groups: FIPR <
1.00; 1.00 to <1.39; 1.39 to <2.00; 2.00 to <3.00; or >3.00. The cate-
gory boundary of 1.39 was chosen to acknowledge medical benefits that
were expanded to individuals in certain states with a FIPR between
1.00-1.38 as a result of passage of the Affordable Care Act (ACA) (Lin
etal., 2021). Education: was self-reported as the highest education grade
level achieved at the time of interview and categorized as: less than high
school (HS), HS graduate, some college, or college graduate and above.

2.3. Atherosclerotic Cardiovascular Disease Risk (ASCVD)

Described in detail elsewhere, ASCVD risk was calculated using the
sex and race specific ACC/AHA ASCVD pooled cohort equation (Goff
et al., 2014). Given that the pooled cohort equation only provides black
and white specific parameters, white equation parameters were applied
to all non-black race groups, per ACC/AHA recommendations (Goff
et al., 2014). Briefly, ASCVD risk was calculated based on previously
published parameter estimates (Goff et al., 2014), in combination with
individual specific factors such as: age, sex, race, total cholesterol (mg/
dL), HDL cholesterol (mg/dL) (HDL-C), systolic blood pressure (mmHg)
(SBP), use of blood pressure medication, current smoking status, and
diabetes status (all defined below). These variables were incorporated
into a series of equations used to quantify 10-year risk of having an
ASCVD event. The first step was to calculate the natural log of age, total
cholesterol, HDL-C, and SBP (untreated and treated), in addition to all
appropriate interaction terms. Next, these individual values were
multiplied by respective race and sex-specific coefficients provided
within the ACC/AHA guideline and totaled as the sum for each indi-
vidual. The estimated ASCVD risk is then calculated as 1 minus the
provided baseline survival rate at 10 years based on each sex/race
group, raised to the power of the exponent of the individual sum minus
the overall average sum for each race/sex group.

The ASCVD risk component variables (detailed above) were deter-
mined through utilization of both questionnaire responses and physical
examination measurements. Sex, race/ethnicity, age, smoking status,
use of BP medication, and use of diabetes medication were all self-
reported. SBP was measured three consecutive times, 30 s apart, and
using the same arm, while seated, after an appropriate five-minute rest
period, with the average recorded as the final measurement (Lamprea-
Montealegre et al., 2021). HDL-C was measured by the heparin-
manganese precipitation method technique (NCHS, xxxx; CDC, 2010),
while total cholesterol was measured in a series of enzymatic reactions
(Gao et al., 2023). Diabetes was defined by a self-reported history of
diabetes, fasting glucose >126 mg/dL, or hemoglobin A;. > 6.5 %. Once
risk estimates were calculated, ASCVD risk was classified into the
following categories: low risk (<5%); borderline risk (5 % to <7.5 %);
intermediate risk (7.5 % to <20 %); or high risk (>20 %), based on
previously published thresholds (Grundy et al., 2019).

2.4. Other variables

Participants also self-reported their current marital status (married
or unmarried), and current health insurance status (yes/no).

2.5. Statistical analysis

Demographic and socio-economic characteristics were assessed
overall and according to ASCVD risk groups. Differences across cate-
gories of ASCVD risk were assessed using chi-square tests for proportions
or ANOVAs for continuous variables. Next, we estimated the age-
standardized prevalence of ASCVD risk levels overall and according to
important demographic (sex and race/ethnicity) and SES factors of
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interest. To determine whether SES was associated with ASCVD risk, we
utilized a series of multivariable adjusted linear regressions with ASCVD
risk conceptualized continuously and modeled as a percentage multi-
plied by 100. Model 1 was adjusted for age only. Model 2 was adjusted
for age, sex, and race/ethnicity. Model 3 was adjusted for age, sex, race/
ethnicity, marital status, and health insurance. Given the strong corre-
lation between our SES factors of interest, we considered Model 3 to be
our final model. As a supplementary analysis, we also included an
additional model which adjusted for age, sex, race/ethnicity, marital
status, health insurance status, education (in income and FIPR models),
and income (in education models). Finally, we used multiplicative
interaction terms (in Model 3) to determine whether the association
between SES and ASCVD risk was modified by sex or race/ethnicity.
Significant interactions (a < 0.10) resulted in stratified models. All an-
alyses accounted for the NHANES complex survey design, and data were
weighted to correspond to individuals who attended the mobile exam-
ination clinic and ensure representativeness of the US population (i.e.
including 20-year mobile examination center weights to reflect the ten
2-year data cycles). Analyses were conducted using SUDAAN V11.0.4.

3. Results

Among US adults aged 40-79 without a history of CVD, approxi-
mately half (52.7 %) were women, 73.8 % were white, 9.4 % were black,
and 10.7 % were Hispanic (Table 1). Most were US born (84.7 %),
married (65.9 %), and insured (87.4 %). Approximately one third (31.1
%) had a college education or greater, 38.4 % had an annual income
>$75,000 and 59 % had a FIPR > 3.00. Participants at greater risk of an
ASCVD event were more likely to be older, male, unmarried, insured,
have lower education attainment, and lower incomes (all p-values <
0.05).

Risk of ASCVD was low in 52.7 % (95 % CIL: 51.9, 53.4), borderline in
12.0 % (95 % CL: 11.5, 12.6), intermediate in 23.2 % (95 % CI: 22.6,
23.8), and high in 12.1 % (95 % CI: 11.6, 12.5) of the US population
(Fig. 1). The distribution of ASCVD risk differed by sex and race/
ethnicity, men compared with women, and non-Hispanic Black and
Hispanic adults compared with non-Hispanic White adults, who were at
a significantly greater risk of an ASCVD event over 10 years (p-values <
0.05). The distribution of ASCVD risk also differed significantly ac-
cording to SES (Fig. 2). The 10-year risk of an ASCVD event was
significantly higher among those with lower income, lower FIPR, and
with less education in a graded manner.

From fully adjusted linear regression models (Table 2), compared to
those with the highest income (>$75 K), ASCVD risk was significantly
greater by: 1.20 % (95 %CI: 0.84, 1.56) with an income $55 K to <$75K,
1.55 % (95 % CI: 1.21, 1.89) with an income $25 K to <$55 K, and 3.06
% with an income <$25 K (95 % CI: 2.65, 3.47). Each one-unit decre-
ment in FIPR was associated with a 0.67 % greater ASCVD risk (95 % CI:
0.57, 0.77). Compared to those with the highest FIPR (>3.00), ASCVD
risk was significantly greater by: 1.17 % (95 %CIL: 0.70, 1.64) with an
FIPR of 2.00 to <3.00, 1.48 % (95 % CI: 1.01, 1.95) with an FIPR 1.39 to
<2.00, 2.45 % (95 % CI: 1.98, 2.91) with an FIPR of 1.00 to <1.39, and
2.66 % (95 % CI: 2.16, 3.16) with an FIPR of < 1.00. Compared to US
adults with a college degree, ASCVD risk was greater by 1.41 % (95 % CI:
1.11, 1.72) among those with some college, 1.65 % (95 % CI: 1.31, 2.00)
among those who were high school graduates, and by 3.09 % (95 % CI:
2.56, 3.62) among those with less than high school education. Model 4
results (additionally adjusted for SES) were similar to model 3 results,
though attenuated.

3.1. Differences by sex

The association between annual income and FIPR with ASCVD risk
differed by sex (interaction p-values < 0.1) (Table 3). From fully
adjusted models, the associations between both annual income and FIPR
with ASCVD risk were stronger among men. For example, each one-unit
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Table 1
Characteristics of the study sample, overall and stratified by CVD risk, NHANES
1999-2018.

10-year ASCVD risk

Overall <5% 5%-< 7.5% - > 20 %
N= (n =9,512) 7.5 % <20 % (n=
21,694 n= (n= 3,842)
2,479) 5,861)
Characteristics % or % or mean % or % or % or
mean (95 % CI) mean mean mean
(95 % (95 % (95 % (95 %
CD CD CD CI)
Age*
40-49 37.1 60.0 (58.6, 22.8 10.6 2.3(1.7,
(36.0, 61.4) (20.8, (9.5, 3.1)
38.2) 24.9) 11.7)
50-59 31.8 33.6 (32.3, 47.9 31.4 8.2 (6.8,
(30.8, 35.0) (45.5, (29.6, 9.8)
32.7) 50.2) 33.3)
60-69 20.3 6.4 (5.7,7.1) 28.3 43.7 28.1
(19.5, (26.0, (42.0, (26.3,
21.1) 30.9) 45.4) 30.0)
70-79 10.9 0.0 (0.0, 0.0) 1.0 (0.7, 14.4 61.4
(10.3, 1.6) (13.3, (59.2,
11.5) 15.5) 63.7)
Female* 52.7 65.8 (64.7, 41.6 37.3 36.1
(51.9, 66.9) (39.2, (35.8, (34.4,
53.4) 44.1) 38.8) 38.0)
Race/ethnicity*
White 73.8 73.7 (71.6, 74.4 73.4 74.5
(71.8, 75.7) (72.0, (70.9, (71.6,
75.8) 76.7) 75.8) 77.1)
Black 9.4 (8.5, 7.6 (6.8, 8.6) 11.0 12.1 10.7
10.5) (9.6, (10.7, 9.2,
12.6) 13.6) 12.5)
Hispanic 10.7 11.9 (10.6, 9.9 (8.4, 9.1 (7.8, 9.5(7.8,
(9.4, 13.4) 11.5) 10.6) 11.5)
12.2)
Other 6.0 (5.4, 6.7 (5.9, 7.6) 4.7 (3.8, 5.5 (4.6, 5.3 (4.4,
6.7) 5.8) 6.5) 6.5)
US born 84.7 83.0 (81.5, 86.2 87.0 86.2
(83.3, 84.5) (84.5, (85.4, (84.1,
86.0) 87.8) 88.4) 88.1)
Married* 65.9 67.7 (66.3, 64.5 64.2 62.8
(64.7, 69.0) (62.1, (62.2, (60.3,
67.1) 66.9) 66.2) 65.3)
Insured*” 87.4 86.2 (85.0, 84.4 88.0 94.6
(86.5, 87.3) (82.4, (86.7, (93.5,
88.2) 86.2) 89.1) 95.5)
Education*
< HS 15.3 11.8 (10.8, 15.9 18.1 24.6
(14.3, 12.8) (14.2, (16.6, (22.7,
16.4) 17.8) 19.7) 26.7)
HS Graduate 23.7 21.1 (20.0, 23.8 27.7 26.9
(22.7, 22.4) (21.6, (25.8, (24.9,
24.7) 26.3) 29.6) 29.1)
Some College  29.9 31.0 (29.6, 30.1 29.4 26.3
(28.9, 32.3) (27.8, (27.7, (24.3,
30.9) 32.5) 31.2) 28.5)
College+ 31.1 36.1 (34.0, 30.1 24.8 221
(29.4, 38.2) (27.3, (22.8, (20.1,
32.8) 33.1) 26.9) 24.2)
Annual Income
< $25K 20.4 15.6 (14.4, 20.6 24.6 329
(19.1, 16.8) (18.5, (22.8, (30.5,
21.7) 22.9) 26.4) 35.4)
$25K - < 27.6 24.8 (23.5, 25.5 30.9 35.1
$55 K (26.4, 26.2) (23.2, (29.1, (32.5,
28.7) 28.0) 32.8) 37.8)
$55K - < 13.7 13.9 (12.8, 16.0 12.8 12.5
$75 K (12.9, 15.0) (14.2, (11.7, (10.9,
14.5) 18.0) 14.0) 14.4)
>$75K 38.4 45.7 (43.6, 37.8 31.8 19.5
(36.5, 47.8) (34.6, (29.4, (17.3,
40.2) 41.2) 34.2) 21.9)

(continued on next page)
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Table 1 (continued)

10-year ASCVD risk

Overall <5% 5%-< 7.5 % - >20%
N= (n =9,512) 7.5 % <20 % (n=
21,694 (n= (n= 3,842)
2,479) 5,861)
Characteristics % or % or mean % or % or % or
mean (95 % CI) mean mean mean
(95 % (95 % (95 % (95 %
CI) CI) CI) CI)
FIPR, (mean)* 3.3(3.3, 3.5 (3.4, 3.6) 3.4 (3.3, 3.2 (3.1, 2.8 (2.7,
3.4) 3.5) 3.2) 2.9)
FIPR*
< 1.00 10.0 9.0 (8.2,9.8) 10.4 11.2 11.7
9.3, (9.0, (10.0, (10.4,
10.8) 12.1) 12.4) 13.1)
1.00 - <1.39 7.3(6.8, 6.1 (5.5, 6.7) 6.4 (5.4, 8.8 (8.0, 10.9
7.9) 7.6) 9.7) 0.7,
12.2)
1.39 - <2.00 9.5 (8.8, 8.1(7.3,8.9) 9.1(7.7, 10.3 14.6
10.2) 10.7) 9.2, (13.0,
11.5) 16.3)
2.00 — <3.00 14.2 12.7 (11.7, 12.2 16.3 19.1
(13.5, 13.7) (10.6, (14.9, (17.2,
15.0) 14.0) 17.7) 21.2)
>$3.00 59.0 64.2 (62.4, 61.9 53.4 43.7
(57.2, 66.0) (58.9, (51.1, (41.0,
60.7) 64.9) 55.8) 46.4)
Smoker* 18.9 12.5(11.5, 24.8 28.5 22.4
(18.0, 13.4) (22.7, (27.0, (20.6,
19.8) 27.0) 30.1) 24.3)
SBP, mean 125.6 119.0 126.4 131.3 142.6
(mmHg)* (125.2, (118.6,119.4) (125.7, (130.6, (141.7,
126.0) 127.2) 132.0) 143.4)
BP Medication* 27.4 14.6 (13.6, 29.6 39.6 57.4
(26.5, 15.6) (27.4, (37.9, (55.2,
28.3) 31.9) 41.3) 59.6)
Diabetes* 12.8 5.1 (4.6,5.7) 12.2 18.3 36.2
(12.2, (10.5, (16.9, (34.3,
13.4) 14.1) 19.7) 38.1)
Cholesterol, 205.4 202.8 209.6 208.7 206.2
mean (mg/ (204.4, (201.7, (207.2, (207.0, (203.2,
dL)* 206.4) 203.9) 212.0) 210.4) 209.3)
HDL, mean 54.4 57.4 52.2 51.0 50.2
(mg/dL)* (54.0, (56.9, 57.9) (51.0, (50.4, (49.6,
54.9) 53.5) 51.6) 50.8)

Abbreviations: NHANES: National Health and Nutrition Examination; HS: High
school; FIPR: Family income to poverty ratio; SBP: Systolic blood pressure; BP:
Blood pressure; HDL: High-Density Lipoprotein.
Missing Data: Nativity 0.4 %, Marital status 1.0 %.

" Indicates estimates differ across categories of ASCVD risk, p < 0.05 using chi-
square tests for proportions or ANOVAs for means.

increment in FIPR was associated with greater ASCVD risk among men
by: 0.74 % (95 % CI: 0.57, 0.90) or 0.63 % (95 % CI: 0.53, 0.72) among
women.

3.2. Differences by race/ethnicity

The association between annual income, FIPR, and education with
ASCVD risk also differed by race/ethnicity (interaction p-value < 0.1).
For example, from fully adjusted models, each one-unit increment in
FIPR was associated with greater ASCVD risk score by: 0.72 % (95 % CI:
0.60, 0.84) among White adults; 0.66 % (95 % CI: 0.48, 0.85) among
Black adults; and 0.31 % (95 % CI: 0.10, 0.53) among Hispanic adults.
Compared to college graduates, less than a high school education was
associated with greater ASCVD risk score by: 3.41 % (95 % CI: 2.60,
4.22) among White adults; 3.21 % (95 % CI: 2.40, 4.02) among Black
adults; and 1.71 % (95 % CI: 0.91, 2.50) among Hispanic adults.
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4. Discussion

In a nationally representative study of US adults without a history of
CVD, SES, specifically less educational attainment and lower income,
were strongly associated with greater ASCVD risk, with differential as-
sociations by sex and race/ethnicity. While there were strong graded
associations between SES and ASCVD risk in all groups, associations
were more pronounced among men compared to women and less pro-
nounced among Hispanic adults compared with other race/ethnic
groups. Taken together, these findings emphasize that SDOH are strong
predictors of ASCVD risk but the association between SES and ASCVD
risk varies by demographic factors. In conjunction with the ACC’s recent
study highlighting that pooled cohort equations for ASCVD underpredict
risk in low SES populations (Lloyd-Jones et al., 2019), our findings
emphasize the importance of SDOH as a major risk factor for CVD.
Furthermore, the AHA’s novel Predicting Risk of cardiovascular disease
EVENTs (PREVENT) score contains an optional variable for the predic-
tion of social deprivation but emphasizes the need for more individual-
level information related to SDOH, as described within this work (Khan
et al., 2023).

We found that high school attainment compared with college grad-
uation and an income of $75 K or higher compared to less than $25 K
were both associated with a 3 % greater 10-year risk of an ASCVD event.
These findings of strong graded associations between lower educational
attainment/income with increasing ASCVD risk are consistent with
other studies (Woodward et al., 2015). A recent meta-analysis by Wang
et al. (2023) found that the risk of CVD incidence in low-income groups
was 22 % higher than that in high-income groups across 21 included
studies. Further, across 10 studies, CVD incidence was 44 % higher in
the low education groups when compared to high education groups
(Wang et al., 2023). However, Zhang et al. found in a study of both
NHANES and the UK Biobank that lifestyle factors only mediated a small
proportion of socioeconomic inequity in cardiovascular health (Zhang
et al., 2021). These studies emphasize that SDOH are indeed funda-
mental drivers of poor health. For example, adjustment for lifestyle
factors assessed by life’s simple 7 score, now life’s essential 8, only
slightly attenuated the association between SES and ASCVD risk in
another study of NHANES participants (Shen et al., 2022). In fact, some
studies have suggested that even at best, traditional CVD risk factors can
account for only 15-30 percent of the relationship between SES with
CVD mortality (Marmot et al., 1984; Bhatnagar, 2017; Henderson et al.,
2022).

Associations between SDOH and ASCVD risk differed by sex. We
found that the associations between both annual income and FIPR with
ASCVD risk were stronger among men compared with women. This is in
direct contrast to prior studies which have shown stronger associations
between lower income and adverse health outcomes among women. For
example, Backholer et al. found in a meta-analysis conducted in 2017
that the association between CVD and SES was significantly stronger
amongst women in comparison with men even when controlling for
conventional CVD risk factors (Backholer et al., 2017). Guma et al. hy-
pothesized that gender inequalities across western society mean that
SDOH differentially affect health in men and women, with low SES
women faring worse on average in comparison with low SES men (Guma
et al., 2019). Consequently, a better understanding sex differences in
CVD risk across the spectrum of socioeconomic groups must be
elucidated.

In addition to sex differences, we found that the association between
SDOH and ASCVD risk was less pronounced among Hispanic adults
compared with other race/ethnic groups. For example, each one-unit
decrement in FIPR was associated with increased ASCVD risk by 0.72
% among non-Hispanic White adults, 0.66 % among non-Hispanic Black
adults, and 0.31 % among Hispanic adults. These findings are in line
with recent studies evaluating the relationship between SES with car-
diovascular risk factors in Hispanic/Latino communities (Sorlie et al.,
2014). For example, Lopez-Cevallos et al. found no change in the
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prevalence of hypertension or diabetes with increasing SES in the His-
panic Community Health Study/Study of Latinos in fully adjusted
models (Lopez-Cevallos et al., 2018). Likewise, as has been highlighted
and termed the “Hispanic Paradox” (Ruiz et al., 2013), Hispanic adults
have lower all-cause mortality rates than non-Hispanic White adults
despite being disproportionately burdened by low SES (Khambaty et al.,
2020; Morales et al., 2002) and with higher rates of unhealthy behaviors
(Lloyd-Jones et al., 2022; Lloyd-Jones et al., 2022). Indeed, in our study,

Hispanic adults had higher ASCVD risk than their White counterparts as
shown in Fig. 1. These counterintuitive observations may be explained
by several potential factors. First, and importantly, the Framingham risk
factors from which ASCVD risk is derived came from a cohort that un-
derrepresented Hispanics and “normal” values of cholesterol and BMI
may vary between groups. Further, the well-described concept of His-
panic resilience suggests that cultural values engender larger and
stronger social networks which can buffer health challenges (Gallo et al.,
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Table 2
Associations of SES factors with CVD Risk, NHANES 1999-2018.

Model 1 Model 2 Model 3

B (95 % CI) B (95 % CI) B (95 % CI)

Annual Income
>$75 K (ref) - - _

$55 K - < $75 K 1.10% (0.72, 1.17* (0.81, 1.20" (0.84,
1.47) 1.53) 1.56)
$25 K - < $55 K 1.34* (1.02, 1.45% (1.13, 1.55* (1.21,
1.66) 1.78) 1.89)
< $25K 2.71% (2.34, 2.89* (2.51, 3.06* (2.65,
3.09) 3.26) 3.47)
FIPR (one-unit 0.63 (0.55, 0.65* (0.57, 0.67* (0.57,
decrement) 0.72) 0.74) 0.77)
FIPR
>3.00 (ref) - - -
2.00 - < 3.00 1.13* (0.66, 1.15% (0.69, 1.17* (0.70,
1.61) 1.62) 1.64)
1.39 - < 2.00 1.38* (0.90, 1.45% (1.00, 1.48* (1.01,
1.86) 1.89) 1.95)
1.00 - < 1.39 2.27% (1.81, 2.41% (1.96, 2.45* (1.98,
2.74) 2.86) 2.91)
< 1.00 2.65% (2.22, 2.64* (2.17, 2.66 (2.16,
3.08) 3.10) 3.16)
Education
College Graduate+ - - -
(ref)
Some College 1.28* (0.96, 1.45* (1.15, 1.41* (1.11,
1.60) 1.74) 1.72)
High School Graduate 1.70* (1.36, 1.69* (1.35, 1.65" (1.31,
2.04) 2.03) 2.00)
< High School 3.36" (2.89, 3.13% (2.64, 3.09* (2.56,
3.83) 3.63) 3.62)

a. Model 1 is adjusted for age.

b. Model 2 is additionally adjusted for sex and race/ethnicity.

c. Model 3 is additionally adjusted for marital status and health insurance.
" Statistically significant (p-value < 0.05).

2009; Ruiz et al., 2016). Previous reviews by Cortes-Bergoderi et al. and
Ruiz et al. have supported this concept by showing lower all-cause and
CVD mortality in Hispanics despite having worse risk factor profiles
(Ruiz et al., 2013; Balfour et al., 2016; Cortes-Bergoderi et al., 2013).
Our findings are consistent with such studies showing a less pronounced
association between SES and ASCVD risk compared with other racial/
ethnic groups.

There are many potential pathways by which SDOH exert influence
on health. SDOH confer resources such as: improved health literacy,
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positive social relationships, healthier foods, guaranteed transportation,
lower chronic stress levels, safe communities, and improved local
environmental factors (Bhatnagar, 2017; Hicken et al., 2014; Schilbach
et al.,, 2016). These factors also contribute to the well-studied phe-
nomena of biological weathering. Weathering refers to the effects of
chronic stress and other SDOH on biological aging (Das, 2013). Forrester
et al., in a longitudinal study of young adults, found that after multi-
variable adjustment, lower SES was associated with increased biological
aging, especially in black adults (Forrester et al., 2019). Thus, groups of
low SES are not only more likely to have higher ASCVD risk, but are also
more likely to progress to a worse disease state. Given these findings,
early and accurate risk prediction are ever more important.

4.1. Limitations

This study is not without limitations. First, due the cross-sectional
nature of NHANES, we were not able to establish temporality or assess
the associations between life-course income changes with ASCVD risk.
Further, we could not calculate incident CVD, so we were unable to
assess accuracy of ASCVD risk prediction across SES strata. However, the
mitigating fact remains that specific measures of SES such as education
are usually established in early adulthood, prior to the development of
ASCVD risk. Other limitations inherent to large cross sectional studies
(Idler et al., 2000) include self-report of SES and medication use (for the
calculation of ASCVD risk). Moreover, we could not assess the associa-
tion between ASCVD risk and SES in other minority populations such as
Asians because of lack of data. Further, the ASCVD risk calculator is built
using parameters applicable to white and black adults; therefore, the
absence of additional race or ethnic-specific risk algorithms limits our
understanding of ASCVD risk in these populations. While our study
follows ACC/AHA guidelines in application of non-Hispanic white
equations for these participants, there is still potential for risk over-
estimation (Goff et al., 2014). Regardless of these potential gaps, our
study maintains notable strengths, including a diverse and representa-
tive sample of US adults, utilization of standardized measurements of
ASCVD risk, and focus on multiple SES factors. While previous studies
have commented on the association between SES and ASCVD in the US
population, our study is the largest and most up to date.

5. Conclusions

In conclusion, in an analysis representative of the broader US pop-
ulation, we found significant associations between lower annual family

Table 3
Associations of SES factors with CVD Risk by Sex and Race/Ethnicity, NHANES 1999-2018.
Sex Race/ethnicity
Men Women White Black Hispanic Other

B (95 % CI)

B (95 % CI)

B (95 % CI)

B (95 % CI)

B (95 % CI)

B (95 % CI)

Annual Income
>$75 K (ref)

$55 K- < $75 K 1.68* (1.07, 2.29) 0.74% (0.34, 1.14) 1.26* (0.81, 1.72) 0.96* (0.22, 1.71) 0.27 (—0.45, 1.00) 1.95* (0.88, 3.02)

$25 K- < $55K 1.98% (1.41, 2.55) 1.18% (0.85, 1.51) 1.68* (1.26, 2.10) 1.49* (0.75, 2.22) 0.49 (-0.31, 1.29) 1.70% (0.68, 2.71)

<$25K 3.41% (2.71, 4.10) 2.74% (2.28, 3.20) 3.38% (2.84, 3.91) 2.95% (2.13, 3.78) 1.26" (0.35, 2.18) 3.04" (1.84, 4.24)
FIPR (one-unit decrement) 0.74* (0.57, 0.90) 0.63* (0.53, 0.72) 0.72* (0.60, 0.84) 0.66* (0.48, 0.85) 0.31* (0.10, 0.53) 0.58* (0.33, 0.83)
FIPR

>3.00 (ref) — — — — - —

2.00 - < 3.00 1.43* (0.70, 2.15) 1.02* (0.47, 1.56) 1.22* (0.64, 1.81) 0.98% (0.19, 1.76) 0.31 (-0.54, 1.16) 1.68% (0.23, 3.14)

1.39 - < 2.00 1.83* (1.14, 2.52) 1.39 (0.92, 1.87) 1.70* (1.03, 2.36) 1.16* (0.31, 2.00) 0.69 (—0.28, 1.66) 0.47 (—-0.79, 1.72)

1.00 - < 1.39 2.56" (1.84, 3.29) 2.34% (1.78, 2.90) 2.92* (2.23, 3.60) 2.29% (1.25, 3.33) 0.66 (—0.19, 1.50) 1.63* (0.31, 2.94)

< 1.00 2.66* (1.87, 3.46) 2.58% (2.01, 3.14) 2.80* (2.06, 3.54) 2.78% (1.85, 3.71) 1.18* (0.21, 2.15) 2.96* (1.55, 4.36)
Education

College Graduate+ (ref) — - - — - —

Some College 2.13% (1.62, 2.64) 1.03* (0.75, 1.31) 1.35% (0.98, 1.73) 1.97* (1.35, 2.59) 0.85* (0.03, 1.66) 1.72% (0.92, 2.52)

High School Graduate 2.17% (1.52, 2.81) 1.65" (1.32, 1.98) 1.70% (1.29, 2.12) 1.70% (0.88, 2.52) 0.92* (0.25, 1.60) 1.56" (0.44, 2.69)

< High School 3.37% (2.59, 4.14) 3.13* (2.60, 3.66) 3.41% (2.60, 4.22) 3.21% (2.40, 4.02) 1.71% (0.91, 2.50) 3.46" (2.14, 4.78)

a. Model 3: Adjusted for age, sex (in race/ethnicity models), race/ethnicity (in sex models), marital status, and insurance status.
" Statistically significant (p-value < 0.05).
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income and educational attainment with higher ten-year risk of ASCVD.
As presented, these associations were found in both overall and stratified
models with differential associations by sex and race/ethnicity. These
findings confirm socioeconomic levels — represented by annual family
income and education - allow detection of individuals at higher risk of
CVD and provide a basis for additional targeted research and
management.
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