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ARTICLE INFO ABSTRACT

Keywords: Background: The combined influence of traditional cardiovascular risk factors and socioeconomic status (SES) on

Corf)ﬂar}’ heért disease premature CHD (<65 years) remains understudied.

:o?éoecf"iomm status Methods: We used the National Health Interview Survey (NHIS) database (2012-2018) to examine the association
pidemiology

of sociodemographic (income, education, insurance status) and cardiovascular risk profile (CRF: ranging from
optimal (0-1 risk CV factor) to poor (>4 risk CV factors)) with CHD in young (18- 44 years) and middle-aged
(45-64 years) adults.

Results: Among the 168,969 included adults (young: 46.6%), the prevalence of CHD was 3%, translating to 6.4
million young and middle-aged adults. Adults with low family income, lesser education and no insurance were
more likely to have CHD. While majority of young adults (65%) had optimal CRF profile and only 4% had poor
CRF profile, 26% of middle-aged adults carried poor CRF profile. When examined by income status, education,
and insurance status, odds of CHD were increased with worsening CRF profile. In multivariate regressions, low
income participants who had a poor CRF (reference: optimal CRF) had higher odds of CHD in both young (aOR:
9.12 [95% CI, 6.16-13.50]) and middle-aged adults (aOR: 8.22 [95% CI, 6.12-11.05]). Within participants with
a high school education or lower, those with a poor CRF profile (reference: optimal CRF) had increased odds of
CHD in young (aOR: 10.35 [95% CI, 6.66-16.11]) and middle-aged adults (aOR: 10.40 [95% CI, 7.91-13.66]). In
the uninsured, those with a poor CRF profile (reference: optimal CRF) had an 8-9 fold increased odds of CHD in
young (aOR: 7.65 [95% CI, 4.26-13.73]) and middle-aged adults (aOR: 9.34 [95% CI, 5.90-14.79]).
Conclusions: In this national survey, individuals with poor CRF profile had higher odds of premature CHD than
those with optimal profile, and burden of CHD increased with worsening of CRF profile.

1. Introduction [4,5]. Along with increasing prevalence of traditional cardiovascular

risk factors which are known to influence the pathogenesis and devel-

Cardiovascular disease (CVD) is the leading cause of mortality and opment of CHD at all ages, low socioeconomic status (SES) has been

morbidity worldwide [1] and in the United States (US). Coronary heart linked with increased risk of developing premature CHD [6]. Yet the

disease (CHD) constitutes 42.6% of all CVD in the US [2]. While gains in impact of SES factors such as income, education, and insurance status on
CV survival has slowed down overall [3], a concerning increase in CVD the onset of premature CHD remains understudied.

mortality has been witnessed among adults <65 years of age since 2011 In high income countries, SES is inversely associated with CVD and
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CV risk factors [7]. When further examined in the US on a county level,
CHD mortality was higher in low-income counties than those with
higher income [8]. A deeper understanding of the link between SES and
cardiovascular risk factors on the genesis of CHD is critical in identifying
optimal medical, social, and economic interventions that can mitigate
the rising burden of premature CHD, particularly among vulnerable
groups [9]. Therefore, we used a nationally-representative data for US
adults <65 years to assess sociodemographic determinants of CHD in
this age group, the association between traditional cardiovascular risk
factors and prevalence of CHD, and the relationship between SES and
traditional risk factors and their implications for CHD burden.

2. Methods
2.1. Setting

We utilized the National Health Interview Survey (NHIS) database,
which is an annual cross-sectional survey conducted by the National
Center for Health Statistics/Center for Disease Control and Prevention
[10]. The NHIS uses complex, multistage probability sampling incor-
porating stratification, clustering, and oversampling, to adequately
provide estimates of the non-institutionalized US population. The NHIS
questionnaire has four core sections: Household Composition, Family
Core, Sample Child Core, and Adult Sample Core. The Household
Composition file collects general information about individuals living
under the same household, and the Family Core collects sociodemo-
graphic characteristics per family, including, but not limited to, general
health indicators, physical limitations, injuries and insurance coverage
[11]. From each family, one child and one adult (Sample Child and Adult
Core files, respectively) are selected randomly for a more in-depth
questionnaire, such as barriers to care, healthcare-related financial is-
sues, health behaviors and disease-related information. This study used
the Sample Adult questionnaire as its base, further supplemented with
information from the Household and Family files. This study was exempt
from formal institutional review board given the deidentified and public
availability nature of data [12].

2.2. Study design and population

We conducted a cross-sectional analysis using NHIS data for
2012-2018. Our study population was restricted to adults ages 18 to 64
years, and further stratified to young (18-44 years) and middle-aged
(45-64 years) groups, to study differences between these age groups.

2.3. Assessment of sociodemographic characteristics and comorbidities

We included various sociodemographic variables such as race/
ethnicity (non-Hispanic white, non-Hispanic black, non-Hispanic Asian
or Hispanic), education level (>some college or <high school), insur-
ance status (insured or uninsured), and geographic region (Northeast,
Midwest, South, or West). We considered family income as a measure of
SES; family income was defined in function of it as a percentage of the
federal poverty limit and was categorized as high- (>400%), middle-
(200% to <400%) or low- (<200%) income status. Comorbidities were
ascertained (also self-reported), and included chronic obstructive pul-
monary disease, emphysema, asthma, gastrointestinal ulcer, arthritis
(including arthritis, gout, fibromyalgia, rheumatoid arthritis and sys-
temic lupus erythematosus), cancer (any), any kind of liver condition or
“weak/failing” kidneys. Number of prevalent comorbidities were sum-
med for each individual and stratified into 0, 1 and > 2.

2.4. Ascertainment of Cardiovascular Risk Factors (CRF) and definition
of CRF profile

Traditional risk factors included hypertension, diabetes mellitus,
high cholesterol, smoking, obesity, and insufficient physical activity.
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Ascertainment of disease states was done based on following survey
questions: (1) hypertension: “Have you ever been told by a doctor or other
health professional that you have hypertension, also called high blood pres-
sure?”; (2) diabetes: “Has a doctor or other health professional EVER told
you that you had diabetes or high blood sugar?” and (3) high cholesterol:
“Have you EVER been told by a doctor or other health professional that you
had high cholesterol?”.

Smoking was ascertained as an individual being either former or
current smoker, and obesity (defined as a body mass index >30 kg/mz)
was calculated based on self-reported height and weight. Insufficient
physical activity was defined as not meeting the current physical activity
guidelines (i.e. not participating in moderate-intensity aerobic physical
activity for > 150 min per week, or vigorous-intensity aerobic physical
activity for > 75 min per week, or a total combination of > 150 minutes
per week of moderate/vigorous-intensity aerobic physical activity) [13].

We defined 3 mutually-exclusive cardiovascular risk factor (CRF)
profiles. Based on the absence/presence of the sum of the previously
described CRF, individuals were assigned a “Poor” (>4), “Average”
(2-3), or “Optimal” (0-1) CRF profile.

2.4.1. Ascertainment of prevalent CHD

Presence or absence of CHD was ascertained based on individual
responses to the survey question: “Have you ever been told by a doctor
or other health professional that you had coronary heart disease, or
angina, also called angina pectoris, or a heart attack (also called
myocardial infarction)?” [14].

2.5. Statistical analyses

We evaluated the distribution of various traditional risk factors (both
individually and as CRF profiles) and sociodemographic characteristics
among non-elderly adults and compared them between those with and
without CHD. We used survey-specific Rao-Scott Chi square test to
compare categorical variables. We also performed survey-specific lo-
gistic regression analysis to assess the relationship between traditional
cardiovascular risk factors, both individually and as CRF profiles, and
CHD. Unadjusted and adjusted (a) odds ratios (OR) and 95% confidence
intervals (CI) are reported. Variables included in the regression models
included age, sex, race/ethnicity, education, insurance status,
geographical region and comorbidities. All analyses were performed
using Stata® 16 (StataCorp, College Station, TX), and addressed the
complex design of the NHIS.

3. Results
3.1. Study participants

Between 2012 and 2018, 6,186 individuals with CHD were surveyed
(weighted n = 6,401,333). Of these, 950 (weighted n = 1,107,818) were
young- and 5,236 (weighted n = 5,293,515) were middle-aged adults. In
young and middle-aged US adults, more men than women had CHD
(Table 1). Overall, Non-Hispanic (NH) White adults, participants having
low family income, and lesser education were more likely to have CHD.

3.2. Traditional risk factors and risk factor profiles by CHD status

In both young- and middle-aged adults, insufficient physical activity
(42.0% and 51.7%, respectively), and smoking (30.4% and 42.1%,
respectively) were the most frequently reported traditional risk factors
(Table 2). The prevalence of obesity (29.4% and 37.2%), hypertension
(11.8% and 38.8%), high cholesterol (9.5% and 35.9%), and diabetes
(2.7% and 12.7%) varied in both young and middle-aged cohorts,
respectively. Among young adults, participants with CHD were more
likely to have hypertension (45.7% vs. 11.5%), diabetes mellitus (15.9%
vs. 2.5%), obesity (48.0% vs. 29.3%), hypercholesterolemia (38.0% vs.
9.3%), and insufficient physical activity (60.0% vs 41.8%) than those
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Table 1
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General characteristics among young and middle-aged adults with and without CHD, from the national health interview survey, 2012-18.

18 — 44 years of age (Young)

45-64 years of age (Middle-Aged)

No CHD CHD P value No CHD CHD P value
Sample (N) 92280 950 70442 5236
Weighted sample, (weighted %) 111,688,757 (99.0) 1,107,818 (1.0) 77,571,339 (93.6) 5,293,515 (6.4)
Sex, n (weighted %) 0.003 <0.001
Male 42,408 (49.5) 478 (56.1) 31,909 (47.5) 3,052 (61.7)
Female 49,872 (50.5) 472 (43.9) 38,533 (52.5) 2,184 (38.3)
Race/Ethnicity, n (weighted %) 0.002 <0.001
Non-Hispanic White 52,248 (58.5) 496 (57.0) 47,447 (69.6) 3,568 (71.9)
Non-Hispanic Black 12,740 (13.8) 148 (15.8) 9,767 (11.8) 866 (14.2)
Non-Hispanic Asian 6,687 (6.9) 36 (3.4) 3,425 (5.5) 138 (3.1)
Hispanic 19,278 (20.9) 247 (23.9) 8,907 (13.1) 557 (10.9)
Family Income, n (weighted %) <0.001 <0.001
High-Income 26,485 (34.8) 152 (18.5) 29,506 (50.6) 1,255 (30.8)
Middle-Income 24,942 (29.7) 215 (29.0) 16,846 (25.7) 1,192 (26.5)
Low-Income 35,809 (35.5) 546 (52.6) 18,735 (23.7) 2,503 (42.7)
Education, n (weighted %) <0.001 <0.001
Some College or Higher 60,618 (64.8) 475 (49.9) 43,812 (63.6) 2,565 (50.8)
HS/GED or Less than HS 31,406 (35.2) 475 (50.1) 26,322 (36.4) 2,648 (49.2)
Insurance Status, n (weighted %) 0.03 0.08
Insured 74,219 (82.2) 726 (78.4) 61,290 (88.7) 4,669 (89.6)
Uninsured 17,553 (17.8) 222 (21.6) 8,890 (11.3) 546 (10.4)
Region, n (weighted %) 0.07 <0.001
Northeast 13,728 (16.4) 132 (13.4) 12,289 (19.2) 816 (16.3)
Midwest 20,127 (22.7) 208 (25.2) 15,024 (21.8) 1,165 (24.3)
South 32,834 (36.3) 375 (39.9) 25,145 (36.5) 2,241 (42.9)
West 25,591 (24.7) 235 (21.6) 17,984 (22.5) 1,014 (16.5)
Comorbidities, n (weighted %) <0.001 <0.001
0 69,538 (76.0) 415 (45.9) 37,169 (54.5) 1,369 (27.9)
1 18,385 (19.7) 275 (29.9) 21,545 (30.3) 1,575 (30.9)
>2 4,357 (4.3) 260 (24.1) 11,728 (15.3) 2,292 (41.1)

Abbreviations: CHD, coronary heart disease; GED, General Equivalency Diploma; HS, high school.

Table 2
Individual cardiovascular risk factors and risk factor profile among young and middle-aged adults with and without CHD, from the national health interview survey,
2012-18.
18 — 44 years of age (Young) 45-64 years of age (Middle-Aged)
No CHD CHD p value No CHD CHD p value
Sample (N) 92,280 950 70,442 5,236
Weighted sample, (weighted %) 111,688,757 (99.0) 1,107,818 (1.0) 77,571,339 (93.6) 5,293,515 (6.4)
Hypertension, n (weighted %) 11,112 (11.5) 444 (45.7) <0.001 26,408 (36.4) 3,911 (73.7) <0.001
Diabetes Mellitus, n (weighted %) 2,452 (2.5) 139 (15.9) <0.001 8,035 (11.3) 1,733 (34.3) <0.001
High Cholesterol, n (weighted %) 8,514 (9.3) 340 (38.0) <0.001 23,315 (33.6) 3,548 (68.8) <0.001
Smoke (Former/Current), n (weighted %) 29,344 (30.1) 485 (51.3) <0.001 30,265 (40.8) 3,316 (62.5) <0.001
Obesity, n (weighted %) 27,223 (29.3) 442 (48.0) <0.001 25,869 (36.4) 2,612 (49.0) <0.001
Insufficient Physical Activity, n (weighted %) 37,784 (41.8) 556 (60.0) <0.001 35,612 (50.8) 3,452 (65.3) <0.001
CRF Profile, n (weighted %) <0.001 <0.001
Optimal 57,466 (65.1) 240 (27.0) 24,965 (38.4) 366 (8.4)
Average 28,985 (31.5) 428 (47.3) 30,644 (45.2) 1,933 (39.4)
Poor 3,205 (3.4) 220 (25.7) 11,560 (16.4) 2,601 (52.2)

Abbreviations: CHD, coronary heart disease; CRF, Cardiovascular Risk Factor.

without CHD (Table 2). Similar findings were noted in middle-aged
individuals.

Participants without CHD were more likely to have optimal or
average CRF profile, and those with CHD had greater number of par-
ticipants with poor CRF profile. Among individuals with CHD, 25.7% of
young adults had a poor CRF profile vs. 74.3% having either optimal or
average CRF profile. This proportion shifted to more unfavorable pro-
files in middle-aged adults, where 52.2% had a poor CRF profile vs.
47.8% having optimal or average CRF profiles.

The majority of young adults had an optimal (64.8%) CRF profile,
with only 3.6% having a poor CRF profile. In contrast, middle-aged
adults were more normally distributed, with the highest proportion
having an average (44.8%) profile, and 18.6% having a poor CRF pro-
file. Individuals with an average or poor CRF profiles had 2-fold and 7-
fold higher odds of CHD, respectively, when compared to those with
optimal CRF in both cohorts (Table S1).
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3.3. Interplay between cardiovascular risk profile, income status and CHD

There was an increase in the burden of CHD prevalence with wors-
ening income status and CRF profile (Fig. 1).Young and Middle-Aged
adults with Low Income and Poor CRF profile had higher CHD preva-
lence rates compared to other similar aged adults coming from higher
income and CRF profile brackets. Findings from multivariate regression
are presented in Tables 3, 4 and 5. Among middle/high income group,
poor CRF (reference: optimal CRF) was associated with 9 to 12 fold

30
25
20
15

10

CHD Prevalence (%)

8.27 514
4.71
5 0.32 1.39 0.59 2'06 1.11 1.81
0 I i =T (=
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higher odds of CHD, respectively in middle aged (aOR, 8.92 [95% ClI,
7.47-10.65]) and young (aOR, 11.90 [95% CI, 8.02-17.65]) adults,
after full adjustment for covariates (Table 3). Similarly, in the low in-
come group, participants with poor CRF had higher odds of CHD in both
young (aOR: 9.12 [95% CI, 6.16-13.50]), and middle-aged adults (aOR:
8.22 [95% CI, 6.12-11.05]) when compared to those with optimal CRF
profiles. In both middle/high and low income groups and across age
groups, individuals with average CRF profiles had a 2-3 fold increased
odds of CHD compared to those with optimal CRF profile.

23.06

14.73

Middle-High/Optimal Low/Optimal Middle-High/Average Low/Average Middle-High/Poor Low/Poor
Income/CRF Profile Category
W 18-44 (Young) M 45-64 (Middle-Aged)
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Fig. 1. Prevalence of Coronary Heart Disease by Cardiovascular Risk Factor Profile (CRF) and Family Income (A), Educational Status (B), Insurance Status (C) Among
Young and Middle-aged Adults, from the National Health Interview Survey, 2012-18.
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Table 3
Predictors of history of CHD among young and middle-aged adults, stratified by
age and income groups, from the national health interview survey, 2012-18.
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Table 5
Predictors of history of CHD among young and middle-aged adults, stratified by
age and insurance groups, from the national health interview survey, 2012-18.

Odds for Reporting CHD

Odds for Reporting CHD

Middle/High-Income

Low Income

18-44 years of
age (Young)

45-64 years of
age (Middle-

18-44 years of
age (Young)

45-64 years of
age (Middle-

Aged) Aged)

aOR (95% CD,  aOR (95% CD), aOR (95% CI),  aOR (95% CD),
p-value p-value p-value p-value

CRF

Profile

Optimal Reference Reference Reference Reference

Average  2.94 (2.19, 2.98 (2.49, 2.45 (1.79, 3.20 (2.39,
3.96),p < 3.56),p < 3.36),p < 4.29),p <
0.001 0.001 0.001 0.001

Poor 11.90 (8.02, 8.92 (7.47, 9.12 (6.16, 8.22 (6.12,
17.65),p < 10.65), p < 13.50), p < 11.05),p <
0.001 0.001 0.001 0.001

Abbreviations: CHD, coronary heart disease; aOR, adjusted Odds Ratios; CI,
confidence interval; HS, high school; GED, General Equivalency Diploma.

Model adjusted for sex, race/ethnicity, education, insurance status, geographical
region and comorbidities.

Table 4

Predictors of history of CHD among young and middle-aged adults, stratified by
age and education groups, from the national health interview survey, 2012-18.

0Odds for Reporting CHD

College/Higher Education

Highschool or Lower

18-44 years of
age (Young)

45-64 years of
age (Middle-

18-44 years of
age (Young)

45-64 years of
age (Middle-

Insured

Uninsured

18-44 years of
age (Young)

45-64 years of
age (Middle-

18-44 years of
age (Young)

45-64 years of
age (Middle-

Aged) Aged)

aOR (95% CI),  aOR (95% CD), aOR (95% CI),  aOR (95% CD),
p-value p-value p-value p-value

CRF

Profile

Optimal Reference Reference Reference Reference

Average 3.08 (2.33, 2.99 (2.49, 2.27 (1.61, 3.38 (2.55,
4.08),p < 3.59),p < 3.19),p < 4.47),p <
0.001 0.001 0.001 0.001

Poor 10.08 (7.01, 7.76 (6.47, 10.35 (6.66, 10.40 (7.91,
14.47),p < 9.30), p < 16.11),p < 13.66), p <
0.001 0.001 0.001 0.001

Abbreviations: CHD, coronary heart disease; aOR, adjusted Odds Ratios; CI,
confidence interval; HS, high school; GED, General Equivalency Diploma.
Model adjusted for sex, race/ethnicity, insurance status, geographical region
and comorbidities.

3.4. Interplay between cardiovascular risk profile, education status and
CHD

Among those receiving a college/high school education or higher,
poor CRF profile (reference: optimal CRF) was associated with an 8-10
fold higher odds of CHD in middle-aged (aOR, 7.76 [95% CI,
6.47-9.30)] and young (aOR, 10.08 [95% CI, 7.01-14.47]) adults,
respectively, after full adjustment for covariates (Table 4). Among in-
dividuals receiving a high school education or lower, those with a poor
CRF profile (reference: optimal CRF) had a 10 fold increased odds of
CHD in middle-aged (aOR, 10.40 [95% CI, 7.91-13.66] and young (aOR,
10.35 [6.66-16.11]) adults, respectively. In both college/higher edu-
cation and high school or lower education and across all age groups,
individuals with an average CRF profile had a 2-3 fold increased odds of
CHD compared to those with optimal CRF profile (Table 4).

Aged) Aged)

aOR (95% CI),  aOR (95% CD), aOR (95% CI),  aOR (95% CI),
p-value p-value p-value p-value

CRF

Profile

Optimal Reference Reference Reference Reference

Average 2.86 (2.21, 3.04 (2.59, 2.20 (1.41, 3.29 (2.11,
3.71),p < 3.58),p < 3.44),p < 5.13),p <
0.001 0.001 0.001 0.001

Poor 11.37 (8.22, 8.59 (7.33, 7.65 (4.26, 9.34 (5.90,
15.72),p < 10.08),p < 13.73),p < 14.79),p <
0.001 0.001 0.001 0.001

Abbreviations: CHD, coronary heart disease; aOR, adjusted Odds Ratios; CI,
confidence interval; HS, high school; GED, General Equivalency Diploma.
Model adjusted for age, sex, race/ethnicity, education, geographical region, and
comorbidities.

3.5. Interplay between cardiovascular risk profile, insurance status and
CHD

Among the insured, poor CRF profile (reference: optimal CRF) was
associated with a 9-11 fold higher odds of CHD in middle-aged (aOR,
8.59 [95% CI, 7.33-10.08]) and young (aOR 11.37, [95% CI,
8.22-15.72] adults, respectively, after full adjustments for covariates
(Table 5). Among the individuals who are uninsured, those with a poor
CREF profile had an 8-9 fold increased odds of CHD in young (aOR 7.65
[95% CI, 4.26-13.73]) and middle-aged (aOR, 9.34 [95% CI,
5.90-14.79]) adults, respectively, compared to uninsured individuals
with an optimal CRF profile. In both insured and insured across all age
groups, individuals with an average CRF profile had a 2-3 fold increased
odds of CHD compared to those with an optimal CRF profile (Table 5).

3.5.1. Traditional risk factors, cardiovascular risk profile, and CHD

In multivariable-adjusted analyses, all traditional risk factors were
independently associated with higher odds of CHD among both cohorts,
except association of obesity was attenuated after adjusting for cova-
riates (Table S2). Similarly, multivariable analysis showed that partici-
pants with average CRF profile had two times, and those with poor
profile had 7 times higher odds of CHD compared to those with optimal
CRF in both cohorts (Table S1).

4. Discussion

In this nationally-representative study of young and middle-aged US
adults, one in thirty individuals had CHD, translating to ~6.4 million
individuals in the US annually. Traditional risk factors were indepen-
dently associated with increased risk of CHD. Young and middle-aged
adults with poor CRF profile had 7-8 times higher odds of having CHD
when compared to those with optimal CRF profile. Furthermore, par-
ticipants from lower income strata, lesser education and with no in-
surance had higher prevalence of CHD. The association between CRF
profiles and CHD was consistently seen across strata of SES (income,
education, and insurance status). Further, this association was robust to
adjustment for covariates.

Similar to previous studies, traditional risk factors such as hyper-
tension, diabetes, and high cholesterol levels were identified as inde-
pendent predictors of CHD in our study [7,15,16]. Prior reports have
also shown an association between CRF profile and CHD [17]. On the
same account, a significant relationship between favorable CRF profile
and lower medical expenditure and healthcare utilization amongst
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individuals without CHD has been documented [18]. Our data reveals
that a poor CRF profile leads to higher CHD risk, further validating prior
studies. While efforts are aimed towards mitigating traditional cardio-
vascular risk factors in hopes of reducing the burden of CHD, such an
approach does not account for upstream factors of low SES such as lack
of insurance, poverty, and education [9,19].

In general, among notable components of SES showing an associa-
tion with CV disease, income level, employment status, educational
attainment, insurance status, and environmental factors have shown to
carry most importance [15,20,21]. Despite the mentioned individual
components of SES, family income has been considered a key surrogate
of SES for the purpose of public health research [15,16,22]. Our study
showed an increased CHD prevalence among those coming from low
income and poor CRF backgrounds (Fig. 1) which suggest an association
between suboptimal upstream SES factors (particularly low income
levels) and CHD. However, in our multivariate regression model
involving upstream SES factors (income, education, insurance status),
the CRF profile, a more downstream risk factor, had a more influential
impact on overall CHD risk. The association between CRF and CHD was
seen consistently across SES strata, without substantial variation in the
observed effect size. Despite these findings, other studies continue to
highlight an effect of upstream SES factors on CVD. In a study involving
participants from the US and Finland, individuals in the low-income
group had higher risk of non-fatal myocardial infarction and cardiac
mortality even after multivariate adjustment [21]. Another study
showed that each $10,000 increase in median income of a neighborhood
lessened the death risk by 10% [23]. A more recent analysis of the na-
tional database showed a higher comorbidity burden and poorer car-
diovascular outcomes in patients having low SES and admitted with
acute myocardial infarction [16]. Although our study showed a mar-
ginal effect of upstream SES factors, the results from other studies and
ours suggest that the effect of these factors might be impacting CVD
indirectly via increased prevalence of cardiovascular risk factors which
is shown to have a strong association with overall CVD outcomes.

Hamad et al. summarized the potential pathways linking the effects
of low SES with development of CHD [9]. One main postulated mech-
anism is that limited economic and educational opportunities contribute
to increased risk of CHD through decreased access to education, nutri-
tion, or resources for physical activity (i.e. safe neighborhoods)[9,
24-28]. Poverty and lack of education also influence the
decision-making bandwidth regarding healthier lifestyle behaviors [28,
29]. Therefore, a low SES could lead to the buildup of a poor CRF profile
by depriving access to health care [3,9,30]. This is important to note
because a poor CRF profile is linked with a higher probability of
developing CHD in the younger population [31]. Interestingly when
further stratified, our study revealed that middle-aged adults had higher
proportions of poor CRF profiles and subsequently increased risk of CHD
compared to young adults. This is likely due to the fact that aging in-
dividuals have more exposure to developing traditional risk factors. Our
report underscores the importance of considering SES and CRF as a
composite target in halting the development of premature CHD, espe-
cially in a vulnerable population such as the young and middle-aged
adults.

Our study involved subjective self-reported data which revealed an
association primarily between CRF profile and CHD. Upstream factors of
SES (income, education, insurance status) had a marginal effect on this
association. Similarly, in a study involving more objective measures
derived from the MESA databank, Christine et al investigated the effects
of neighborhood foreclosures on cardiometabolic risk factors and
determined that greater exposure to neighborhood foreclosures had
mixed associations with cardiometabolic risk factors over time [32]. In
contrast, Foster et al highlighted that a combination of lifestyle factors
was associated with increased hazard ratios for both cardiovascular
disease mortality and CVD incidence in socioeconomic deprived pop-
ulations from the UK Biobank [33]. Overall, the findings from these two
large scale studies and our own study suggest a mixed degree of
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influence of SES on cardiovascular risk factors and disease that warrants
further investigations.

The American College of Cardiology/American Heart Association
(ACC/AHA) - 2019 guidelines for primary prevention of cardiovascular
disease emphasizes socioeconomic inequalities as a strong social deter-
minant of cardiovascular disease [34]. These guidelines recommend a
tailored approach which take into account an individual’s SES for pri-
mary and secondary prevention of CHD. However, the ACC/AHA stan-
dard risk assessment tools, such as the pooled cohort equation, do not
account for SES which may underestimate the predicted CHD risk in
individuals from disadvantaged communities [9,35]. In view of large
proportion of young and middle-aged individuals residing in no insur-
ance and low income brackets, public health targets and professional
guidelines must incorporate the socioeconomic variables for slowing the
epidemic of premature CHD.

4.1. Study limitations

We report several limitations of this study. First, our reported prev-
alence of CHD might seem small, but our results correspond to national
prevalence cited by the AHA [2]. This is primarily due to studying adults
< 65 years of age. When expanding our study population to all adults,
CHD prevalence equals 6.3%, as compared to 6.7% as per the AHA [2].
Second, the analysis did not account for the effect of a family history of
premature CHD, other lifestyle factors such as dietary habits, or the
prevalence of coronary artery anomalies as the underlying reason for
CHD, due to inherent limitations of NHIS database. Third, due to the
nature of the NHIS dataset, it was not possible to ascertain how the
diagnosis of CHD was established, or whether it was clinical or
sub-clinical CHD. Fourth, we examined the prevalence of CHD as
opposed to the incidence of CHD in this NHIS dataset. Finally, while
including all possible confounders in multivariate analysis, due to the
cross-sectional nature of the dataset, the possibility of residual con-
founding remains present. Our findings highlight potential limitations of
existing solitary markers of SES (income, education, insurance status) in
studying their effects on clinical outcomes, and call for the need to
develop additional comprehensive polysocial indices to help capture the
true extent of social disadvantage [36]. While our manuscript examined
SES factors in young and middle-aged adult populations, additional
studies should consider stratifying by gender and ethnicity to further
examine these disparities.

5. Conclusions

Amongst a nationally representative sample of ~6.4 million young
and middle-aged US adults per year, besides traditional CHD risk factors,
individuals with CHD reported a significantly higher proportion of
socio-economic disadvantages such as low education levels, low family
income or being under-insured. A poor CRF profile was a strong inde-
pendent predictor of CHD in both young and middle-aged individuals.
Public health goals and treatment strategies should address the com-
bined impact of socioeconomic dynamics and CRF to halt the rising
burden of premature CHD.
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