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BACKGROUND: Substantial differences exist between United States counties with regards to premature (<65 years of age)
cardiovascular disease (CVD) mortality. Whether underlying social vulnerabilities of counties influence premature CVD
mortality is uncertain.

METHODS: In this cross-sectional study (2014-2018), we linked county-level CDC/ATSDR SVI (Centers for Disease Control
and Prevention/Agency for Toxic Substances and Disease Registry Social Vulnerability Index) data with county-level CDC
WONDER (Centers for Disease Control and Prevention Wide-Ranging Online Data for Epidemiological Research) mortality
data. We calculated scores for overall SVI and its 4 subcomponents (ie, socioeconomic status; household composition
and disability; minority status and language; and housing type and transportation) using 15 social attributes. Scores were
presented as percentile rankings by county, further classified as quartiles on the basis of their distribution among all US
counties (1st [least vulnerable]= 0 to 0.25; 4th [most vulnerable = 0.75 to 1.00]). We grouped age-adjusted mortality rates
per 100000 person-years for overall CVD and its subtypes (ischemic heart disease, stroke, hypertension, and heart failure)
for nonelderly (<65 years of age) adults across SVI quartiles.

RESULTS: Overall, the age-adjusted CVD mortality rate per 100000 person-years was 47.0 (ischemic heart disease, 28.3;
stroke, 7.9; hypertension, 8.4; and heart failure, 2.4). The largest concentration of counties with more social vulnerabilities and
CVD mortality were clustered across the southwestern and southeastern parts of the United States. The age-adjusted CVD
mortality rates increased in a stepwise manner from 1st to 4th SVI quartiles. Counties in the 4th SVI quartile had significantly
higher mortality for CVD (rate ratio, 1.84 [95% Cl, 1.43-2.36)]), ischemic heart disease (1.52 [1.09-2.13]), stroke (2.03
[1.12-3.70]), hypertension (2.71 [1.54-4.75]), and heart failure (3.38 [1.32-8.61]) than those in the 1st SVI quartile. The
relative risks varied considerably by demographic characteristics. For example, among all ethnicities/races, non-Hispanic
Black adults in the 4th SVI quartile versus the 1st SVI quartile exclusively had significantly higher relative risks of stroke (1.65
[1.07-2.54]) and heart failure (2.42 [1.29-4.55]) mortality. Rural counties with more social vulnerabilities had 2- to 5-fold
higher mortality attributable to CVD and subtypes.

CONCLUSIONS: In this analysis, US counties with more social vulnerabilities had higher premature CVD mortality, varied by
demographic characteristics and rurality. Focused public health interventions should address the socioeconomic disparities
faced by underserved communities to curb the growing burden of premature CVD.
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majority of premature deaths (<65 years of  death between 1999 and 2018 in adults <65 years of

Cardiovascular disease (CVD) accounts for the Vital Statistics, CVD was among the leading causes of
age) in the United States.! According to the US  age? Recent reports have shown that premature CVD
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Clinical Perspective

What is New?

* The United States counties with more social vulner-
abilities had higher premature mortality (<65 years
of age) attributable to cardiovascular disease and
subtypes (ischemic heart disease, stroke, hyperten-
sion, and heart failure).

e The cardiovascular disease mortality varied by
demographic characteristics and rurality.

What Are the Clinical Implications?

* The challenges faced by socioeconomically
deprived counties and rural residents have sizeable
public health implications.

* This study may inform future research and policy
frameworks to address the social vulnerabilities of
underserved populations and mitigate premature
cardiovascular disease burden.

Nonstandard Abbreviations and Acronyms

ATSDR Agency for Toxic Substances and Dis-
ease Registry

CDC Centers for Disease Control and
Prevention

COVID-19 coronavirus disease 2019

CVD cardiovascular disease

HF heart failure

IHD ischemic heart disease

ICD-10 International Classification of Disease
10th Revision

RR rate ratio

SDOH social determinants of health

SviI social vulnerability index

WONDER Wide-Ranging Online Data for Epide-

miological Research

mortality has increased in most US counties between
2010 and 20173* Adverse social circumstances,
referred to as social determinants of health (SDOH),
including economic instability, poor access to health care,
neighborhood deprivation, and racial/ethnic discrimina-
tion, predispose underserved communities to adverse
CVD outcomes.® Moreover, disparities in cardiovascular
care originate from various structural barriers that cre-
ate unhealthy living and working environments, manifest-
ing in economic deprivation and healthcare inequity for
underserved populations.5”

The Centers for Disease Control and Prevention
(CDC) has proposed a conceptual framework compris-
ing 3 pillars of care: (1) traditional clinical, (2) innovative
clinical, and (3) total population or communitywide pre-
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vention.® This strategy aims to maximize the involvement
of clinicians, public health practitioners, and insurers to
integrate traditional clinical approaches with community-
level factors that can influence health® Assessment of
SDOH that can influence cardiovascular health is criti-
cal for identifying socioeconomically deprived individu-
als and communities who may receive significant public
health interventions.

The CDC/ATSDR SVI (Centers for Disease Control
and Prevention/Agency for Toxic Substances and Dis-
ease Registry Social Vulnerability Index) integrates key
social elements to determine a community’s resilience
to encounter natural calamity.® The SVI has shown to be
a significant determinant of health outcomes, including
cognition, disability, and overall mortality."®'" However,
county-level variation in SVI and its association with pre-
mature CVD mortality remains undetermined. Herein, we
performed a cross-sectional analysis of the national mor-
tality database to measure the association of SVI with
premature CVD mortality across US counties, stratified
by demographic characteristics.

METHODS

The CDC's WONDER (Wide-Ranging Online Data for
Epidemiological Research) and CDC/ATSDR SVI datasets
used in this project are publicly available and are easily repli-
cable from the methods described in the article. Therefore, the
data, analytic methods, and study materials will not be made
available to other researchers to reproduce the results or repli-
cate the procedure.

Data Source

We used the Underlying Cause of Death files from the CDC
WONDER database from 2014 to 20182 This database relies
on death certificates for US residents; the underlying cause of
death is ascertained from the conditions entered by the phy-
sician on the cause of death section of the death certificate.
Each death certificate identifies a single cause of death and
demographic information. When the physician enters more than
1 cause, the underlying cause is determined by the sequence
of conditions on the certificate, provision of the International
Classification of Disease 10th Revision (ICD-10), and associated
selection rules and modifications.

Hispanic ethnicity and the decedent’s race information is
reported by the funeral director as provided by an informant
(the surviving next of kin) or, on the basis of observation,
in the absence of an informant? Race and Hispanic origin
are reported separately on the death certificate as per stan-
dards put forth by the Office of Management and Budget.'?
The population estimates were abstracted from the Census
Bureau estimates of US national, state, and county resident
populations.’ Race and ethnicity information from the cen-
sus is by self-report.

We focused on natural deaths attributed to CVD and its sub-
types: ischemic heart disease ([I[HD] ICD-10 codes: 120-125),
stroke (/CD-10 codes: 160-169), heart failure ((HF] ICD-10
codes: 150), and hypertension (/CD-10 codes: 110-113,115). We
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abstracted the number of cause-specific deaths and population
sizes for age, sex, and ethnicity/race within the counties and
by urban—rural classification of the counties. We restricted our
analyses to participants 18 to 64 years of age, further grouped
into young (<45 years of age) and middle-aged (46—64 years
of age) adults, to focus on premature CVD mortality. For eth-
nicity/race, we classified study population into non-Hispanic
White adults, non-Hispanic Black adults, and Hispanic adults.
The prevalence of CVD mortality in non-Hispanic American
Indian/Alaskan Native and Asian/Pacific Islander populations
among all ethnicities/races was <6% (Figure | in the Data
Supplement), with various counties reporting a minimal number
of deaths (0-20) and unreliable mortality rates. Therefore, we
did not report the analyses for these ethnic/racial groups. We
used the National Center for Health Statistics 2013 Urban—
Rural Classification Scheme and collapsed county-level popu-
lation into urban (large metro [>1 million], medium/small metro
[60000-999999]), and rural (micropolitan and non-core
[nonmetropolitan counties that did not qualify as micropolitan:
<50000]) counties.'*'®

This study did not require institutional review board approval
because the analysis used government-issued public use data
without individually identifiable information.

Social Vulnerability Index
We abstracted SVI data from the CDC/ATSDR,'® which out-
lines every US census tract on 15 social attributes using the
American Community Survey data, and groups them into 4
related themes/social factors: socioeconomic status (below
poverty, unemployed, income, no high school diploma); house-
hold composition and disability (>65 years of age; <17 years
of age; 2b years of age with a disability; single-parent house-
holds), minority status and language (minority; speak English
‘less than well"); and housing type and transportation (multi-unit
structure, mobile home, crowding, no vehicle, group quarters).
In addition to census tract-level rankings, SVI files also
provide corresponding rankings at the county level,'” on the
basis of the same method that measures census tract rank-
ings. Accordingly, we estimated percentile ranking for the 15
individual variables, 4 themes, and overall position/overall SVI
within the county, across counties within a particular state, and
across the entire United States.'” The percentile rank ranges
from O to 1, with higher values exhibiting greater vulnerability
than the lower values. In addition, given that the minority theme
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(all persons except non-Hispanic White adults) is part of SVI,
which may influence the mortality estimates for ethnicity/race
category, we also generated a modified SVI by excluding the
minority theme and developed a modified percentile ranking
for each county (Figure Il in the Data Supplement). Additional
details are reported in the Data Supplement.

Statistical Analysis

Because SVI was a county-level metric, we estimated age-
adjusted (to the 2000 US population)'® mortality rates per
100000 person-years with 95% Cls for overall CVD and
subtypes (IHD, stroke, HF, hypertension), and demographic
groups within the counties (age, sex, ethnicity/race). We also
stratified analyses by subgroups for the counties (ie, urban
and rural). The continuous variables (eg, social attributes used
in SVI) were presented as median and interquartile ranges
(Table | in the Data Supplement). We classified the percen-
tile rankings for overall (Figure 1) and modified SVI (Figure
Il in the Data Supplement) into quartiles (1st [least vulner-
able], 0-0.25; 4th [most vulnerable], 0.75—1.00). We also
classified percentile rankings for the 4 components/themes
of SVI (Figure 1l through VI in the Data Supplement). We then
aggregated age-adjusted mortality rates across overall and
modified SVI quartiles. Because we aggregated across coun-
ties for these analyses, we included all counties regardless of
population size and death counts.'

We estimated rate ratio (RR) and associated Cls (on the
basis of approximation)?® by comparing county-specific, age-
adjusted mortality rates between the most vulnerable (4th)
and least vulnerable (1st) SVI quartiles; 95% Cls that do not
cross 1 were considered statistically significant. We used R
Project for Statistical Computing (4.0.3) and Tableau 2020.4
for all analyses.

RESULTS

A total of 3143 (100%) US counties (Figure 1) were
included in the analysis. The largest concentration of
counties with more social vulnerabilities and CVD mor-
tality were clustered across the southwestern and
southeastern parts of the United States. Between 2014
and 2018, CVD deaths were 607 773 (1064785 064
person-years), amounting to an age-adjusted mortality

A Overall social vulnerability index

1sto
2nd 0 [0
sda [
aha

B Premature cardiovascular disease mortality

Figure 1. Social vulnerability index and premature cardiovascular disease mortality in the US, 2004-2018.
A, Counties by social vulnerability index quartiles, and (B) by age-adjusted cardiovascular disease mortality rates per 100000 among adults <65

years of age, by social vulnerability index quartiles. Q indicates quartile.
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rate of 470 (95% Cl, 46.9-472). The age-adjusted
mortality rate attributed to IHD was 28.3 ([28.2-28.4];
n=370737); stroke, 79 ([7.8-8.0]; n=100177); hyper-
tension, 8.4 ([8.3-8.5]; n=109941); and HF (2.4 [2.3—
2.5]; n=31918). Overall, age-adjusted CVD mortality
rates were higher for middle-aged adults, men, and non-
Hispanic Black individuals than their counterparts. Rural
counties had higher age-adjusted CVD mortality rates
than urban counties.

CVD Mortality

The age-adjusted CVD mortality rates were highest in
the 4th SVI quartile (61.8 [95% Cl, 61.3—-62.2]) and low-
estin the 1st SVI quartile (33.6 [33.3-43.0]; Table 1; RR,
1.84 [1.43-2.36]; Table 2). The mortality rates increased
in a stepwise manner from lowest to highest SVI quar-
tile. The RRs varied considerably across demographic
subgroups. For example, young adults (RR, 2.10 [1.25—
2.36]), and women (2.09 [1.53-2.86]) in the 4th SVI
quartile had 2-fold higher CVD mortality than those in the
1st SVI quartile (Table 2). Both non-Hispanic White (1.72
[1.32-2.24]) and non-Hispanic Black (1.56 [1.28-1.91])
adults in the 4th SVI quartile had significantly higher RRs
of CVD mortality than those in the 1st SVI quartile. Rural
counties (2.13 [1.72-2.64]) had double the mortality risk
in the 4th versus 1st SVI quartile. In analyses according
to the modified SVI quartile, the gradient effect across
1st to 4th SVI quartile was consistent for overall CVD
mortality and by age and sex stratification (Table Il in the
Data Supplement). For ethnicity/race, residents of coun-
ties with the greatest social vulnerabilities (4th SVI quar-
tile) had significantly higher mortality rates than those
living in the lowest social vulnerabilities (1st SVI quartile).

Social Vulnerability and Cardiovascular Mortality

IHD and Stroke Mortality

The age-adjusted IHD mortality rates were highest in the
4th SVI quartile (34.4 [34.1-34.8]) and lowest in the 1st
SVI quartile (22,5 [22.2-22.8]; RR, 1.562 [1.09-2.13];
Table 1l in the Data Supplement). Similarly, the age-
adjusted stroke mortality rates were highest in the 4th
SVI quartile (10.8 [10.6-11.0]) and lowest in the 1st SVI
quartile (5.3 [6.2-5.4]; RR, 2.03 [1.12-3.70]; Table IV in
the Data Supplement). The mortality rates attributable
to IHD and stroke increased from lowest to highest SVI
quartiles (Figure 2). Middle-aged adults, both sexes, and
non-Hispanic White and non-Hispanic Black individuals
in the 4th SVI quartile versus the 1st SVI quartile had
significantly higher RRs of IHD mortality. Non-Hispanic
Black adults in the 4th SVI quartile versus the 1st SVI
quartile exclusively had higher RR of stroke mortality
(1.65 [1.07-2.54]) in the ethnicity/race group.

Hypertension and HF Mortality

The age-adjusted hypertension mortality rates were 12.2
(12.0-12.3) in the 4th SVI quartile and 4.5 (4.4-4.7) in
the 1st SVI quartile (RR, 2.71 [1.54—-4.75]; Table V in the
Data Supplement). Similarly, age-adjusted HF mortality
rates were 4.4 (4.3-4.5) in the 4th SVI quartile and 1.3
(1.1-1.4) in the 1st SVI quartile (RR, 3.38 [1.32-8.61];
Table VI in the Data Supplement). The RRs varied among
demographic subgroups. Among all ethnicities/races,
non-Hispanic Black adults in the 4th SVI quartile versus
the 1st SVI quartile exclusively had higher RR of HF mor-
tality (2.42 [1.29-4.55]). In addition, rural counties dem-
onstrated 3- and 5-fold higher mortality rates attributable
to hypertension and HF, respectively.

Table 1. Age-Adjusted Cardiovascular Disease Mortality Rates Per 100000 (With 95% Confidence Intervals) Among Adults <65
Years of Age, by Social Vulnerability Index Across US Counties, 2014 to 2018

Quartile
Variable Total 1st 2nd & 4t
Overall 470 (46.9-47.2) 33.6 (33.3-34.0) 43.6 (43.4-43.8) 49.3 (49.1-49.5) 61.8 (61.3-62.2)
Age, y
<45 10.2 (10.1-10.3) 6.9 (6.7-7.1) 9.3 (9.1-9.4) 10.5 (10.4-10.6) 14.5 (14.2-14.8)
45-64 119.6 (119.2-119.9) 86.2 (85.3-87.1) 111.0 (110.5-111.5) 125.6 (125.1-126.1) 154.6 (153.5-155.7)
Sex
Men 66.2 (66.0-66.4) 48.8 (48.2-49.4) 61.7 (61.4-62.1) 69.2 (68.9-69.5) 85.7 (85.0-86.5)
Women 28.7 (28.6-28.9) 18.8 (18.4-19.1) 26.2 (26.0-26.4) 30.3 (30.1-30.5) 39.4 (39.0-39.9)

Ethnicity/race

Non-Hispanic White

44.9 (44.7-45.0)

32.6 (32.2-32.9)

40.4 (40.2-40.6)

50.4 (50.1-50.6)

56.2 (55.7-56.8)

Non-Hispanic Black 87.7 (87.2-88.2) 62.6 (60.4-64.7) 82.9 (82.1-83.6) 89.4 (88.6-90.2) 98.0 (96.9-99.2)

Hispanic 31.2 (80.9-31.5) 23.0 (21.7-24.3) 28.5 (28.0-29.0) 32.7 (82.3-33.0) 31.1 (30.2-32.1)
County type

Urban 44.6 (44.4-44.7) 31.7 (31.3-32.0) 42.7 (42.5-42.9) 46.0 (45.8-46.2) 56.1 (55.6-56.5)

Rural 61.6 (61.2-62.0) 39.4 (38.6-40.1) 49.7 (49.1-50.2) 73.1 (72.5-73.8) 84.2 (83.1-85.3)
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Table 2. Association Between 4th (Highest Vulnerability) Versus 1st (Lowest Vulnerability) Social Vulnerability Index Quartile
for Age-Adjusted Mortality Rates for Cardiovascular Disease and Its Subtypes Among Adults <65 Years of Age in US Counties,

Stroke
(n=100177)

Hypertension
(n=109 941)

Heart failure
(n=31918)

2.03 (1.12-3.70)

2.71 (1.54-4.75)

3.38 (1.32-8.61)

2.07 (0.65-6.54)

2.92 (1.06-7.99)

3.33 (0.46-23.66)

2.02 (1.37-2.96)

2.62 (1.81-3.78)

3.46 (1.92-6.24)

2.18 (1.26-3.77)

2.53 (1.55-4.12)

3.50 (1.52-8.01)

1.91 (0.98-3.70)

3.07 (1.565-6.07)

3.20 (1.06-9.57)

1.71 (0.81-3.38)

2.29 (1.20-4.34)

2.90 (0.97-8.70)

1.65 (1.07-2.54)

1.62 (1.09-2.42)

2.42 (1.29-4.55)

1.24 (0.58-2.67)

1.67 (0.71-3.96)

0.78 (0.12-5.09)

1.90 (1.01-3.56)

2.41 (1.35-4.29)

2.92 (1.06-7.99)

2.56 (1.64-4.27)

3.60 (2.14-6.03)

5.75 (2.72-12.12)

2014 to 2018.
Cardiovascular Ischemic heart
Variable disease (n =607 773) disease (n =370 737)
Overall 1.84 (1.43-2.36) 1.52 (1.09-2.13)
Age, y
<45 2.10 (1.25-3.51) 1.76 (0.83-3.73)
45- 64 1.79 (1.563-2.10) 1.49 (1.21-1.84)
Sex
Men 1.75 (1.41-2.17) 1.46 (1.10-1.92)
Women 2.09 (1.53-2.86) 1.83 (1.17-2.87)
Ethnicity/race
Non-Hispanic White 1.72 (1.32-2.24) 1.56 (1.12-2.18)
Non-Hispanic Black 1.56 (1.28-1.91) 1.38 (1.02-1.86)
Hispanic 1.35 (0.95-1.92) 1.35 (0.85-2.15)
County type
Urban 1.76 (1.36-2.30) 1.51 (1.06-2.15)
Rural 2.13 (1.72-2.64) 1.69 (1.28-2.25)
DISCUSSION

In this analysis, counties with more social vulnerabilities
had higher premature CVD mortality, varied by demo-
graphic characteristics and rurality. For example, women
living in counties with social vulnerabilities had 2-fold
higher CVD mortality, and non-Hispanic Black residents
of the most vulnerable counties had higher RRs of stroke
and HF mortality than those in the least vulnerable coun-
ties. In addition, rural counties with significant social vul-
nerabilities had markedly higher CVD mortality rates. Our
findings highlight the socioeconomic disparities faced by
county residents and their impact on overall and cause-
specific premature CVD mortality.

Other measures of SDOH, such as the area depriva-
tion index?' or social deprivation index,?? share an over-
arching theme with SVI. However, in contrast with SV,
area deprivation index predominantly focuses on eco-
nomic deprivation?' and the social deprivation index cov-
ers limited social characteristics (poverty; <12 years of
education; single-parent household; rented housing unit;
overcrowded housing unit; household without a car; non-
employed adults <65 years of age), making it a relatively
narrower SDOH scale.? In addition, the SVI covers some
unique variables (eg, minority status; English language
insufficiency; elderly [>65 years of age]; children [<18
years of agel; >b years of age with a disability), thereby

40

30

Age-adjusted mortality rate per 100,000

Ischemic heart disease Stroke

20
10 I I
: i [ .

u 1st Quartile
2nd Quartile
3rd Quartile

m 4th Quartile

Hypertension Heart failure

Figure 2. Age-adjusted mortality rates per 100000 for cardiovascular disease subtypes among adults <65 years of age, by social

vulnerability index quartiles across US counties, 2014-2018.
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forming a broader scale with which to measure the social
risk of communities.

We noted that women living in more socially vulnerable
counties had double the risk of premature CVD mortality
than those in less vulnerable counties. Overall, CVD mor-
tality has increased in women during the last 2 decades
in the United States, mainly driven by mortality among
women 25 to 34 years of age and 55 to 64 years of
age.”*?* Women face considerable barriers to equitable
living and working conditions, including lower educational
attainment and incomes; greater financial dependence;
and gendered societal roles that may affect their health
and wellbeing.?®® A recent county-level analysis showed
that an increase in economic prosperity metric was asso-
ciated with fewer CVD deaths in middle-aged women.?®
In addition, systemic factors may exacerbate the social
burden experienced by women and worsen CVD out-
comes. For example, evidence showed that after adjust-
ing for education, employment, income, insurance status,
marital status, and contact with health care, women with
atherosclerotic CVD were more likely to experience poor
patient—provider communication, lower health care satis-
faction, poor perceived health status, and lower health-
related quality of life, relative to men.?” While many of
these structural barriers are not captured by the SVI, they
may contribute to the observed disparities as underlying
determinants of CVD mortality, indicating greater disad-
vantage for women.

Non-Hispanic Black residents of the most vulnerable
counties had the highest CVD mortality among all eth-
nicities/races. In particular, relative estimates of stroke
and HF mortality were exclusively higher in non-Hispanic
Black individuals. The excess CVD mortality is attribut-
able to many factors, including suboptimal CVD profile
and adverse SDOH.?® In the REGARDS study (Reasons
for Geographic and Racial Disparities in Stroke), Black
individuals had a 34% higher RR of stroke after adjust-
ing for age and gender?® Another study reported that
non-Hispanic Black individuals were more likely to live in
socially deprived census tracts and had a higher propor-
tion of chronic comorbidities and 30-day adverse event
rates with HR?® Data have shown that hospitals that treat
a high volume of non-Hispanic Black individuals were
more frequently penalized by the Centers for Medicare
and Medicaid Services' value-based programs, even after
adjusting for safety-net status.® In this perspective, con-
certed multifaceted efforts focusing on social, financial,
and health systems are mandated to mitigate social dis-
parities experienced by these ethnic/racial minorities.

The rural-urban mortality difference has widened
between 1999 and 2019 in the United States, with a
substantial rise in the total and CVD mortality for rural
residents 25 to 64 years of age.'*3!

Demographic changes, socioeconomic meltdown,
neighborhood disadvantage, and limited health care
access predispose underserved rural residents to
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adverse CVD outcomes.'*'®3" These findings also carry
implications: consider the striking health disparities faced
by rural residents, as well as ethnic/racial minorities,
during the coronavirus disease 2019 (COVID-19) pan-
demic. For example, a recent CDC report showed that
US counties with the highest social vulnerabilities—par-
ticularly in rural areas and those with a higher proportion
of ethnic/racial minority residents—were more prone to
become COVID-19 hotspots.? Another population-based
study found that SDOH burden was associated with
lower adherence to COVID-19 risk-limiting practices.3?
The socioeconomic challenges faced by rural residents
have sizeable health implications and require widespread
public health efforts to address social vulnerabilities and
close the rural-urban mortality gap.

The findings of this study carry significant implica-
tions. For advancing the cause of health equity, policy
efforts should advocate for integrating SDOH into exist-
ing clinical delivery support systems and promote invest-
ments in developing social risk assessment tools that
enable health care providers to target socially vulnerable
populations.3*3* This must be accompanied by workforce
training to provide SDOH-informed care to underserved
and marginalized populations. Ideally, in-person visits
should take precedence over telehealth for social and
health assessment of the patient. Telehealth services
are critical for the health care settings and have been
instrumental in maintaining physical distancing during
the COVID-19 pandemic. However, considering that up
to 10% of the US population lack broadband access,*® a
widespread adaptation to telehealth delivery may further
the digital divide and indirectly deteriorate cardiovascular
care. State programs, such as Medicaid expansion, have
improved cardiovascular outcomes and reduced gaps
in care.®® Since nearly 30% of Medicaid enrollees have
CVD, expanding Medicaid services to nonelderly adults
facing adverse social circumstances may narrow the
health disparities.?® Last, extending care outside the clini-
cal setting and using population- and community-wide
interventions may yield considerable health gains.® For
example, Massachusetts successfully expanded its cost-
free insurance Medicaid coverage for tobacco cessation
programs (medications, patient counseling, and public
information campaigns).®’

Our study has several limitations. We could not estab-
lish causality or the direction of association because of
the cross-sectional design. For example, the probability
of reverse association exists (ie, worsening social vulner-
ability because of increasing CVD mortality). The SVI is
a broad measure of social disadvantage and does not
cover relevant social elements such as food insecurity,
community/social contextual factors, and barriers to
health care access. Besides age, mortality rates were not
adjusted for other demographic characteristics or tradi-
tional CVD risk factors. Therefore, residual confounding
attributable to these variables could not be accounted
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for. Since we performed aggregate-level analyses at the
county level and not each individual with a death record
in the CDC WONDER database, individual-level infer-
ences cannot be made. Potential miscoding issues may
exist, especially during the cause of death determination
on the death certificates.

The data on non-Hispanic American Indian/Alaskan
Native and Asian/Pacific Islander were not reported
because of unreliable mortality estimates. On the same
note, the minority theme in the SVI could potentially
influence the results. Therefore, we performed additional
analyses using a modified SVI (excluding minority theme)
scale, and the results showed consistently higher CVD
mortality rates between the 4th versus 1st SVI quartiles
for ethnicities/races. Last, among large urban coun-
ties, within-county variation probably exists as they may
have a mix of census tracts with a large differential in
SVI. However, the CDC provided the margin of error to
describe the precision of measures and was reasonably
reliable for estimating county-level SVI rankings.®

In summary, premature CVD mortality was higher
in counties with more significant social vulnerabilities.
These findings illustrate the socioeconomic, demo-
graphic, and geographical distributions of premature
CVD mortality. This information may inform future
research and policy and help identify socially vulnerable
populations that may benefit from evidence-based pub-
lic health interventions.
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