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BACKGROUND: Disparities in cardiovascular disease (CVD) outcomes persist across the United States. Social determinants of
health play an important role in driving these disparities. The current study aims to identify the most important social determi-
nants associated with CVD mortality over time in US counties.

METHODS AND RESULTS: The authors used the Agency for Healthcare Research and Quality’s database on social determinants
of health and linked it with CVD mortality data at the county level from 2009 to 2018. The age-standardized CVD mortality rate
was measured as the number of deaths per 100000 people. Penalized generalized estimating equations were used to select
social determinants associated with county-level CVD mortality. The analytic sample included 3142 counties. The penalized
generalized estimating equation identified 17 key social determinants of health including rural-urban status, county’s racial
composition, income, food, and housing status. Over the 10-year period, CVD mortality declined at an annual rate of 1.08
(95% Cl, 0.74-1.42) deaths per 100000 people. Rural counties and counties with a higher percentage of Black residents had a
consistently higher CVD mortality rate than urban counties and counties with a lower percentage of Black residents. The rural—
urban CVD mortality gap did not change significantly over the past decade, whereas the association between the percentage
of Black residents and CVD mortality showed a significant diminishing trend over time.

CONCLUSIONS: County-level CVD mortality declined from 2009 through 2018. However, rural counties and counties with a
higher percentage of Black residents continued to experience higher CVD mortality. Median income, food, and housing status
consistently predicted higher CVD mortality.

Key Words: cardiovascular disease mortality m longitudinal data analysis ® racial disparities ® rural-urban disparities ® social
determinants of health

cular disease (CVD) outcomes persist across the
United States.'? In 2017, 11.5% of non-Hispanic
White adults, 9.5% of non-Hispanic Black adults, 7.4%
of Hispanic adults, and 6.0% of non-Hispanic Asian
adults had heart disease, with non-Hispanic White
adults experiencing a downward trend in heart disease

Racial, ethnic, and regional disparities in cardiovas-

during the 2010s.> Moreover, non-Hispanic Black
adults were more than twice as likely as non-Hispanic
Asian and Pacific Islander adults to die of heart dis-
ease.® Additionally, rural residents experienced higher
CVD death rates than urban residents, and Black
adults in rural or segregated areas maintained higher
CVD mortality than their White counterparts.*®
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CLINICAL PERSPECTIVE

What Is New?

e We used the Agency for Healthcare Research
and Quality’s database on social determinants
of health, with social determinants of health
indicators measured from 2009 to 2018 at
the county level, to examine their important
role in determining racial, ethnic, and regional
disparities.

e Penalized generalized estimating equations
were used to identify important social determi-
nants of health associated with cardiovascular
disease (CVD) mortality in the United States.

e The study found that despite county-level CVD
mortality rates declining in the past decade,
rural counties and counties with a higher per-
centage of Black residents continued to experi-
ence higher CVD mortality.

What Are the Clinical Implications?

e Decline in CVD mortality was not uniform across
different geographic regions and racial and eth-
nic groups.

e Community deprivation, food insecurity, and
housing instability consistently predicted higher
CVD mortality and drove rural-urban, racial,
and ethnic disparities in CVD mortality.

Nonstandard Abbreviations and Acronyms

AHRQ Agency for Healthcare Research and
Quality

FIPS Federal Information Processing
Standards

GEE generalized estimating equation

MEDPAR Centers for Medicare & Medicaid
Services’ Medicare Provider Analysis
and Review

NCHS National Center for Health Statistics
SNAP Supplemental Nutrition Assistance
Program

SDOH social determinants of health

Social determinants of health (SDOH) play an im-
portant role in driving racial, ethnic, and regional dis-
parities.® The leading SDOH-based disparities include
a complex interplay of multiple domains at various
levels, including but not limited to socioeconomic
status, structural racism, and neighborhood environ-
ment.” Moreover, health care systems have become
increasingly interested in understanding the role of
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SDOH in disease onset, progression, and outcomes.®
In primary care settings, integrated, value-based care
models are gradually reshaping how health care is
delivered and financed to improve quality of care.®'°
Addressing unmet social needs (such as food insecu-
rity, housing instability, lack of public transportation,
and poverty) is increasingly being recognized as a
critical way of improving cardiovascular health among
populations experiencing health disparities.® 12

While it is understood that SDOH may drive disparities
in CVD outcomes in many ways, a nuanced understand-
ing of which SDOH indicators may be more important in
determining CVD mortality over time is needed to identify
promising approaches to address disparities in CVD out-
comes. The current study used a novel variable selection
approach designed for high-dimensional longitudinal
data to identify key social determinants associated with
CVD mortality at the US-county level.

METHODS

Data Sources

We used data from the 2009 to 2018 SDOH database
from the Agency for Healthcare Research and Quality
(AHRQ)."® AHRQ compiled and released the SDOH
database in 2020 to better understand the relation-
ship between community-level factors, health care
quality and delivery, and individual health to then ad-
dress emerging health issues. The SDOH database is
publicly available and includes data from existing fed-
eral data sets and other public data sources spanning
multiple years.!® Variables in the data set are organ-
ized into 5 SDOH domains: (1) social context, such as
age, race and ethnicity, and veteran status; (2) eco-
nomic context, such as income and unemployment; (3)
education; (4) physical infrastructure, such as housing,
food insecurity, and transportation; and (5) health care
context, such as health insurance coverage and health
care access.'® Mortality data were obtained from the
Interactive Atlas of Heart Disease and Stroke at the
Centers for Disease Control and Prevention (CDC),'
which were originally compiled from 2 data sources:
(1) the National Vital Statistics System at the National
Center for Health Statistics, and (2) the hospital dis-
charge data from the Centers for Medicare & Medicaid
Services’ Medicare Provider Analysis and Review
(MEDPAR) file."* We linked the SDOH data with corre-
sponding mortality data at the county level. All data and
materials used in this analysis are publicly available at
the AHRQ website https:/www.ahrg.gov/sdoh/index.
html and CDC website https://www.cdc.gov/dhdsp/
maps/atlas/index.ntm. The AHRQ SDOH database is
HIPAA (Health Insurance Portability and Accountability
Act) compliant, and therefore review by an institutional
review board is not required.


https://www.ahrq.gov/sdoh/index.html
https://www.ahrq.gov/sdoh/index.html
https://www.cdc.gov/dhdsp/maps/atlas/index.htm
https://www.cdc.gov/dhdsp/maps/atlas/index.htm
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SDOH Variables

The SDOH data contained a total of 345 variables.
We selected variables to be included in the analytic
sample based on the following inclusion and exclusion
criteria. First, variables that were measured repeat-
edly for 10years were included. Second, variables with
>60% missing values were excluded. Third, variables
that had the same or similar definitions (eg, percentage
of residents who were native-born and percentage of
residents who were foreign-born) as the ones included
in the model were dropped. As a result, 78 variables
were included in the analytic sample.

Discrepancies in the number of counties during the
10-year period were attributable to changes in county
Federal Information Processing Standards (FIPS)
codes in certain years. We treated these observations
as follows and described these changes in Table $1."°
Bedford city, Virginia (FIPS code: 51515) was merged
with Bedford County, Virginia (FIPS code: 51019) in
2013. We excluded both observations since there were
not enough data available when we linked them with
the SDOH indicators. Wade-Hampton Census Area,
Alaska (FIPS code: 02270) and Shannon County, South
Dakota (FIPS code: 46113) were renamed Kusilvak,
Alaska (FIPS code: 02158), and Oglala Lakota County,
South Dakota (FIPS code: 46102), respectively.

The rural-urban status of a county was defined
according to the Urban—-Rural Classification Scheme
for Counties used by the National Center for Health
Statistics (NCHS) in 2013.® County urbanization levels
were defined by 6 categories: (1) large central metro; (2)
large fringe metro; (3) medium metro; (4) small metro;
(5) micropolitan; and (6) noncore.'® Counties in catego-
ries 1 through 4 were classified as urban, and counties
in categories 5 and 6 were classified as rural.

The racial and ethnic composition of a county was
measured by the percentage of population reporting
Black race, percentage of population reporting Hispanic
ethnicity, percentage of population reporting Asian
race, and percentage of population reporting White
race in a county, originally obtained from the American
Community Survey."”

Outcomes

The age-standardized mortality rate was measured as
the number of deaths per 100000 people, adjusted for
differences in the age distribution of the population.
Mortality attributable to CVD was identified using the
International Classification of Diseases, Tenth Revision
(ICD-10), codes (I00-178).1418

Statistical Analysis

Maps were used to visualize changes in CVD mortal-
ity rate and associated geographic and racial dispari-
ties at the county level between 2009 and 2018. The
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overall median CVD mortality rate (239.5; interquartile
range [IQR], 208.3-277.0) was used as the bivariate
threshold, and a 30% cutoff value was used to define
the racial composition of each county, measured by
the percentage of Black residents.”® In 2018, the num-
ber of counties with a higher CVD mortality (>239.5)
was smaller than those in 2009 in both rural and
urban counties, regardless of the racial composition
of the county. Trends in mean CVD mortality in rural
versus urban counties, as well as trends in counties
with >30% Black residents versus counties with <30%
Black residents, were plotted to visualize changes in
CVD mortality over 10years.

Penalized generalized estimating equations (GEEs)
were used to simultaneously select key social deter-
minants associated with county-level CVD mortality.
Descriptive analysis was used to describe characteris-
tics of those selected SDOH between rural and urban
counties. In our study, the large number of SDOH in-
dicators presented a challenge in model fitting and
interpretation. Therefore, with a large number of pre-
dictors, we preferred to select the variables with the
strongest associations with CVD mortality among the
345 candidate SDOH indicators. Penalized GEEs were
used for variable selection given that our data set was
longitudinal and we had a large number of potential co-
variates.?® GEEs were then used to fit the linear regres-
sion model for CVD mortality and estimate coefficients.
First-order autoregressive correlation structure was
used in this model. We also tested interaction terms
to account for certain nonlinear associations between
the variables. In particular, we tested the changes in
CVD mortality between rural and urban counties and
between those with a high/low percentage of racial mi-
norities over time; we also considered and tested the
interactions between rural-urban status and median
household income as well as rural-urban status and
food insecurity. We also tested multicollinearity with
the variables selected from the penalized GEE analy-
sis and identified a final set of variables. We used the
variance inflation factor to measure the multicollinearity
among variables and excluded those variables with a
variance inflation factor >10.

A 2-tailed P<0.05 was considered statistically sig-
nificant. Data management and analysis were per-
formed with R version 4.1.2 (R Foundation for Statistical
Computing), SAS version 9.4 (SAS Institute Inc), and
ArcGIS Pro version 2.9.0 (Esri Inc).

RESULTS

The analytic sample included 3142 counties, of which
1166 were urban and 1976 were rural. Figure 1 shows
the geographic distribution of age-standardized CVD
mortality per 100000 people by race and rural-urban
status of US counties in 2009 and 2018. A slight decline
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CVD Mortality by Rural-Urban Status in 2009

CVD Mortality by Rural-Urban Status in 2018
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Figure 1.
indicates cardiovascular disease.

was observed in the South and the Northeast of the
United States. In the West, CVD mortality decreased
among a number of counties in California and Nevada.
In addition, in Alaska and the East North Central states
of the Midwest region, a reduction in CVD mortal-
ity was observed. The number of high CVD mortality
counties in 2009 and 2018 is shown in Table S2.

Figure 2 presents the trends in mean CVD mortal-
ity by rural-urban status and racial composition of US
counties from 2009 to 2018 (mean and median over
time are shown in Table S3). Overall, a downward
trend in CVD mortality across counties from 2009 to
2018 was observed. However, CVD mortality was per-
sistently higher in rural counties than urban counties
and in counties with >30% of Black residents than
in counties with <80% of Black residents. There ap-
peared to be no significant change in CVD mortality
gaps between rural and urban counties and counties
with a high (>30%) versus low (<30%) percentage of
Black residents over the past decade.

Table 1 describes the selected SDOH variables as-
sociated with CVD mortality. Within the social context
domain, selected variables include the percentage of
families with children that are single-parent families;
percentage of the population reporting Black race,
Hispanic ethnicity, and White race; percentage of

Geographic distribution of age-adjusted CVD mortality across counties in the United States, 2009 versus 2018. CVD

population who are US nationals (born in the United
States, Puerto Rico, or US Virgin Islands); and percent-
age of population who were foreign-born. In the eco-
nomic context domain, county’s rural—-urban status,
median household income in the past 12 months (in
$1000 US; inflation-adjusted to file data year, 2009—
2018), percentage of households that received food
stamps/Supplemental Nutrition Assistance Program
(SNAP) in the past 12 months, percentage of unmarried
partner households that received food stamps/SNAP
benefits, and percentage of population with income to
poverty ratio: “<1.00” or “>2.00” were selected. In the
education context domain, the percentage of popula-
tion with only a high school diploma (aged >25years)
was selected. In the physical infrastructure context
domain, percentages of housing units that are mo-
bile homes, vacant housing units, renter-occupied
housing units with children, and workers aged >16
and older with at least a 60-minute commute time by
public transportation were selected. In the health care
context domain, the ratio of the number of Medicare
Advantage enrollees over the number of original
Medicare-eligible people®’ and the number of people
living with diagnosed HIV per 1000 people were se-
lected. After testing for multicollinearity from the re-
gression model, variables measuring the population
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CVD mortality in rural-urban counties <30% and >30% Black residents

% 320
o
8 300
o
=
8. \
F 280 —
g 260
% 240 \~\

220

2010 2012

——— |n urban counties, <30% Black residents
~ |n urban counties, > 30% Black resident
~—|n rural counties, <30% Black residents
|0 rural counties, > 30% Black resident

2014
Year

2016

Figure 2. Trend in age-adjusted adjusted CVD mortality disparities by geographic and racial group over 2009

to 2018. CVD indicates cardiovascular disease.

of US nationals (percentage of population consisting
of US citizens born in the United States, Puerto Rico,
or US Virgin Islands) and the poverty rate (percentage
of population with income to poverty ratio: <1.00 or
>2.00) in the county were dropped.

Table 2 presents the medians of the selected SDOH
variables between rural and urban counties from 2009
to 2018. The overall median household income was
higher in urban counties ($50.18; IQR, 42.59-59.23)
than that in rural counties ($41.79; IQR, 36.34-48.03).
The percentage of Black residents in a county was
about 5 times higher in urban counties (5.39; IQR,
1.54-14.34) compared with that in rural counties (1.11;
IQR, 0.39-5.60). Similarly, the percentage of people liv-
ing with diagnosed HIV was =10 times higher in urban
counties (0.10; IQR, 0.08-0.32) than in rural counties
(0.01; IQR, 0.00-0.03). Furthermore, the percentages
of unmarried partner households on food stamps/
SNAP, households on food stamps/SNAP, single-
parent families with children, and renter-occupied
housing units with children were similar between rural
and urban counties during the 10-year study period.

We fitted GEE adjusting for the county-level SDOH
variables with the findings shown in Table 3. From
2009 to 2018, CVD mortality was declining (f=-—1.08
[95% ClI, —1.42 to —0.74], P<0.0001). The CVD mortality
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in rural counties compared with urban counties re-
mained persistently higher (8=4.26 [95% CI, 0-8.51],
P=0.0498). Although the percentage of Black resi-
dents was positively associated with CVD mortality
(B=1.11 [95% CI, 0.81-1.41], P<0.0001), the inverse
associations between the percentage of Hispanic and
White populations and CVD mortality were not sig-
nificant. Moreover, CVD mortality was negatively as-
sociated with SDOH such as the median household
income (f=—0.64 [95% ClI, —0.78 to —0.49], P<0.0001),
and percentage of unmarried partner households on
food stamps/SNAP (8=—0.28 [95% ClI, —0.38 to —0.18],
P<0.0001), being foreign-born (f=—1.19 [95% ClI, —1.55
to -0.82], P<0.0001), having a vacant housing unit
(B=-0.70 [95% CI, -0.90 to -0.51], P<0.0001), and
the ratio of Medicare coverage among the Medicare-
eligible population (f=-0.18 [95% CI, —0.26 to —-0.10],
P<0.0001). In contrast, counties with a higher propor-
tion of households on food stamps/SNAP (8=0.51
[95% ClI, 0.17-0.86], P=0.0032), residents having only
a high school diploma (=1.43 [95% CI, 1.21-1.65],
P<0.0001), residents living in mobile homes (8=0.83
[95% ClI, 0.59-1.08], P<0.0001), residents living in
renter-occupied housing units with children (8=0.18
[95% ClI, 0.06-0.30], P=0.0039), and people living with
diagnosed HIV (8=0.88 [95% ClI, 0.45-1.25], P<0.0001)
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Table 1. Selected Variables From the Agency for Healthcare Research and Quality’s Social Determinants of Health

Database Using Penalized GEEs

Domains Selected variables
Identifier Year
Geography Urban-Rural Classification Scheme from NCHS 2013

Social context

Families with children that are single-parent families, %

Population reporting Black race, %

Population reporting Hispanic ethnicity, %

Population reporting White race, %

Population consisting of US citizens born in United States, Puerto Rico, or US Islands, %

Population that is foreign-born, %

Economic context
2009-2018)

Median household income in the past 12 months (in $1000 US, inflation-adjusted to file data year,

Households that received food stamps/SNAP, past 12 mo, %

Unmarried partner households that received food stamps/SNAP benefits, %

Population with income to poverty ratio: <1.00, %

Population with income to poverty ratio: >2.00, %

Education context

Population with only high school diploma (aged >25y), %

Physical infrastructure context

Housing units that are mobile homes, %

Housing units vacant, %

Renter-occupied housing units with children, %

Workers aged >16 y with at least 60-min commute time by public transportation, %

Health care context

Medicare, derived field that equals the ratio of enrollees over Medicare-eligible x 100

Number of people living with diagnosed HIV, per 1000 people

GEEs indicates generalized estimating equations; NCHS 2013, National Center for Health Statistics in 2013; and SNAP, Supplemental Nutrition Assistance

Program.

were more likely to have a higher CVD mortality as
compared with their counterparts, respectively.

After selecting the key SDOH indicators, we in-
cluded all of the possible interaction terms to account
for potential nonlinear associations between the vari-
ables. Most variables in the model were not signifi-
cantly modified by other SDOH indicators (Table S4).
We presented the GEE model that included interac-
tions with rural-urban status and racial composition of
a county in Table 4. The changes in CVD mortality be-
tween rural and urban counties were not significantly
different (8=—0.19 [95% CI, —0.83 to 0.44], P=0.5541).
Although the annual change in CVD mortality among
counties with a high percentage of White residents
was not significant (8=-—0.02 [95% ClI, —0.04 to 0.01],
P=0.2238), the change in counties with a high percent-
age of Black residents was significantly decreased over
time (f=—0.05 [95% CI, -0.08 to —-0.02], P=0.0029).
for the interaction term between median household in-
come and rural-urban status of a county was —0.36
(95% Cl, -0.65 to -0.06; P=0.0177). In contrast, al-
though the percentage of households who received
food stamps/SNAP among those unmarried partner
households significantly reduced CVD mortality in a
county, the protective effect was larger in urban than
in rural counties (g for the interaction term between the
percentage of households on food stamps/SNAP and

J Am Heart Assoc. 2023;12:e026940. DOI: 10.1161/JAHA.122.026940

rural-urban status of a county (0.27 [95% CI, 0.10—
0.44], P=0.0015)).

DISCUSSION

The CVD mortality rate declined in the United States
from 2009 to 2018, and this decline was not uniform
across different geographic regions and populations.
Specifically, the CVD mortality rate was higher but de-
clined faster in counties with a higher percentage of
Black residents. While rural counties continued to expe-
rience a higher CVD mortality rate, changes in the rural—
urban CVD mortality gap were not statistically significant
over the past decade. Moreover, SDOH indicators such
as education, food insecurity, housing instability, health
insurance, and income were consistently associated
with county-level CVD mortality. CVD mortality was sig-
nificantly lower in counties with a higher median house-
hold income, and in counties with higher percentages
of foreign-born residents, people having a vacant hous-
ing unit, and people with Medicare coverage who are
Medicare eligible. CVD mortality was significantly higher
in counties with a higher proportion of households on
food stamps/SNAP, residents having only a high school
diploma, residents living in mobile homes, residents
living in renter-occupied housing units with children,
and people living with diagnosed HIV. The association



Social Determinants of Cardiovascular Health

Son et al

(penunuo)
% ‘e|qiblje 81eolpa|y
(0826-1e°G1) | (9v'zr-v212) | (902r—6€02) | (16'66-22'81) (€9'6e-11'81) | (€2'88-¥99l) | (98'96-80°Gl) | (S9've-EEEL) (ez'ee-L1el) | (wze-66'Ll) | (ee0e-1e'L) 1810 s99)|01UB JO
082 ve'Le 81oe 9/'82 v8.2 Loz [elegord vile 16°6L ar'6lL LESL oljel ‘eleoIpojy
A9Iz
pabe ‘awi} 8lNWW0o
(98'2v-022) | (97'S¥-092) | (e6'Sv-258)| (e er—vi8) (98'2r-91'8) | (622r—62'8) | (S9°€v—0672) (Lrey-622) (98'17-222) (v20v-202) | (2e68-28'9) ulw-0g ises)| e
00'Se rv'92 Yravrs 80'/¢ crog 962 2Lse 1¥'e2 £5'62 8/L'¢2 6v'gg | ‘uonenodsues; oand
a|doad 0001
(ce0-€00)| (280-v00)| (.£0-€00)| (98°0-€0°0) (te'0-0'0) | (0€'0-€00) (62°0-€0°0) (0e'0-€00) (.z0-€00)| (62°0-€00) Jed ‘A\|H pesoubelp
0Ko zro zLo L0 | (#€°0-80°0) O ] 0ro 600 600 600 600 unm Buiay ejdoed
% ‘UBIP|IYo
(€5'17-201€) | (GLov-68'62) | (€207-69°08) | (E1'14-88°0€) (' 1w-9g71e) | (le'gr—6e71e) | (0Fer—vS1e) | (L2 17-97'1E) Brzy-vee) | (lzey-911e) | (LG2r—78'0¢) Ynm syun Buisnoy
erog zrse 89°GE 16°G¢ 9roe Gv'9e 8896 2L9e €96 998 619 peidnooo-Jejusy
(6268-€9'€2) | (rL'9e-2L'€2) | (B2'96-G2€2) | (L2°98-2v ¥2) (r8'9e-19'72) | (12'96-eSva) | (w'9e-Live) | (Or'ge-Svee) | (S2ve-5622)| (€9ve-0.22) | (69'€6-6222) % ‘UBIP|IUO YM
6562 1162 ¥8'62 1208 508 Ge'08 18'62 v£'62 €182 62’82 GLl2 e} Jueled-s|buis
(rSG1-G1'8) | (12791-662) | (2€'91-50'8) (8'51-01'8) (ergl-91g) | (€261-62'8)| (9eGI-¥€'9) (ers1-0g'9) (9z'si-62'8)| (G8vI-0r8)| (¥1-8872) %
GLLE G 1S 9e' Lk el [t 6LLL Sl FELL 08°0L 09°0L | ‘JueoeA :sjuUn BuisNoH
(6L71-022) | (85'€1-9v'2) | (87'€l-252) | (98°€1-6572) (66'€1-092) | WO¥I-192) | (g¥i-1.72) (esvi-v.2) (e9vi-222)| (.5v1-6872) | (00G1-€672) % ‘sewioy
619 €9 er9 £e9 289 /€9 9 /99 999 629 0z'/| elgow syun BuisnoH
(r6'96-28'92) | (Ge'96-26'G2) | (£1'96-90°92) | (L¥'96-91'92) (85'96-69'92) | (68'96-88'92) | (86'98-16'92) | (98'96-6692) (ez1e-0v/2) | (992/e-1€72) | (06°28-9922) | % ‘A Gz pebe ‘ewodip
618 o'l ele vie SG'Le 19’1 818 /8°1€ 8628 092e 8'ze |ooyas ybiy Aluo
(28'8-8v2) | (02'6-992) (Lr6-6572) | (806-2972) (L0'6-092) |  (18'8-9t'2) (52'8-1¥'2) (09'8-0£72) ers-vze)
08t 10'S 61 €67 | (L06-€972) 661 867 261 ¥8'v | (89'8-/£72) 691 8y Pion4 % ‘U10g-UbeI04
(2G°91-v2'8) | (2991-2L6)| (0F21-096)| (2621-866) (co'gi=LL'01) | (8621-€L01) | (€521-€26) (9€'91-20'6) ogl-108) | (66'€-GL2) | (80°€1-9%°9) dVNS/sduwiess pooy
62°Ch €92k 6LeL ro'el S8'elL 89°€lL 1zek Lech oLl 10k 2’6 | POAIDO8I ‘SPloyesnoH
dVNS/sduwiess pooy
(62°88-€2°€2) | (€¥'88-9812) | (06'68-V1'G2) | (P2 0v—67'92) ez 1v-8€22) | (€5 1v-26'92) | (Q0'1y-82'92) | (89'88-9¢¥2) | (62'98-GL'12) | (62'7E-6.61) | (/8'26-62'8L) | PBAI®DRI ‘Spjoyssnoy
se'le 16'08 1728 rvee 65VE 12v¢ 8e°¢ce 69°1E 1762 €02 ¥0'Gg Jsuyled psusewun
(6526-7522) | (P8'16-1EL2) | (8O'2Z6-€L'12) | (92'26-602L) (62'26-20'22) | (65°26-€5°22) | (08'26-¥922) | (20'e6-222L) | (v626-02°€l) | (00°€6-70'€l) | (00°€6-25°€L)
9L'v8 1ee8 2568 98°¢8 2918 2918 0rs8 7568 968 2288 2868 % ‘90BJ BHUM
8921-152) | (99€el-e62)| (9rel-v872) | (ee€1-622) (8rel-892) | (66721-8572) | (S9Cl-2v'2) (6zz1-€€72) (Soz1-6272) (L2r-8re) | (ze1-88l)
€0'G 19'G 259G Ge'S 12'G zrs 167 18y oY ey 16| % ‘Auoluyie oluedsiH
wevi—vsh) | ©Qovi-e21) | (y-991) | (88 71-85'L) Orv1-951) | (€evi-6S'1) | (Le'vl-2g't) (LEV1-S¥'}) (0zv1-051) | (Ggv-orL) | (GLyi-6v'1)
68'G 69'G 99°G 99°G £G°G ve'G 9z’ €2 0z’ 90'G vIG % ‘90l Yoe|g
pesnipe-uoneul
(€2'69-652Y) | (6679-26'97) | (6529-88°GY) | (6€09-2L€P) (08'85-2€72¥) | (ev'85-6272h) | (8525-66'LY) | (99'26-0L'2h) (Sr26-22'19) | (1L6°GG-9L'LY) | (97'GS-GS0F) | ‘SN 000LS Ul ‘swooul
8105 12°9S Zr'es 1S 5205 861 18°6¥ 0z 6% 688t gy 002y ployesnoy ueipsiy | ueqin

8L02-6002 ‘Se11uno) ueqin-jeiny Aq s339 pazijeusad Wo.d Y1|eaH JO SJUBUIWLIBIS( [BIO0S P}O9IaS JO SUBIPSIN 2 9]qEL

J Am Heart Assoc. 2023;12:e026940. DOI: 10.1161/JAHA.122.026940



Social Determinants of Cardiovascular Health

Son et al

‘wiesboid eoue)sIsSy UORHINN [eluswelddng ‘dyNS pue ‘efues ajipsenbieiul ‘Yo ‘suoiienbe Buiiewiise pazijelsush seyeoipul S35

% ‘alaibie -a1e01pa

(e'€2-99'2) | (9/°62-08°01) | (er8z—2201) | (9892-GLOL) (to9z-e26) | (orve-€6'8)| (68'1c-6.2) (95°61-€6'9) (ev'81—20'9) | (60'8L-02°9) | (ELL1-26°9) 1810 $89]|0UB JO
Kegql 1012 96°61 8581 Yy 6291 Sk 96'HL 0L0k 610k ZroL oljes ‘9I1eolpsN
>©_VN
pabe ‘awi} 8lNWWO0D
(r6°26-00°0) | (62'56-00°0) | (€9'G€-000) | (FO'+€-00°0) (ee'€e-000) | (#H'2e-000)| (S21e-000)| (98'62-00°0) (Gz'1e-0070)| (ee€e-000)| (#9°0€-00°0) uw-09 1se9) 1B
£5°¢ 26'S 909 16 org Gev 16'S £0'e ov'e 000 000 | ‘uonepodsues; olgnd
ajdoad 0001
(€0'0-000) | (€0°0-000)| (€0°0-00°0)| (€0°0-00°0) (€0°0-000) |  (€0°0-00°0) (€0°0-000) (€0°0-0070) (€00-000) |  (20°0-00°0) Jad ‘AIH pesoubelp
100 100 100 L0'0 | (€0°0-00°0) HO'0 H0'0 00 00 100 00 100 unm Buiay eidoed
% ‘UBIP|IYO
(99'0v-/2°62) | (92'66-8822) | (£8°66-29'82) | (06°'66-£8'82) (B6Lrov—-g1'62) | (BE0P—€9'62) | (08°07-1¥0'08) | (90 +7—69'62) (0z'1w-v262) | (LS'19-29°62) | (96'L7—1L'62) Ynm syun Buisnoy
10°GE G9'ee orye erve 08've GlL'se 6°GE ar'se Si'ge zrse 2098 peldnooo-Jejusy
(r1'5e-86'22) | (19'Ge-¥2'e2) | (G9'Ge-9€°€2) | (GL'98-96'€2) (90'9e-62¢€2) | (L6°'G8-28'€e) | (Ov'Se-62°€2) | (88'7e-96'22) | (0LveE-e¥2e) | (rree-v6'le) | (€L2e-8L'12) % ‘UBIP|IUD YM
08'82 2862 1262 29'62 €162 zl62 6162 £1'82 6622 Y82 £6'92 | seliwey jusred-sbuis
(99'ge-8e'el) | (GLle-65 71 | (#9261 | (00°92-18°EL) (€2'sz-0gel) | (Or'se-geel) | (Qo'sz-9rel) | (0zge—viel) | (wese-voel) | (L2ve-18eh) | (05 ve—+9¢eh) %
SIgl 1961 crek r3'8l 1281 G6'LL gLl 1070 89°/L Tk LE/L | ‘JuBOBA [SHUN BUISNOH
(P02c-9572) | (Sv0c-vel)| (Le02—v€L) | (87'02-01L) Ov'0z—evs) | (165°02-892) | (6802-252) (6€02-192) (19°02-992) | (802182 | (92'02-88'2) % ‘sewoy
sLel 62k s8°zh 1672k LEel AR ze ek 62°Ch iAo eeel 6G°€L | @llgow syun BuisnoH
% ‘A
(€6'07-022€) | (er'ov—-€072e) | (99°0v-L22e) | (8207—1G"CE) (88°0v—1272€) | (8L07—092E) | (8L0v—2r2e)| (€207-9G7¢C€) (r1'iv—coee) | (€9 1y-veee) | (€9 17-29€e) Gez pebe ‘ewoldip
08'9¢ 2898 £v'9e 9r'9e 8598 6796 2L9e 8896 2028 6€°/€ 692 |ooyos ubly Aluo
vov-8e'l)| (18'7=6¥'L) (18" 7=15"1) 89 7=L7'1) (99'7-8¢e'1) (e9v-9¢e1) (65 7-5¢e'1) (rrv-92°1) (9z'v-92'1)
182 /52 66T 05z | @Lv-erhere 622 see €ez| BSv-releee vee 12 % ‘U10g-ubeI04
(6z81-51'6) | (1g8l-L¥'6)| (G6°81-€6'6)| (BS6I-72 0L (98°'61-92°01) | (G2'61-0F°01) | (92'61-96'6) (¢e'81-5¢£'6) (Q0/1-€98)| (18°G1-062) | (S2'G1-0G72) dVYNS/sduwels pooy
ryel oLk SIe4 9yl 9L YL [Z%4! Sray 8v'el zeeh 25k £8°0L | Ppeniedel ‘sployesnoH
dVNS/sduwels pooy
(9z'2v—ce'se) | (6L 1v-1v'Se) | (L82r-16'G2) | (08'Ev—81'L2) (99'vv-/822) | . v7—60'82) | (rLvv-L222) | (€L2v-€6'Ge)| (6Y'0v—26€2)| (1'86-2022)| (6298-17'02)| Pan®dal ‘sployssnoy
08'ce 9z'ee 8Gve ¥0'98 1198 298 76'GE £G've 98'le 0008 1282 Jsuyed peusewUN
(g8'g6
(9€'96-56'08) -66'08) | (L6'G6-71'L8)| (€196-8L'18) (l2'96-G2'18) | (9€96-97'18) | (¢5'96-7E18) | (29'96-€€'18) (99'96-1'18) | (¥9'96-G¥'08) | (€996-17'62)
1926 0226 2226 1526 9526 €126 £6'26 80°¢6 0626 9626 5626 % ‘90BJ BHUM
(6e2-9v'1) | (S'8-e8'l) (rrg=221) (r6'2-02'1) (e92-25'1) (6e2-G¥'1) (se'9-cz'h) (org-or)
€82 ve'e Gz'e e | (182-09'1) 20 982 6.2 | (ors—eel) e9e | (98'9-1e'h) ¥SC e 122 % ‘Awoluyie oluedsiH
(096-6£0)| (¥5'G-050)| (S¥'G-97°0) (15°'G-e¥°0) (€6-2ev0)| (/9°G-6€0) (05°'6-2€0) (€8'5-92°0) (l9'6-G2°0)
LUk Tl vl gz | [9s-vo) 8Ll 60t SOt €0t | (65°6-2€°0) L0'L Koyl 00k % ‘90€l YoElg
pesnipe-uoneul
(€0'8r-rE9¢e) | (LO'EG-110Y) | (er'1g-v2'88) | (GL6v-Ge/€)| (25'8¥—859€) | (00'8Y—2¥'9€) | (6027—5098) | (1'9r—€2'GE) |  (92°Gv—-€9°GE) | (GG +P-S6'+€) | (G9'Ev—LOFE) | ‘SN 000L$ Ul ‘Buwooul
6.1y 619 681 12°6Y pANa4 g8l V'L 01 12°0¥ 6.°6% G8'88 ployesnoy ueipsiy

penunuoy ‘gz 9jqel

[einy

J Am Heart Assoc. 2023;12:e026940. DOI: 10.1161/JAHA.122.026940



Son et al

Table 3. Selected Social Determinants of Health

Associated With Age-Adjusted CVD Mortality: GEEs,

Table 4.

Social Determinants of Cardiovascular Health

Interactions of Selected Social Determinants of

Health With Associated Age-Adjusted CVD Mortality: GEEs,

2009-2018 2009-2018
Parameters Estimate, 8 (95% CI) P value Parameters Estimate, §8 (95% CI) P value
Intercept 242.54 (214.96-270.11) <0.0001% Intercept 233.27 <0.0001*
Year 1.08 (14210 -0.74) | <0.0001* (203.72-262.83)
Urban Reference Year 0.88 (-1.53 t0 3.29) 0.4725
Rural 4.26 (0-8.51) 0.0498* Urban Reference
Median household income, in | —0.64 (-0.78 to ~0.49) | <0.0001* Aural 129 (=811 10 28.91) 0144
$1000 US, inflation-adjusted Year x urban Reference
Black race, % 1.11 (0.81-1.41) <0.0001% Year x rural -0.19 (-0.83 t0 0.44) 0.5541
Hispanic ethnicity, % -0.01 (-0.18 t0 0.17) 0.925 Median household income, in —-0.61 (-0.77 to —0.45) <0.0001*
White race, % -019(-045100.06) | 0.1384 $1000 US, inflation-adjusted
Unmarried partner -0.28(-0.3810 -0.18) | <0.0001* Medt')a” household income Reference
households, received food > urban
stamps/SNAP, % Median household income -0.36 (-0.65 to —0.06) 0.0177*
Households, received food 0.51 (0.17-0.86) 0.0032° x rural
stamps/SNAP, % Black race, % 1.36 (1.03-1.69) <0.0001*
Foreign-born, % -119 (-1.55 to -0.82) <0.0001* Black race x y —-0.05 (-0.08 to —0.02) 0.00291
Only high school diploma, 1.43 (1.21-1.65) <0.0001* Hispanic ethnicity, % 0.01 (-0.16 t0 0.19) 0.8827
[0
aged 225y, % White race, % -0.08 (-0.37 t0 0.21) 0.5793
. . . - :
sousmg units: mobile homes, 0.83 (0.59-1.08) <0.0001 White race x y ~0.02 (-0.04 10 0.01) 0.0938
(o]
- - Unmarried partner households, -0.46 (-0.62 to -0.31) <0.0001*
. 0 — — - t
Housing units: vacant, % 0.70 (-0.90 to -0.51) <0.0001 received food stamps/SNAP, %
Smgle—parent families with -0.01 (-0.14 t0 0.12) 0.8826 Unmarried partner Reference
children, % .
households, received food
Renter-occupied housing units 0.18 (0.06-0.30) 0.0039F stamps/SNAP x urban
with children, % Unmarried partner 0.27 (0.10-0.44) 0.0015"
People living with diagnosed 0.88 (0.45-1.25) <0.0001* households, received food
HIV, per 1000 people stamps/SNAP x rural
Public transportation, at least —-0.01 (-0.03t0 0.01) 0.4685 Households, received food 0.52 (0.18-0.87) 0.00321
60-min commute time, aged stamps/SNAP, %
o)
=16y, % Foreign-born, % -1.23 (-1.6 to —0.86) <0.0001#
i i i _ _ _ f
Me.d|cel1re, the qer|ved field, 0.18 (-0.26 to —0.10) <0.0001 Only high school diploma, aged 143 (1.21-1.66) <0.0001*
which is the ratio of enrollees 95y, %
over Medicare-eligible, % —
Housing units: mobile homes, % 0.79 (0.55-1.04) <0.0001#
CVD indicates cardiovascular disease; GEEs, generalized estimating - - S "
equations; and SNAP, Supplemental Nutrition Assistance Program. Housing units: vacant, % -0.66 (-0.85t0 -0.46) | <0.0001
*P<0.05; tP<0.01; ¥P<0.001. Single-parent families with —0.01 (-0.14 10 0.12) 0.8449
children, %
between these SDOH factors and CVD mortality, except Renter-occupied housing units | 017 (0.05-0.29) 0.0051t
for median household income, did not differ by counties’ with children, %
rural-urban status or racial composition. People living with diagnosed 0.91 (0.52-1.29) <0.0001*
The CDC reported that from 2011 to 2019, age- HIV, per 1000 people
adjusted mortality rates for heart disease declined Public transportation, at least -0.01(-0.08t0 0.01) | 0.4009
in half of US states and the District of Columbia, did 60-min commute time, aged
. . . 29 >16y, %
not change in 24 states, and increased in 1 state. : :
cVD t differ b hic | ti ith th Medicare, ratio of enrollees over -0.17 (-0.25 to —-0.09) <0.0001*
outcomes aitter by geograpnic location, wi e Medicare-eligiole, %

absolute difference in CVD mortality rates between
rural areas and large metropolitan areas almost dou-
bling between 1999 and 2017.23 It is well known that
rural-urban health disparities are multidimensional.
Underlying SDOH mechanisms driving the higher CVD
mortality in rural areas may include low socioeconomic
status, limited access to quality health care, and in-
creased levels of neighborhood deprivation.?

We observed in our study that the negative asso-
ciation between median household income and CVD

J Am Heart Assoc. 2023;12:e026940. DOI: 10.1161/JAHA.122.026940

CVD indicates cardiovascular disease; GEEs, generalized estimating
equations; and SNAP, Supplemental Nutrition Assistance Program.
*P<0.05; TP<0.01; *P<0.001.

mortality was more pronounced in rural counties, sug-
gesting that income or poverty plays a role in these dis-
parities. It is suggested that lower socioeconomic status
is a source of chronic stress that promotes a proinflam-
matory state.?® The relationship between socioeconomic
status and CVD risk has been shown to differ in urban
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versus rural areas.?® The growing income inequity within
and across regions explains much of the regional dispar-
ities in CVD mortality. A study found that, in 1969, individ-
uals in the most deprived areas had a 11% higher CVD
mortality than individuals from the most affluent areas;
however, between 2007 and 2011, the former group saw
a 40% higher CVD mortality than the latter.?”

Our analysis identified that households who were
on SNAP and residents living in mobile homes were
significantly associated with higher CVD mortality
at the county level. It has also been reported in the
literature that housing and food insecurity are inde-
pendently associated with poor cardiovascular health
outcomes.?®29 Recent studies suggested that food in-
security and housing insecurity created chronic stress
and led to many chronic conditions (eg, hypertension,
diabetes, depression, and anxiety) that increased CVD
risk and mortality.?®2° Future research on CVD-related
SDOH needs to collect more granular measures such
as food insecurity and housing instability and target
nutrition programs, food, and housing policies as po-
tential pathways to reduce the burden of CVD.

Lack of access to high-quality care is another key
driver of rural-urban disparities in CVD mortality. Rural
residents face more barriers to access timely CVD diag-
nosis and treatment. Urban areas typically have a higher
physician density. The urban density of an area affects
both the amenities offered and competition from physi-
cians in surrounding areas, which affects the quality of
services that physicians can provide as a result.?%-%? In
addition, patients with heart disease are more likely to
get their follow-up care in places with a higher physician
density.3334 But patients living in rural areas are more
likely to live in health professional shortage areas,
even though the number of primary care physicians has
grown in rural areas®-32; in fact, the rural-urban gap in
access to primary care has increased over the past de-
cade.® Therefore, rural patients might experience dis-
advantages in CVD health. This suggests the need to
improve access to primary care in rural areas.®%3' The
physical environment of a neighborhood impacts CVD
disparities via opportunities for maintaining a healthy life-
style. Associations between rurality and obesity, for ex-
ample, vary by degree of rurality, socioeconomic status,
and geography, suggesting that a uniform approach to
addressing rural-urban health disparities may be sub-
optimal.®° Specifically, more developed neighborhoods
offer access to mixed use land, transportation systems,
recreational facilities, and walkable space, which all pro-
mote physical activity, a key driver of CVD risk reduc-
tion.36-38 The characteristics of the built environment
in neighborhoods also influence dietary patterns.®®
Food environment factors, such as fast-food restaurant
density*® and proximity to supermarkets, could affect
eating behaviors and CVD risk factors through various
pathways.*!
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Although we observed that CVD mortality was de-
clining more rapidly in counties with a higher percentage
of Black residents, CVD mortality was still considerably
higher in these counties than those in counties with
a lower percentage of Black residents. Glynn et al*
found that age-adjusted, heart failure-related mortal-
ity rates were higher in Black patients between 1999
and 2017. Prior research found that the association be-
tween residential segregation and cardiovascular risk
varied according to race.” For example, reduction in
CVD mortality among Black adults has been shown
to be associated with place-based legacies of slav-
ery.*® A national study found that racial differences in
hypertension were significantly smaller in low- than
high-segregation areas.** At the census-tract level, ra-
cial isolation was associated with a higher risk of CVD
for both non-Hispanic White and Black Americans.*®
Further research into the relationship between racial
disparities and CVD mortality is warranted.

This study has several limitations. First, we have a large
number of missing values in the 10-year SDOH database.
Further analysis needs to include exploring historic data
sources to fill in these data gaps or applying advanced
imputation approaches to account for missing values
to improve model prediction. Second, our unit of analy-
sis was the county, which prevented us from conduct-
ing causal inference analysis at the individual level. With
SDOH data available at the census tract and smaller geo-
graphic levels and linked SDOH data with electronic med-
ical records,*®4" future studies can unfold the multilevel
and sociobiological pathways between SDOH indicators
and CVD health. Third, the SDOH indicators compiled by
AHRQ were obtained from administrative data sources,
which were not self-identified but codified by others
and were subject to measurement errors. Fourth, while
variable selection methods are popular in explanatory
regression models because they simplify variable inter-
pretation,*® some of these methods are also controversial
as they may lead to biased parameter estimates.*:50

Despite these limitations, going forward, we rec-
ommend efforts aimed at moving beyond document-
ing disparities to identifying pathways for improving
health equity across the life course. Research needs
to better elucidate the role of community and structural
factors in disease onset, progression, and outcomes.
Moreover, as CVD mortality continues to decline, it is
increasingly important to reduce CVD-related morbid-
ity rates, health care costs, and disparities.

CONCLUSIONS

CVD mortality rates declined in the United States, but
these declines have not been uniform across differ-
ent populations and rural-urban counties. CVD mor-
tality was associated with SDOH indicators such as
education, food insecurity, housing instability, health
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insurance, income, race, and geographic region.
Identifying social determinants that could be addressed
across different geographic regions and populations
could prove useful to making further improvements
in reducing CVD mortality, particularly in populations
and communities where CVD mortality decline has not
taken place or has not been pronounced.

ARTICLE INFORMATION
Received May 26, 2022; accepted October 27, 2022.

Affiliations

Department of Epidemiology & Biostatistics, College of Public Health,
University of Georgia, Athens, GA (H.S., V.S.); Division of Health Services
Research, Department of Foundations of Medicine, New York University
Long Island School of Medicine, Mineola, NY (D.Z., A.J.); Department of
Geography (J.Z., L.M.); and Department of Health Policy and Management,
College of Public Health (Z.C., J.R.), University of Georgia, Athens, GA,
Department of Population Health Science and Policy, Icahn School of
Medicine at Mount Sinai, New York, NY (J.L., Y.L.); School of Public Health,
Shanghai Jiao Tong University School of Medicine, Shanghai, China (Y.L.);
and Department of Public Health Policy and Management, School of Global
Public Health, New York University, New York, NY (J.A.P.).

Acknowledgments

We thank Professors Jasmin Divers and Shahidul Islam at the Division of
Health Services Research, Department of Foundations of Medicine, NYU
Long Island School of Medicine, for their statistical review and constructive
critique of our paper.

Sources of Funding

The present study was supported by the National Institute on Minority
Health and Health Disparities, National Institutes of Health (NIMHD,
1R01MDO013886). The contents of this article are solely the responsibility of
the authors and do not necessarily represent the official views of the National
Institutes of Health.

Disclosures
The authors declare no conflicts of interest.

Supplemental Material
Table S1.
Table S2.
Table S3.
Table S4.

REFERENCES

1. Graham G. Disparities in cardiovascular disease risk in the United
States. Curr Cardiol Rev. 2015;11:238-245. doi: 10.2174/1573403X1166
6141122220003

2. Post WS, Watson KE, Hansen S, Folsom AR, Szklo M, Shea S, Barr RG,
Burke G, Bertoni AG, Allen N, et al. Racial and ethnic differences in all-
cause and cardiovascular disease mortality: the MESA study. Circulation.
2022;146:229-239. doi: 10.1161/CIRCULATIONAHA.122.059174

3. Health, United States Spotlight: racial and Ethnic Disparities in Hear
Disease. https://www.cdc.gov/nchs/hus/spotlight/2019-heart-disease-
disparities.htm. Accessed April 10, 2022,

4. Garcia MC. Potentially excess deaths from the five leading causes of death
in metropolitan and nonmetropolitan counties—United States, 2010-2017.
MMWR Surveill Summ. 2019;68:68—11. doi: 10.15585/mmwr.ss6810al

5. Kyalwazi AN, Loccoh EC, Brewer LC, Ofili EO, Xu J, Song Y, Maddox KEJ,
Yeh RW, Wadhera RK. Disparities in cardiovascular mortality between
Black and white adults in the United States, 1999 to 2019. Circulation.
2022;146:211-228. doi: 10.1161/CIRCULATIONAHA.122.060199

6. Javed Z, Haisum Magsood M, Yahya T, Amin Z, Acquah |, Valero-
Elizondo J, Andrieni J, Dubey P, Jackson RK, Daffin MA. Race, racism,

J Am Heart Assoc. 2023;12:e026940. DOI: 10.1161/JAHA.122.026940

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Social Determinants of Cardiovascular Health

and cardiovascular health: applying a social determinants of health
framework to racial/ethnic disparities in cardiovascular disease. Circ
Cardiovasc Qual Outcomes. 2022;15:e007917.

Kershaw KN, Osypuk TL, Do DP, Chavez PJ, Roux AV. Neighborhood-level
racial/ethnic residential segregation and incident cardiovascular disease.
Circulation.2015;131:141-148. doi: 10.1161/CIRCULATIONAHA.114.011345
Ross AM, de Saxe Zerden L. Prevention, Health promotion, and social
work: aligning health and human service systems through a workforce
for health. Am J Public Health 2020;110:S186-S190. doi: 10.2105/
ajph.2020.305690

Goroll AH, Schoenbaum SC. Payment reform for primary care within the
accountable care organization: a critical issue for health system reform.
JAMA. 2012;308:577-578. doi: 10.1001/jama.2012.8696

Joseph T, Hale GM, Eltaki SM, Prados Y, Jones R, Seamon MJ,
Moreau C, Gernant SA. Integration strategies of pharmacists in pri-
mary care-based accountable care organizations: a report from the
accountable care organization research network, services, and edu-
cation. J Manag Care Spec Pharm. 2017;23:541-548. doi: 10.18553/
jmcp.2017.23.5.541

Jilani MH, Javed Z, Yahya T, Valero-Elizondo J, Khan SU, Kash B,
Blankstein R, Virani SS, Blaha MJ, Dubey P. Social determinants of
health and cardiovascular disease: current state and future directions
towards healthcare equity. Curr Atheroscler Rep. 2021;23:1-11. doi:
10.1007/s11883-021-00949-w

Palmer RC, Ismond D, Rodriquez EJ, Kaufman JS. Social determinants
of health: future directions for health disparities research. Am J Public
Health. 2019;109:S70-S71. doi: 10.2105/ajph.2019.304964

Agency for Healthcare Research and Quality R, MD. Social Determinants
of Health Database (Beta Version). https:/www.ahrqg.gov/sdoh/data-
analytics/sdoh-data.html. Accessed August 19, 2021

Centers for Disease Control and Prevention. Interactive Atlas of Heart
Disease and Stroke. http://nccd.cdc.gov/DHDSPAtlas. Accessed
August 26, 2021.

Substantial Changes to Counties and County Equivalent Entities:
1970-Present. U.S. Census Bureau. https://www.census.gov/progr
ams-surveys/geography/technical-documentation/county-chang
es.2010.html. Accessed August 19, 2021.

Ingram DD, Franco SJ. NCHS urban-rural classification scheme for
counties. Vital and health statistics series 2. Data Eval Method Res.
2012;154:1-65.

Council NR. Using the American Community Survey: benefits and
Challenges. Washington, DC: The National Academies Press; 2007.
International Classification of Diseases, Tenth Revision (ICD-10). https://
www.cdc.gov/nchs/icd/icd10.htm. Accessed April 10, 2022.

Rural Data Explorer. Rural Health Information Hub. https://www.ruralhealt
hinfo.org/data-explorer?id=181&year=2009. Accessed March 11, 2022.
Wang L, Zhou J, Qu A. Penalized generalized estimating equations for
high-dimensional longitudinal data analysis. Biometrics. 2012;68:353—
360. doi: 10.1111/j.15641-0420.2011.01678.x

MA State/County Penetration. Centers for Medicare and Medicaid
Services. https://www.ahrq.gov/sites/default/files/wysiwyg/sdohchallenge/
data/sdoh_data_file_documentation.pdf. Accessed August 19, 2021.
Sawyer A, Flagg LA. State Declines in Heart Disease Mortality in the
United States, 2000-2019. US Department of Health and Human
Services, Centers for Disease Control and ...; 2021.

Cross SH, Mehra MR, Bhatt DL, Nasir K, O’Donnell CJ, Califf RM, Warraich
HJ. Rural-urban differences in cardiovascular mortality in the US, 1999-
2017. JAMA. 2020;323:1852-1854. doi: 10.1001/jama.2020.2047
Williams DR, Lawrence JA, Davis BA. Racism and health: evidence
and needed research. Annu Rev Public Health. 2019;40:105-125. doi:
10.1146/annurev-publhealth-040218-043750

Miller GE, Chen E, Shimbo D. Mechanistic understanding of socio-
economic disparities in cardiovascular disease. J Am Coll Cardiol.
2019;73:3256-3258. doi: 10.1016/j.jacc.2019.04.043

de Mestral C, Stringhini S. Socioeconomic status and cardiovascu-
lar disease: an update. Curr Cardiol Rep. 2017;19:115. doi: 10.1007/
511886-017-0917-z

Singh GK, Siahpush M, Azuine RE, Williams SD. Widening socioeco-
nomic and racial disparities in cardiovascular disease mortality in the
United States, 1969-2013. Int J MCH AIDS. 2015;3:106-118.

Parekh T, Xue H, Cheskin LJ, Cuellar AE. Food insecurity and housing
instability as determinants of cardiovascular health outcomes: a sys-
tematic review. Nutr Metab Cardiovasc Dis. 2022;32:1590-1608. doi:
10.1016/j.numecd.2022.03.025

11


https://doi.org//10.2174/1573403X11666141122220003
https://doi.org//10.2174/1573403X11666141122220003
https://doi.org//10.1161/CIRCULATIONAHA.122.059174
https://www.cdc.gov/nchs/hus/spotlight/2019-heart-disease-disparities.htm
https://www.cdc.gov/nchs/hus/spotlight/2019-heart-disease-disparities.htm
https://doi.org//10.15585/mmwr.ss6810a1
https://doi.org//10.1161/CIRCULATIONAHA.122.060199
https://doi.org//10.1161/CIRCULATIONAHA.114.011345
https://doi.org//10.2105/ajph.2020.305690
https://doi.org//10.2105/ajph.2020.305690
https://doi.org//10.1001/jama.2012.8696
https://doi.org//10.18553/jmcp.2017.23.5.541
https://doi.org//10.18553/jmcp.2017.23.5.541
https://doi.org//10.1007/s11883-021-00949-w
https://doi.org//10.2105/ajph.2019.304964
https://www.ahrq.gov/sdoh/data-analytics/sdoh-data.html
https://www.ahrq.gov/sdoh/data-analytics/sdoh-data.html
http://nccd.cdc.gov/DHDSPAtlas
https://www.census.gov/programs-surveys/geography/technical-documentation/county-changes.2010.html
https://www.census.gov/programs-surveys/geography/technical-documentation/county-changes.2010.html
https://www.census.gov/programs-surveys/geography/technical-documentation/county-changes.2010.html
https://www.cdc.gov/nchs/icd/icd10.htm
https://www.cdc.gov/nchs/icd/icd10.htm
https://www.ruralhealthinfo.org/data-explorer?id=181&year=2009
https://www.ruralhealthinfo.org/data-explorer?id=181&year=2009
https://doi.org//10.1111/j.1541-0420.2011.01678.x
https://www.ahrq.gov/sites/default/files/wysiwyg/sdohchallenge/data/sdoh_data_file_documentation.pdf
https://www.ahrq.gov/sites/default/files/wysiwyg/sdohchallenge/data/sdoh_data_file_documentation.pdf
https://doi.org//10.1001/jama.2020.2047
https://doi.org//10.1146/annurev-publhealth-040218-043750
https://doi.org//10.1016/j.jacc.2019.04.043
https://doi.org//10.1007/s11886-017-0917-z
https://doi.org//10.1007/s11886-017-0917-z
https://doi.org//10.1016/j.numecd.2022.03.025

Son et al

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

J Am Heart Assoc. 2023;12:e026940. DOI: 10.1161/JAHA.122.026940

Sun Y, Liu B, Rong S, Du Y, Xu G, Snetselaar LG, Wallace RB, Bao
W. Food insecurity is associated with cardiovascular and all-cause
mortality among adults in the United States. J Am Heart Assoc.
2020;9:e014629. doi: 10.1161/JAHA.119.014629

Cohen SA, Cook SK, Kelley L, Foutz JD, Sando TA. A closer look at
rural-urban health disparities: associations between obesity and rural-
ity vary by geospatial and sociodemographic factors. J Rural Health.
2017;38:167-179. doi: 10.1111/jrh.12207

Mazimba S, Peterson PN. JAHA spotlight on racial and ethnic dispar-
ities in cardiovascular disease. J Am Heart Assoc. 2021;10:e023650.
doi: 10.1161/JAHA.121.023650

Falcettoni E. The determinants of physicians’ location choice: under-
standing the rural shortage. Available at SSRN. 2018;3493178.
Caraballo RS, Rice KL, Neff LJ, Garrett BE. Social and physical environ-
mental characteristics associated with adult current cigarette smoking.
Prev Chronic Dis. 2019;16:E71. doi: 10.5888/pcd16.180373

Kociol RD, Greiner MA, Fonarow GC, Hammill BG, Heidenreich PA, Yancy
CW, Peterson ED, Curtis LH, Hernandez AF. Associations of patient demo-
graphic characteristics and regional physician density with early physician
follow-up among Medicare beneficiaries hospitalized with heart failure. Am
J Cardiol. 2011;108:985-991. doi: 10.1016/j.amjcard.2011.05.032

Zhang D, Son H, Shen Y, Chen Z, Rajbhandari-Thapa J, Li'Y, Eom H, Bu
D, Mu L, Li G, et al. Assessment of changes in rural and urban primary
care workforce in the United States from 2009 to 2017. JAMA Netw
Open. 2020;3:2022914. doi: 10.1001/jamanetworkopen.2020.22914
Brownson RC, Hoehner CM, Day K, Forsyth A, Sallis JF. Measuring the
built environment for physical activity: state of the science. Am J Prev
Med. 2009;36:599-123.e112. doi: 10.1016/j.amepre.2009.01.005
Malambo P, Kengne AP, De Villiers A, Lambert EV, Puoane T. Built
environment, selected risk factors and major cardiovascular disease
outcomes: a systematic review. PLoS One. 2016;11:e0166846. doi:
10.1371/journal.pone.0166846

Sims M, Kershaw KN, Breathett K, Jackson EA, Lewis LM, Mujahid
MS, Suglia SF. Importance of housing and cardiovascular health and
well-being: a scientific statement from the American Heart Association.
Circ Cardiovasc Qual Outcomes. 2020;13:e000089. doi: 10.1161/
HCQ.0000000000000089

Sallis JF, Glanz K. Physical activity and food environments: solu-
tions to the obesity epidemic. Milbank Q. 2009;87:123-154. doi:
10.1111/1.1468-0009.2009.00550.x

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Social Determinants of Cardiovascular Health

Rummo PE, Algur Y, McAlexander T, Judd SE, Lopez PM, Adhikari S,
Brown J, Meeker M, McClure LA, Elbel B. Comparing competing geo-
spatial measures to capture the relationship between the neighborhood
food environment and diet. Ann Epidemiol. 2021;61:1-7. doi: 10.1016/j.
annepidem.2021.05.005

Laraia BA, Siega-Riz AM, Kaufman JS, Jones SJ. Proximity of super-
markets is positively associated with diet quality index for pregnancy.
Prev Med. 2004;39:869-875. doi: 10.1016/j.ypmed.2004.03.018

Glynn P, Lloyd-Jones DM, Feinstein MJ, Carnethon M, Khan SS.
Disparities in cardiovascular mortality related to heart failure in the
United States. J Am Coll Cardiol. 2019;73:2354-2355. doi: 10.1016/j.
jacc.2019.02.042

Kramer MR, Black NC, Matthews SA, James SA. The legacy of slav-
ery and contemporary declines in heart disease mortality in the U.S.
South. SSM - Population Health. 2017;3:609-617. doi: 10.1016/j.
ssmph.2017.07.004

Kershaw KN, Diez Roux AV, Burgard SA, Lisabeth LD, Mujahid MS,
Schulz AJ. Metropolitan-level racial residential segregation and Black-
white disparities in hypertension. Am J Epidemiol. 2011;174:537-545.
doi: 10.1093/aje/kwr116

Bravo MA, Anthopolos R, Kimbro RT, Miranda ML. Residential racial
isolation and spatial patterning of type 2 diabetes mellitus in Durham,
North Carolina. Am J Epidemiol. 2018;187:1467-1476. doi: 10.1093/aje/
kwy026

Meyer D, Lerner E, Phillips A, Zumwalt K. Universal screening of social
determinants of health at alarge US Academic Medical Center, 2018. Am
J Public Health. 2020;110:5219-S221. doi: 10.2105/ajph.2020.305747
Brunt DV. Community health records: establishing a systematic ap-
proach to improving social and physical determinants of health. Am J
Public Health. 2017;107:407-412. doi: 10.2105/ajph.2016.303602
Heinze G, Wallisch C, Dunkler D. Variable selection — a review and rec-
ommendations for the practicing statistician. Biom J. 2018;60:431-449.
doi: 10.1002/bimj.201700067

Chowdhury MZ, Turin TC. Variable selection strategies and its impor-
tance in clinical prediction modelling. Fam Med Community Health.
2020;8:6000262. doi: 10.1136/fmch-2019-000262

Blommaert A, Hens N, Beutels P. Data mining for longitudinal data
under multicollinearity and time dependence using penalized general-
ized estimating equations. Comput Stat Data Anal. 2014;71:667-680.
doi: 10.1016/j.csda.2013.02.023

12


https://doi.org//10.1161/JAHA.119.014629
https://doi.org//10.1111/jrh.12207
https://doi.org//10.1161/JAHA.121.023650
https://doi.org//10.5888/pcd16.180373
https://doi.org//10.1016/j.amjcard.2011.05.032
https://doi.org//10.1001/jamanetworkopen.2020.22914
https://doi.org//10.1016/j.amepre.2009.01.005
https://doi.org//10.1371/journal.pone.0166846
https://doi.org//10.1161/HCQ.0000000000000089
https://doi.org//10.1161/HCQ.0000000000000089
https://doi.org//10.1111/j.1468-0009.2009.00550.x
https://doi.org//10.1016/j.annepidem.2021.05.005
https://doi.org//10.1016/j.annepidem.2021.05.005
https://doi.org//10.1016/j.ypmed.2004.03.018
https://doi.org//10.1016/j.jacc.2019.02.042
https://doi.org//10.1016/j.jacc.2019.02.042
https://doi.org//10.1016/j.ssmph.2017.07.004
https://doi.org//10.1016/j.ssmph.2017.07.004
https://doi.org//10.1093/aje/kwr116
https://doi.org//10.1093/aje/kwy026
https://doi.org//10.1093/aje/kwy026
https://doi.org//10.2105/ajph.2020.305747
https://doi.org//10.2105/ajph.2016.303602
https://doi.org//10.1002/bimj.201700067
https://doi.org//10.1136/fmch-2019-000262
https://doi.org//10.1016/j.csda.2013.02.023

SUPPLEMENTAL MATERIAL



Table S1. Changes in County FIPS Codes.

FIPS  Counties Specific Details

Wade-Hampton Census Area, AK (FIPS: 02270) was renamed to Kusilvak Census Area in
2015.
46102 Oglala Lacota County, SD  Shannon county, SD (FIPS: 46113) was renamed to Oglala Lacota County in 2015.

02158 Kusilvak Census Area, Ak

51019 Bedford County, VA Bedford city, VA (FIPS: 51515) was merged to Bedford County in 2013.

Note: FIPS denotes Federal Information Processing Standards.



Table S2. Number of Counties of Rural-Urban County /Black Majorities Status by Year for Median value of Age-adjusted CVD

Mortality.
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Urban < Mean® 583 656 690 725 757 758 793 790 794 795
> Mean' 583 510 476 441 409 408 373 376 372 371
Rural < Mean 803 900 938 974 1024 1033 1041 1050 1089 1107
> Mean 1173 1076 1038 1002 952 943 935 926 887 869
Black <30% < Mean 1368 1522 1588 1656 1729 1746 1780 1776 1825 1838
> Mean 1451 1296 1233 1168 1092 1078 1045 1048 1001 986
Black >30% < Mean 18 34 40 43 52 45 54 64 58 64
> Mean 305 290 281 275 269 273 263 254 258 254
Urban <Median 517 588 636 668 689 688 725 715 737 740
>Median 649 578 530 498 477 478 441 451 429 426
Rural <Median 704 794 865 884 924 940 962 968 990 994
>Median 1272 1182 1111 1092 1052 1036 1014 1008 986 982
Black <30% <Median 1205 1360 1473 1517 1574 1587 1644 1636 1672 1682
>Median 1614 1458 1348 1307 1247 1237 1181 1188 1154 1142
Black >30% <Median 16 22 28 35 39 41 43 47 55 52
>Median 307 302 293 283 282 277 274 271 261 266

* Overall mean (245.78) of Age-adjusted CVD mortality, per 100,000 people, for a decade, 2009-2018.

T Overall median (239.50) of Age-adjusted CVD mortality, per 100,000 people, for a decade, 2009-2018.
The sum of total county numbers varies across different groups due to missing values.

CVD denotes cardiovascular disease.




Table S3. Mean/Median of Different Age-adjusted CVD Mortality by Rural-Urban County /Black Majorities Status, 2009-2018.

Age-adjusted CVD Mortality per 100,000 people, mean (95% CI) and median (interquartile range, IQR) No.

Vaniable 2009 2010 2011 2012 2013
Mean  Urban, 24427 237.15 232.82 228.99 226.94
Black <30% (241.64,246.91)  (234.62,239.69)  (230.27,235.38)  (226.43,231.55)  (224.37,229.52)
Urban, 297.47 287.88 279.65 274.10 271.65
Black >30% (289.59,305.35)  (279.86,295.89)  (271.73,287.57)  (266.27,281.94)  (264.07,279.23)
Rural, 260.05 252.69 248.64 245.74 243.66
Black <30% (257.64,262.46)  (250.38,254.99)  (246.37,250.91)  (243.48,248.00)  (241.38,245.94)
Rural, 332.69 322.00 314.19 308.80 307.68
Black >30% (326.19,339.19)  (315.31,328.69)  (307.33,321.05)  (301.97,315.62)  (300.64,314.72)
Median  Urban, 241.40 234.40 230.60 227.20 224.00
Black <30% (211.70,271.90)  (206.30,263.20)  (201.90,259.40)  (197.20,255.20)  (195.20, 252.50)
Urban, 300.55 288.80 280.65 271.40 270.75
Black >30% (271.30,326.45)  (257.70,315.30)  (249.40,306.30)  (246.30,300.40)  (242.80, 298.75)
Rural, 252.00 245.90 242.90 240.90 237.75
Black <30% (223.80,289.10)  (216.80,282.40)  (212.90,277.90)  (208.80,275.80)  (207.85,274.00)
Rural, 334.20 319.60 309.50 304.40 303.80
Black >30% (306.10,358.70)  (292.15,347.20)  (284.80,341.80)  (278.20,333.90)  (279.90, 335.90)
2014 2015 2016 2017 2018
Meqn  UrDan, 226.84 225.82 225.80 224.43 223.41
Black <30% (224.22,229.46)  (223.23,228.42)  (223.23,228.38)  (221.84,227.01)  (220.86, 225.97)
Urban, 273.82 272.99 27131 267.59 265.65
Black >30% (265.56,282.07)  (264.56,281.43)  (262.96,279.67)  (259.40,275.78)  (257.56,273.74)
Rural, 243.59 243.04 242.59 240.18 238.24
Black <30% (241.27,245.92)  (240.69,245.39)  (240.23,244.94)  (237.85,242.50)  (235.94,240.53)
Rural, 308.01 306.51 305.62 304.97 303.31
Black >30% (300.87,315.14)  (299.08,313.93)  (298.36,312.89)  (297.92,312.02)  (296.29, 310.32)
Mediaq  UTDan, 223.80 223.70 222.70 221.20 220.95
Black <30% (194.70,251.50)  (194.80,249.40)  (195.30,250.20)  (194.80,250.40)  (193.85, 250.00)



Urban,
Black > 30%
Rural,

Black <30%
Rural,

Black > 30%

271.40
(246.00, 299.00)
236.55
(206.40, 275.80)
303.20
(281.40, 331.10)

270.30
(241.40, 302.10)
235.30
(205.90, 273.80)
303.40
(274.80, 331.40)

268.00
(237.60, 297.80)
235.40
(206.70, 273.30)
301.50
(274.60, 336.70)

263.00
(233.80, 297.70)
235.00
(204.60, 269.50)
301.80
(268.50, 333.80)

264.70
(233.50, 294.00)
232.80
(203.20, 268.30)
300.90
(265.75, 332.25)

Note: CVD denotes cardiovascular disease; IQR denotes interquartile range.



Table S4. Interactions of Selected Social Determinants of Health with Associated Age-Adjusted Cardiovascular Disease Mortality:

Generalized Estimating Equations, 2009-2018.

Parameters B (95% CI) P value
Intercept 264.88 (222.14, #
307.62) <.0001
Year -5.13 (-9.87, -0.39) 0.0338"
Year x Urban Ref.
Year x Rural 3.35(-5.11, 11.81) 0.4381
Urban Ref.
Rural -18.14 (-83.38,47.10)  0.5857
Median household income, in 1,000 dollars, inflation-adjusted -1.01 (-1.25, -0.78) <.0001°
Median household income % Year 0.08 (0.05, 0.10) <.0001*
Median household income x Urban Ref.
Median household income x Rural -0.56 (-1.02, -0.09) 0.0201"
Median household income x Year x Urban Ref.
Median household income % Year x Rural 0.06 (0.00, 0.12) 0.0584
Black, % 1.33 (0.93, 1.73) <.0001°
Black x Year -0.06 (-0.10, -0.03) 0.0007°
Black x Urban Ref.
Black x Rural 0.12 (-0.55, 0.79) 0.7211
Black % Year x Urban Ref.
Black % Year x Rural 0.02 (-0.06, 0.09) 0.6854
Hispanic, % -0.01 (-0.28, 0.26) 0.9366
Hispanic x Year 0.02 (-0.01, 0.04) 0.2002
Hispanic x Urban Ref.
Hispanic x Rural -0.19 (-0.70, 0.31) 0.4501
Hispanic x Year x Urban Ref.
Hispanic x Year X Rural 0.02 (-0.06, 0.10) 0.6124
White, % -0.16 (-0.51, 0.20) 0.3803



White x Year
White x Urban
White x Rural
White x Year x Urban
White x Year x Rural
Unmarried partner households, received food stamps/SNAP
Unmarried partner households, received food stamps/SNAP x Year
Unmarried partner households, received food stamps/SNAP x Urban
Unmarried partner households, received food stamps/SNAP x Rural
Unmarried partner households, received food stamps/SNAP x Year x
Urban
Unmarried partner households, received food stamps/SNAP x Year x
Rural
Households, received food stamps/SNAP
Households, received food stamps/SNAP x Year
Households, received food stamps/SNAP x Urban
Households, received food stamps/SNAP x Rural
Households, received food stamps/SNAP % Year x Urban
Households, received food stamps/SNAP x Year x Rural
Foreign-born, %
Foreign-born x Year
Foreign-born x Urban
Foreign-born x Rural
Foreign-born x Year x Urban
Foreign-born % Year x Rural
Only high school diploma, ages 25 and over, %
Only high school diploma % Year
Only high school diploma x Urban
Only high school diploma x Rural
Only high school diploma % Year x Urban
Only high school diploma % Year x Rural

-0.02 (-0.05, 0.01)
Ref.

0.38 (-0.21, 0.97)
Ref.

-0.04 (-0.11, 0.04)
-0.52 (-0.85, -0.19)
0.06 (0.00, 0.12)
Ref.

0.15 (-0.29, 0.59)

Ref.

-0.03 (-0.11, 0.05)

-0.19 (-0.94, 0.56)
0.10 (-0.02, 0.21)
Ref.

0.46 (-0.69, 1.60)
Ref.

0.04 (-0.14, 0.23)
-0.66 (-1.18, -0.14)
-0.10 (-0.15, -0.06)
Ref.

-0.67 (-1.76,0.41)
Ref.

0.13 (-0.04, 0.31)
1.65 (1.26, 2.05)
-0.01 (-0.05, 0.04)
Ref.

-0.52 (-1.15, 012)
Ref.

0.04 (-0.05, 0.13)

0.1885
0.2067
0.3325
0.0022°
0.0338"

0.5157

0.4946
0.6132
0.1079
0.4316
0.6521
0.0124°
<.0001°
0.2225
0.1429
<.0001°
0.7903
0.1130

0.4192



Housing units: Mobil homes, %
Housing units: Mobil homes x Year
Housing units: Mobil homes % Urban
Housing units: Mobil homes x Rural
Housing units: Mobil homes x Year x Urban
Housing units: Mobil homes x Year x Rural
Housing units: Vacant, %
Housing units: Vacant X Year
Housing units: Vacant x Urban
Housing units: Vacant X Rural
Housing units: Vacant % Year X Urban
Housing units: Vacant X Year x Rural
Single-parent families with children, %
Single-parent families with children % Year
Single-parent families with children x Urban
Single-parent families with children x Rural
Single-parent families with children x Year x Urban
Single-parent families with children x Year x Rural
renter-occupied housing units with children, %
renter-occupied housing units with children x Year
renter-occupied housing units with children x Urban
renter-occupied housing units with children x Rural
renter-occupied housing units with children x Year x Urban
renter-occupied housing units with children x Year x Rural
People living with diagnosed HIV, per 1,000 people
People living with diagnosed HIV x Year
People living with diagnosed HIV x Urban
People living with diagnosed HIV x Rural
People living with diagnosed HIV x Year x Urban
People living with diagnosed HIV x Year x Rural
Public transportation, at least 60-min commute time, ages 16 and over

0.79 (0.35, 1.22)
0.01 (-0.04, 0.06)
Ref.

-0.19 (-0.76, 0.38)
Ref.

0.00 (-0.08, 0.08)
-0.94 (-1.34, -0.54)
0.03 (0.00, 0.07)
Ref.

0.45 (-0.05, 0.96)
Ref.

-0.05 (-0.11, 0.01)
-0.23 (-0.53, 0.07)
0.02 (-0.03, 0.07)
Ref.

0.38 (-0.08, 0.85)
Ref.

-0.04 (-0.12, 0.04)
0.34 (0.09, 0.58)
-0.04 (-0.07, 0.00)
Ref.

0.30 (-0.09, 0.69)
Ref.

-0.06 (-0.13, 0.01)
1.06 (0.53, 1.59)
-0.04 (-0.09, 0.02)
Ref.

6.47 (-0.84, 13.79)
Ref.

-2.81 (-8.41, 2.80)
-0.01 (-0.06, 0.05)

0.0004
0.6674

0.5191
0.9701
<.0001°
0.0721
0.0772
0.0814
0.1382
0.5005
0.1084
0.2955
0.0076"
0.0361"
0.1262
0.0808
<.0001°
0.1761
0.0827

0.3261
0.8644



Public transportation, at least 60-min commute time % Year 0.00 (-0.01, 0.01)

Public transportation, at least 60-min commute time x Urban Ref.
Public transportation, at least 60-min commute time x Rural 0.02 (-0.07, 0.10)
Public transportation, at least 60-min commute time x Year X Urban Ref.

Public transportation, at least 60-min commute time x Year x Rural 0.00 (-0.02, 0.01)
Medicare, the derived field which is ratio of enrollees over eligible, % -0.28 (-0.39, -0.16)
Medicare, ratio of enrollees over eligible X Year 0.03 (0.02, 0.04)

Medicare, ratio of enrollees over eligible x Urban Ref.
Medicare, ratio of enrollees over eligible X Rural -0.05 (-0.27, 0.18)
Medicare, ratio of enrollees over eligible x Year x Urban Ref.
Medicare, ratio of enrollees over eligible X Year x Rural -0.03 (-0.06, 0.00)

0.8947
0.6926
0.6252
<.0001°
<.0001°
0.6765

0.0819

Note: * p <0.05; " p<0.01; * p <0.001. SNAP denotes Supplemental Nutrition Assistance Program.



	Social Determinants of Cardiovascular Health: A Longitudinal Analysis of Cardiovascular Disease Mortality in US Counties From 2009 to 2018
	Methods
	Data Sources
	SDOH Variables
	Outcomes
	Statistical Analysis

	Results
	Discussion
	Conclusions
	Acknowledgments
	Sources of Funding
	Disclosures
	REFERENCES


