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ORIGINAL RESEARCH

Disparities in Premature Cardiac Death 
Among US Counties From 1999–2017: 
Temporal Trends and Key Drivers
Yinzi Jin , PhD; Suhang Song , PhD; Lin Zhang, MD, PhD; Michael G. Trisolini, PhD, MBA;  
Kenneth A. Labresh, MD; Sidney C. Smith, Jr, MD; Zhi-Jie Zheng , MD, PhD

BACKGROUND: Disparities in premature cardiac death (PCD) might stagnate the progress toward the reduction of PCD in the 
United States and worldwide. We estimated disparities across US counties in PCD rates and investigated county-level factors 
related to the disparities.

METHODS AND RESULTS: We used US mortality data for cause-of-death and demographic data from death certificates and 
county-level characteristics data from multiple databases. PCD was defined as any death that occurred at an age between 35 
and 74 years with an underlying cause of death caused by cardiac disease based on International Classification of Diseases, 
Tenth Revision (ICD-10), codes. Of the 1 598 173 PCDs that occurred during 1999–2017, 60.9% were out of hospital. Although 
the PCD rates declined from 1999–2017, the proportion of out-of-hospital PCDs among all cardiac deaths increased from 
58.3% to 61.5%. The geographic disparities in PCD rates across counties widened from 1999 (Theil index=0.10) to 2017 (Theil 
index=0.23), and within-state differences accounted for the majority of disparities (57.4% in 2017). The disparities in out-of-
hospital PCD rates (and in-hospital PCD rates) associated with demographic composition were 36.51% (and 37.51%), socio-
economic features were 18.64% (and 18.36%), healthcare environment were 18.64% (and 13.90%), and population health 
status were 23.73% (and 30.23%).

CONCLUSIONS: Disparities in PCD rates exist across US counties, which may be related to the decelerated trend of decline in 
the rates among middle-aged adults. The slower declines in out-of-hospital rates warrants more precision targeting and sus-
tained efforts to ensure progress at better levels of health (with lower PCD rates) against PCD.

Key Words: county-level disparity ■ factors ■ premature cardiac death ■ trend

Premature cardiac death (PCD) refers to any unex-
pected or sudden death attributable to cardiac 
disease that occurred at a younger age and re-

mains a prominent public health issue in the United 
States and worldwide.1,2 PCD is a leading cause 
of global mortality, accounting for 0.2 to 0.3  million 
deaths annually,3 with an estimated 15% to 20% of all 
deaths in the United States.4 Of these deaths, about 
35% occur in middle age (30 to 69 years),5 and most of 
occur out of the hospital, eg, before reaching a hospital 
or in an emergency department.4,6 Although a number 

of studies have estimated the incidence of PCD in the 
United States based on various study designs and 
populations,7–9 little is known about the county-level 
disparities in PCD rates or the factors related to the 
disparities. In 2012, all countries including the United 
States committed to achieving a 25% reduction in pre-
mature mortality from cardiovascular diseases, cancer, 
diabetes mellitus, or chronic respiratory diseases by 
2025 proposed by World Health Organization (WHO).10 
The Global Cardiovascular Disease Taskforce, com-
prising the American Heart Association, American 
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College of Cardiology Foundation, and other institu-
tions, disseminates information and approaches to 
reach the WHO 2025 targets by reducing premature 
deaths from cardiovascular diseases and stroke (The 
Heart of 25 by 25).11 Clinical and pathologic findings 
suggest that atherosclerotic coronary heart disease 
is the most common pathology underlying PCD, and 
presence of cardiovascular risk factors is predictive of 
PCD.4 Therefore, accurate estimation of the epidemio-
logical trends in PCD in the United States is essential to 
evaluate progress toward decreasing premature mor-
tality by reducing cardiac disease deaths to achieve 
the WHO goal.

PCD shows substantial and longstanding geo-
graphic variations in terms of incidence and survival 
in the United States.7,12,13 Knowledge of county-spe-
cific rates of PCD could guide identification of the 
state-level characteristics, which are relevant to un-
derstanding geographic disparities within the United 
States. Assessment of county-level time trends of PCD 
could quantify the magnitude of regional contributions 
to progress toward lowering premature cardiac mor-
tality in the United States. Previous studies reported 
correlates of PCD rates, including regional-level or 
system-related factors such as socioeconomic status, 
demographic composition, healthcare access, and 

environmental features, providing insight into additional 
characteristics that may predispose certain regions to 
PCD rates in disadvantaged areas.14 Despite recogniz-
ing the importance of estimating regional disparities in 
PCD rates, quantifying their associations in the dispar-
ities are limited by lack of standardized and consistent 
measures of county-level data linked to county-level 
PCD rates.

Furthermore, sudden out-of-hospital cardiac ar-
rest is the most time-critical medical emergency.15 
Epidemiologic investigation of out-of-hospital cardiac 
deaths compared with in-hospital deaths is of partic-
ular public health importance to better understand the 
trends and regional disparities in PCD. As a result, the 
objectives of this study were to: (1) estimate disparities 
across US counties in PCD rates; and (2) investigate 
factors related to the disparities in PCD rates. By an-
alyzing the secular trend in PCD rates, this study can 
present the progress towards achieving the WHO goal 
and the Heart of 25 by 25.

METHODS
The data that support the findings of this study are 
available from the corresponding author on request.

Data
This study analyzed US mortality data for 1999–2017 
using cause-of-death and demographic data from 
death certificates from the US National Center for 
Health Statistics at the Centers for Disease Control 
and Prevention.16 This database is available online 
(https://wonder.cdc.gov/) and includes the following 
key data elements: age, sex, race, ethnicity, place of 
death, underlying cause of death, and multiple major 
contributing causes of death. Places of death include 
inpatient facilities, outpatient or emergency depart-
ment setting, dead on arrival, decedent’s home, 
hospice facility, nursing home/long-term care, and 
unknown and status unknown. Cause of death is as-
signed according to the International Classification of 
Diseases, Tenth Revision (ICD-10), which has been 
implemented since 1999. Population estimates are 
provided by the US Census Bureau. All data used in 
this study are deidentified; thus, institutional review 
board approval was not required. The data analysis 
began in April 2019.

This study defined PCD as any unexpected death 
attributable to cardiac disease that occurred at an age 
between 35 and 74  years.6,17 Cardiac disease death 
was defined as one for which the underlying cause 
was classified in ICD-10 codes: ischemic heart disease 
(I21), dilated cardiomyopathy (I42.0), hypertrophic car-
diomyopathy (I42.1 and I42.2), other cardiomyopathies 
(I42.3-I42.9), arrhythmia (I45.6, I45.8, I46.1, I46.9, I47.2, 

CLINICAL PERSPECTIVE

What Is New?
• We found increasing proportions of out-of-

hospital deaths among patients with premature 
cardiac death, which appeared to be higher in 
younger age groups. County-level disparities 
in mortality were widening during the past 2 
decades.

What Are the Clinical Implications?
• Identifying factors that explain disparities in pre-

mature cardiac death provides insight into strat-
egies that could help reduce these disparities 
and achieve more equitable outcomes.

Nonstandard Abbreviations and Acronyms

APC annual percentage change
ICD-10  International Classification of Diseases, 

Tenth Revision
PCD premature cardiac death
SCD sudden cardiac death
WHO World Health Organization

https://wonder.cdc.gov/
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I49.0, I49.3, I49.5, I49.8, I49.9, and R96), congenital 
heart disease (Q20, Q21, Q22, Q23, Q24.2, Q24.4, 
Q24.5, Q24.6, Q24.8, Q24.9, Q87.4, I34.1, and I35.0), 
myocarditis (I40), and others (I25.4). Based on a ma-
jority of studies,6–8,11,12,18 we defined out-of-hospital 
cardiac death as any cardiac death occurring in out-
patient or emergency department settings, dead on 
arrival, or pretransport location, including decedent’s 
home, hospice facility, nursing home, and long-term 
care home. We defined in-hospital cardiac death as a 
cardiac death occurring in inpatient facilities. All analy-
ses were restricted to individuals aged 35 to 74 years 
to focus on PCD.

Statistical Analysis
We assessed the age-adjusted PCD rates and pro-
portions of PCDs by place of death for groups de-
fined by sex (men and women), race (white, black, 
American Indian/Alaska Native, and Asian/Pacific 
Islander), age group (35–44, 45–54, 55–64, and 
65–74  years), and year. To assess the geographic 
disparity and decompose the disparities, we con-
ducted the Theil index of county-level mortality. The 
advantage of Theil index is that it can decompose 
the disparity into within- and between-state dispari-
ties.19,20 To examine the trends in the PCD rates from 
1999–2017, we assessed the annual percentage 
change (APC), which was calculated by using age-
adjusted logistic regression and orthogonal polyno-
mial contrasts.21 Furthermore, to assess the progress 
towards achieving the Heart of 25 by 25, we esti-
mated the state-specific age-adjusted rates in 1999, 
2010, and 2017, and relative changes during 1999–
2010, 2010–2017, and 1999–2017 for each state. The 
trends of the PCD rates were tested by interrupted 
time series analysis, for identifying whether the mor-
tality varied significantly by year.22 Age-adjusted PCD 
rates were standardized by the direct method to the 
2000 US population.23

Hierarchical linear mixed models were used to es-
timate the associations of factors with state-specific 
PCD rates. Based on literature review, we included 
4 sets of state-specific characteristics that could po-
tentially be associated with PCD rates, including de-
mographic composition, socioeconomic features, 
healthcare environment, and population health sta-
tus. Demographic composition included population 
size, rural, sex, age, racial/ethnic, and foreign born. 
Socioeconomic features included median household 
income, unemployment, school enrollment, and violent 
crime rate. Healthcare/environment included density 
of primary care physicians, diabetic Medicare enroll-
ees with glycated hemoglobin test, access to places 
for physical activity, and access to healthy foods. 
Population health status included cardiovascular 
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disease risk index, self-rated poor/fair health, and total 
Medicare reimbursements per enrollee (a measure 
of healthcare utilization as a proxy for illness). These 
data were obtained from multiple databases from 
2011–2017 that had been introduced in our previous 
study.14 The data sources are outlined in Table S1. To 
quantify the extent to which the 4 sets of factors asso-
ciated with the county-level disparities in PCD rates, 
we conducted dominance analysis for decomposition 
by examining the relative importance of these variables 
in contributing to the R2 of the regression.24 Counties 
were combined as needed to create stable units of 
analysis for each of the various statistical methods. All 
analyses were conducted in Stata 14.1 (StataCorp LP). 
The data analysis began in April 2019.

RESULTS
Disparities in PCD rates
Table  1 shows the disparities in the age-adjusted 
rates of PCD and the place of PCDs by sex, race, 
and age. Between 1999 and 2017, a total of 1 598 173 
cardiac disease deaths occurred between the ages of 
35 to 74 years in the United States (age-standardized 
rate 55.2 per 100 000 people-years), of which 60.9% 
occurred out of hospital and 34.8% occurred in hos-
pital. The age-adjusted PCD rates were twice as high 

in men as in women (77.3 versus 34.9), and 3.5 times 
as high in blacks as in Asians or Pacific Islanders 
(81.8 versus 23.0). Age-specific cardiac death rates 
increased with age and the rates among adults aged 
65 to 74 years were 15.3 times as high as those aged 
35 to 44 years. For the geographic disparities, Theil 
index increased from 0.10 in 1999 to 0.23 in 2017, in-
dicating a widened county-level mortality disparity. 
The geographic disparities were decomposed by be-
tween-state and within-state, and within-state differ-
ences accounted for the majority of disparity (57.4% in 
2017). From 1999 to 2017, although the age-adjusted 
rates of PCD decreased, the overall proportion of out-
of-hospital rates among PCDs increased slightly from 
58.3% to 61.5%. PCDs that occurred in outpatient or 
emergency department settings declined from 26.7% 
to 22.5%, while those that occurred in the decedent’s 
home increased from 23.1% to 32.2%. The results of 
interrupted time series analysis demonstrated that 
the PCD rates decreased by 3.51 (95% CI, −3.97 to 
−3.05; P<0.01) deaths per 100 000 people annually 
from 1999 to 2010, and decreased annually at a rate 
of 0.75 (95% CI, −0.97 to −0.52; P<0.01) from 2010 
to 2017.

Table 2 and Figure 1 show that although all of the 
rates of PCD decreased from 1999 to 2017, the mag-
nitude of decline varied across age, sex, and race. The 
decline rates (deaths per 100  000 people annually) 

Figure 1. Age-adjusted rates of out-of-hospital and in-hospital cardiac death (per 100 000 population) in US residents 
aged 35 to 74 years, by sex, race, and age, from 1999 to 2017.
A, Out-of-hospital cardiac death by sex and race. B, In-hospital cardiac death by sex and race. C, Out-of-hospital cardiac 
death by sex and age. D, In-hospital cardiac death by sex and age.
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were particularly lower among those in the 35- to 44-
year age group (APC=−0.2 out of hospital and −0.04 
in hospital), compared with those in the 65- to 74-year 
age group (APC=−4.5 out of hospital and −4.4 in hos-
pital). Within each age group, the PCDs among men 
showed higher decline rate (deaths per 100 000 peo-
ple annually) than women, particularly for out-of-hos-
pital PCDs (APC=−1.5 out of hospital and −0.5 in 
hospital). Blacks had the highest age-adjusted rates 
of out-of-hospital and in-hospital cardiac death both 
in men and women from 1999 to 2017. Nevertheless, 
the out-of-hospital PCD rates among men had the 
lowest decline rate (deaths per 100 000 people an-
nually) for blacks (APC=−0.3; 95% CI, −0.7 to −0.1 
[P<0.01]) than that for whites (APC=−1.3; 95% CI, −1.6 
to −0.9 [P<0.01]), American Indian or Alaska Native 
(APC=−1.0; 95% CI, −1.2 to −0.8 [P<0.01]), and Asian 
or Pacific Islander (APC=−0.4; 95% CI, −0.5 to −0.2 
[P<0.01]). Results of interrupted time series analysis 
on trends in the PCD rates by sex, race, and age are 
shown in Table S2. Moreover, the distribution of un-
derlying causes for both out-of-hospital and in-hospi-
tal PCDs varied by age and sex (Table S3). In general, 
ischemic heart disease was more common in the 
older group, and cardiomyopathy was more frequent 
in the younger group. In each age subgroup, men 

had a higher proportion of ischemic heart disease but 
lower proportions of arrhythmia and congenital heart 
disease (Table S3). Overall, the magnitude of decline 
from 1999 to 2017 for PCD other than ischemic heart 
disease was much slower than that from ischemic 
heart disease (Figure S1).

Factors Related to Disparities in PCDs
State-specific mortality from cardiac death and 
relative changes during 1999 to 2010 and 2010 
to 2017 were calculated to describe state-level 
disparities in PCDs (Figure  2). In 2017, Arkansas 
had the highest rate of PCD at 113.9 (per 100 000 
population), while Minnesota had the lowest rate 
at 22.6, showing a large disparity of PCD across 
states. The PCD rate in each state declined from 
1999 to 2017, although the relative changes during 
2010 to 2017 were much smaller than those during 
1999 to 2010 in the majority of states. Notably, 3 
states had increasing rates of PCD from 2010 to 
2017. For example, South Dakota experienced a 
47.9% decrease in its death rate during 1999 to 
2010 but a 27.8% increase in its death rate during 
2010 to 2017. At the same time, 2 states including 
Rhode Island and Wyoming had a larger decline in 

Figure 2. Age-adjusted rate (per 100 000 population) of all cardiac death and out-of-hospital and in-hospital cardiac death 
in patients aged 35 to 74 years across states in the United States, 1999, 2010, and 2017.
A, All cardiac death rate. B, Out-of-hospital cardiac death rate. C, In-hospital cardiac death rate.
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their PCD rates during 2010 to 2017 in comparison 
with the earlier period from 1999 to 2010. Notably, 
19 states had increasing rates of out-of-hospital 
cardiac death from 2010 to 2017, while having pre-
viously had decreasing rates from 1999 to 2010. In 
addition, 9 states had similarly worsening trends 
for in-hospital cardiac death. For example, in 
South Dakota, in-hospital PCD rate declined 74% 
between 1999 to 2010, but increased 81.9% from 
2010 to 2017. However, 5 states (Alabama, Maine, 
Nevada, Rhode Island, and Utah) had larger de-
clines in their out-of-hospital cardiac death rates 
during 2010 to 2017 compared with the earlier pe-
riod from 1999 to 2010. Between-county disparity 
and the results of interrupted time series analysis 
on trends in the state-level PCD rates (per 100 000 
population) are shown in Table  S4. The major-
ity of states showed increasing between-county 

disparity during 2010 to 2017, in comparison with 
that during 1999 to 2010.

Dominance analysis showed that demographic 
composition was 36.51% associated with the regional 
disparities in out-of-hospital PCD rates; socioeconomic 
features, 20.85%, healthcare environment, 18.64%; 
and population health status, 23.73%. Demographic 
composition had a 37.51% rate associated with the 
disparities in in-hospital PCD rates; socioeconomic 
features, 18.36%; healthcare environment, 13.90%; 
and population health status, 30.23% (Table 3).

For out-of-hospital PCD rates, each 1-point in-
crease in the percentage of black residents, mortality 
was higher by 0.078 (95% CI, 0.030–0.125) deaths 
per 100 000 people-years; and for each 1-point in-
crease in the percentage of Asian residents, mortality 
was higher by 0.605 (95% CI, 0.403–0.807) deaths 
per 100 000 people-years. For each 1-point increase 

Table 3. County-Level Factors Associated With Age-Adjusted PCDs (Deaths Per 100 000 Population)

County Characteristics

Out-of-Hospital In-Hospital

Standard 
Dominance 
Statistic, % Coefficient 95% CI

Standard 
Dominance 
Statistic, % Coefficient 95% CI

Demographic composition

Rural, % 36.78% 0.381*** (0.351, 0.411) 37.51% 0.140*** (0.127, 0.154)

Female, % −0.431** (−0.819, −0.043) 0.060 (−0.130, 0.250)

Aged ≥65 y, % 0.482*** (0.296, 0.668) 0.123*** (0.059, 0.187)

African American, % 0.078*** (0.030, 0.125) 0.074*** (0.055, 0.093)

American Indian/Alaskan Native, % −0.627*** (−0.797, −0.456) −0.158*** (−0.223, −0.094)

Asian, % 0.605*** (0.403, 0.807) 0.167*** (0.111, 0.223)

Hispanic, % −0.061* (−0.132, 0.010) 0.004 (−0.020, 0.028)

Foreign born, % −0.253*** (−0.422, −0.084) −0.096*** (−0.147, −0.046)

Economic and social features

Median household income, $1000 20.85% −0.190*** (−0.250, −0.130) 18.36% −0.030*** (−0.050, −0.009)

Unemployed, % −0.565*** (−0.781, −0.349) −0.110*** (−0.187, −0.033)

Enrolled in school, % −0.219** (−0.404, −0.033) −0.141*** (−0.213, −0.069)

No. of violent crime per 100 000 
population

0.001 (−0.002, 0.003) −0.002*** (−0.003, −0.001)

Health care and features of the environment

No. of primary care physicians per 
100 000 population

18.64% 0.010 (−0.008, 0.027) 13.90% 0.011*** (0.005, 0.018)

Medicare enrollees age 65 to 75 with 
diabetes undergoing HbA1c test, %

−0.475*** (−0.617, −0.334) −0.171*** (−0.230, −0.112)

Access to exercise opportunities, % −0.105*** (−0.139, −0.070) −0.006 (−0.019, 0.007)

Food environment index −1.026*** (−1.687, −0.364) −0.171 (−0.415, 0.073)

Population health indicators

CVD risk index 23.73% 1.295*** (0.712, 1.877) 30.23% 0.835*** (0.637, 1.033)

Poor/fair health, % 0.811*** (0.644, 0.978) 0.296*** (0.226, 0.367)

Total Medicare reimbursements per 
enrollee, $1000

1.196*** (0.733, 1.658) 0.212** (0.046, 0.379)

R2 49.94% 55.20%

CVD indicates cardiovascular disease; and PCD, premature cardiac death.
*P<0.05, **P<0.01; ***P<0.001.
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in the percentage of foreign-born residents, mortal-
ity was lower by 0.253 (95% CI, −0.422 to −0.084) 
deaths per 100 000 people-years. Mortality associ-
ations for median household income (thousands of 
dollars) was −0.190 (95% CI −0.250 to −0.130) deaths 
per 100 000 people-years; for percentage of unem-
ployment, −0.565 (95% CI, −0.781 to −0.349) deaths 
per 100 000 people-years; and for percentage of 
school enrollment, −0.219 (95% CI, −0.404 to −0.033) 
deaths per 100 000 people-years. For healthcare/en-
vironment, the percentage of Medicare enrollees with 
diabetes mellitus who underwent glycated hemoglo-
bin testing was inversely associated with mortality at 
−0.475 (95% CI, −0.617 to 0.334) deaths per 100 000 
people-years, access to exercise opportunities was 
negatively associated with mortality at −0.105 (95% 
CI, −0.139, −0.070) deaths per 100 000 people-years, 
and the food environment index was negatively as-
sociated with mortality at −1.026 (95% CI, −1.687 to 
−0.364) deaths per 100 000 people-years. For the 
population health status, the cardiovascular disease 
risk index was positively associated with mortality 
at 1.295 (95% CI, 0.712–1.877) deaths per 100 000 
people-years; percentage of poor/fair health popula-
tion, 0.811 (95% CI, 0.644–0.978) deaths per 100 000 
people-years; and total Medicare reimbursements 
per enrollee, 1.196 (95% CI, 0.733–1.658) deaths per 
100 000 people-years. For in-hospital PCD, number of 
primary care physicians per 100 000 population was 
negatively associated with mortality at −0.011 (95% 
CI, −0.005 to −0.018). The number of violent crimes 
per 100 000 population was positively associated with 
mortality at 0.002 (95% CI, 0.001–0.003). The pro-
portion of women, Hispanics, access to exercise op-
portunities, and food environment index showed no 
significance with the in-hospital PCD rates (Table 3).

DISCUSSIONS
This is one of the first national analyses on factors 
related to disparities in PCD rates among US coun-
ties. Taking advantage of vital statistics from the en-
tire United States, we found increasing proportions 
of out-of-hospital death among all PCDs, which ap-
peared to be higher in younger age groups, and the 
county-level disparities in PCD rates were widening 
during the past 2 decades, and were associated 
with demographic composition, socioeconomic fea-
tures, healthcare environment, and population health 
status.

The rate of PCD in our study at 55.2 per 100 000 
population in 2017 was consistent with those re-
ported by recent prospective studies.25 Although the 
American Heart Association has set a strategic goal 
of reducing PCDs of all Americans by 20% from 2010 
to 2020,26 our findings suggest that a deceleration 

in the decline of PCD rates has occurred since 2011, 
and, if this trend continues, strategic goals may not 
be reached.

Approximately 60% of PCDs occurred out of 
the hospital, suggestive of either sudden and un-
expected nature, such as sudden cardiac death 
(SCD), or continuing problems of delays in seeking 
care, particularly in younger age and nonwhite sub-
groups. Sudden death from primary cardiac arrests 
or ST-segment–elevation myocardial infarction is 
more likely to occur before the patient reaches the 
hospital.27 It is estimated that in the United States, 
almost 60% of SCD cases are managed by prehos-
pital emergency medical services. Only about 5% of 
the patients with cardiac arrest survive and are dis-
charged from the hospital.25 Low population aware-
ness of signs and symptoms of a heart attack and 
calling 9-1-1, and lack of appropriate emergency 
medical service responses could result in this low 
survival rate. Therefore, there is a need to implement 
comprehensive strategies at the system level for 
managing out-of-hospital PCD.28 In addition, SCDs 
at a younger age have devastating economic and 
social impact, and can lead to more lost produc-
tivity than those occurring later in life. Unlike other 
countries, including Japan, Italy, and Israel, there is 
no national program in the United States for early 
screening of potential underlying diseases that may 
cause SCD in the young, largely because of a lack 
of agreement on the screening methods that could 
provide optimal predictive values and effectiveness. 
Our findings suggest a need for a potential program 
that can identify high-risk young populations prone 
to SCD.29 Our findings also serve to emphasize that 
we should compare the factors related to disparities 
in out-of-hospital PCD with those in in-hospital PCD, 
and target specific strategies for each of them.

Black individuals continued to have the high-
est PCD rates during the period from 1999 to 2017. 
Nevertheless, the out-of-hospital PCD rates among 
men had the lowest decline rate for blacks than 
that for whites, American Indians or Alaska Natives, 
and Asians or Pacific Islanders. There were several 
reasons. Blacks have a higher prevalence of tradi-
tional cardiac risk factors including hypertension, left 
ventricular hypertrophy, diabetes mellitus, coronary 
heart disease, and heart failure.30 There are also sig-
nificant disparities in healthcare delivery, and blacks 
generally have less access to health care.31 The US 
national representative survey reported that 90% of 
black individuals with cardiac arrest had never been 
told of their risk for cardiac death, and 60% had not 
sought medical care for heart disease symptoms.32 
Additional observational analysis pointed out that 
blacks underutilized lifesaving therapies such as im-
plantable cardioverter-defibrillators33 and had lower 
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rates of bystander cardiopulmonary resuscitation 
than those of high neighborhood socioeconomic sta-
tus.34 In addition, genomic analysis indicated that ge-
netic variants predisposing to cardiac death might be 
more prevalent in black individuals.35,36 These find-
ings suggest that the investments in prevention and 
treatment will need to account for large existing racial 
and ethnic disparities in PCD, with priorities focusing 
on disadvantaged populations.

Furthermore, we found that county-specific PCD 
rates varied considerably across the United States, 
and the disparities among the US counties were wid-
ening. Beyond describing the regional disparities in 
PCD, identifying potentially pathogenic factors that 
could explain county disparities would provide in-
sight into how to reduce disparities and achieve more 
equitable health outcomes.37–40 The understanding 
of these factors can be useful in designing targeted 
evidence-based public health interventions and poli-
cies for the neediest clusters of counties and popula-
tions. Therefore, effective strategies should address 
specific drivers that underlie the disparities and be 
tailored to local context before implementing inter-
ventions. Since socioeconomic status (eg, income) 
might be related to the disparities in PCD rates, 
our findings quantified that socioeconomic features 
could explain larger disparities in out-of-hospital 
PCD than those in in-hospital PCD, while population 
health status could add more information for explain-
ing the disparities in in-hospital PCD than those in 
out-of-hospital PCD. For both out-of-hospital and 
in-hospital PCD, disparities were largely associated 
with demographic composition and socioeconomic 
circumstances beyond the scope of healthcare en-
vironment, implying that reducing regional dispari-
ties might likely require policies aiming at improving 
the socioeconomic circumstances of disadvantaged 
states. For in-hospital PCD, access to health care 
may not influence the disparities as much as poor 
health status in the first place, making primordial 
prevention of risk factors a primary health-related 
goal for reducing the geographic disparities. We also 
found that the within-state differences accounted for 
a majority of disparity across US counties. Thus, it is 
a necessary to analyze how such pathogenic factors 
that underlie the disparities in PCD rates vary within 
counties.

In addition, we found that the majority of states 
with a relatively higher between-county disparity had 
worse trends in PCD rates. This finding is consistent 
with our previous study showing that the inequitable 
distribution of health resources might be an import-
ant determinant of bad health outcomes.18 The find-
ing also accords with previous studies concluding 
that relative inequalities in premature cardiovascu-
lar deaths are projected to widen further, reflecting 

slower mortality declines.41 These findings provide 
solid evidence that improving socioeconomic con-
ditions of disadvantaged populations could help im-
prove their health outcomes. More detailed analyses 
should be focused on the relationship between the 
geographic disparities and temporal trends in PCD 
rates. Moreover, case studies of the states with the 
lowest rates of PCD, especially those with lower be-
tween-county disparity during 2010 to 2017 than that 
during 1999 to 2010, are warranted to identify the 
factors and interventions that may be leading to their 
better PCD rates, and that could be disseminated to 
the other states.

Study Limitations
This study had several limitations. First, our study 
was based on county-level data, and all of the ex-
plained factors are county-level, so as an ecological 
study, ecological fallacy cannot be avoided. Second, 
the accuracy of the underlying cause of death data 
depends on the certifier of each death and the state 
and national nosologists who determine the ICD-10 
codes and the underlying cause. The cause-of-death 
information on the death certificate is not always 
validated by medical record or autopsy verification. 
Thus, misclassification of cases may occur; it can-
not be determined whether the direction of misclas-
sification results in under-reporting or over-reporting 
of the incidence of PCD. The specificity of national 
mortality codes in identifying cardiovascular disease 
has been reported to be as high as 97%, but the 
sensitivity has been found to be lower, resulting in 
the potential underestimation of the PCD rate.42 One 
prospective study showed that the death certificate–
based method results in a significantly higher number 
of cases compared with prospective adjudication of 
SCD cases.25 Whether the use of death certificate–
based methods and the use of ICD codes is an ac-
curate method for identifying the absolute number of 
SCD cases is unknown; however, annual trends and 
comparisons between age, sex, and race groups 
should not be affected.

Third, the time of onset of disease symptoms and 
exact time of death are not available for analyses, 
which limited our ability to identify SCD and non-SCD. 
Clinically, SCD is the unexpected death from a cardiac 
cause a short time (often within 1 hour) after the onset 
of symptoms with no other probable cause of death 
suggested from the medical record or interview of rel-
atives.43 Unfortunately, such a definition is difficult to 
apply in public health surveillance because informa-
tion on the time of onset is often not available from 
death certificate data sets. However, studies involving 
retrospective physician review have reported that the 
validity of the underlying cause of death on the death 
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certificate for both PCD that occurred out of the hos-
pital and SCD is reasonably high.44,45 Furthermore, 
our inclusion criterion was based on ICD-10 codes 
identified on the basis of a literature review, in which 
researchers targeted SCD in young and middle-aged 
adults.6–8,12,18

CONCLUSIONS
Disparities in PCD rates existed across US coun-
ties, which may be related to the decelerated trend of 
decline in the rates among middle-aged adults. The 
slower declines in out-of-hospital rates is alarming and 
warrants more precision targeting and sustained ef-
forts to ensure progress at better levels of health (with 
lower PCD rates) against PCD.
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Table S1. Variables included in the regression analysis with data source and summary statistics. 

County Characteristics Data source Median Interquartile 

ranges 

Max Min 

Demographic composition 

Population, 2011–2017, thousands CPEⅠ 42.41 83.73 10170.29 4.44 

% Rural, 2011-2017 CHRRⅡ 50.56 45.61 100.00 0.00 

% Female, 2011–2017 CPEⅠ 50.58 1.34 56.84 34.05 

% Aged ≥65 years, 2011–2017 CPEⅠ 16.49 4.63 56.94 5.10 

% African American, 2011–2017 CPEⅠ 3.81 13.13 85.33 0.05 

% American Indian/Alaskan Native, 2011–2017 CPEⅠ 0.51 0.69 93.80 0.04 

% Asian, 2011–2017 CPEⅠ 0.76 1.12 43.90 0.04 

% Hispanic, 2011–2017 CPEⅠ 4.02 6.96 96.32 0.27 

% Foreign born, 2011–2017 ACSⅢ 2.90 4.47 52.00 0.00 

Economic and social features 

Median household income, 2011-2017, thousands 

of dollars SAIPEⅣ 40.77 14.02 136.19 15.33 

% Unemployed, 2011–2017 Bureau of 

Labor 

StatisticsⅤ 6.39 3.31 29.70 0.82 

% Enrolled in school, 2011-2017 ACSⅢ 24.88 4.74 55.16 7.86 

Numbers of violent crime per 100,000 person-

years, 2011–2017 CHRRⅡ 240.65 245.46 2349.64 0.00 

Health care and features of the environment 

Primary care physicians per 100,000 population, 

2011-2017 CHRRⅡ 52.63 37.97 631.94 0.00 

% Medicare enrollees age 65-75 with diabetes 

undergoing HbA1c test, 2011-2015※ DAHCⅥ 85.62 2.95 100.00 12.28 

% People with access to places for physical 

activity, 2014-2019※ CHRRⅦ 61.7 24.88 100.00 0.00 

Food environment index, 2014-2019† ※ CHRRⅧ 7.41 1.02 10.00 0.50 

Population health indicators 

NCD risk index, 2011-2017* ※ CHRRⅡ -0.01 2.56 5.67 -7.04

% poor/fair health, 2011-2017 CHRRⅡ 16.90 7.50 50.80 3.60 

Total Medicare reimbursements per enrollee, 2011-

2016, thousands of dollars DAHCⅥ 9.92 1.48 17.72 4.52 

Sources: Ⅰ Census Population Estimates (CPE).  

Ⅱ University of Wisconsin Population Health Institute. County Health Rankings & Roadmaps (CHRR) 

provides a model to help communities understand the factors influencing healthy residents. It 

summaries many health outcome and health factors from other databases each year.  

Ⅲ American Community Survey (ACS).  

Ⅳ Small Area Income and Poverty Estimates (SAIPE).  

Ⅴ Bureau of Labor Statistics.  

Ⅵ Dartmouth Atlas of Health Care (DAHC). DAHC is a publicly available source of data providing 

county-level Medicare spending and mortality rates, selected measures of primary care access and 

quality and hospital and physician capacity measures.  

Ⅶ 2014-2019 CHRR databases summarized this variable from OneSource Global Business Browser 

(Avention, Concord, Massachusetts), DeLorme map data (DeLorme, Yarmouth, Maine), Esri 

(Redlands, California), and Census Bureau TIGER/Line files from 2012-2018.  

Ⅷ 2014-2019 CHRR databases summarized this variable from US Department of Agriculture Food 

Environment Atlas, Map the Meal Gap (DAFEA) from 2011-2016.  



※ For those variables restricted to year range, we conducted ordinary least square regression model to 

predict the missing value. 

† Food environment index is a composite score, ranging from 1 to 10, describing limits on access to 

healthy foods, with 1 indicating the lowest access to healthy foods, and 10 indicating the highest access 

to healthy foods.  

* NCD risk index was calculated by principal components analysis on county-level prevalence of diabetic, 

tobacco smoking, excessive drinking, obesity and physical inactivity. 

 

 

 



Table S2. Results of ITS on trends in age-adjusted rates of cardiac death (per 100000 population) in US residents aged 35-74 years, by sex, race and age, 1999-2017. 

 Out-of-hospital cardiac death  In-hospital cardiac death 

Group Trend prior to 2010  Trend post 2010  Trend prior to 2010  Trend post 2010 

Coefficient p-value  Coefficient p-value  Coefficient p-value  Coefficient p-value 

By sex and race            

Men White -2.4 <0.01  -0.2 <0.01  -1.7 <0.01  0.1 0.05 

Men African American  -1.3 <0.01  0.6 <0.01  -2.0 <0.01  0.3 0.02 

Men American Indian or Alaska Native -1.5 <0.01  -0.7 <0.01  -1.0 <0.01  0.2 0.10 

Men Asian or Pacific Islander -0.7 <0.01  0.03 0.5  -0.8 <0.01  0.04 0.50 

Women White -1.0 <0.01  0.1 0.01  -1.2 <0.01  -0.004 0.96 

Women African American -1.8 <0.01  -0.2 <0.01  -1.7 <0.01  0.01 0.90 

Women American Indian or Alaska Native  -0.4 <0.01  0.3 0.1  -0.9 <0.01  0.1 0.20 

Women Asian or Pacific Islander -0.3 <0.01  -0.02 0.7  -0.7 <0.01  0.02 0.50 

By sex and age            

Men 35-44 years -0.4 <0.01  -0.3 <0.01  -0.07 <0.01  0.02 0.20 

Men 45-54 years -1.4 <0.01  -0.9 <0.01  -0.5 <0.01  0.07 0.40 

Men 55-64 years -4.3 <0.01  -1.1 <0.01  -2.6 <0.01  -0.1 0.20 

Men 65-74 years -10.0 <0.01  -2.0 <0.01  -9.0 <0.01  -1.4 <0.01 

Women 35-44 years -0.09 <0.01  -0.06 0.05  -0.07 <0.01  0.01 0.14 

Women 45-54 years -0.2 <0.01  -0.2 <0.01  -0.3 <0.01  0.03 0.07 

Women 55-64 years -1.5 <0.01  -0.2 <0.01  -1.6 <0.01  -0.2 0.20 

Women 65-74 years -4.9 <0.01  -0.9 <0.01  -5.4 <0.01  -1.1 <0.01 

Total -1.7 <0.01  -0.1 0.01  -1.4 <0.01  0.07 0.30 



Table S3. Distribution (%) of underlying cause among PCDs, by age and sex, 1999-2017. 

Type of cardiac disease (ICD 

10) 

Total   35-44 years   45-54 years   55-64 years  65-74 years 

Men Women   Men 

Wome

n   Men 

Wome

n   Men Women   Men Women 

Out-of-hospital               

 Ischemic heart disease 73.8  68.8   58.2  46.5   71.7  62.3   75.6  70.4   75.9  72.5  

 Dilated cardiomyopathy 3.0  2.8   9.0  8.6   4.6  5.2   2.5  2.5   1.7  1.5  

 

hypertrophic 

cardiomyopathy 0.9  0.8   4.3  3.2   1.6  1.7   0.6  0.7   0.2  0.4  

 Other cardiomyopathies 7.3  7.6   10.2  11.6   7.3  8.5   6.6  7.2   7.4  7.0  

 Arrhythmia 13.4  17.2   13.7  21.1   13.0  18.6   13.6  17.3   13.4  16.3  

 Congenital heart disease 1.5  2.6   4.0  7.7   1.6  3.2   1.1  1.8   1.4  2.3  

 Myocarditis 0.1  0.2   0.6  1.1   0.2  0.5   0.1  0.2   0.0  0.1  

 Other 0.0  0.0   0.0  0.1   0.0  0.0   0.0  0.0   0.0  0.0  

In-hospital               

 Ischemic heart disease 67.6  65.7   46.4  42.5   62.0  56.1   68.8  64.8   70.4  70.2  

 Dilated cardiomyopathy 3.3  2.5   8.9  5.8   4.9  4.1   3.1  2.7   2.4  1.9  

 

hypertrophic 

cardiomyopathy 0.4  0.6   1.6  1.6   0.7  0.9   0.4  0.6   0.2  0.5  

 Other cardiomyopathies 13.6  11.8   21.9  18.7   16.5  15.2   13.2  12.4   12.3  10.2  

 Arrhythmia 11.5  14.2   13.7  20.4   12.5  18.5   11.6  15.4   10.8  12.2  

 Congenital heart disease 3.5  4.9   6.8  9.8   3.1  4.7   2.8  3.9   3.8  5.0  

 Myocarditis 0.1  0.2   0.6  1.2   0.2  0.4   0.1  0.1   0.1  0.1  

  Other 0.0  0.0    0.0  0.0    0.0  0.0    0.0  0.0    0.0  0.0  

 



Table S4. Results of ITS on trends in age-adjusted rates of cardiac death (per 100000 population) 

in US residents aged 35-74 years, by state, 1999-2017. 

State Between-county 

Inequality 

 Out-of-hospital cardiac death  In-hospital cardiac death 

prior to 

2010 

post 

2010 

 Trend prior to 

2010 

 Trend post 2010  Trend prior to 

2010 

 Trend post 2010 

Theil 

Index 

Theil 

Index 

 Coeffi

cient 

p-value  Coeffic

ient 

p-value  Coeff

icient 

p-value  Coeffic

ient 

p-value 

Alabama 0.06  0.10   -1.3 <0.01  -4.5 <0.01  -1.5 <0.01  3.8 0.01 

Alaska 0.02  0.07   -0.8 0.05  0.8 0.07  -0.5 0.02  0.2 0.28 

Arizona 0.07  0.04   -2.1 <0.01  0.1 0.10  -1.5 <0.01  0.3 <0.01 

Arkansas 0.04  0.06   0.02 0.90  2.3 <0.01  -2.4 <0.01  0.1 0.58 

California 0.05  0.11   -0.9 <0.01  -0.009 0.79  -1.1 <0.01  -0.02 0.67 

Colorado 0.14  0.17   -0.8 <0.01  -0.4 <0.01  -0.7 <0.01  0.1 0.03 

Connecticut 0.01  0.01   -0.4 <0.01  -0.8 <0.01  -0.9 <0.01  -0.2 0.11 

Delaware 0.02  0.01   -1.7 <0.01  -0.1 0.73  -1.6 <0.01  0.02 0.97 

District of 

Columbia 

NA 

 

NA 

 

 -0.6 0.03  0.23 0.54  -1.0 0.02  0.6 0.26 

Florida 0.04  0.05   -1.5 <0.01  -0.05 0.49  -1.9 <0.01  0.06 0.27 

Georgia 0.07  0.15   -5.3 <0.01  0.01 0.90  -2.8 <0.01  0.1 0.43 

Hawaii 0.02  0.02   -0.9 <0.01  -0.4 0.48  -2 <0.01  -0.1 0.58 

Idaho 0.05  0.05   -1.2 0.03  0.5 0.18  -1.1 <0.01  0.2 0.31 

Illinois 0.06  0.10   -2 <0.01  -0.2 0.06  -1.3 <0.01  -0.01 0.67 

Indiana 0.03  0.05   -1.4 <0.01  0.6 <0.01  -1.8 <0.01  0.2 0.10 

Iowa 0.05  0.07   -1.5 <0.01  -0.7 <0.01  -1.4 <0.01  -0.03 0.85 

Kansas 0.06  0.09   -2.1 <0.01  -0.6 0.02  -1.8 <0.01  0.06 0.52 

Kentucky 0.06  0.10   -1.1 0.02  1.4 <0.01  -2.2 <0.01  -0.07 0.54 

Louisiana 0.08  0.20   -1.4 <0.01  -0.8 0.03  -1.9 <0.01  0.5 0.03 

Maine 0.02  0.02   -1 <0.01  -1.2 <0.01  -1 <0.01  -0.1 0.67 

Maryland 0.04  0.04   -1.3 <0.01  -0.1 0.47  -0.9 <0.01  -0.1 0.61 

Massachusetts 0.02  0.02   -2.2 <0.01  0.5 0.01  -1.7 <0.01  0.1 <0.01 

Michigan 0.06  0.13   -2 <0.01  0.4 0.03  -1.4 <0.01  0.04 0.57 

Minnesota 0.07  0.14   -1.5 <0.01  -0.2 0.06  -0.7 <0.01  0.04 0.67 

Mississippi 0.05  0.06   -2.6 <0.01  -0.4 0.09  -2.1 <0.01  -0.07 0.84 

Missouri 0.06  0.10   -1.9 <0.01  0.4 0.23  -1.8 <0.01  -0.06 0.54 

Montana 0.06  0.12   -2 <0.01  -0.9 <0.01  -1 <0.01  -0.2 0.46 

Nebraska 0.05  0.13   -1.3 <0.01  -0.3 0.18  -1.5 <0.01  0.003 0.99 

Nevada 0.03  0.11   0.9 0.20  -0.8 0.07  -1.2 <0.01  0.28 0.25 

New 

Hampshire 0.02  0.01  

 -0.9 <0.01  0.2 0.58  -1.1 <0.01  -0.05 0.64 

New Jersey 0.02  0.03   -1.7 <0.01  -0.004 0.98  -2.2 <0.01  0.1 0.25 

New Mexico 0.06  0.05   -0.4 0.05  0.02 0.93  -0.7 <0.01  0.5 0.10 

New York 0.04  0.06   -1.8 <0.01  0.02 0.71  -1.3 <0.01  -0.2 0.13 

North Carolina 0.03  0.04   -1.7 <0.01  -0.2 0.17  -1.5 <0.01  -0.3 <0.01 



North Dakota 0.03  0.10   -3.4 <0.01  -0.3 0.31  -1.2 0.01  -0.1 0.33 

Ohio 0.04  0.06   -1.9 <0.01  0.6 <0.01  -1.8 <0.01  0.4 <0.01 

Oklahoma 0.03  0.05   -2.7 <0.01  -1.1 0.16  -2 <0.01  -0.9 0.04 

Oregon 0.02  0.04   -1.1 <0.01  0.1 0.02  -0.7 <0.01  0.3 0.04 

Pennsylvania 0.03  0.06   -2.6 <0.01  -0.2 0.51  -1.6 <0.01  0.2 0.68 

Rhode Island 0.01  0.01   -1.7 <0.01  -1.8 <0.01  -0.7 <0.01  -0.1 0.23 

South Carolina 0.06  0.13   -2.2 <0.01  -1.1 <0.01  -1.8 <0.01  -0.4 0.15 

South Dakota 0.08  0.10   -2.3 <0.01  1.2 0.19  -2 <0.01  0.7 0.16 

Tennessee 0.05  0.09   -1.7 <0.01  0.4 0.29  -1.8 <0.01  0.3 0.03 

Texas 0.06  0.11   -1.8 <0.01  0.1 0.24  -1.1 <0.01  -0.1 0.36 

Utah 0.04  0.06   -1.1 <0.01  -0.7 <0.01  -0.6 <0.01  -0.04 0.73 

Vermont 0.01  0.02   -2.3 <0.01  -0.97 0.07  -1.2 <0.01  -0.04 0.87 

Virginia 0.05  0.08   -1.1 <0.01  -0.34 0.11  -0.5 <0.01  -0.05 0.70 

Washington 0.06  0.07   -0.2 0.10  -0.2 <0.01  -1 <0.01  0.2 <0.01 

West Virginia 0.02  0.02   -3.4 <0.01  -1.2 <0.01  -1.6 <0.01  -0.1 0.50 

Wisconsin 0.05  0.07   -2.3 <0.01  -0.7 <0.01  -1.1 <0.01  0.1 0.01 

Wyoming 0.04  0.05   0.2 0.70  -0.2 0.77  -0.4 0.10  -0.5 0.13 

Total 0.04 0.07  -1.7 <0.01  -0.1 0.01  -1.4 <0.01  0.07 0.30 

 

 

 

 



Figure S1. Trend in death rates from the ischemic heart disease vs. PCD other 

than ischemic heart disease by sex and age, 1999-2017. 
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