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BACKGROUND: Sudden death is a public health problem
with major impact on society. Coronary artery disease
(CAD) is believed to underlie 60–80% of these deaths.
While deaths from CAD have decreased in the recent
decades, sudden death rates remain unacceptably high.
OBJECTIVE: We aimed to assess the prevalence of CAD
and its risk factors among 18–64-year-old adults in a
population-based case registry of sudden deaths and
compare them to a living population from the same geo-
graphical area.
DESIGN: From 2013 to 2015, all sudden deaths among
18–64-year-old adults in Wake County, NC, were identi-
fied (n = 371). A comparison group was formed by ran-
domly selecting individuals from an electronic health re-
cord repository of amajor healthcare system in the area (N
= 4218).
MAIN MEASURES: Prevalence of CAD and its risk factors
among cases of sudden death and living population
across sex and age groups. Odds of sudden death associ-
ated with atherosclerotic risk factors and comorbidities.
KEY RESULTS: CAD was present in 14.8% of sudden
death cases. Among sudden death victims, most risk fac-
tors and comorbidities were more common in the older
age group, except for obesity which was more common in
younger cases, and diabetes which was equally prevalent
in younger and older cases. Compared to living popula-
tion, sudden death cases had higher prevalence of athero-
sclerotic risk factors across all gender and age groups.
Sudden death cases had a numerically higher number of
risk factors compared to living population, regardless of
age group or presence of CAD.
CONCLUSIONS: Coronary artery disease is not common
among sudden death cases, but risk factors and

comorbidities are prevalent. Our findings support the
changing etiology of sudden death. In the absence of clin-
ically diagnosedCAD, use of novel imagingmodalities and
biomarkers may identify high-risk individuals and lead to
prevention of sudden death.
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INTRODUCTION

Sudden death remains a major public health challenge, account-
ing for 15–20% of mortality from natural causes in developed
countries.1, 2 Survival following sudden cardiac arrest is poor3;
therefore, reducing sudden death mortality largely hinges upon
prevention.4 Based on previous studies of adults, coronary artery
disease (CAD) contributes up to 80%of sudden deaths.5 Over the
last 3 decades, important changes in primary prevention and
management of CAD have resulted in a considerable decrease
in CAD deaths.6 However, the decrease in sudden deaths has not
been as steep.7 There is also growing evidence that the proportion
of sudden deaths attributable to CAD has decreased over the last
15 years, and other proximate causes of sudden death have been
suggested.8 In order to elucidate these gaps, we assessed the
prevalence of diagnosed CAD, as well as atherosclerotic cardio-
vascular risk factors, using data from a recent population-based
case registry of sudden deaths. We compared the prevalence of
CAD and its risk factors to a randomly selected adult population
from the same geographical area and time period.

METHODS

Sudden unexpected death in North Carolina (SUDDEN) is a
population-based, case registry of out-of-hospital sudden, nat-
ural deaths in Wake County, NC. The present analysis
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assessed sudden death data among individuals 18–64 years of
age from the first 2 years of the study (2013–2015). Detailed
methods and adjudication process are described elsewhere.9

Briefly, Emergency Medical Services (EMS) patient care
reporting software (ESO Solutions V 4.8, Austin, TX) was
queried electronically to identify EMS attended, out-of-
hospital deaths in Wake County. Using information from the
EMS event narrative, two trained research assistants indepen-
dently applied the exclusion criteria (age < 18 or > 64, non-
natural mode of death, residents of institutions such as nursing
facilities and prisons). Post mortem records (medical exam-
iner’s body examinations, toxicology reports, and autopsies)
were obtained from the NC Office of the Chief Medical
Examiner. Area hospitals and providers were contacted
to request clinical records, with follow-up contact at
specific intervals. Using all available information, three
cardiologists unaffiliated with the study at the University
of North Carolina (UNC) at Chapel Hill, adjudicated
sudden death cases (Fig. 1). Deaths were considered
sudden and unexpected if the circumstances surrounding
the event suggested an abrupt pulseless condition in the
absence of terminal disease such as cancers, or non-
natural death (overdose, suicide, trauma). No criteria
based on the presence of prior cardiac disease, resuscitation,
or timing since last seen alive were employed. Majority opin-
ion resolved disagreements. Of 1592 EMS attended out-of-
hospital deaths, 399 were adjudicated as sudden death. Those
with information on their medical history, either from clinical
records within 5 years prior to death or medical examiner’s
report (n = 371, 93%) were included in this analysis.

A control group of randomly sampled patients from The
Carolina Data Warehouse for Health (CDW) was formed. The
CDW is a central electronic health records repository contain-
ing clinical, research, and administrative data from 18 hospi-
tals and practices within the University of North Carolina
Health Care Systems.10 Five years of medical records were
obtained on 15,000 randomly selected 18–64-year-old indi-
viduals who attended UNC hospitals or practices for an inpa-
tient or outpatient visit between March 1, 2013, and February
28, 2015 (index visit). To emulate the SUDDEN study popu-
lation, individuals were included in the present study if the
physical home address was in Wake County, NC (N = 4982),
and were excluded if resided or discharged to an institution (N
= 764), for a final control group of 4,218 patients. Given
methodological complexity, appropriateness of control group
selection was discussed with local experts at UNC as well as
project data scientist (BB). This comparison group is intended
to represent the general population of similar age group in the
same geographical area. Demographic variables, including
race, were matched between cases and controls.
For cases, demographic data were obtained from electronic

death certificates obtained through NC vital records. Informa-
tion on comorbidities such as dyslipidemia, diabetes mellitus
(DM), hypertension, CAD, heart failure (HF), chronic kidney
disease (CKD), and stroke was manually abstracted from
medical records according to detailed protocols. Smoking
history and body mass index (BMI) (kg/m2) were obtained
from the most recent record available, and obesity was defined
as BMI greater than 30. Clinical history of CAD was defined
as a physician’s diagnosis of CAD, prior myocardial

Figure 1 Details of case ascertainment and identification of sudden deaths in Wake County, North Carolina. EMS, emergency medical services;
SUDDEN, sudden unexpected death in North Carolina.
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infarction, or coronary revascularization (percutaneous coro-
nary intervention or coronary artery bypass graft). Reliability
of the abstraction process was checked via blind re-abstraction
of a 15% sample of cases by quality assurance committee. For
controls, race and sex were queried from electronic medical
records, and age was calculated by subtracting the date of the
index visit from the date of birth. Electronic medical records
prior to or at the index visit were queried for any International
Classification of Diseases-9 (ICD-9) codes identifying diag-
noses of dyslipidemia, DM, hypertension, CAD, stroke, CKD,
and HF. Smokers were identified as individuals with a history
of smoking within five years preceding the index visit, and
BMI was calculated from most recent available height and
weight (see Supplemental Table 1 for criteria for specific terms
(cases) and ICD9 codes (controls) used to abstract covariates).
Demographic and clinical characteristics were summarized

using frequencies for categorical variables and mean and SD
for continuous variables. Cases and controls were categorized
into two age groups of younger (18–54-year-old) and older
(55–64-year-old) subjects. Prevalence of risk factors and con-
ditions were compared between cases and controls, stratified
by sex and age group, using a chi-square test. Logistic regres-
sion was performed to calculate the age-adjusted odds of
sudden death associated with each covariate, stratified by
sex. The mean number of comorbid risk factors were com-
pared between cases and controls using a t test with pooled
two-sample equal variance. For all analyses, a p value < 0.05
was considered statistically significant. Statistical analyses
were performed using SAS version 9.3 (SAS institute Inc.,
Cary, North Carolina). This project was reviewed by the
University of North Carolina’s institutional review board and
found to be exempt (study #: 13-2445). The study was given
expedited review as it was deemed low risk with appropriate
safeguards for confidentiality.

RESULTS

Demographic and clinical characteristics of the sudden death
cases are presented in Table 1. Overall, mean age was 52.7 (SD
9.4), 254 (68.5%) of subjects were male, 234 (63%) were white,
and 124 (33%) were black. Approximately half (n = 174, 46%)
of cases were 18–54 years old, and 53% were 55–64 years old.
These age groups were chosen for subsequent analysis. Overall,
14.8% of sudden death victims had history of CAD (16.5% in
men, 11.1% in women) and was more common among older
cases (18.8% vs. 10.3%). Most risk factors (smoking, hyperten-
sion, dyslipidemia) as well as comorbidities (DM, HF, CKD)
were more common among older cases. Obesity was more
common in the younger cases (50% vs 34.5%), and diabetes
was equally prevalent in young and old cases (25% vs 33%).
The prevalence of risk factors and comorbidities were com-

pared among the cases and controls stratified by sex and age
group (Table 2). Amongmen, cases had a higher prevalence of
hypertension, dyslipidemia, DM, CKD, CAD, and HF

compared to living controls in both age groups. There was
no significant difference in the prevalence of obesity between
cases and controls in either age group. Smoking and history of
stroke were more prevalent only in older cases compared to
their living controls. Among women, smoking, hypertension,
dyslipidemia, DM, CKD, CAD, HF, and stroke were more
prevalent in cases compared to controls in both age groups.
Obesity was more prevalent in the younger cases compared to
controls and was equal between older cases and controls.
Figure 2 displays the number of coexisting atherosclerotic

risk factors in cases and controls. Living controls on average
had 1 (SD 1.2) risk factors compared to cases 2.2 (SD 1.0).
Cases with CAD had more risk factors compared to cases
without CAD. In both age groups, cases had higher number
of atherosclerotic risk factors compared to their living con-
trols, regardless of CAD status.

Table 1 Demographic and Clinical Characteristics of Victims of
Sudden Death in Wake County, North Carolina

Age
18–54
(n =
174)

Age
55–64
(n =
197)

All subjects
(n = 371)

p
value*

Age, mean (SD) 45 (8.1) 59.5
(2.8)

52.7 (9.4) –

Male, n (%) 124
(71.3)

130 (66) 254 (68.5) 0.275

Race-ethnicity,
n (%)

0.550

White 111
(63.8)

123
(62.4)

234 (63)

African American 55
(31.6)

69 (35) 124 (33.4)

Other 7 (4) 5 (2.5) 12 (3.2)
Unknown 1 (0.5) – 1 (0.2)

Witnessed arrest,
n (%)

23
(13.2)

16 (8.1) 39 (10.5) 0.110

Resuscitation
attempted, n (%)

71
(40.8)

76
(38.6)

147 (39.6) 0.662

Smoking status†,
n (%)
Current/former

smoker
69
(60.5)

104
(72.7)

173 (67.3) 0.038

Never smoker 45
(39.5)

39
(27.3)

84 (32.7)

Unknown 60 54 114
Obesity†‡,
n (%)

69 (50) 58
(34.5)

127 (41.5) 0.006

Hypertension,
n (%)

94 (54) 130 (66) 224 (60.4) 0.019

Dyslipidemia,
n (%)

50
(28.7)

96
(48.7)

146 (39.4) <
0.001

Diabetes mellitus,
n (%)

44
(25.3)

65 (33) 109 (29.4) 0.104

Coronary artery
disease§, n (%)

18
(10.3)

37
(18.8)

55 (14.8) 0.022

Stroke, n (%) 6 (3.5) 20
(10.1)

26 (7) 0.012

Heart failure,
n (%)

15 (8.6) 36
(18.3)

51 (13.8) 0.007

Chronic kidney
disease, n (%)

13 (7.5) 31
(15.7)

44 (11.9) 0.014

ME Medical examiner
*P values from Pearson’s chi-square test comparing frequencies between
age groups 18–54 and 55–64
†For variables with missing values, proportions and p values are
calculated using the non-missing data as the denominator
‡Body mass index (BMI) was not available in 36 and 29 cases in 18–54
and 55–64 age group respectively
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Except for obesity, all other risk factors and comorbidities
were associated with sudden death (Table 3). Odds ratios
(ORs) for all risk factors were higher for women compared
to men, and highest ORs were seen with HF (5.5 95% CI 3.2–
9.5 in men and 12.8 95% CI 6.5–25.5 in women).

DISCUSSION

In our population-based study of sudden death, we found
coronary disease to be present in only 14.8% of cases. Com-
pared to the controls, cases on average had more atheroscle-
rotic risk factors, across all sex-age categories.
The 14.8% prevalence of clinically diagnosed CAD in

victims of sudden death is close to 22–35% rate reported in
previous studies of similar age group.11, 12 While this rate is
lower than expected based on the general belief that CAD
accounts for 60–80% of sudden deaths, temporal trends sup-
port our observation. A prospective longitudinal study showed
a decline in the proportion of sudden deaths related to CAD,
and a concomitant increase in the proportion of non-ischemic
sudden deaths (related to hypertensive heart disease and idio-
pathic fibrosis).8 Our data suggests that CAD may no longer
be the dominant cause of sudden death, as it was in the past.
Subclinical myocardial injury and ischemia secondary

to hypertension and diabetes, which were highly preva-
lent among victims, may directly account for our low
rate of CAD.13, 14 Dysfunction of coronary microvascu-
lature, also linked to obesity and hypertension, has been
shown to affect the myocardial blood flow even in the
absence of obstructive CAD. Finally, non-ischemic heart
disease may also have played a role, as they have been
shown to be associated with sudden death.15–17 In an

autopsy series of sudden death, more than half of sub-
jects who did not have CAD had signs of left ventric-
ular hypertrophy, interstitial fibrosis, and cardiomegaly.18

Left ventricular hypertrophy and interstitial fibrosis are
established consequences of hypertension and obesity19,
20 and have been associated with ventricular tachycardia
in both ischemic and non-ischemic heart disease.21, 22

Furthermore, recent studies have demonstrated the role
of structural cardiac changes in SCD, in the absence of
obstructive CAD. The Rotterdam Study found subclini-
cal abnormalities in systolic function were associated
with increased risk of sudden death.16 A meta-analysis
of Atherosclerosis Risk in Communities Study and Car-
diovascular Health Study participants, found mitral an-
nular calcification, increased LV mass, and increased left
atrial diameter, to be predictors of sudden death.15

The prevalence of cardiovascular risk factors among
our cases are comparable to those reported in previous
studies. In the Atherosclerosis Risk in Communities
Study, hypertension, DM, and HF was present in
63.3%, 34.9%, and 11.6% among SCDs,23 compared to
60.4%, 29.4%, and 13.8% in our study, respectively.
Similarly, the Oregon Sudden Unexpected Deaths study
reported hypertension and DM in 52.2% and 29.1% of
cases 35–60 years of age,12 and history of stroke, chron-
ic renal disease, and dyslipidemia in 6.9%, 13.9%, and
33.7% of cases, compared to 7%, 12%, and 39.4% in
our study.
Low rates of CAD among sudden death cases, in

spite of a high prevalence of traditional atherosclerotic
risk factors, have important implications for prevention
of sudden death. Lifestyle and medical therapy lower

Table 2 Comparison of Clinical Characteristics Between Sudden Death Cases and Controls in Wake County, North Carolina, Stratified by Age
Group and Sex

Age 18–54 Age 55–64

Men Cases (n = 124) Controls (n = 1071) p value* Cases (n = 130) Controls (n = 505) p value*

Smoking†, % 38.7 31.5 0.1022 58.5 39.2 < 0.001
Obesity†‡, % 47 37.5 0.062 36.0 41.4 0.305
Hypertension, % 52.4 16.3 < 0.001 65.4 38.8 < 0.001
Dyslipidemia, % 29.8 13.0 < 0.001 49.2 27.7 0.012
Diabetes mellitus, % 21.8 5.9 < 0.001 34.6 15.5 < 0.001
Coronary artery disease, % 10.5 2.2 < 0.001 22.3 8.3 < 0.001
Heart failure, % 9.7 1.0 < 0.001 15.4 3.6 < 0.001
Chronic kidney disease, % 7.3 1.3 < 0.001 18.5 4.0 < 0.001
Stroke, % 2.4 0.8 0.095 11.5 2.4 < 0.001

Women Cases (n = 50) Controls (n = 1810) p value* Cases (n = 67) Controls (n = 832) p value*
Smoking†, % 42 18.9 < 0.001 41.8 29.9 0.043
Obesity†‡, %† 57.9 36.0 0.006 31.6 40 0.212
Hypertension, % 58 11.1 < 0.001 67.2 24.4 < 0.001
Dyslipidemia, % 26 5.1 < 0.001 47.8 16.47 < 0.001
Diabetes mellitus, % 34 4.3 < 0.001 29.9 9.6 < 0.001
Coronary artery disease, % 10 0.66 < 0.001 11.9 1.8 0.001
Heart failure, % 6 0.83 < 0.001 23.9 1.1 < 0.001
Chronic kidney disease, % 8 0.88 < 0.001 10.5 2.5 < 0.001
Stroke, % 6 0.72 < 0.001 7.5 1.44 < 0.001

*P values from Pearson’s chi-square test comparing frequencies between cases and controls
†For variables with missing values, proportions and p values are calculated using the non-missing data as the denominator
‡Body mass index (BMI) was missing for 36 and 29 cases and 504 and 252 controls, in 18–54 and 55–64 age group respectively
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sudden death rates in individuals with CAD.24 Implementation
of such therapy in individuals with subclinical CAD should
reduce the risk of sudden death. However, individuals with
subclinical or stable CAD are a heterogeneous group, and
therefore appropriate risk stratification may be necessary to
target those at highest risk. Noninvasive imaging modalities
added to traditional risk assessment have improved

cardiovascular risk assessment and prediction of future
events.25, 26 Certain imaging modalities are capable of identi-
fying anatomic substrates that are pathophysiologically related
to lethal arrhythmias.27–29 Novel biomarkers, such as high-
sensitivity cardiac troponin T (hs-cTnT) and N-terminal pro–
B-type natriuretic peptide (NT-proBNP), show promise to
predict cardiovascular events.30, 31

Figure 2 Average number of atherosclerotic cardiovascular disease risk factors in sudden death cases and living controls. Among all subjects
(a), those with history of CAD (b), those without history of CAD (c). Atherosclerotic cardiovascular disease risk factors included in this

comparison were smoking, obesity, hypertension, diabetes mellitus, dyslipidemia, and chronic renal disease. CAD, coronary artery disease.
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Our study had several limitations. We did not include
adults older than 64 years of age in the current study
despite known higher risk of sudden death with increas-
ing age. This decision was made based on the guidance
from adjudication committee who found it practically
challenging to differentiate sudden-ness of death in the
older population with higher burden of comorbidities at
more advanced stages. In addition, adults younger than
65 have a heterogenous and different healthcare access
profile compared to those older than 65, which can
influence the causes of premature mortality. Despite
sustained systematic efforts to obtain medical records,
the possibility of incomplete records cannot be ruled out
for those who had not seen a provider in the past 5
years or their providers failed to provide us with their
records. Although Wake County EMS is required to
attend most out-of-hospital deaths, we may not have
captured the few cases that were not attended by
EMS. Strengths of our study include our ascertainment
method. Through collaboration of EMS, NC medical
examiner’s office, and area hospitals and providers, we
were able to capture and adjudicate all sudden deaths,
without applying preconditions of etiology of death or
resuscitation status. Finally, Wake County is a large
racially and socioeconomically diverse population,
reflected in our study population as well.9

In summary, clinical coronary artery disease is not common
in sudden death victims but atherosclerotic risk factors are
commonly present. Our findings support a changing pattern
of etiology of sudden death, with a decline in clinically diag-
nosed coronary artery disease and presence of a heterogeneous
mixture of other etiologies, dictating a more complex ap-
proach for prevention. More aggressive diagnostic testing
and treatment for subclinical coronary disease, hypertension,
high lipids, diabetes, ventricular hypertrophy, and other factors
seems to have the potential to prevent sudden death.
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