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Abstract

Background -—Sudden cardiac death (SCD) studies report higher incidence in men and Blacks 

but presume cardiac cause. We sought to identify sex and race differences in rates and causes of 

presumed SCDs in a prospective postmortem study in San Francisco County.

Methods -—All incident presumed SCDs meeting World Health Organization definition ages 

18–90 were autopsied via active surveillance of consecutive out-of-hospital deaths in the 

POstmortem Systematic InvesTigation of Sudden Cardiac Death (POST SCD) Study (2/1/2011 – 

3/1/2014). Autopsy-defined sudden arrhythmic deaths (SADs) had no extra-cardiac cause or acute 

heart failure.

Results -—Among 541 presumed SCDs, 525 (97%) were autopsied; 362 (69%) were male, 110 

Asian (21%), 81 Black (15%), 40 Hispanic (8%), 279 White (53%), and 15 Other Race (3%). 

Adjusted for age and race, women had more non-cardiac causes of presumed SCD, including 

pulmonary emboli (8% vs. 2%) and neurologic causes (10% vs. 3%, both p<0.01). Of autopsy-

defined SAD, men had 3-fold higher rates while women had more primary electrical disease (4% 

vs. 2%, p=0.02) and non-ischemic causes (53% vs. 39%, p<0.01). Age-adjusted incidence rate 

ratios were higher for Black women (2.55, p<0.01), and lower for Asian and Hispanic men (0.51 

for both, p<0.05) than their White counterparts. Myocardial infarction without obstructive 

coronary arteries was more common among SADs in Asians than Whites (7% vs. 1%; adjusted 

p<0.05). Sudden neurologic deaths were more common in Asians, endocrine causes more common 

in Blacks, and gastrointestinal causes more common in Hispanics than Whites (adjusted p all 

<0.05).

Conclusions -—In this countywide postmortem study of presumed SCDs, women had more 

non-ischemic and non-cardiac causes. Black women had higher rates of autopsy-defined SAD than 

White women while Asian and Hispanic men had lower rates than White men. These findings 
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have implications for risk stratification and prevention of sudden mortality in women and minority 

populations.
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Introduction

Sudden cardiac death (SCD) is a major public health concern and may account for between 

300,000 and 450,000 deaths per year in the United States alone.1 Prior studies have 

demonstrated substantial sex and racial differences in the incidence rates of SCD, with rates 

reportedly higher in men and Blacks.1–4 Moreover, these differences persist after adjusting 

for sociodemographic and cardiovascular risk factors, suggesting differences in the 

underlying pathophysiology and phenotype of SCD.5 However, almost all studies rely on 

medical or emergency medical service (EMS) records and death certificates to infer cardiac 

cause,6 which leads to significant misclassification of non-cardiac (e.g., occult overdose, 

pulmonary embolism, hemorrhage) and non-arrhythmic (e.g., tamponade, acute heart 

failure) causes masquerading as SCDs that cannot be excluded without full autopsy. Thus 

whether sex and race affect the incidence of true sudden arrhythmic death (SAD) – the only 

type of sudden death potentially rescuable by defibrillator – is unknown.7

Recently we conducted the 3-year San Francisco POstmortem Systematic InvesTigation of 

Sudden Cardiac Death (POST SCD) Study to identify and autopsy nearly every incident 

World Health Organization (WHO)-defined (presumed) SCDs countywide ages 18–90 years 

via active surveillance of consecutive out of hospital deaths, and found that only half 

(55.8%) of SCDs defined by these conventional criteria were SAD after autopsy evaluation 

with the remainder having an easily identifiable non-arrhythmic cause of death.8 In this 

POST SCD analysis, we sought to further characterize differences in premortem 

characteristics, incidence rates, autopsy-defined causes, and circumstances of sudden death 

by sex and race to evaluate whether standard definitions of SCD may differentially 

misrepresent women and minority populations.

Methods

The data that support the findings of this study are available from the corresponding author 

upon approval of reasonable request. The UCSF IRB approved all aspects of this study with 

additional IRB approval obtained from 10 San Francisco county hospitals and 3 EMS 

agencies.
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Study Population and Definition of Sudden Cardiac Death

A detailed description of the methods used in the POST SCD investigation has been 

previously reported8 and is briefly summarized here. The study population included all 

residents of San Francisco County, California (population: 805,235). Between February 1, 

2011 to March 1, 2014, all presumed out of hospital cardiac arrests (OHCA) were captured 

as consistent with the Cardiac Arrest Registry to Enhance Survival definition. OHCA deaths 

were defined as those patients who died in the field or ED if witnessed and/or active 

resuscitation was performed, or unwitnessed sudden unexpected deaths if the victim was last 

observed alive and symptom free within 24 hours as defined by the WHO.9 WHO-defined 

(presumed) SCDs were defined as sudden unexpected death either within 1 hour of symptom 

onset (event witnessed), or within 24 hours of having been observed alive and symptom free 

(unwitnessed).10 Subjects otherwise meeting WHO criteria who had recent admission for 

myocardial infarction were included. Patients were excluded if they had a terminal illness, 

end stage renal disease on hemodialysis, or an alternative identifiable non-cardiac cause of 

sudden death, including trauma, violent death, suicide, and overt drug overdose. Consistent 

with the initial reporting of incidence in POST SCD, we provided estimated weighted and 

age-adjusted incidence rate ratios for autopsy-defined SAD using 2011 San Francisco census 

data as a proportion of the overall set of 630 initially identified WHO-defined SCDs that 

included 89 physician-attended deaths with recent medical care, thus not under medical 

examiner jurisdiction and ineligible for autopsy.8 These 89 attended deaths were 

subsequently adjudicated to be non-sudden and thus excluded as presumed SCDs, arriving at 

the final cohort of 541 presumed SCDs, 525 (97%) of which were autopsied. Race was 

ascertained from prior medical records and EMS runsheets which were obtained from all 

hospitals involved for 94% (492/525) of all SCDs.8

Postmortem Investigation and Adjudication of Sudden Cardiac Deaths and Sudden 
Arrhythmic Deaths

All unexpected out of hospital deaths including OHCA deaths must be reported to the 

Medical Examiner by California state law and were referred for detailed autopsy as 

previously described.8 A multidisciplinary committee comprised of two electrophysiologists, 

the assistant medical examiner of San Francisco County, a cardiac pathologist, and a 

neurologist reviewed EMS and comprehensive medical records of all OHCA deaths to 

determine those that met sudden death criteria as WHO-defined (presumed) SCDs. The 

cause of death was classified as SAD (considered potentially rescuable with an implantable 

cardioverter-defibrillator [ICD]) or non-SAD and adjudicated with an underlying primary 

cause of death. Nearly half of the presumed SCDs had an obvious non-arrhythmic cause of 

death identified on comprehensive autopsy evaluation (e.g., tamponade, intracranial or 

gastrointestinal hemorrhage, pulmonary embolism, acute renal failure with markedly 

elevated postmortem serum creatinine, occult overdose with lethal serum levels). Autopsy-

defined SAD was defined as those presumed SCDs without an obvious non-arrhythmic (e.g., 

acute myocardial infarction with wall rupture and tamponade, acute heart failure with 

pulmonary edema) or extra-cardiac (e.g., intracranial or gastrointestinal hemorrhage, 

pulmonary embolism, acute renal failure with markedly elevated postmortem vitreous 

creatinine, occult overdose with lethal serum levels) cause of death and potentially rescuable 

with a defibrillator. Adjudication of primary cause of SADs was determined by expert panel 

Tseng et al. Page 3

Circ Arrhythm Electrophysiol. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



review/consensus opinion based on pre-specified criteria for certainty of diagnosis after 

consideration of gross pathology and cardiac histopathology findings, and absence of lethal 

toxicology. Full details of the methods and adjudication protocols for the original POST 

SCD study have been previously published.8

Statistical Analysis

Continuous variables are presented as means with standard deviations, and categorical 

variables are presented as totals with percentages. Comparisons were made using unequal-

variance t and Fischer’s exact tests when appropriate with two-tailed p<0.05 considered 

statistically significant. Sex differences in SCD and SAD causes of death were adjusted for 

age and race, and racial differences were adjusted for age and sex using logistic models. 

Weighted incidence of SAD as a proportion of presumed SCD by race and sex was estimated 

by inverse weighting, based on a logistic model, to make the 525 presumed SCDs with 

autopsy data representative of the overall set of 630 WHO-defined SCDs. Age-adjusted 

incidence rate ratios (IRR) were subsequently calculated to make comparisons across sex 

and race. All calculations were performed using Stata Version 14.2 (StataCorp LP, College 

Park, TX).

Results

We identified 541 unattended presumed SCDs over 37 months of which 525 (97%) were 

autopsied; 362 were male (69.0%), 110 Asian (21.0%), 81 Black (15.4%), 40 Hispanic 

(7.6%), 279 White (53.1%), and 15 Other Race (2.9%), representative of the diverse San 

Francisco County population (Table 1).

Premortem Characteristics of Presumed SCDs by Sex and Race

For presumed SCDs, women were older (66.9 ± 15.1 vs. 60.9 ± 13.8), more likely to have 

had prior cerebrovascular accident (CVA), psychiatric disorder, or chronic obstructive 

pulmonary disease (COPD), and less likely to have had prior tobacco or excess alcohol use 

as compared to men (p<0.05 for all, Table 1). While the mean ages of Black and Hispanic 

presumed SCDs were similar to that of White cases, the mean age of Asian presumed SCDs 

was 5 years older. As compared to reference Whites, Asian, Black, and Hispanic presumed 

SCDs had more diabetes and prior CVA; Black presumed SCDs also had more hypertension, 

congestive heart failure, and chronic kidney disease (p<0.05 for all, Table 1). Ejection 

fraction as measured by echocardiogram performed as part of clinical practice was available 

in 14% (71/525) of presumed SCDs and was similar by sex (59 ± 11% in women vs. 52 ± 

20% in men) and race (59 ± 18% in Asians vs. 50 ± 22% in Blacks vs. 52 ± 21% in 

Hispanics vs. 55 ± 14% in Whites, p>0.05). Mean interval from echocardiogram to death 

was 2.63 ± 2.95 years.

Autopsy-Defined Causes of SAD and Presumed SCDs by Sex and Race

Adjusted for age and race, the proportion of presumed SCDs attributable to SAD was higher 

in men compared to women (61% vs. 45%; p<0.01, Table 2). Women were conversely more 

likely than men to have non-cardiac causes of sudden death found on autopsy (51% vs. 35%; 

p<0.01), in particular more pulmonary emboli (8% vs. 2%; p<0.01) and sudden neurologic 
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deaths (10% vs. 3%; p<0.01), which included acute CVA, intracranial hemorrhage, and 

sudden unexpected death in epilepsy (SUDEP). Among SADs, women were less likely to 

have ischemic causes than men (47% vs. 61%; p<0.01), and more likely to have primary 

electrical disease (4% vs. 2%; p=0.02), defined as arrhythmic cause without structural heart 

disease (Figure 1). We also found a trend towards more SAD due to hypertrophy in women 

(22% vs. 13%; p=0.052).

Adjusted for age and sex, the proportion of presumed SCDs due to non-cardiac causes was 

similar for Asians and Hispanics, but higher for Blacks (56% vs. 39%; p=0.04). Blacks had 

the lowest proportion of presumed SCDs attributed to chronic CAD and the most due to 

glycemic emergencies (p<0.05, Table 3). Among presumed SCDs, Asians had the highest 

proportion of sudden neurologic deaths and the fewest occult overdoses (p<0.05), while 

Hispanic cases had the highest proportion due to gastrointestinal causes (p<0.05). Of the 

overdose deaths, opiates were found to be the most common culprit. The distribution of 

SAD causes was similar for Hispanics and Blacks, while Asians had a higher proportion due 

to myocardial infarction without obstructive CAD (MINOCA) as compared to Whites (7% 

vs. 1%; adjusted p<0.05, Figure 2), defined by histologic evidence of myocardial infarction 

without significant coronary stenoses on autopsy.

Incidence of Autopsy-Defined SAD by Sex and Race

Incidence rates of presumed SCD and SAD were over 2- and 3-fold higher in men vs. 

women, respectively (p<0.01). While Asian and Hispanic men had the lowest incidence rate 

ratio (IRR) for SAD as compared to White men (IRR 0.51 for both, p<0.01), IRR for SAD 

was similar for Asian, Hispanic, and White women (Figure 3). Among women, Blacks had a 

higher rate of SAD (IRR 2.55, p<0.01) than Whites, while Black men had similar rates 

compared to White men (IRR 1.08, p=0.63).

Characteristics of Autopsy-Defined SADs by Sex and Race

Female victims of SAD were older than male victims (70.6 ± 13.4 vs. 61.7 ± 14.4, p<0.01), 

more likely to have prior history of CVA (11% vs. 5%; p<0.05), and less likely to have prior 

substance use history (Table 4). As compared to White SADs, Asian cases were less likely 

to have prior substance use history, while Black SADs were more likely to have history of 

heart failure (31% vs. 14%; p=0.02), chronic kidney disease (31% vs. 7%; p<0.01), and 

CVA (14% vs. 3%; p<0.01). Hispanic SADs were more likely to have prior history of 

diabetes (43% vs. 19%; p=0.01, Table 4).

Presenting Rhythms

One quarter of presumed SCDs were witnessed (120 of 525, 23%), with a trend toward 

fewer witnessed cases in women (29/163 [18%] vs. 91/362 [25%]; p=0.06). Despite similar 

EMS response times (in minutes) for all witnessed arrests (6.4 ± 4.0 in women vs. 6.0 ± 3.8 

in men, p=NS), an initial rhythm of pulseless electrical activity (PEA, 24% vs. 9%; p=0.03) 

or sinus bradycardia (14% vs. 1%; p<0.01) was more common in women while men were 

more likely to be found in ventricular tachycardia/ventricular fibrillation (VT/VF) (43% vs. 

14%; p<0.01, Figure 4). Of the witnessed arrests with initial presenting rhythm of PEA or 

sinus bradycardia, there was no significant difference, between women and men, in the 
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proportion that were classified as arrhythmic (28% vs. 11%, p>0.05) or in EMS response 

times. We found no significant racial differences in EMS response time, proportion of 

witnessed deaths, or initial presenting rhythms.

Discussion

In this systematic postmortem investigation of all deaths attributed to out-of-hospital cardiac 

arrest and presumed SCD in an entire diverse metro area to exclude non-cardiac causes 

misclassified as presumed SCD, the rate of autopsy-defined SAD was more than 3-fold 

higher in men than women overall, but greater than 2-fold higher in Black vs. White women. 

Women had fewer ischemic causes of SAD, while Asians had higher rates of MINOCA 

suggesting phenotypic variation in arrhythmic risk. Among sudden deaths overall, we also 

found significant differences in the prevalence of underlying causes by sex and race, with 

more non-cardiac causes in women as compared to men, and more sudden neurologic deaths 

in Asians, endocrine causes in Blacks, and gastrointestinal causes in Hispanics as compared 

to Whites. Our findings demonstrate the poor accuracy of currently accepted definitions of 

SCD for actual arrhythmic cause, particularly in women, with implications for risk 

stratification and prevention of sudden mortality specific to women and minority 

populations.

It has been reported that men have higher rates of SCD than women, with most causes 

attributed to CAD,11 while women are less likely to have structural heart disease as manifest 

by less severe left ventricular dysfunction or CAD prior to presumed SCD.12,13 However, 

these studies were based on review of medical records and death certificate data which 

presume arrhythmic cause, and determining the differential risk of true SAD in women is 

important to identify patients rescuable by ICD therapy.6,14 In POST SCD, we found that 

there is significant misclassification of presumed SCD in women, who had more non-cardiac 

causes than men, including sudden neurologic deaths (10% of presumed SCDs) and fatal 

pulmonary emboli (8% of presumed SCDs). Consistent with this, women were more likely 

to present with PEA and sinus bradycardia despite comparable EMS response times and a 

similar proportion of witnessed cases as compared to men. While the reported mortality 

rates for pulmonary embolism are decreasing in the U.S., a substantial number of sudden 

deaths attributable to pulmonary emboli are likely missed without postmortem data as 

available in POST SCD.15 Women also have higher lifetime risk of stroke than men and we 

have previously reported the under-recognition of sudden neurologic death as an underlying 

cause of presumed SCDs.16,17 Within our refined population of true SAD, women appeared 

phenotypically distinct from men with a lower proportion of ischemic causes and a greater 

proportion due to primary electrical disease, consistent with a female preponderance of 

congenital long QT syndrome.18 These findings highlight potential sex differences in 

mechanisms that underlie overall sudden death risk and challenge the assumed role of CAD 

in the majority of SADs. By including systematic toxicology, our findings expand upon the 

results of a recent Finnish autopsy study which reported lower rates of SCD and more non-

ischemic causes of death in women19 but did not report postmortem toxicology as a means 

to rule out occult overdose which may be positive in more than half of SCD victims.20 Taken 

together, our findings indicate that focusing on modification of traditional CAD risk factors 

may not have as significant an impact on sudden death in women, which may also require 
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attention to non-ischemic causes of SAD such as primary electrical disease, along with 

cerebrovascular and thrombotic/embolic disease risk.

Recent data demonstrate higher presumed SCD risk in Blacks compared to Whites, 

particularly among women, and not fully explained by socioeconomic class or traditional 

cardiovascular risk factors.5,21 POST SCD confirmed significant racial differences in rates 

of presumed SCDs and SADs, which were highest in Blacks and lowest in Hispanics, yet the 

proportion of sudden deaths attributable to arrhythmic causes was lowest in both 

populations.8 Therefore, our results suggest that at least some of the previously reported 

racial differences are due to miclassification.5,21 As such, public health resources may not 

currently address the areas of greatest disparity. Prior evidence suggests higher rates of 

OHCA in the Black population with lower rates of survival to hospital discharge.2–4,22–25 

While one reason for this disparity may be higher rates of cardiac co-morbidities in the 

Black population, it may also be explained by our finding that Blacks had the lowest 

proportion of presumed SCDs attributed to SAD and the largest proportion (more than half) 

due to non-cardiac causes which are not rescuable by ICD and may not be as amenable to 

traditional recuscitative strategies. Rates of diabetes are highest in the Black population with 

correspondingly poor control of disease and Blacks had the highest proportion of glycemic 

emergencies as the cause of sudden death.26 Taken together, these findings suggest the 

importance of targeted primary prevention interventions beyond arrhythmic risk, including 

attention to more aggressive glycemic control in diabetics to impact overall sudden mortality 

in the Black population.

Even after accounting for misclassification, the overall incidence of SAD was higher in 

Blacks. In addition, we found a compound effect of sex and race: while Black women had a 

significantly higher incidence of SAD as compared to White women, SAD rates were 

similar for Black and White men. Within the refined SAD population, Blacks had a trend 

towards fewer ischemic and more cardiomyopathy causes than Whites. Overall, this 

highlights the need for further attention to risk factor modification and prevention strategies 

targeting non-ischemic causes of SAD to address the disparity in Black populations.

Limited data are available for incidence of SCD in other minority groups in the U.S. It has 

been reported that Hispanic Americans have lower rates of presumed SCD than Whites.4 

Our autopsy data confirm this finding, as Hispanic men had the lowest incidence of SAD. 

Hispanic victims of presumed SCD also had significantly higher gastrointestinal causes of 

sudden death, including gastrointestinal hemorrhage and liver failure, again highlighting the 

differential impact of non-cardiac causes on sudden mortality.

While other studies have reported lower incidence rates of presumed SCD in homogenous 

Asian countries, no studies have examined rates of SCD and SAD in Asian populations in 

the United States.27,28 In POST SCD, Asians overall had lower incidence of SAD as 

compared to Whites but higher rates of MINOCA. This finding is consistent with higher 

rates of MINOCA in non-Whites and specifically higher rates of inducible vasospasm in 

Asians,29–31 challenging the assumption that this condition rarely causes SCD.32,33 

Stratified by gender, while Asian and White women had similar rates of SAD, these rates 

were nearly 2-fold lower among Asian men as compared to White men. Asians had the 
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lowest rate of occult overdose but the highest rate of sudden neurologic death among all 

ethnic groups.17 Notably, more than half of Asian sudden neurologic deaths were on anti-

coagulation medications (6 of 11 subjects). Asian populations have a higher age-adjusted 

incidence of stroke, a lower mean age of stroke onset, and a higher proportion of intracranial 

hemorrhage independent of cardiovascular risk factors.17,28,34,35 These observations have 

led to studies examining whether modification of the CHA2DS2-VASc score in Asians with 

atrial fibrillation to support anti-coagulation at younger ages or at lower scores is warranted.
36–38 However, an increase in anti-coagulation among Asians to prevent ischemic stroke may 

be accompanied by higher rates of sudden death from intracranial hemorrhage.39,40 Our 

findings are consistent with these studies and support more careful monitoring of anti-

coagulation therapy in Asians as these causes may be misclassified as presumed SCD and 

not adequately captured in traditional safety surveillance.

Limitations

As previously noted, the validity of SCD studies is dependent on their specificity for actual 

cardiac causes. While we were reliably able to exclude non-arrhythmic causes by systematic 

autopsy for nearly every WHO-defined SCD and use rigorous pre-specified criteria to 

determine underlying causes of SAD, the precise cause of death remained subject to some 

degree of uncertainty. However, this level of uncertainty is a significant improvement 

compared to studies lacking post-mortem data. Moreover, our findings are comparable to 

other recent autopsy-based SCD studies19, with the added innovation of comprehensive 

toxicology analysis to exclude occult overdose as a cause of non-cardiac sudden death. 

Furthermore, although the diverse nature of San Francisco County allowed for the novel 

examination of ethnicity-specific rates and causes of community sudden death, our findings 

may not be fully generalizable to other populations. A recent publication found that clinical 

autopsy rates nationally are declining, and significantly higher in Blacks than Whites which 

may reflect underlying health disparities, “mistrust” in the healthcare system, or less 

aggressive premortem care translating into a less established diagnosis for cause of death.
41,42 In the POST SCD study however, autopsy data was available for 97% of all subjects, 

providing an unbiased picture of the current epidemiology and burden of sudden death in an 

urban setting. Since women had a non-significant trend towards more unwitnessed deaths 

compared to men and these deaths are inherently more heterogenous, these deaths may have 

contributed to the differential misclassification observed between sexes. However, since 

misclassification was due to neurologic death and pulmonary embolism, causes which have 

been established to differentially impact women, this is unlikely to account for all of the 

differences we observed. We would also like to emphasize that this is not a study of biologic 

risk underlying sex and race. As an epidemiologic study, we documented causes of death 

within populations and identified disparities in disease states that may be targeted for 

intervention. Finally, genetic testing was not available for this study but is the subject of 

ongoing investigation in POST SCD.

Conclusion

In this analysis of race- and sex-specific data from our countywide postmortem study of all 

incident sudden deaths, we found significant differences in misclassification as more than 
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than half of these deaths presumed cardiac in women and Blacks had non-arrhythmic causes 

not rescuable by an defibrillator. Women had more fatal pulmonary emboli and sudden 

neurologic deaths misclassified as SCD while Asians had the most neurologic causes, 

Blacks the most glycemic emergencies, and Hispanics the most gastrointestinal causes. 

Within the refined population of SAD, women had fewer ischemic causes and more normal 

heart primary electrical disease, while Asians had higher rates of lethal MINOCA. These 

findings have implications for risk stratification and prevention of sudden mortality specific 

to women and minority populations and suggest the importance of primary prevention 

interventions beyond atherosclerosis risk to better address disparities in sudden death.
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Nonstandard Abbreviations and Acronyms

SCD Sudden Cardiac Death

SAD Sudden Arrhythmic Death

MINOCA Myocardial infarction in the absence of obstructive coronary artery 

disease

OHCA Out-of-hospital cardiac arrest

SUDEP Sudden unexpected death in epilepsy
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What is Known?

• Prior studies have demonstrated substantial sex and racial differences in 

sudden cardiac death (SCD) incidence, with rates reportedly higher in men 

and Blacks.

• Almost all studies rely on medical or emergency medical service records and 

death certificates to infer cardiac cause, yet non-cardiac and non-arrhythmic 

causes not rescuable with implantable cardioverter-defibrillators cannot be 

excluded without full autopsy.

What the Study Adds?

• Among presumed SCDs, women were more likely to experience non-

arrhythmic sudden death due to pulmonary emboli and neurologic causes and 

present with an initial rhythm of pulseless electrical activity, while men had 3-

fold higher rates of autopsy-defined sudden arrhythmic death (SAD) and were 

more likely to present with ventricular tachycardia or fibrillation.

• Among SADs, women had fewer ischemic causes and more causes due to 

normal heart primary electrical disease, and Black women had the highest 

age-adjusted incidence of SAD compared to White women.

• Adjusted for age and sex, among presumed SCDs, Asians had higher rates of 

myocardial infarction with non-obstructive coronary arteries (MINOCA) and 

sudden neurologic death, Blacks had fewer ischemic causes, and Hispanics 

had more primary electrical disease than reference Whites.
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Figure 1. 
Autopsy-Defined Causes of SAD in Women vs. Men. Autopsy etiologies of SAD by sex 

after review of comprehensive medical records, EMS run sheets, and comprehensive autopsy 

data including post-mortem chemistry and toxicology. First % is of total presumed SCDs 

and second % is of cause of death category. CAD accounted for 61% of SAD in men and 

47% in women (p <0.05).

CAD indicates coronary artery disease; MINOCA, myocardial infarction without obstructive 

coronary arteries; SAD, sudden arrhythmic death

*Adjusted for age and race
†Other cardiac arrhythmic causes included acquired long QT syndrome (LQTS), bicuspid 

aortic valve, cardiac implantable external device (CIED) concern and/or failure, mitral valve 

prolapse, and critical aortic stenosis (AS).
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Figure 2. 
Autopsy-Defined Causes of SAD by Race. Autopsy etiologies of SAD by race after review 

of comprehensive medical records, EMS run sheets, and comprehensive autopsy data 

including post-mortem chemistry and toxicology. First % is of total presumed SCDs and 

second % is of cause of death category. MINOCA accounted for 3% of SAD in Asians and 

Blacks and 0% in Whites (p=0.03). CAD accounted for 43% in Blacks and 61% in Whites 

(p<0.05) while cardiomyopathy accounted for 34% of SAD in Blacks and 17% in Whites 

(p=0.02). Primary electrical disease accounted for 14% of SAD in Hispanics and 2% in 

Whites (p<0.01).
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CAD indicates coronary artery disease; MINOCA, myocardial infarction without obstructive 

coronary arteries; SAD, sudden arrhythmic death

*Adjusted for age and sex vs. reference White
†Other cardiac arrhythmic causes included acquired long QT syndrome (LQTS), bicuspid 

aortic valve, cardiac implantable external device (CIED) concern and/or failure, mitral valve 

prolapse, and critical aortic stenosis (AS).
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Figure 3. 
Rates of Presumed SCD and Autopsy-Defined SAD per 100,000 Person-Years by Sex and 

Race. Adjusted incidence rates per 100,000 person-years for all presumed SCDs in San 

Francisco County from 1 February 2011 to 1 March 2014 with weighted incidence rates for 

autopsy-defined SAD. Sex- and race-specific incidence rate ratios (IRR) for all weighted 

autopsy-defined SADs are shown. Other race includes American Indian/Alaskan Natives, 

Native Hawaiians, and other Pacific Islanders. Autopsy-defined SAD accounted for 57.1% 

of all presumed SCDs. Incidence rate ratios for autopsy-defined SAD were over 3-fold 

higher in men vs. women, highest in black females, and lowest in Asian and Hispanic males 

(all p<0.01).
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Figure 4. 
Initial Rhythms at EMS Arrival for Witnessed WHO-defined SCD by Sex and Race. Initial 

rhythms at EMS arrival for witnessed WHO-defined SCD (N = 120) by sex and race. An 

initial rhythm of pulseless electrical activity (PEA, 24% vs. 9%; p=0.03) was more common 

in women while men were more likely to be found in ventricular tachycardia/ventricular 

fibrillation (VT/VF) (43% vs. 14%; p<0.01). There were no significant racial differences in 

initial presenting rhythms.

EMS indicates emergency medical service; PEA, pulseless electrical activity; SCD, sudden 

cardiac death, VF, ventricular fibrillation; VT, ventricular tachycardia; WHO, World Health 

Organization
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*Normal sinus rhythm (ST-elevation myocardial infarction), sinus bradycardia/tachycardia 

(ST-elevation and Non ST-elevation myocardial infarction), atrial fibrillation/flutter (ST-

elevation myocardial infarction)
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Table 2.

Autopsy-Defined Causes of Presumed SCDs in Women vs. Men.

Women (163) Men (362) p*

Autopsy-Defined SAD 73 (45%) 220 (61%) <0.01

All CAD 34 (21%) 134 (37%) <0.01

Acute CAD 10 (6%) 42 (12%) .02

Chronic CAD 24 (15%) 92 (25%) <0.01

Cardiomyopathy 14 (9%) 39 (11%) NS

Hypertrophy 16 (10%) 28 (8%) NS

Primary Electrical Disease 3 (2%) 4 (1%) NS

MINOCA 3 (2%) 5 (1%) NS

Other
† 3 (2%) 10 (3%) NS

Cardiac, Non-Arrhythmic 7 (4%) 15 (4%) NS

Acute MI w/ Rupture 5 (3%) 7 (2%) NS

Acute MI w/ Pump Failure 1 (1%) 3 (1%) NS

Chronic Heart Failure 0 (0%) 5 (1%) NS

Pericarditis 1 (1%) 0 (0%) NS

Non-Cardiac 83 (51%) 127 (35%) <0.01

Acute Renal Failure 4 (2%) 2 (1%) NS

Aortic Dissection 5 (3%) 9 (2%) NS

Aspiration/Asphyxia 1 (1%) 4 (1%) NS

Occult Overdose 26 (16%) 45 (12%) NS

GI Hemorrhage/Other GI
‡ 2 (1%) 13 (4%) NS

Hypo/Hyperglycemia/DKA 3 (2%) 6 (2%) NS

Infection 7 (4%) 16 (4%) NS

Neurologic 17 (10%) 12 (3%) <0.01

Pulmonary Embolism 13 (8%) 6 (2%) <0.01

Other Non-Cardiac
§ 5 (3%) 14 (4%) NS

CAD indicates coronary artery disease; DKA, diabetic ketoacidosis; GI, gastrointestinal; MI, myocardial infarction; MINOCA, myocardial 
infarction without obstructive coronary arteries; SAD, sudden arrhythmic death; SCD, sudden cardiac death

Autopsy etiologies of presumed SCDs by sex after review of comprehensive medical records, EMS run sheets, and comprehensive autopsy data 
including post-mortem chemistry and toxicology. Percentages are presented in relation to the total number of presumed SCDs. Autopsy-defined 
SADs accounted for 61% of presumed SCDs in men and 45% in women (p <0.01). Cardiomyopathy (CM) included non-ischemic/dilated, drug/
alcohol-induced, non-compaction CM, stress CM, arrhythomogenic right ventricular dysplasia (ARVD), HIV-CM, and amyloidosis. Hypertrophy 
as determined by histology included hypertensive heart disease, hypertrophic cardiomyopathy (HCM), and unspecified.

*
Adjusted for age and race

†
Other cardiac arrhythmic causes included acquired long QT syndrome (LQTS), bicuspid aortic valve, cardiac implantable external device (CIED) 

concern and/or failure, mitral valve prolapse, and critical aortic stenosis (AS).

‡
Other GI causes included incarcerated/strangulated hernia, bowel obstruction, hepatorenal failure/pancreatitis, and liver failure.
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§
Other non-cardiac causes included acute alcohol withdrawal, disseminated cancer, hypothermia, liver failure, other hemorrhage/trauma, end-stage 

chronic obstructive pulmonary disease (COPD), obstructive sleep apnea (OSA), aortic aneurysm rupture, renal artery dissection, iliac artery 
dissection, and pulmonary artery dissection
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