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BACKGROUND: Understanding the incidence, causes, and trends of sudden cardiac death (SCD) among young competitive
athletes is critical to inform preventive policies.

METHODS: This study included National Collegiate Athletic Association athlete deaths during a 20-year time frame (July
1, 2002, through June 30, 2022). Athlete deaths were identified through 4 separate independent databases and search
strategies (National Collegiate Athletic Association resolutions list, Parent Heart Watch database and media reports, National
Center for Catastrophic Sports Injury Research database, and insurance claims). Autopsy reports and medical history were
reviewed by an expert panel to adjudicate causes of SCD.

RESULTS: A total of 143 SCD cases in National Collegiate Athletic Association athletes were identified from 1102 total
deaths. The National Collegiate Athletic Association resolutions list identified 117 of 143 (82%), the Parent Heart Watch
database or media reports identified 89 of 143 (62%), the National Center for Catastrophic Sports Injury Research database
identified 63 of 143 (44%), and insurance claims identified 27 of 143 (19%) SCD cases. The overall incidence of SCD
was 1:63682 athlete-years (95% Cl, 1:54065-1:75010). Incidence was higher in male athletes than in female athletes
(1:43348 [95% ClI, 1:36228-1:51867] versus 1:164504 [95% ClI, 1:110552-1:244787] athlete-years, respectively)
and Black athletes compared with White athletes (1:26704 [1:20417-1:34925] versus 1:74581 [1:60247-1:92326]
athlete-years, respectively). The highest incidence of SCD was among Division | male basketball players (1:8188 [White,
1:5848; Black, 1:7696 athlete-years]). The incidence rate for SCD decreased over the study period (5-year incidence rate
ratio, 0.71 [95% ClI, 0.61-0.82]), whereas the rate of noncardiovascular deaths remained stable (5-year incidence rate
ratio, 0.98 [95% ClI, 0.94-1.04]). Autopsy-negative sudden unexplained death (19.5%) was the most common postmortem
examination finding, followed by idiopathic left ventricular hypertrophy or possible cardiomyopathy (16.9%) and hypertrophic
cardiomyopathy (12.7%), in cases with enough information for adjudication (118 of 143). Eight cases of death were
attributable to myocarditis over the study period (1 case from January 1, 2020, through June 30, 2022), with none attributed
to COVID-19 infection. SCD events were exertional in 50% of cases. Exertional SCD was more common among those with
coronary artery anomalies (100%) and arrhythmogenic cardiomyopathy (83%).

CONCLUSIONS: The incidence of SCD in college athletes has decreased. Male sex, Black race, and basketball are associated
with a higher incidence of SCD.
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Clinical Perspective

What Is New?

* The overall incidence of sudden cardiac death
(SCD) among National Collegiate Athletic Associa-
tion athletes has decreased over the past 20 years.

e Despite the reduction in SCD incidence, the SCD
rate remains highest among specific cohorts,
including Division | Black and White male basket-
ball players (>1:2000 over a 4-year career).

* There were no cases of death attributable to
COVID-19 myocarditis.

What Are the Clinical Implications?

* SCD remains higher in certain subgroups of ath-
letes, including men’s basketball and football.
Continued efforts are needed to improve cardiovas-
cular screening, risk stratification, emergency action
plans, availability of automated external defibrilla-
tors, and training in cardiopulmonary resuscitation.

* Autopsy-negative sudden explained death and
idiopathic left ventricular hypertrophy/possible car-
diomyopathy were the leading postmortem find-
ings after SCD in college athletes. Broader use of
postmortem genetic testing is imperative to better
determine causes of death.

Nonstandard Abbreviations and Acronyms

AN-SUD  autopsy-negative sudden unexplained
death

AY athlete-year

IRR incidence rate ratio

NCAA National Collegiate Athletic Association

PPCS preparticipation cardiovascular
screening

SCA sudden cardiac arrest

SCD sudden cardiac death

udden cardiac death (SCD) is the leading medi-
Scal cause of death among young competitive

athletes.”? These events affect both the local
community in which they occur and the broader national
consciousness, because of their emotional impact
and widespread media attention. As a consequence,
SCD among young competitive athletes has been the
focus of important scholarly work over the past several
decades.'"'* This focus has accommpanied correspond-
ing efforts at improving emergency action plans,’'"
automated external defibrillator accessibility,'® and pre-
participation cardiovascular screening (PPCS) for con-
ditions leading to increased risk for SCD.'*"2" However,
accurate data defining contemporary SCD incidence
rates and how SCD incidence has evolved over time
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among young competitive athletes are limited.

The incidence and pathogeneses of SCD in athletes
have important real-world implications, particularly in
the context of efforts to mitigate risk. Estimates of SCD
incidence in young athletes have been highly variable in
previous studies, largely because of methodologic chal-
lenges. Some studies have lacked reliable methods for
case identification (numerator) or a clearly defined popu-
lation at risk (denominator). Many studies include popu-
lations with large age ranges (eg, 12 to 40 years) with
widely varying risks for SCD, and many studies do not
report incidence independently by population character-
istics (eg, sex, race, sport). Despite these limitations, stud-
ies have consistently reported that male athletes have
approximately 4 times the risk of female athletes,’*51
and other factors such as race and sport are associ-
ated with differential risk.">?2 Many studies focus only
on sports-related SCD (ie, occurring during or within an
hour of activity), which is a subset of all SCD in athletes
occurring at any time and with any activity."'323

This study examined SCD in a clearly defined and
diverse population of college student athletes competing
in the National Collegiate Athletic Association (NCAA) in
the United States from 2002 through 2022 and builds on
previous reports among this population.’?* We assessed
the incidence of SCD over the course of the study period,
underlying causes of death, and circumstances in which
the SCD occurred among NCAA athletes.

METHODS

The data that support the findings of this study are available
from the corresponding authors upon reasonable request. This
study included NCAA athlete deaths from July 1, 2002, to June
30, 2022. Data were collected retrospectively for 2002 through
2004 and prospectively from 2005 through 2022. Each indi-
vidual year was defined as the time period of July 1 through
June 30 the following year to reflect the collegiate academic
schedule. Athletes were defined as those competing in at least
1 varsity sport at Division |, Il, or Ill institutions. Athletes who
were not enrolled as a student at 1 of these institutions at the
time of death were not included. Athletes from other athletic
associations were not included. Athlete deaths were identi-
fied through 4 separate independent data sources—the NCAA
resolutions list, the Parent Heart Watch database or prospec-
tive media report searches, NCAA insurance claims, and the
National Center for Catastrophic Sports Injury Research data-
base—which have been described previously."?'® All athlete
deaths were compiled into 1 database, and duplicates were
removed. For multisport athletes, their primary sport was classi-
fied as the sporting discipline with competitive season closest
in time to their time of death. Because long-distance runners
often compete in cross-country and track and field, they were
included within both the track-and-field and cross-country
sporting groups.

The cause of each athlete death was determined through a
combination of different methods, including review of autopsy
and other official documents reporting cause of death, Internet
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searches for online media reports and obituaries, and e-mails or
telephone calls to the next of kin, coaches, athletic trainers, coro-
ners, medical examiners, scholarship foundations, or physicians
involved in the case. Demographic characteristics including age,
race, sporting discipline, and exertional status at the time of death
(ie, exertional, nonexertional, or unknown) also were determined
using these methods. If no medical examiner report or cardiac
autopsy was available, race was determined by media reports or
athlete photographs. A death was considered exertional if SCD
occurred during exercise or within 1 hour of exercise cessation.
SCD was defined as a sudden unexpected death attributable to
a cardiac cause, or a sudden death in a structurally normal heart
with no other explanation for death and a history consistent with
cardiac-related death that occurred within 1 hour of symptom
onset or an unwitnessed death occurring within 24 hours of the
person having been alive. Unwitnessed deaths were not catego-
rized as cardiac unless additional information such as autopsy,
negative toxicology screen, or other information was available
that could verify the death was cardiac.

Athlete deaths were categorized into different groups,
including accident, cardiac, cancer, other medical, suicide,
homicide, sickle cell trait, sports-related head injury, heatstroke,
or unknown. If the cause of death could not be determined
accurately, it was designated as unknown. The total number of
NCAA athletes competing during the study period and total ath-
lete time (athlete-years) was calculated using the NCAA Sports
Sponsorship and Participation Rates Report, NCAA Student-
Athlete Ethnicity Report, and the NCAA Sports Sponsorship
and Participation Rates Database.?>~?"

The cause of SCD or postmortem findings at cardiac
autopsy were determined upon review of available autopsy
reports using previously published definitions (Table S1)." When
>1 pathologic abnormality was present, the abnormality most
likely related to the athlete’s death was considered the primary
cause of SCD. Autopsy reports were reviewed by an indepen-
dent panel of physicians with experience in sports cardiology,
sports medicine, and forensic and cardiovascular pathology.
Differences of opinion were adjudicated by panel discussion.
If the adjudicated diagnosis was different from the cause of
death presented on the autopsy report, the adjudicated cause
of death was presented in the current analysis. This study was
approved by the Division of Human Subjects at the University
of Washington.

Statistical Analysis

Standard descriptive statistics were used to describe the demo-
graphic data. Continuous variables are presented as means and
standard deviations, and categorical variables are presented as
frequencies and percentages. The incidence of SCD was calcu-
lated as the total adjudicated SCD cases/total number of athletes
participating in sport. Given the low incidence rate, the incidence
rate was multiplied by 100000 to calculate the incidence per
100000 athlete-years. Incidence rates for individual sports were
calculated if there were 26 SCD events within a given sporting
discipline. Incidence rates over a typical 4-year collegiate career
were calculated by multiplying incidence by 4 and reported
throughout the article as 4 athlete-years. Given the non-normal
distribution of incidence rates of non—cardiovascular death
and SCD over the time period, Poisson regression with robust
standard errors was used to assess changes in incidence rates
over time. Incidence rate ratios (IRRs) and their corresponding
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95% confidence intervals are presented. IRRs were scaled from
1-year to 5-year intervals so that the exponentiated measures
represent the change in the incidence rate of SCD and non—car-
diovascular death per 5 units (years). To assess the trend in SCD
and non—cardiovascular death incidence rates over the 20-year
time period visually, cubic smoothing spline curves were created
and are presented in conjunction with the observed yearly inci-
dence rates. Because previous studies have demonstrated that
Black male basketball players may have the highest incidence
of SCD2® a multivariable logistic regression model was built
to assess whether the sport of basketball was associated with
SCD after controlling for race and sex. Statistical analyses were
performed using R: A Language and Environment for Statistical
Computing (https://www.R-projectorg; R Core Team) and SAS
(version 9.4; SAS Institutes).

RESULTS

Study Population

A total of 1102 deaths over 9106516 athlete-years
were identified throughout the 20-year study period. The
most common cause of death was by accident (eg, mo-
tor vehicle accidents, falls; Figure 1). SCD was the most
common medical cause of death, consisting of 143 of
1102 cases (13%). Baseline characteristics among the
total death and SCD groups are presented in Table 1.

Case ldentification

Of 143 total cases of SCD identified, the NCAA resolu-
tions list identified 117 (82%), the Parent Heart Watch
database and media reports identified 89 (62%), the
National Center for Catastrophic Sports Injury Research
database identified 63 (44%), and insurance claims iden-
tified 27 (19%). The NCAA resolutions list identified a
similar percentage of cases across all divisions (Division
l, 80%; Division I, 83%; Division Ill, 84%), whereas the
Parent Heart Watch database and media reports identi-
fied progressively fewer cases across divisions (Division
|, 72%; Division I, 69%; Division Ill, 38%). The National
Center for Catastrophic Sports Injury Research database
primarily included only “sport-related” deaths until 2014,
thus would not be expected to identify all deaths.

Incidence and Trends of SCD Over Time

The overall incidence of SCD among NCAA athletes for
the study period was 1:63682 athlete-years [95% ClI,
1:54065-1:75010]. The incidence rate stratified by base-
line demographics, NCAA division, and sporting discipline
are presented in Table 2. Male athletes had a higher in-
cidence of SCD than female athletes (1:43348 [95%
Cl, 1:36228-1:561867] versus 1:164504 athlete-years
[95% ClI, 1:110552-1:244787]), and Black athletes had
a higher incidence of SCD than White athletes (1:26704
[1:20417-1:34925] versus 1:74581 athlete-years
[1:60247-1:92326]). The IRR for male athletes versus

xxx xxx, 2023 3

J10114Y

(—]
=
o
—
==
—
=
m
ow
m
==
=
(]
==




=
]
=
==
L
7]
Ll
==
—l
=
=
=
o=
=]

€202 ‘8z Joquiea uo Hlo'spes@adlfe Aq Bio'sfeulnofeye//:dny wouy papeojumoq

Petek et al Sudden Cardiac Death in Athletes
Cardiac
143 (13.0%)
Suicide
128 (11.6%)
Accident Figure 1. Causes of death among
560 (50.8%) National Collegiate Athletic
Homicide Association athletes (n=1102).
98 (8.9%) SCT indicates sickle cell trait.
Cancer
Sports-Related 76 (6:9%)
Head Injury Other
2(0.2%) Medical
Heat Stroke || Unknown SCT 60 (5.4%)
7 (0.6%) 16 (1.5%) 12 (1.1%)

female athletes was 3.79 (95% CI, 2.45-5.88) and 2.79
(95% CI, 1.98-394) for Black race versus White race.
Among the sporting disciplines with =25 cases of SCD,
basketball and football had the highest incidence of SCD
(1:19164 and 1:31743 athlete-years, respectively). When
assessing incidence rates stratified by sex, race (Black ver-
sus White), NCAA division, and sporting discipline, Division
| White male basketball (1:5848 athlete-years [95% Cl,
1:2498-1:13691]) and Division Il Black female track and
field athletes (1:24942 athlete-years [95% CI, 1:4404—
1:141294]) had the highest incidence rates of SCD be-
tween the sexes (Table 3). The overall incidence of SCD
over a typical athlete’s career was 1:156921 per 4 athlete-
years. When considering a 4-year career, Divison | White
male basketball players have an incidence rate of 1:1462
per 4 athlete-years and Divison | Black male basketball play-
ers have an incidence rate of 1:1924 per 4 athlete-years.
After controlling for sex and race in multivariable logistic re-
gression analysis, athletes participating in basketball were
still at increased risk of SCD compared with other sports
(odds ratio, 2.75 [95% ClI, 1.73—4.34]; Table S2).

The yearly incidence rates for both total non—cardio-
vascular deaths and SCDs is presented in Figure 2. The
incidence rate for non—cardiovascular deaths showed
no significant change over time (5-year IRR, 0.98 [95%
Cl, 0.94-1.04]), whereas the incidence rate for SCD
decreased significantly over the study period (5-year
IRR, 0.71 [95% ClI, 0.61-0.82)).

Causes of SCD

A total of 117 autopsies, 10 death certificates, and 3
genetic testing reports were collected among 127 ath-
letes with a clinical history suggestive of SCD or among
those with unknown cause of death. Twenty-seven cases
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(21%) were adjudicated as noncardiac after thorough
evaluation of their clinical history and postmortem docu-
mentation. The cause of death among these noncardiac
cases included other medical causes (9 of 27), suicide
(8 of 27), accidents (5 of 27), drug overdose (4 of 27),
and homicide (1 of 27). There were no athlete deaths
secondary to lightning strikes.

A total of 143 of 1102 cases (13%) were adjudi-
cated to have a definitive or likely cardiac cause of SCD.
Among these, 93 (65%) were identified by review of
the autopsy, and the other 50 (35%) were identified by
other methods, presented in Table 4. A cause of SCD
was adjudicated in 118 of 143 cases (83%) reported
from any source. Twenty-five of 143 cases (17%) were
considered “cardiac unknown," either in athletes with an
exertional death with sudden collapse requiring cardio-
pulmonary resuscitation and no other clear cause (7 of
25) or among athletes with documentation of a likely
SCD but with no autopsy or the autopsy performed did
not have enough information to adjudicate a most likely
cause of SCD (18 of 25).

The most common postmortem finding was autopsy-
negative sudden unexplained death (AN-SUD; 23 of
118 [199%)]), followed by idiopathic left ventricular hyper-
trophy/possible cardiomyopathy (20 of 118 [17%)])
and hypertrophic cardiomyopathy (15 of 118 [13%)];
Figure 3). Causes of SCD among only athletes with an
autopsy available for review and adjudication (n=93) are
presented in Figure S1. Two of 118 athletes (2%) were
adjudicated to have an SCD secondary to hypokalemia,
including 1 athlete with hypokalemia related to known
bulimia nervosa and 1 athlete with known Gitelman syn-
drome. Commotio cordis accounted for 2 deaths over the
20-year time period, both occurring in the first b years of
the study period.

Circulation. 2023;148:00-00. DOI: 10.1161/CIRCULATIONAHA.123.065908
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Table 1. Demographic Characteristics, Total Deaths, and
Sudden Cardiac Deaths Among Athletes in the National
Collegiate Athletic Association

Sudden Cardiac Death in Athletes

SCD events were deemed exertional in 72 of 143 ath-
letes (50%), nonexertional in 59 of 143 athletes (419%),
and unknown in 12 of 143 athletes (8%). Exertional

Total deaths | SCDs SCD was most commonly found in athletes with coronary
Characteristics = iCED =ik artery anomalies (100%), arrhythmogenic cardiomyopa-
Age, n (%) 20 (2) 20 (2) thy (83%), or coronary artery disease (71%) (Figure 4).
Sex*
Male 861 (78) 119 (83)
Female 241 (22) 24 (17) DISCUSSION
Race* This study examined the incidence and causes of SCD
White 702 (64) 84 (59) among NCAA athletes over a 20-year time period, with
Black 330 (30) 53 @37) several key findings. First, the incidence of SCD among
Hispanic 26 (2) 4 (3)
Asian 21 (2) 1(1) Table 2. Incidence of Sudden Cardiac Death, by
Native Hawaiian or Pacific Islander 6 (1) 1(1) Demographic Characteristics
Other or mixed race 6 (1) 0 f:':::: death :r;:::lence
Unknown 11 (1) 0 Characteristics | cases, n (%) | athlete-years | 95% CI
National Collegiate Athletic Association division* Total 143 (100) 1:63682 1:54065-1:75010
[ 466 (42) 64 (45) Sex
[ 314 (29) 42 (29) Male 119 (83) 1:43348 1:36228-1:51867
n 322 (29) 37 (26) Female 24 (17) 1:164504 1:110552-1:244 787
Primary sport* Race
Football 334 (30) 43 (30) White 84 (59) 1:74581 1:60247-1:92326
Basketball 132 (12) 35 (25) Black 53 (37) 1:26 704 1:20417-1:34925
Track and field 100 (9) 19 (13) National Collegiate Athletic Association division
Soccer 105 (10) 12(8) [ 64 (45) 1554173 1:42428-1:69170
Baseball 84 (7) 8 (6) [ 42 (29) 1:50308 1:37218-1:67990
Swimming 43 (4) 8 (6) i 37 (26) 1:95313 1:69154-1:131368
Other 304 (28) 18 (13) Primary sport
*Presented as average (SD). Football 43 (30) 1:31743 1:23568-1:42754
Basketball 35 (25) 1:19164 1:13781-1:26 651
Eight athletes were adjudicated to have myocarditis Male 30 (21) 1:11799 1:8265-1:16843
as a cause of SCD. Of these, only 1 case occurred after Female 5(3) 1:63357 1:27063-1:148329
the first reported COVID-19 infection in the United Track and field* | 19 (13) 1:64703 1:35022-1:85444
States, and this case was giant-cell myocarditis per the Male 13 (9) 1:40074 1:98420-1:68568
local medical team and coroners, a pattern not associ- Fomale 6@ 186401 1395981188520
ated with COVID-19. There were 10 cases of coronary Soccer 2 @® P 1457391130764
artery abnormalities adjudicated as the cause of SCD : : :
(9 of 10 coronary artery anomalies, 1 of 10 myocardial Male 107 1:45714 1:24832-1:84158
bridge). Of the athletes with coronary anomalies and Female 2(1) 1:251153 | 1:68876-1:915826
known anatomy, 6 of 8 (75%) had an anomalous left Cross-country | 9 (6) 1:62380 1:32820-1:118566
coronary artery originating from the right aortic sinus. Male 7 (5) 1:38334 1:18569-1:79134
The remaining 2 of 8 (25%) had an anomalous right Female 2(1) 1:146542 | 1:40186-1:534 362
coronary artery originating from the left aortic sinus, Bascball 86 181078 P
with associated scar of the inferior left ventricular wall —
in both cases suggestive of ischemia in the distribu- Swimming 50 1102638 1:2007571:103678
tion of the right coronary artery. Among the coronary Male 5@ 1:35995 1:15875-1:84269
Female 3(2) 1:80375 1:27335-1:236335

anomaly cases with an in-depth description provided
by cardiac autopsy (n=4), all were described as having
an acute takeoff angle and an interarterial course (eg,
coronary artery coursing between the aorta and pulmo-
nary artery).

Circulation. 2023;148:00—00. DOI: 10.1161/CIRCULATIONAHA.123.065908

Values are n (%). Sports with >5 sudden cardiac death cases throughout the
study period were included.

*Of the track and field athletes, 9 were distance runners competing in track
and field and cross-country, and therefore are also counted in the cross-country
section.
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Table 3. Cohorts With Highest Sudden Cardiac Death Incidence Rates Within

Black or White Race

Sudden cardiac | Incidence rate

Cohort death cases (athlete-years) | 95% CI

Male
Divison |, White, basketball 5 1:5848 1:2498-1:13691
Divison |, Black, basketball 8 1:7696 1:3900-1:15188
Divison Il, Black, soccer 1 1:8140 1:1438-1:46112
Divison Il, Black, basketball 6 1:8542 1:3915-1:18638
Divison Il, Black, cross-country 1 1:8568 1:1513-1:48536
Divison lll, Black, basketball 5 1:8698 1:3716-1:20363
Divison |, Black, cross-country 1 1:9026 1:1594-1:51131
Divison |, Black, track and field 5 1:11406 1:4872-1:26702
Divison I, White, basketball 3 1:11882 1:4041-1:34937
Divison |, White, swimming 4 1:14575 1:5668-1:37479
Divison |, Black, football 15 1:16932 1:10262-1:27939
Divison I, White, football 9 1:17938 1:9348-1:34095

Female
Divison Il, Black, track and field 1 1:24942 1:4404-1:141294
Divison I, Black, basketball 1 1:30880 1:5452-1:174932
Divison |, Black, track and field 1 1:66748 1:11783-1:378122
Divison |, White, swimming 2 1:43296 1:11874-1:157878
Divison |, Black, basketball 1 1:46566 1:8221-1:263793
Divison I, White, basketball 1 1:46725 1:8249-1:264693
Divison Ill, White, basketball 2 1:47336 1:12982-1:172608
Divison Il, White, cross-country 1 1:48754 1:8607-1:276 187
Divison I, White, track and field | 1 1:72858 1:12862-1:412735
Divison lll, White, cross-country | 1 1:92041 1:15815-1:507504
Divison Il, White, soccer 1 1:97 361 1:17187-1:551543
Divison Ill, White, track and field | 1 1:61182 1:16779-1:223099

Sports with >5 sudden cardiac death cases throughout the study period were included in the analysis
(baseball, basketball, cross-country, football, soccer, swimming, and track and field). Of the track and field
athletes, 9 were distance runners competing in track and field and cross-country, and therefore are also

counted in the cross-country section.

NCAA athletes decreased throughout the 20-year study
period, whereas noncardiovascular deaths remained sta-
ble. Second, the incidence of SCD among certain sub-
groups remains high (eg, Division | White and Black male
basketball players have an incidence of SCD of >1:2000
over a typical 4-year collegiate career). Third, AN-SUD
remains the most common postmortem finding among
NCAA athletes (19%). Fourth, SCD occurred with exer-
tion in only 50% of cases but this varied significantly by
pathogenesis. Exertional death was most common among
athletes with coronary artery anomalies and arrhythmo-
genic cardiomyopathy. Fifth, there were no cases of death
attributable to COVID-19-related myocarditis in the 2.5
years after the beginning of the SARS-CoV-2 pandemic.

The true incidence of SCD among young competitive
athletes has been a widely debated topic for decades,
with incidence estimates varying widely as a function of

6 XXX Xxx, 2023

study methodology.!=8711:121422-2428-31 Thjs study included
multiple methods for comprehensive case identification.
No one method identified all cases of SCD, demonstrat-
ing the need for multiple methods of case identification
when mandatory reporting is not required. This study also
demonstrates the limits of reliance on media reports,
particularly in lower-profile levels of sport. Catastrophic
insurance claim data identified only 27 of 143 SCD
cases (19%), indicating it is a poor method in isolation
to identify the total number of SCD cases. In addition to
multiple methods of case identification, this study used
an accurate population at risk with demographic informa-
tion available, including sex, race, and sport.

Efforts to improve primary (PPCS) and secondary
(emergency action plans) prevention have been imple-
mented over the past 20 years. In the present study, we
found that the incidence of SCD among NCAA athletes

Circulation. 2023;148:00-00. DOI: 10.1161/CIRCULATIONAHA.123.065908
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Figure 2. Yearly non-cardiovascular death and sudden cardiac death incidence among National Collegiate Athletic

Association athletes.

Blue dots indicate non—cardiovascular death yearly incidence rate; blue line, cubic smoothing spline curve of non—cardiovascular (CV) death
incidence over the study period; red dots, sudden cardiac death (SCD) yearly incidence rate; and red line, cubic smoothing spline curve of SCD

incidence over the study period. AY indicates athlete-year.

has decreased over time (5-year IRR, 0.71 [95% CI,
0.61-0.82]). While the exact mechanism for this find-
ing is unknown (because concurrent data on early
detection and management of cardiac diseases identi-
fied by PPCS and the number of cases of resuscitated
sudden cardiac arrest (SCA) were not available for the
time period studied), our data suggest that strategies to
reduce SCD among competing athletes may be having
a positive effect. PPCS is required by the NCAA; how-
ever, an ECG is not required. A 2018 study reported
that 56% of Power 5 schools used ECG in addition to
history and physical examination for preparticipation
screening.®? It is unknown how often ECG is used in less-
resourced institutions. PPCS with ECG and other modali-
ties became common during the COVID-19 pandemic
and some schools may have continued this pratice.®
Cardiovascular screening following COVID-19 infection
in young athletes often led to the diagnosis of under-
lying inherited cardiovascular conditions unassociated
with COVID-19.3* Likewise, improved survival after SCA
could account for lower SCD rates.®>*¢ Emergency action
plans are required by the NCAA and should be reviewed
and rehearsed annually.'” Survival from SCA is increased
when an athletic trainer is present, and has increased
steadily over time in high school athletes with exercise-
associated SCA® A study in 2005 reported that O of 5
college athletes with SCD survived but later studies have
shown progressively improved survival rates in young
competitive athletes between 68% and 89%.4%5-%8
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In the current study, the most common pathogenesis
of SCD or postmortem finding on cardiac autopsy was
AN-SUD, which is similar to some"'"'? but not all*372231
previous reports. The rate of AN-SUD was 19% when
including multiple methods of case adjudication (Fig-
ure 3) and 23% when only including cases adjudicated
by review of clinical history and cardiac autopsy (Figure
S1). These data add to the growing literature suggest-
ing that AN-SUD has a higher incidence than specific
cardiomyopathic diagnoses such as hypertrophic cardio-
myopathy. Because the addition of postmortem genetic
testing to a cardiac autopsy can increase the diagnostic
yield after an SCD event among those with AN-SUD, this
remains an important area for future work.2%3-%% Future
research should analyze the frequency of recommenda-
tions from local coroners and diagnostic yield for post-
mortem genetic testing in AN-SUD cases. Investigation
of the quality of life and diagnostic yield among families
who undergo cascade screening to better understand
the cause of their loved one’s death or to prevent adverse
outcomes among other family members should also be
considered.

Despite overall decreasing rates of SCD, populations
of NCAA athletes still have a significantly increased
risk. Male athletes had almost 4 times the risk of SCD
compared with female athletes and Black athletes had
nearly 3 times the risk of SCD compared with White ath-
letes. Male basketball and football athletes once again
demonstrated an increased risk of SCD compared with
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Table 4. Diagnoses for Non-Autopsy Adjudication of
Sudden Cardiac Death (n=50)

Method of identification No.
Talked with coroner, medical examiner, or medical team* 15
Anomalous coronary artery 2
Arrhythmogenic cardiomyopathy 1
Cardiac unknown 6
HCM 3
Hypokalemia 1
Kawasaki disease 1
Myocarditis 1
Media report 12
Anomalous coronary artery 2
Cardiac unknown 6
Commotio cordis 1
HCM 1
Myocarditis 1
Other (after cardiac transplant) 1
Exertional collapse without other explanation 7
Cardiac unknown 7
Death certificate 7
Cardiac unknown 3
HCM 2
Myocarditis 1
WPW 1
Personal or family history and history consistent with SCD 4
Cardiac unknown 1
Commotio cordis 1
Long QT syndrome 1
WPW+ 1
Discussion with next of kin 4
AN-SUD 2
Cardiac unknown 2
Medical or legal report of autopsy 1
HCM 1

AN-SUD indicates autopsy-negative sudden unexplained death; HCM, hyper-
trophic cardiomyopathy; SCD, sudden cardiac death; and WPW, Wolff-Parkinson-
White syndrome.

"All cases were adjudicated by discussion with the coroner, other than 1 case
of HCM, which was discussed with the team athletic trainer, and 1 case of myo-
carditis by the treating physician.

tDeath certificate was also obtained, which stated WPW as the cause of SCD.

other sports. When controlling for sex and race in multi-
variable logistic regression analysis, basketball remained
independently associated with a higher risk of SCD. It
is unclear why this association exists, and this requires
further scientific inquiry. Given the high incidence rates in
certain populations, more intensive screening strategies
among these high-risk groups may be warranted.

There were no cases of SCD attributed to COVID-19
infection. There was one adjudicated case of myocarditis

8 XXX Xxx, 2023

Sudden Cardiac Death in Athletes

after the first reported US case of COVID-19 infection,
but this was determined to be secondary to giant-cell
myocarditis by local medical teams and coroners. This
finding adds to previous studies among young competi-
tive athletes that found no significant increase in adverse
cardiovascular events after the diagnosis of COVID-19
infection with >1 year follow-up.®®** Recent current
events have also renewed interest in commotio cordis.*
There were only 2 cases of commotio cordis over the
20-year time period, although cases are thought to occur
more frequently in pediatric athletes given a more com-
pliant chest wall and participation in sports with a firm
projectile.*®

Limitations

This study has several limitations that warrant discus-
sion. First, there is no mandatory reporting system
throughout the United States, so it is possible that
cases of SCD may have been missed, which would
make incidence rates higher than reported. However,
we used 4 independent search strategies to increase
the accuracy of SCD estimates. Second, there is sig-
nificant variability in the approach to cardiac autopsy
as well as reporting, which can limit population-based
studies.*” Widespread adoption of practice recommen-
dations and leveraging of cardiovascular pathology
consultations and postmortem genetic studies may im-
prove the diagnostic yield after an SCD event among
those with AN-SUD.?%%9%3 Third, the cause of death
was unknown in 16 cases, which could affect overall
results. Fourth, postmortem genetic testing was only
available among 3 of 93 athletes (3%). Fifth, we do
not have data on the incidence of resuscitated SCA or
PPCS practices and findings over the same time period
to draw definitive conclusions regarding causal factors
underlying the decreased incidence of SCD. The lack
of data on resuscitated SCA may lead to bias in the
current study, because some athlete subgroups may
be more likely to be resuscitated than others, and also
rates of resuscitated SCA in conjunction with SCD
are important for a complete understanding of risk of
conditions leading to SCA or SCD in young competi-
tive athletes. Sixth, rates of SCD in nonathletic college
students were not available to make a comparison be-
tween the rates of SCD among collegiate athletes and
nonathletes. Seventh, race was determined by media
reports or athlete photographs in cases without cardiac
autopsy or medical examiner reports, which could have
affected the results.

CONCLUSION

The incidence of SCD among NCAA athletes has de-
creased over 20 years. However, the incidence of SCD
remains relatively high among male athletes, Black
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Coronary Artery
HCM Abnormality
15 (12.7%) 10 (8.5%)
CM NOS
9 (7.6%)
Myocarditis
8 (6.8%)
Idiopathic
LVH/Possible CM
20 (16.9%) CAD
7 (5.9%)
AC
6 (5.1%)
Other*
6(5.1%)
AN-SUD — -
23 (19.5%) Aortic Dissection
5 (4.2%)
Hypokalemia || Commotio DCM WPW
2(1.7%) 2(1.7%) 2 (1.7%) 3(2.5%)

Figure 3. Causes of sudden cardiac death or findings on cardiac autopsy among National Collegiate Athletic Association
athletes (n=118).

*Other: 1 each of long QT syndrome, complications of congenital heart disease, idiopathic left ventricular hypertrophy (LVH)/possible sickle cell
trait, Kawasaki disease, complications after heart transplant, and sudden cardiac death in individual with pacemaker for idiopathic atrioventricular
block. AC indicates arrhythmogenic cardiomyopathy; AN-SUD, autopsy-negative sudden unexplained death; CAD, coronary artery disease; CM,
cardiomyopathy; DCM, dilated cardiomyopathy; HCM, hypertrophic cardiomyopathy; NOS, not otherwise specified; and WPW, Wolff-Parkinson-
White syndrome.

athletes, and male basketball athletes, with an incidence 4 athlete-years. Efforts to improve PPCS and timely rec-
over a typical 4-year collegiate career among White and ~ ognition and care of an athlete after SCA represent op-
Black Division | male basketball athletes of >1:2000 in  portunities to improve outcomes.

Coronary Artery n=8
Anomaly
Arrhythmogenic CM n=6
Coronary Artery Disease n=7
[ Exertional
i =15
Hypertrophic CM [0 Non-Exertional
AN-SUD [ Unknown
Idiopathic LVH/ n=20
Possible CM
CM NOS n=9
Myocarditis n=8
0 10 20 30 40 50 60 70 80 90 100
Percentage of Cases

Figure 4. Exertional status at time of death by common causes of sudden cardiac death.
AN-SUD indicates autopsy-negative sudden unexplained death; CM, cardiomyopathy; LVH, left ventricular hypertrophy; NOS, not otherwise
specified; and SCD, sudden cardiac death.
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