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Epidemiology and Prevention

Incidence of Sudden Cardiac Death in National Collegiate
Athletic Association Athletes

Kimberly G. Harmon, MD; Irfan M. Asif, MD; David Klossner, ATC, PhD; Jonathan A. Drezner, MD

Background—The true incidence of sudden cardiac death (SCD) in US athletes is unknown. Current estimates are based
largely on case identification through public media reports and estimated participation rates. The purpose of this study
was to more precisely estimate the incidence of SCD in National Collegiate Athletic Association (NCAA)
student-athletes and assess the accuracy of traditional methods for collecting data on SCD.

Methods and Results—From January 2004 through December 2008, all cases of sudden death in NCAA student-athletes
were identified by use of an NCAA database, weekly systematic search of public media reports, and catastrophic
insurance claims. During the 5-year period, there were 273 deaths and a total of 1 969 663 athlete participant-years. Of
these 273 deaths, 187 (68%) were due to nonmedical or traumatic causes, 80 (29%) to medical causes, and 6 (2%) to
unknown causes. Cardiovascular-related sudden death was the leading cause of death in 45 (56%) of 80 medical cases,
and represented 75% of sudden deaths during exertion. The incidence of SCD was 1:43 770 participants per year.
Among NCAA Division I male basketball players, the rate of SCD was 1:3100 per year. Thirty-nine (87%) of the 45
cardiac cases were identified in the NCAA database, only 25 (56%) by use of public media reports, and 9 (20%) from
catastrophic claims data.

Conclusions—SCD is the leading medical cause of death and death during exercise in NCAA student-athletes. Current
methods of data collection underestimate the risk of SCD. Accurate assessment of SCD incidence is necessary to shape
appropriate health policy decisions and develop effective strategies for prevention. (Circulation. 2011;123:1594-1600.)
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Athletes are seen as one of the healthiest segments of our
society. Sudden cardiac death (SCD) in a young athlete

is always shocking and profoundly impacts the schools and
communities where it occurs. It has been suggested that the
prevalence of these events is not as high as it may seem, given
the considerable media attention that often accompanies SCD
in a young person.1,2 The true incidence of SCD in athletes is
widely debated and largely unknown in the United States.

Clinical Perspective on p 1600

Prior estimates of SCD in athletes in the United States have
varied widely, ranging from 1:23 000 to 1:300 000.1–7 A
precise numerator (number of deaths per year) and exact
denominator (number of athlete participants per year) must be
defined to calculate an accurate incidence. Previous studies
have relied on media reports, retrospective surveys, voluntary
registries, and insurance claims data for case identification
(numerator), and some have used imprecise or potentially
biased methods for calculation of a denominator. This has led
to significant variability in incidence rates. There is no
mandatory reporting system for juvenile sudden death in the
United States, which makes current assessments of the
frequency of SCD in young athletes questionable.

A more precise estimation of athlete SCD is critical, as
recommendations for primary (screening) and secondary
(emergency response planning) prevention are considered.
This study examined the causes of death and the rate of SCD
in a highly visible and easily defined population, National
Collegiate Athletic Association (NCAA) student-athletes
with a known sex and ethnic makeup. The accuracy of
various data collection methods previously used to estimate
the SCD rate in athletes is also assessed.

Methods
The NCAA consists of a unique group of athletes. In any given year,
there are approximately 400 000 student-athletes, ages 17 to 23
years, who compete in 40 sports in 3 different NCAA divisions.
Every institution uses a medical staff, which consists at least of a
certified athletic trainer, and each institution has a designated media
staff. Although there is no mandatory reporting of athlete deaths,
deaths in this population are less likely to go unnoticed or unreported
than in other populations of athletes, and media searches may be
more likely to identify deaths. In addition, the NCAA publishes
records of the number of athletes participating each year in each
sport, as well as their sex and ethnic makeup.

Deaths among NCAA athletes were identified between January 1,
2004, and December 31, 2008, by 2 different means: (1) The
development of an NCAA database, compiled by combining the
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NCAA Memorial Resolutions list and deaths reported to the NCAA,
and (2) from the Parent Heart Watch database.

The NCAA Memorial Resolutions list is compiled annually in
memory of NCAA student- athletes who have died of any cause.
Institutions provide these names voluntarily to the NCAA. There are
no causes of death associated with the NCAA Memorial Resolutions
list; its primary purpose is to honor the deceased student-athletes.
The NCAA Director of Health and Safety keeps track of trends and
issues that affect the health and wellness of student-athletes and
receives voluntary reports of athletes who have died. Institutions are
not required to report student-athlete deaths to the Director of Health
and Safety; however, it is not unusual for them to do so. These names
were combined with the names from the NCAA Memorial Resolu-
tions list to create an NCAA database of cases of sudden death in
student-athletes.

Parent Heart Watch is a not-for-profit group dedicated to the
prevention and awareness of sudden cardiac arrest (SCA) in young
people. The group maintains an ongoing database of SCD/SCA in
young people created from weekly Internet searches (approximately
15 hours per week) using 3 different search engines (Google, Yahoo,
and Topix.net) and at least 18 keywords (student, athlete, collapsed,
died, heart, cardiac, arrest, attack, football, basketball, baseball,
soccer, running, school, unknown, college, defibrillator, and saved).
The group has been tracking SCD/SCA in this manner since 2000.
The Parent Heart Watch database was reviewed, and deaths among
athletes 17 to 24 years of age were selected. Each of these cases was
reviewed individually to determine whether the athlete was a
member of an NCAA athletic team at the time of his or her death by
review of media reports and comparison with NCAA team rosters. If
there was a question as to whether the victim was an NCAA athlete
or not at the time of his or her death, the institution was contacted.

The NCAA and Parent Heart Watch databases were cross-
referenced and combined into a single database, and a retrospective
analysis of student-athlete deaths was performed. Missing informa-
tion regarding deaths was acquired through Internet searches and
media reports, reports in the NCAA News, and via e-mails and
telephone calls to sports information directors, head athletic trainers,
athletic directors, and coroners. When possible, the student-athlete’s
parents or guardians were interviewed. The study was approved by
the University of Washington Division of Human Subjects.

Data Analysis
Data were analyzed for overall death rate, as well as death rate
according to sex, ethnicity, sport, and NCAA division. Each indi-

vidual database was compared against the aggregate database to
assess the accuracy of different data collection methods. In addition,
the aggregate database was compared with NCAA catastrophic
insurance claims data because insurance claims data have been used
previously to estimate SCD incidence.

A capture-recapture analysis was performed to estimate the
number of deaths that may have been missed and to compare the
capture rate between divisions. Capture-recapture analyses can be
performed when data are obtained from 2 different databases to
estimate the total number in a population.8–10 In epidemiology, they
represent attempts to estimate or adjust for the incomplete ascertain-
ment with information from overlapping lists of cases from distinct
sources.10 The number of deaths included in the aggregate database
was compared with the number estimated by the capture-recapture
analysis and stratified by NCAA division to estimate potential case
identification bias between divisions. Because of the smaller num-
bers of deaths in Divisions II and III, the data for these divisions
were combined.

The deaths were categorized broadly as accident, homicide,
suicide, drug overdose, or medical. The medical causes were further
broken down on the basis of the available details from all sources
into cardiac, cancer, heat stroke with or without sickle cell trait,
meningitis, and other medical causes (Figure). In addition, when
possible, medical deaths were categorized as exertional or not.
Deaths during exertion were defined as a sudden death that occurred
during or within 1 hour after exercise, training, or competition. If the
cause of death could not be reasonably identified, it was recorded as
“unknown.”

Demographic data in NCAA athletes were obtained from the
NCAA Sports Sponsorship and Participation Rates Report11 and the
NCAA Student-Athlete Ethnicity Report.12 The sex and ethnic infor-
mation is provided by institutions to the NCAA annually, and these
reports are compiled periodically by the NCAA Department of
Research. The ethnic breakdown for the academic year 2004 was not
recorded, so an average from the other 4 years was used.

Results
During the 5-year period from 2004 to 2008, there were a
total of 1 969 663 athlete participation-years. There were
843 106 female athlete participation-years and 1 126 557
male athlete participation-years. A total of 300 835 athlete

Figure. Causes of sudden death in National Colle-
giate Athletic Association athletes, 2004 to 2008.
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participation-years were among black athletes and 1 583 635
were among white athletes.

There were 273 deaths (Figure). The majority of deaths
occurred off the playing field and were nonmedical (187 of
273, or 68%); these included accidents (140, 51%), suicide
(25, 9%), homicide (18, 6%), and drug overdoses (5, 2%). A
cause of death could not be attributed in 2% (6) of the 273
cases. Medical causes of death represented 29% of cases
(n�80). The leading medical cause of death was cardiac (45
of 273 deaths, or 16%), and this cause was responsible for
roughly the same amount of deaths as homicide and suicide
combined. Cardiac deaths accounted for the majority of
medical deaths (45 of 80, or 56%). The incidence of SCD in
an NCAA student-athlete was 1:43 770 per year.

Risk of SCD was examined by sex, division of play, and
ethnicity (Table 1). There were 34 cardiac deaths in male
athletes, with an incidence of SCD of 1:33 134 per year.
There were 11 cardiac deaths in female athletes, with an
incidence of SCD of 1:76 646 per year. There were 26 deaths
in Division I athletes, 10 in Division II, and 9 in Division III.
The annual risk of SCD stratified by division was 1:30 301 in
Division I, 1:42 457 in Division II, and 1:84 473 in Division
III. Risk of SCD was also stratified by ethnicity. There were

44 cases in which ethnicity was identified as either black or
white; the ethnicity of the remaining case was unknown, and
was not included in calculations. There were 27 deaths in
whites, with an SCD rate of 1:58 653 athletes per year. There
were 17 deaths in black athletes, with a risk of SCD of
1:17 696 per year. Broken down further, the risk of SCD in
black male athletes was 1:12 990.

Risk varied considerably by sport (Table 2). Basketball
was by far the highest-risk sport, with an overall annual death
rate of 1:11 394. The risk for SCD was 1:5743 in black
basketball athletes and 1:21 824 for whites per year. The
highest-risk group of athletes regardless of ethnicity were
Division I male basketball athletes, with a risk of SCD of
1:3126. There was a �3-fold increase in risk of SDC for
black male basketball athletes compared to white male
basketball athletes when looking at all divisions (black
1:3947 versus white 1:1281). The sports with the next highest
overall risk were swimming (1:23 488) and lacrosse
(1:23 357), (1:23 488), followed by football (1:38 497) and
cross-country (1:41 695). The risk in Division I football was
1:25 297, but unlike basketball, the risk varied considerably
by ethnicity.

There were 36 medical deaths that could be identified as
having occurred with exertion. The others either occurred at
rest or could not be classified. Of the exertional deaths, 27
(75%) of 36 were related to cardiac causes, with the remain-
ing exertional deaths related to heat stroke. Five of the 10 heat
stroke deaths were associated with sickle cell trait. The
aggregate database identified and confirmed 45 total cases of
SCD in NCAA athletes. The NCAA database identified 39
(87%), the Parent Heart Watch database (media) identified
only 25 (56%), and the insurance claims database identified 9
(20%).

The total number of cases of SCD identified in the
aggregate database was 45. Capture-recapture analysis esti-
mated that the number of deaths was 49.1 (95% confidence
interval [CI], 45.4 to 50.5), which would result in an
incidence of SCD of 1:39 711 student-athletes per year. In
Division I, the aggregate database identified 27 deaths.
Capture-recapture analysis estimated 28.4 deaths would have
occurred in that period (95% CI, 27.4 to 32.1). In Division
II/III, 18 deaths were identified, with capture-recapture anal-

Table 1. Incidence of SCD in NCAA Athletes According to
Sex, Ethnicity, and Division, 2004–2008

No. of
Athlete-Years

No. of
Deaths

Death Rate
(per Year)

NCAA athletes 1 969 663 45 1:43 770

Sex

Male 1 126 557 34 1:33 134

Female 843 106 11 1:76 646

Ethnicity

Black 300 835 17 1:17 696

White 1 583 635 27 1:58 653

By division

Division I 788 023 27 1:29 186

Division II 424 572 10 1:42 457

Division III 760 258 8 1:95 032

SCD indicates sudden cardiac death; NCAA, National Collegiate Athletic
Association.

Table 2. Incidence of NCAA SCD by Sport, 2004–2008

Sport
Number of

Deaths
Overall

Incidence*
Incidence in

Males
Incidence in

Females
Incidence in

African Americans
Incidence in
Caucasians

Basketball 14 1:11,394 1:6,993 1:37,799 1:5,743 1:21,824

Division I 9 1:5,451 1:3,126 1:23,901 1:5,284 1:6,135

Division II 3 1:12,631 1:11,330 1:15,232 1:9,503 1:20,822

Division III 2 1:24,681 1:13,646 † 1:6,952 †

Swimming 4 1:21,293 1:34,552 1,16,457 † 1:20,981

Lacrosse 3 1:23,357 1:19,770 1:30,531 † 1:23,357

Football 8 1:38,497 1:38,497 † 1:59,814 1:14,401

Cross-country 3 1:41,695 1:59,484 1:32,801 1:12,043 1:51,033

NCAA indicates National Collegiate Athletic Association; SCD, sudden cardiac death.
*SCD incidence is expresed as number of athletes per year.
†No deaths for incidence calculation.

1596 Circulation April 19, 2011

 by JOSEPH MAREK on April 5, 2011 circ.ahajournals.orgDownloaded from 

http://circ.ahajournals.org


ysis estimating 22.4 deaths expected (95% CI, 18.8 to 43.1;
Table 3).

Discussion
This study demonstrates that the incidence of SCD in NCAA
athletes is significantly higher than frequently cited estimates,
with an overall rate of approximately 1:43 000 student-
athletes per year. Previous studies on the rate of SCD in
athletes have produced widely varying estimates ranging
from 1:23 000 to 1:300 000, largely because of differing
methodology.1,6,13,14 Studies examining similar aged physi-
cally active populations have yielded rates as low as 1:9000.15

An accurate calculation of SCD incidence requires reliable
identification of the numerator (number of deaths) and an
exact denominator (number of athletes participating), com-
mon definitions of the events included (exertional versus all
deaths), and universal definitions of athlete and of the
population studied (competitive athletes versus all young
people).

Van Camp et al6 first studied the rate of SCD in high
school and college athletes from 1983 to 1993. They relied on
case identification from media reports, at the time primarily
from a newspaper clipping service. In all, 100 deaths due to
cardiac causes were identified during the 10-year period, 92
in male athletes and 8 in female athletes. Deaths were more
common in high-profile sports, such as football and men’s
basketball, and were less common in women’s sports and
high schools. The denominator was obtained from participa-
tion rates from high school and college athletic associations
in the 17 common sports, divided by a factor to account for
athletes who played multiple sports. This resulted in an
overall SCD rate of 1:300 000. The estimated rate of SCD
was 1:212 000 for male athletes and 1:1 300 000 for female
athletes. The difference between these estimates and those of
the present study are likely accounted for by collection bias,
incomplete identification of all cases, and an imprecise
denominator.

More recently, Maron et al1 used similar strategies to
examine SCD over 27 years. In contrast to the study by Van
Camp et al,6 death in any competitive athlete up to age 39
years, not just those on a high school or college team, was
examined, and all deaths thought to be related to cardiac
causes, not just exertional deaths, were included. The denom-
inator used to arrive at this death rate included participation
information from high school and college athletic associa-
tions, minor league and professional sports, and “a number of
participants in public competitive sport including marathons,
triathlons, cycling, skiing, and soccer.” The SCD rate was
calculated for the years 2001 to 2006, and was reported as

1:164 000. The use of Internet search strategies may have
increased case identification compared with previous studies;
however, even modern search strategies identified only 56%
of cases in the present study. Although estimation of a
denominator in such a broad population of athletes is the only
way to calculate an incidence rate, this represents a signifi-
cant weakness of the study by Maron et al,1 which was highly
dependent on the inclusion or exclusion of different sports
and prone to high variability.

Drezner3 used a retrospective survey of Division I head
athletic trainers with a 75% response rate to assess the
prevalence of automated external defibrillators (AEDs) and
their use. A rate of SCD in Division I NCAA athletes of
1:67 000 was calculated, which is closer to the rate found in
the present study. This survey had improved methodology
because it did not rely on media reports for case identification
and the population survey was well defined, which yielded an
accurate denominator.

A cross-sectional study4 was conducted among high school
athletes. During the study period, there were 14 SCAs in
student-athletes, with 9 of the 14 surviving.4 This was the first
study to examine the rate of SCA (not death), and it found a
rate of 1:23 000. The rate of SCD in this same population was
1:63 000. Schools that had an AED or that had a student-
athlete who experienced an SCA may have been more likely
to respond to these surveys, thus falsely increasing the rates
of SCA/SCD reported.

The examination of insurance claims data has also been
used as a way to calculate the SCD incidence rate.5 In
Minnesota, all high school athletes are covered by cata-
strophic injury insurance that will provide a benefit in the
case of death that occurs during or immediately related to
participation in a sanctioned event. The NCAA has a similar
policy for all athletes at member institutions. In Minnesota,
the number of claims paid out over 12 years was used to
calculate a numerator and thus captured only exertional
deaths that occurred during a sports season. The denominator
used was participation information provided by the Minne-
sota State High School League and adjusted for multiple-
sports participants on the basis of a figure calculated from a
sample year. During the study period, there were 3 claims
paid for deaths related to cardiovascular causes, all in male
athletes, for a rate of 1:217 000. Data from the present study
suggest that catastrophic claims only identified 20% of the
deaths due to cardiovascular causes. Thus, although the study
by Maron et al1 provides an accurate denominator, the
numerator likely underestimates the true number of cases.

Corrado et al13 reported an SCD incidence of 1:28 000 for
young competitive athletes before implementation of a na-

Table 3. Capture-Recapture Analysis

No. of Deaths in
Aggregate Database

Cap-Recap Estimate
of No. of Deaths

95% Confidence
Interval

No. of
Athletes

Aggregate Database
Incidence*

Cap-Recap Incidence
Estimate

Total 45 49.6 45.4–50.4 1 969 663 1:43 770 1:39 711

Division I 27 28.4 27.4–32.5 788 023 1:29 186 1:29 186

Division II/III 18 22.4 18.8–43.1 1 184 830 1:65 824 1:52 894

Cap-Recap indicates capture-recapture.
*SCD incidence rates are expressed in number of athletes per year.
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tional screening program that used ECGs. The study was
prospective; the cases of SCD were all recorded in a manda-
tory registry for juvenile SCD; the causes of death were
confirmed by autopsy; and the exact number of athletes was
known, all of which supports the reliability of these results.13

Likewise, Eckart et al15 reviewed deaths among military
recruits over a 25-year period. Although military recruits are
generally not considered athletes, they undertake regular
vigorous exercise and are of a similar age group (18 to 35
years of age) as NCAA athletes, and there is mandatory
reporting of all deaths. An SCD rate of 1:9000 recruit-years
with autopsy confirmation of cause of death was found.15

These studies both had a highly reliable numerator and
denominator.

The prevalence of cardiovascular abnormalities that pre-
dispose young athletes to SCD is approximately 0.3% (3 in
1000).13,16–21 Exercise is a trigger for SCA, and therefore,
athletes are thought to be at greater risk than nonathletes for
SCD.22 However, population-based data from the Centers for
Disease Control and Prevention show that the cardiac-related
death rate in the general population 15 to 24 years of age is
2.5 per 100 000 (or 1:40 000),23 which suggests that SCD
rates in the general population may be similar to those
calculated among NCAA athletes.

A prospective population-based study conducted at 11 US
and Canadian cities and utilizing rigorous methodology, with
all cases of SCA collected through the emergency medical
services system, reported an incidence of SCA due to cardio-
vascular disease of 1:27 000 in children and young adults
(age 14 to 24 years).24 Another US population-based study
found the incidence of SCA in children age 10 to 14 years to
be 1:58 000.25 Although the present study did not examine all
cases of SCA (only deaths), the incidence of SCD in NCAA
athletes we found compares favorably with these studies.

The present study is the first estimate of SCD incidence in
which the precise sex and ethnic makeup of athletes were
known. SCD in the present study population was 2.3 times
more common in male athletes than in female athletes;
however, the overall rate in female athletes (1:77 000) was
much higher than reported previously. Rates for female
athletes have been estimated from 0 to 1:1 300 000.5,6 Other
studies have not reported on sex, or reported only the overall
percentage of SCD in female athletes as being low (11%).1

Likewise, although the percentage of total deaths in blacks is
reported as being higher than expected in other studies, no
actual rate can be calculated.26,27 The present study shows an
alarmingly high rate of SCD in blacks at 1:18 000 and a rate
of 1:11 000 in Division I black male athletes.

Cardiac deaths were most common in basketball (14),
football (8), swimming (4), lacrosse (3), and cross-country
(3); however, incidence rates were strikingly different. The
overall rate of SCD in basketball was 1:11 394. When
stratified by sex, the rate was approximately 5 1/2 times
higher in male basketball athletes (1:7000) than in female
basketball athletes (1:38 000). The rate for white male bas-
ketball athletes overall (1:13 000) was concerning; however,
the rate of SCD in black male basketball athletes was even
more alarming (1:4000). More notable, however, is the rate of
SCD in Division I male basketball athletes, which was

approximately 1:3000 for both blacks and whites. Van Camp
et al6 also noted a comparatively high rate of SCD in male
collegiate basketball players (1:28 000). Although the abso-
lute number of SCDs in football was high, the rate in football
was 1:38 000, which is near the average rate for an NCAA
athlete.

Although the SCD rate determined in the present study is
high, there is some evidence that high school athletes are at
increased risk compared with collegiate athletes,1,14,28 and
because there are more high school athletes (7 million), more
total deaths occur in this age group. Deaths in high school
athletes may be even less likely to be identified by media
reports as opposed to higher-profile NCAA athletes. The
present study tracked only deaths, not all cardiac arrests. With
the increasing attention paid to emergency preparedness and
use of AEDs, the SCD rate may be as much as 2.7 times lower
than the SCA rate.4

The present study has profound implications for both
primary and secondary prevention strategies. ECG screening
is effective in detecting 66% to 100% of silent cardiovascular
diseases in athletes,17–21 with a false-positive rate of 2% to
5% when contemporary standards for ECG interpretation are
used.21,29 Cost-effectiveness calculations for the inclusion of
an ECG in the preparticipation screening of athletes will
differ significantly depending on the incidence rate used.28,30

The present study demonstrates a much higher incidence of
SCD than previously estimated in college athletes, in female
athletes, in black athletes, and in basketball athletes. The
European Society of Cardiology and the International Olym-
pic Committee recommend an ECG as part of a prepartici-
pation examination, whereas the American Heart Association
has recommended only a history and physical examination,
predominantly on the basis of concerns regarding cost-
effectiveness and infrastructure.16,31,32 A history and physical
examination without an ECG are of questionable value and
have been shown not to be cost-effective because of their
poor sensitivity and specificity.30,33 Targeting high-risk
groups may prove a reasonable starting point to begin ECG
screening programs in the United States.

Basketball, football, cross-country, swimming, and la-
crosse were the NCAA sports in which athletes were most
likely to experience an SCD. In the preparation of an
emergency plan, consideration should be given to placing
AEDs in venues where these sports occur. Student nonath-
letes, spectators, and coaches may also benefit from AEDs in
these locations.3,4 Preparing for an SCA in distance runners is
challenging. Runners should be encouraged to train with a
partner and to carry cell phones. Organizers of cross-country
meets should consider having AEDs accessible via carts or
bikes, and spotters on the course should have a communica-
tion system with access to the medical team.

Study Limitations
A limitation of the present study was that cause of death was
not confirmed by autopsy in most cases; therefore, the
specific cause of death (hypertrophic cardiomyopathy, anom-
alous coronaries, etc) could not be reported. Instead, only the
overall incidence rate of SCD was reported. In addition, data
on the deaths were collected in a retrospective manner.
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Although several different methods were used to collect
student-athlete death information, some deaths may have
been missed. Thus, 1:43 770 represents a minimum rate, and
the rate may actually be higher. Capture-recapture analysis
indicates that the overall study death rate estimate was fairly
close, with a calculated incidence of 1:39 711 athlete
participation-years (95% CI, 1:43 385 to 1:39 081). Deaths
also may have been identified more readily in divisions and
sports that typically have increased media coverage. Capture-
recapture analysis suggests an increased incidence of SCD in
Division I (1:27 141) versus Division II/III (1:52 894); how-
ever, the 95% CI incidence rate is much wider in the Division
II/III calculations (CI 1:63 023 to 1:27 490) than for Division
I (CI 1:28 760 to 1:24 247).

Additional research is needed to define SCD risk in other
age groups, as well as in nonathletes. The effect of screening
and participation modification on mortality and overall health
of athletes needs to be considered. More studies should be
undertaken to understand whether there is a higher incidence
of potentially lethal cardiovascular disease in basketball
players or whether it is the demands of the sport that
substantially increases the risk for those with underlying
disease. This may ultimately influence not only primary and
secondary preventative strategies but activity recommenda-
tions for those with cardiovascular disorders.

Conclusions
The present study has several important findings. SCD is the
leading medical cause of death in NCAA athletes, is the
leading cause of death during sport and exercise, and occurs
at a much higher rate than previously accepted. The SCD rate
in female athletes is also much higher than demonstrated in
the past. This study demonstrates that relying solely on media
reports or insurance claims for case identification is inaccu-
rate. Both methods are unlikely to assess all cases of SCD,
and when used as the sole source of data, they may be unreliable
for scientific purposes. Better methods of case identification,
such as mandatory reporting, should be developed.

This is the first study to develop a race-specific incidence
rate, which suggests that SCD is �3 times more likely in
blacks than in whites. Additionally, basketball is a high-risk
sport for SCD in both male and female athletes, with the
incidence being particularly high in Division I male basket-
ball athletes. Improved strategies for identification of those at
risk for SCA and prevention of SCD must be considered.
ECG screening should be considered for the highest-risk
groups.
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CLINICAL PERSPECTIVE
This report more accurately estimates the incidence of sudden cardiac death (SCD) in athletes using improved methodology
compared with previous studies. It demonstrates an overall rate of SCD of 1:43 000, with some subpopulations showing
a risk of SCD as high as 1:3000. The rate of SCD has been commonly cited as 1:200 000. From a clinical perspective, this
is critically important information. The preparticipation examination, or sports physical, is a core part of the practice of
sports medicine and primary care physicians alike. The purpose of the preparticipation examination, according to the latest
AHA scientific statement, is to identify conditions that may lead to SCD. The current recommendation of the AHA is that
this is best done, in the United States, by the use of a directed history and physical exam. There is increasing evidence that
this strategy is neither effective nor cost-effective. In other countries, an ECG is a routine part of a sports physical, or in
some cases a well-child visit. The information presented in this report will inform the ongoing discussion about SCD in
young people and how best to prevent it. There may be subpopulations of athletes or young people in which screening with
an ECG by use of modern interpretation criteria would be highly cost-effective, and others in which it would not. This
report will have significant ramifications for clinical practice as we strive to understand how to best use our resources,
fulfill the primary objective of the sports physical, prepare for sudden cardiac arrest, and ultimately prevent SCD.
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