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Introduction
Exercise is one of the most powerful tools for improving 

health and has been associated with beneficial change in most 
cardiovascular risk factors, including lipids, blood pressure, 
insulin sensitivity, and weight.1-4 Numerous epidemiological 
studies have consistently shown an association between 
moderate aerobic exercise and decreased risk of coronary heart 
disease (CHD) and death, and even a small amount of exercise 
provides significant risk reduction compared to a sedentary 
lifestyle.5-9 While there is controversy about the potential 
connection between intense endurance exercise and increased 
risk of some cardiac conditions (i.e., atrial fibrillation, ventricular 
fibrosis), on balance, exercise is clearly health-promoting for 
the large majority of individuals.10,11 However, for a small 
number of individuals who harbor cardiac conditions, exercise 
can sometimes be associated with the risk of sudden death 
(i.e., the exercise paradox). Sudden cardiac death (SCD) is the 
most frequent medical cause of sudden death in athletes, and 
estimates vary widely based on the population. A recent estimate 
of SCD incidence ranged from 1 in 40,000 to 1 in 80,000 athletes 
per year.12 Though SCD is rare, its occurrence in athletes who 
are often young and presumably healthy has a large emotional 
and social impact on the surrounding community. Therefore, 
considerable effort has been made to better understand the 
causes of SCD in athletes and to discover optimal strategies for 
prevention. 

SCD in Athletes: Definitions and Epidemiology
The definition of an athlete varies. A competitive athlete has 

been proposed to be “one who participates in an organized team 
or individual sport that requires competition against others 
as a central component, places a high premium on excellence 
and achievement, and requires some form of systematic (and 
usually intense) training.”13 This definition is considerably easier 
to apply to high school, collegiate, and professional organized 
sport participants but more difficult to apply to younger and 
older populations who participate in recreational activities (i.e., 
a heterogeneous group of adults participating in a running race). 
Therefore, when estimating SCD incidence, the population of 
athletes “at risk” may be difficult to quantify. The definition of 
SCD in athletes also varies; some estimates of incidence include 
only deaths with exertion or shortly (< 1 hour) after exertion, while 
others include any SCD in an athlete (exertional or outside of 

exertion) and also episodes of resuscitated sudden cardiac arrest 
(SCA).12 These inconsistencies help account for the wide range of 
estimated incidence of SCD in athletes in prior reports, from 1 in 
3,000 up to 1 in 1 million.12  

It also has been increasingly recognized that some populations 
of athletes may be at substantially higher risk than others for SCD. 
Among National Collegiate Athletic Association (NCAA) athletes, 
increased risk has been found with male gender, black race, and 
basketball participation (Table 1).14 The risk among male Division 
1 basketball players has been estimated at more than 10 times that 
in the overall athlete population (1 in 5,200 vs. 1 in 53,703 athletes 
per year), which is consistent with prior findings in collegiate and 
high-school athletes.14 The mechanism of increased risk is not clear; 
though Marfan syndrome and resulting aortic dissection have 
most commonly occurred in male basketball players, this accounts 
for a small fraction of the deaths in this population.14

Causes of SCD in Athletes
The most common causes of SCD in athletes are shown in Table 

2. In athletes under 35 years of age, inherited cardiac conditions 
predominate, with hypertrophic cardiomyopathy (HCM) and 
anomalous origin of a coronary artery being the two most common 
causes in the United States. In athletes older than 35, most SCD 
events are due to acquired atherosclerotic coronary artery disease 
(CAD).15,16 Many of these diagnoses may not be clinically apparent 
and may first present with sudden death. Estimates of the 
proportion of athletes with prodromal symptoms is difficult given 
that the account does not come from the victim and is subject 
to substantial bias; however, upwards of approximately 30% of 
athletes with SCD have been reported to have had symptoms 
such as chest pain, shortness of breath, performance decline, 
palpitations, pre-syncope, or syncope leading up to the event.17 
Evaluation of such exertional symptoms by a qualified team of 
sports medicine and cardiology physicians is an important aspect 
of the medical care of athletes and of SCD prevention.18

The Older Athlete
Though most SCDs in “competitive athletes” occur in younger 

populations, SCD during sports is far more common in older 
athletes, with an estimated incidence of around 21 per 1 million 
participants per year.17 As the population ages and the popularity 
of running, cycling, and other endurance sports increases, the 
burden of SCD risk in this group is likely to grow. As noted above, 
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the most common identified cause of SCD in the older athlete 
population is atherosclerotic CAD. Although regular physical 
activity clearly reduces the risk of acquiring CAD and of suffering 
a related cardiovascular event, those who already have the disease 
have clearly been shown to have elevated risk of cardiovascular 
events with vigorous exercise.19,20 There remains debate as to 
whether the predominant mechanism for SCD is plaque rupture 
or supply/demand mismatch in the context of exercise.21 In an 
evaluation of SCD/SCA during long-distance running races (i.e., 
marathon and half marathon distance), the average age of those 
who had SCD/SCA was 42 years old, and CAD was second to 
HCM as a cause of SCA.15 There was no associated plaque rupture 
on angiography in any participants with CAD, suggesting that 
the SCA was due to supply/demand mismatch. Those who 
suffered SCA due to CAD were far more likely to survive than 
those with HCM (44% vs. 0%, odds ratio 0.13). In general, SCD 
with exercise is more common in males, older sports participants 
who are not regularly active, and those who have known cardiac 
disease or risk factors for CAD.17,19 These characteristics provide 
an opportunity for clinicians to target screening and other risk 
reduction strategies, as further discussed below, to those at 
highest risk.

The Younger Athlete
In the majority of U.S. studies, the most commonly identified 

cause for SCD in young athletes is HCM, a genetic condition 
characterized by left ventricular hypertrophy and cardiac myocyte 
disarray predisposing to ventricular arrhythmias (Table 2).22 The 
prevalence of HCM in the general population is up to 1 in 200 
individuals, and in many the first presenting symptom may be 
SCD.23 Congenital coronary artery anomalies, consisting of a 
variety of abnormalities of coronary origin and proximal course, 
are the second most common cause of SCD in young U.S. athletes, 
responsible for around 17% of SCD cases.22 The remaining causes 
of SCD in athletes include other inherited or acquired myocardial 
diseases, other structural cardiovascular disease, or primary 
arrhythmogenic disorders (Table 2). 

More recent data in NCAA athletes suggests that the most 
common rank list of causes of SCD may merit re-evaluation.14 
In a study by Harmon et al., which reviewed all deaths among 
NCAA athletes from 2003 to 2013, the most common finding at 
autopsy for SCD cases was a structurally normal heart (25%), 
implying that arrhythmias and other electrical disorders may 
be the most common etiology. Coronary anomalies were the 
second most common finding and were present at a similar 

Congenital/Genetic

Structurally Abnormal Heart Structurally Normal Heart

Hypertrophic cardiomyopathy Congenital long QT syndrome

Arrhythmogenic right ventricular cardiomyopathy Catecholaminergic polymorphic ventricular tachycardia

Dilated cardiomyopathy Wolf-Parkinson-White syndrome or other accessory pathway

Other cardiomyopathy (i.e., left ventricular noncompaction) Brugada syndrome

Congenital anomalies of coronary origin & course Other ion channelopathies 

Aortopathy (i.e., Marfan syndrome & ascending aortic aneurysm/
dissection)

Valvular heart disease (i.e., congenital aortic stenosis, mitral valve 
prolapse)

Acquired

Structurally Abnormal Heart Structurally Normal Heart

Atherosclerotic coronary artery disease Commotio cordis

Kawasaki’s disease Acquired long QT (i.e., drug-induced)

Myocarditis Other substance ingestion or environmental factors (i.e., hypo- or 
hyperthermia)

Table 2. Common cardiovascular conditions associated with sudden cardiac death (SCD) in athletes.

Characteristic Increased Risk Group Decreased Risk Group

Overall 1 in 53,703 athlete-years14

Gender Males: 1 in 37,790 Females: 1 in 121,593

Race Black: 1 in 21,491 White: 1 in 68,354
Hispanic: 1 in 56,254

Sports Men’s Basketball: 1 in 8,978
Men’s Soccer: 1 in 23,689
Men’s Football: 1 in 35,951

N/A

Table 1. Risk factors for sudden cardiac death in National Collegiate Athletic Association (NCAA) 
athletes.
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proportion as was previously reported (11%), but definitive HCM 
was far less frequent—only 8% of SCD cases vs. 30% to 40% in 
prior studies. The authors note that this may be due to different 
definitions of HCM (as opposed to potential athletic remodeling) 
used at autopsy as well as the population included in their study 
compared to prior studies.14  

It is also notable that reports from other countries such as 
Italy and Denmark have found that the most common cause 
of SCD in young athletes is arrhythmogenic right ventricular 
cardiomyopathy (ARVC), responsible for around 25% of SCD 
cases in athletes from those countries.24,25 ARVC is a genetic 
cardiomyopathy with an estimated prevalence of 1 in 5,000 that 
is typified by fibro-fatty infiltration and dilation of the right 
ventricle. Risk of ventricular arrhythmia is increased by exercise, 
and exercise training itself may accelerate phenotypic expression 
of ARVC.26 ARVC remains an important diagnosis to consider in 
U.S. athletes but is less common (< 5% of SCD cases).22 It is not 
clear whether the higher rate of ARVC-related SCD in international 
populations reflects a higher prevalence of this disease, exclusion 
of athletes with alternative diagnoses (i.e., HCM) due to systematic 
preparticipation screening in other countries, or under-recognition 
of ARVC in the U.S. athlete population.

SCD Prevention: Athlete Screening and Evaluation
Since many of the cardiac conditions that cause SCD in 

athletes may not present with warning symptoms, there has 
been considerable discussion about the role of preparticipation 
screening tests to evaluate for occult cardiovascular disease. 
A flowchart of common tools for screening and evaluating 
athletes is shown in Figure 1. The value of any screening test is 
determined by the characteristics of the population to which it 
is applied. As demonstrated above, the incidence and causes of 
SCD vary widely depending on the age, gender, race, country, 
and sport of the athlete group. Therefore, it is unlikely that any 
single screening program will be effective across all groups. Issues 
such as resource utilization and cost-effectiveness also must be 
considered. 

Accordingly, there are major differences in contemporary 
guidelines for preparticipation screening of athletes. The 
American Heart Association (AHA) and American College 
of Cardiology (ACC) recommend screening that is limited to 
a targeted medical history and physical exam.27 The specific 
12-element list recommended by the AHA includes questions 
regarding a personal history of concerning cardiovascular 
symptoms (i.e., chest pain, syncope, dyspnea) and a family history 
of premature sudden death or disability from heart disease in 
addition to a focused physical exam. In our experience, specific 
inquiries about family history (i.e., “Does anyone in the family 
have a history of hypertrophic cardiomyopathy or implantable 
defibrillator /pacemaker?”) may be more beneficial than general 
questions (i.e., “Is there family history of heart disease?”), 
particularly with younger athletic populations. In contrast to the 
American recommendations, the European Society of Cardiology 
(ESC) and International Olympic Committee (IOC) advocate for 
screening that also includes a resting 12-lead electrocardiogram 
(ECG).28,29 The role of the ECG in preparticipation screening 
has garnered considerable debate.30,31 ECG-inclusive screening 
appears to increase the sensitivity of preparticipation screening 
for identifying cardiovascular disorders that predispose to 
SCD.32 However, there is a paucity of well-designed prospective 
randomized studies to evaluate whether this translates into a 
reduction in SCD rates. 

The interpretation of ECGs in athletes is also complicated by 
the fact that exercise may be associated with a number of ECG 
findings that are not pathologic but can be perceived as such, 
especially by clinicians unaccustomed to interpreting ECGs in 
athletic individuals.33,34 Several guidelines and expert consensus 
statements have been designed to help clinicians interpret 
ECGs in athletes, with the goal of preserving sensitivity and 
improving specificity.28,35,36 This has led to reductions in the false 
positive rate as these criteria have been refined over time.33,37,38 
However, even a relatively low false positive rate (< 5%) may 
significantly add to the burden of downstream testing if ECG 
screening were applied to the entire population of competitive 
athletes in the United States. In summary, the role of the ECG in 
preparticipation athlete screening remains unclear, and athletic 
programs should consider using ECG-inclusive screening 
based on the characteristics of their athlete population, the 
local screening resources available, and access to expert ECG 
interpretation specific to athletes.

Evaluation extending beyond a history, physical exam, and 
ECG is indicated if any of these preparticipation tests are abnormal 
and/or an athlete presents with symptoms during the course of 
practice or competition (Figure 1). It is critical that downstream 
testing, which can include cardiac imaging, exercise testing, and 
electrophysiological evaluation, is delivered and interpreted 
by physicians (typically cardiologists) who understand the 
cardiovascular adaptations to exercise training and resultant 
physiologic changes in the heart’s structure and function—the 
so-called “athlete’s heart.” In most athletes, cardiac changes 
induced by exercise are modest and easily distinguishable from 
cardiac pathology. However, in a small subset of athletes, vigorous 
training is associated with more profound electrical and structural 
changes that may overlap with phenotypically mild manifestations 
of cardiac disease. For example, sports with significant isometric 
exercise may induce left ventricular hypertrophy with wall 
thicknesses in the 12- to 14-mm range, the same range as that of 
mild HCM (“gray zone” hypertrophy).39 A small but significant 
proportion of endurance athletes will have dilated left ventricular 
(LV) cavities with low normal LV function, which overlaps with 
findings of a dilated cardiomyopathy.40 These physiologic changes 
to the left ventricle may be accompanied by right ventricular 
(RV) dilation and reduced systolic function, which could raise 
concern for ARVC in the appropriate context. In these types of 
cases, it is crucial that an expert team—including cardiologists 
familiar with the care of athletic patients—select and interpret 

Figure 1. Screening and diagnostic tools for the cardiovascular evaluation of 
the athlete.
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the required testing to more clearly distinguish cardiac pathology 
from physiologic remodeling. Comprehensive exercise testing 
(typically including cardiopulmonary exercise testing) is a critical 
component of the evaluation of such patients. For the cases of 
gray zone hypertrophy, techniques such as prescribed detraining 
(assessing for LV hypertrophy regression after a period of 
inactivity) may need to be employed.41

Finally, most of the debate about preparticipation evaluation of 
athletes revolves around the infrastructure for screening school-
aged or professional athletes. There is large population of older 
athletes who may still participate in high-level sports (i.e., Master’s 
athletes), but do so outside the structure of an organized team. 
Therefore, they may not be subject to any form of screening yet 
may harbor high risk for adverse events with exercise, primarily 
due to CAD. The AHA and American College of Sports Medicine 
recommend a similar targeted history aimed at identifying those 
at high risk of cardiac events prior to participation in activities at 
fitness facilities, and the ACC/AHA guidelines recommend that 
exercise testing is reasonable, even in the absence of symptoms, for 
the evaluation of persons at high risk of CAD (i.e,, diabetics) or in 
men older than 45 years or women older than 55 years who plan to 
start a vigorous exercise program.42,43  

Conclusion
Although rare, SCD in the athlete is a traumatic event that 

has a large impact on society. The incidence of SCD varies 
widely depending on the athlete population. In older athletes, 
SCD is primarily due to CAD and associated complications. In 
younger athletes, it is due to congenital or genetically mediated 
cardiovascular disease, such as HCM, coronary artery anomalies, 
other cardiomyopathies, or primary arrhythmogenic disorders. All 
preparticipation screening programs aimed at identifying athletes 
at high risk of SCD begin with a focused history and physical. 
The addition of the 12-lead ECG and/or additional cardiac 
testing is a source of considerable ongoing debate. The optimal 
preparticipation evaluation for a given group depends on the 
athlete population and the available screening resources, including 
clinicians with expertise in the cardiovascular care of athletes. It 
is highly unlikely that any screening program will be effective 
at appropriately identifying all athletes at risk of SCD; therefore, 
increased access to automated external defibrillators as well as 
training in cardiopulmonary resuscitation at a community level are 
important means of reducing SCD in athletes. 

Key Points
•	 Though exercise is, in general, health-promoting, it is 

associated with an increased risk of sudden cardiac death 
for a small number of individuals who harbor cardiac 
conditions.

•	 Sudden cardiac death is the most common medical cause 
of death in athletes, with an incidence of around 1 in 40,000 
to 1 in 80,000 athletes per year according to the most recent 
estimates.

•	 The risk and causes of sudden cardiac death vary based 
upon the athlete population.  Male gender, black race, and 
basketball participation all place an athlete at higher risk.  
Sudden cardiac death in younger athletes (< 35 years) is 
commonly due to inherited cardiac conditions, while in older 
athletes (> 35 years) it is most often due to atherosclerotic 
coronary artery disease.

•	 There remains significant debate over the best strategy to 
prevent sudden cardiac death in athletes and the role of the 

electrocardiogram in preparticipation screening. The optimal 
preparticipation evaluation for a given group of athletes 
depends on the risk of the population and available expert 
resources.
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