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Abstract—Habitual physical activity reduces coronary heart disease events, but vigorous activity can also acutely and transiently
increase the risk of sudden cardiac death and acute myocardial infarction in susceptible persons. This scientific statement
discusses the potential cardiovascular complications of exercise, their pathological substrate, and their incidence and suggests
strategies to reduce these complications. Exercise-associated acute cardiac events generally occur in individuals with structural
cardiac disease. Hereditary or congenital cardiovascular abnormalities are predominantly responsible for cardiac events
among young individuals, whereas atherosclerotic disease is primarily responsible for these events in adults. The absolute rate
of exercise-related sudden cardiac death varies with the prevalence of disease in the study population. The incidence of both
acute myocardial infarction and sudden death is greatest in the habitually least physically active individuals. No strategies have
been adequately studied to evaluate their ability to reduce exercise-related acute cardiovascular events. Maintaining physical
fitness through regular physical activity may help to reduce events because a disproportionate number of events occur in least
physically active subjects performing unaccustomed physical activity. Other strategies, such as screening patients before
participation in exercise, excluding high-risk patients from certain activities, promptly evaluating possible prodromal
symptoms, training fitness personnel for emergencies, and encouraging patients to avoid high-risk activities, appear prudent
but have not been systematically evaluated. (Circulation. 2007;115:2358-2368.)
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Regular physical activity is widely advocated by the
medical community in part because substantial epidemi-

ological, clinical, and basic science evidence suggests that
physical activity and exercise training delay the development
of atherosclerosis and reduce the incidence of coronary heart
disease (CHD) events.1–4 Nevertheless, vigorous physical
activity can also acutely and transiently increase the risk of

acute myocardial infarction (AMI) and sudden cardiac death
(SCD) in susceptible individuals.5–7 This scientific statement
presents the cardiovascular complications of vigorous exer-
cise, their pathophysiological substrate, and their incidence in
specific patient groups and evaluates strategies directed at
reducing these complications. The goal is to provide health-
care professionals with the information they need to advise
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patients more accurately about the benefits and risks of
physical activity.

Most studies of exercise-related cardiovascular events have
examined events associated with sports participation in young
subjects and with vigorous exercise in adults. Vigorous
exercise is usually defined as an absolute exercise work rate
of at least 6 metabolic equivalents (METs), which is histor-
ically assumed to equal an oxygen uptake (V̇O2) of 21 mL ·
kg�1 · min�1. Six METs approximates the energy require-
ments of activities such as jogging. Six METs is an arbitrary
threshold and does not account for the fact that the myocar-
dial oxygen demands of any physical activity are more
closely related to the V̇O2 requirements relative to maximal
exercise capacity than to the absolute work rate per se.
Consequently, exercise work rates �6 METs may still place
considerable stress on the cardiovascular systems of unfit and
older individuals.

Pathophysiological Basis for Exertion-Related
Cardiovascular Events

Exercise-associated acute cardiac events generally occur in
individuals with structural cardiac disease.

Pathological Findings in Young Individuals
Among young individuals, variously defined as �30 or �40
years of age, the most frequent pathological findings are
hereditary or congenital cardiovascular abnormalities,8–10

including hypertrophic cardiomyopathy; coronary artery
anomalies (eg, anomalous coronary artery origin, acute angle
takeoff and ostial ridges, or intramyocardial course)11,12;
aortic stenosis; aortic dissection and rupture probably asso-
ciated with connective tissue defects such as Marfan syn-
drome; mitral valve prolapse; arrhythmogenic right ventric-
ular cardiomyopathy; and arrhythmias, including those
resulting from accessory atrioventricular pathways and chan-
nelopathies such as the long-QT syndrome. Myocarditis also
is associated with exercise-related deaths in young individu-
als. Ventricular arrhythmias are the immediate cause of death
in these conditions, except for Marfan syndrome, in which
aortic rupture is often the proximate cause (Table 1).

Pathological Findings in Adults
In contrast to young subjects, coronary artery disease (CAD)
is the most frequent pathological finding among older indi-
viduals who die during exertion.13,14 Among previously
asymptomatic adults, evidence of acute coronary artery
plaque disruption, including plaque rupture or erosion, with
acute thrombotic occlusion is common.14 The mechanism by
which vigorous exercise provokes such events is not defined,
but suggested triggering mechanisms15,16 include increased
wall stress from increases in heart rate and blood pressure,
exercise-induced coronary artery spasm in diseased artery
segments,17 and increased flexing of atherosclerotic epicar-
dial coronary arteries,15 leading to plaque disruption and

TABLE 1. Cardiovascular Causes of Exercise-Related SCD in Young Athletes*

Van Camp et al8

(n�100),† %
Maron et al9

(n�134), %
Corrado et al25

(n�55),‡ %

Hypertrophic cardiomyopathy 51 36 1

Probable hypertrophic cardiomyopathy 5 10 � � �

Coronary anomalies§ 18 23 9

Valvular and subvalvular aortic stenosis 8 4 � � �

Possible myocarditis 7 3 5

Dilated and nonspecific cardiomyopathy 7 3 1

Atherosclerotic CAD 3 2 10

Aortic dissection/rupture 2 5 1

Arrhythmogenic right ventricular
cardiomyopathy

1 3 11

Myocardial scarring � � � 3 � � �

Mitral valve prolapse 1 2 6

Other congenital abnormalities � � � 1.5 � � �

Long-QT syndrome � � � 0.5 1

Wolff-Parkinson-White syndrome 1 � � � 1

Cardiac conduction disease � � � � � � 3

Cardiac sarcoidosis � � � 0.5 � � �

Coronary artery aneurysm 1 � � � � � �

Normal heart at necropsy 7 2 1

Pulmonary thromboembolism � � � � � � 1

*Ages ranged from 13 to 24,8 12 to 40,9 and 12 to 35 years25 for the 3 studies, respectively. Van
Kamp et al8 and Maron et al9 used the same database and include many of the same athletes. All,8

90%,9 and 89%25 had symptom onset during or within 1 hour of training or competition.
†Total exceeds 100% because several athletes had multiple abnormalities.
‡Includes some athletes whose deaths were not associated with recent exertion.
§Includes aberrant artery origin and course, tunneled arteries, and other abnormalities.
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thrombotic occlusion. Vigorous exercise also could provoke
acute coronary thrombosis by deepening existing coronary
fissures, augmenting catecholamine-induced platelet aggrega-
tion, or both. Spontaneous coronary plaque fissures are
common and have been reported in 9% of subjects dying in
motor vehicle accidents or by suicide and in 17% of people
dying of noncoronary atherosclerosis.18 This observation
suggests that mildly fissured coronary plaques require some
exacerbating event such as vigorous physical activity to
induce coronary thrombosis. An increase in thrombogenicity
also could contribute to coronary thrombosis after plaque
rupture or erosion. Increased platelet activation has been
reported in sedentary individuals who engage in unaccus-
tomed high-intensity exercise but not in physically condi-
tioned individuals.19,20 Because circulating catecholamine
levels are related more closely to the relative intensity of
exercise for the individual than to the absolute exercise
intensity, it is likely that platelet activation also is related to
the relative intensity of the exercise session.21

Among individuals with symptomatic CHD, pathophys-
iological processes may include plaque disruption as above
or ischemia-induced ventricular fibrillation from peri-
infarction, ischemic tissue, or scar.22 Vigorous physical
exertion, which increases myocardial oxygen demand and
simultaneously shortens diastole and coronary perfusion
time, may induce myocardial ischemia and malignant
cardiac arrhythmias. Reduced coronary perfusion can be
exacerbated by a decrease in venous return secondary to
abrupt cessation of activity, which possibly explains the
clinical observation that collapse not infrequently occurs
immediately after exercise. Ischemia can alter depolariza-
tion, repolarization, and conduction velocity and thereby
trigger threatening ventricular arrhythmias (Figure 1). In
addition, myocardial ischemia,23 sodium-potassium shifts
with exercise, increased catecholamine levels, and circu-
lating free fatty acids may all increase the risks of
ventricular arrhythmias.24

The Importance of Age and
Pathological Substrate

The present scientific statement addresses the risks of exer-
cise in both young and adult individuals, but it is critically
important to recognize that these age groups have markedly
different causes of exercise-related deaths and therefore
markedly different risk-to-benefit ratios for vigorous exer-
cise. The causes of exercise-related events are not strictly
separated by age, given that, for example, some young
individuals with genetic defects in the low-density lipoprotein
receptor may develop premature CAD, whereas some older
individuals may present with structural congenital cardiac
abnormalities. Nevertheless, the predominant pathological
cause of exercise-related events in adults is occult CAD.
Habitual vigorous physical activity appears to reduce the
incidence of CHD events, and cardiac rehabilitation appears
to reduce the risk of CHD death in patients with diagnosed
disease, although neither conclusion has been proved by a
randomized, controlled clinical trial. Thus, the benefits of
physical activity in those with or at risk for CHD appear to
outweigh the risks.

This situation is markedly different in young individuals
with diagnosed or occult heart disease. Such subjects rarely
die of CHD during exercise, and the clinical course of the
responsible conditions such as hypertrophic cardiomyopathy
and anomalous coronary arteries is not improved by vigorous
exercise. Consequently, in populations with these diagnosed
or occult cardiac diseases, the health risks of vigorous
physical activity almost certainly exceed the benefits. Mod-
erate physical activity may be justified in such patients on the
basis of social and self-image considerations, as well as the
benefits of physical activity in preventing obesity, obesity-
related health problems, and atherosclerosis, all of which
would further exacerbate the individual’s cardiac risk.

Incidence of Exercise-Related Acute
Cardiovascular Events

The absolute risk of an exercise-related cardiovascular event
varies with the prevalence of diagnosed or occult cardiac disease

Figure 1. Physiological alterations
accompanying acute exercise and recov-
ery and their possible sequelae. HR indi-
cates heart rate; SBP, systolic blood
pressure; and MVO2, myocardial oxygen
uptake. Reprinted from Franklin,70 with
permission.
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in the study population but appears to be extremely low in
ostensibly healthy subjects. Because of the rarity of exercise-
related cardiovascular events, studies examining its incidence
are limited by small sample sizes and large confidence intervals.
In addition, small changes in the number of events can produce
large changes in the calculated incidence. Given these caveats,
estimates are available for various patient groups.

Young Athletes
Van Camp and colleagues8 estimated an absolute rate of exercise-
related death among high school and college athletes of only 1 per
133 000 men and 1 per 769 000 women. These estimates include all
sports-related nontraumatic deaths and are not restricted to cardio-
vascular events. A prospective, population-based study from Italy
reported an incidence of �1 sudden death per 33 000 young athletes
per year.25 The rate may be higher because of the higher mean age
(23 versus 16 years) of the Italian athletes, participation in sports
with higher levels of exercise intensity in Italy, and the inclusion of
all events, not just those directly associated with active physical
exertion, in the Italian study.

Healthy Adults
Malinow and colleagues26 reported only 1 acute cardiovascular
event per 2 897 057 person-hours of physical activity among
participants at YMCA sports centers. Vander and associates27

reported only 1 nonfatal and 1 fatal event per 1 124 200 and
887 526 hours, respectively, of recreational physical activity.
Gibbons and colleagues28 reported only 1 nonfatal event during
187 399 hours of exercise, which corresponds to maximal risk
estimates of 0.3 to 2.7 and 0.6 to 6.0 events per 10 000
person-hours for men and women, respectively. Thompson and
collaborators29 estimated only 1 death per 396 000 person-hours
of jogging or 1 death per year for every 7620 joggers. Because
half of the victims had known or readily diagnosed CHD, the
estimated hourly and annual rates for previously healthy indi-
viduals were 1 death per 792 000 hours and 15 260 subjects,
respectively. Siscovick and colleagues5 estimated a similar
annual rate of exercise-related cardiac arrest among previously
healthy persons of 1 per 18 000 men. Both studies have wide
confidence limits because the rates were calculated with only 10
(Thompson et al29) and 9 (Siscovick et al5) exercise-related
deaths. All victims in both studies were men, and there are few
estimates of event rates among women. The reasons for the
rarity of exercise-related deaths among adult women are not
clear but may relate to the delayed development of CHD in

women and a lower rate of participation in vigorous exercise
among older women. More recently, a database consisting of
�2.9 million members of a large commercial health/fitness
facility chain reported 71 deaths (mean age, 52�13 years; 61
men, 10 women) over a 2-year period, yielding 1 death per
82 000 members and a rate of 1 death per 2.57 million work-
outs.30 Nearly half of the exercise-related deaths were among
members who exercised infrequently or less than once a week.

Vigorous exercise can also precipitate AMI,6,31,32 but even
less precise estimates of the absolute incidence are available
for this complication in the general population. Among 3617
men selected to participate in the Lipid Research Clinics
Primary Prevention Trial because of hypercholesterolemia
(plasma cholesterol �6.85 mmol/L [265 mg/dL] and low-
density lipoprotein cholesterol �4.91 mmol/L [190 mg/dL]),
62 (1.7%) sustained an AMI (n�54) or SCD (n�8) definitely
related to exertion during a mean follow-up of 7.4 years.33 An
additional 225 men had acute events definitely not related to
exercise, but the activity of another 170 men at the onset of
their event was unclear. Nevertheless, these results suggest
that the annual rate of exercise-related cardiovascular events
among high-risk individuals may be substantial, with 0.2% of
hypercholesterolemic men having an exercise-related event
annually. The risk of exercise-related AMI also may be
substantial in the general population. If we use the estimated
incidence of SCD among healthy subjects from Rhode
Island29 and the observation that exercise-related AMI is 6.75
times more frequent than SCD,33 the annual incidence of
exercise-related AMI could range from 1 AMI per 593 to
1 per 3852 apparently healthy middle-aged men.

Individuals With Diagnosed CHD
The incidence of exercise-related cardiovascular complications
among persons with documented CHD has been estimated by at
least 5 reports with data derived from exercise-based cardiac
rehabilitation programs.34–38 Haskell34 surveyed 30 cardiac rehabil-
itation programs in North America and reported 1 nonfatal and 1
fatal cardiovascular complication per 34 673 and 116 402 hours,
respectively. The rate appears lower in contemporary exercise-
based cardiac rehabilitation programs (Table 2) because an analysis
of 4 reports estimates 1 cardiac arrest per 116 906 patient-hours, 1
myocardial infarction per 219 970 patient-hours, 1 fatality per
752 365 patient-hours, and 1 major complication per 81 670 patient-
hours of participation.35–38 This low fatality rate applies only to
medically supervised programs that are equipped to handle emer-

TABLE 2. Summary of Contemporary Exercise-Based Cardiac Rehabilitation Program Complication Rates

Investigator Year
Patient-Exercise

Hours
Cardiac
Arrest MI

Fatal
Events

Major
Complications*

Van Camp and Peterson35 1980–1984 2 351 916 1/111 996† 1/293 990 1/783 972 1/81 101

Digenio et al36 1982–1988 480 000 1/120 000‡ 1/160 000 1/120 000

Vongvanich et al38 1986–1995 268 503 1/89 501§ 1/268 503§ 0/268 503 1/67 126

Franklin et al37 1982–1998 292 254 1/146 127§ 1/97 418§ 0/292 254 1/58 451

Average 1/116 906 1/219 970 1/752 365 1/81 670

*MI and cardiac arrest.
†Fatal, 14%.
‡Fatal, 75%.
§Fatal, 0%.

Thompson et al Exercise and Acute Cardiovascular Events 2361

 by on June 26, 2007 circ.ahajournals.orgDownloaded from 

http://circ.ahajournals.org


gencies because the death rate would be 6-fold higher without the
successful management of cardiac arrest.35–38 Furthermore, patients
typically are medically evaluated before participation, which could
decrease event rates, as could the serial surveillance provided by
rehabilitation staff. Such considerations support the use of super-
vised exercise-based cardiac rehabilitation programs for patients
after acute cardiac events.

Does Exercise Increase the Risk of Acute
Cardiovascular Events?

Compelling evidence indicates that vigorous physical activity
acutely increases the risk of cardiovascular events among
young individuals and adults with both occult and diagnosed
heart disease.5,7,25,29

Young Athletes
Corrado and colleagues25 prospectively collected reports of
SCDs among individuals 12 to 35 years of age over a 21-year
period in the Veneto region of Italy. There were 2.3 and 0.9
SCDs per year per 100 000 athletes and nonathletes, respec-
tively, or a 2.5-fold higher risk among the athletes.25 The
death rate was higher among athletes despite the fact that all
Italian athletes are required by law to undergo cardiovascular
screening before participation.39 This report was not limited
to SCD during exertion; therefore, the increased death rate
among athletes cannot be attributed to exercise alone.

Healthy Adults
Studies in adults also suggest that exercise acutely increases the
risk of cardiovascular events, despite a reduction in CHD with
habitual physical activity. Both the Rhode Island study of
exercise-related deaths29 and the Seattle study of exercise-related
cardiac arrests5 report a higher estimated hourly death rate
during exertion than during more leisurely activities. In Rhode
Island, the SCD rate was 7.6 times the hourly death rate during
sedentary activities.29 In Seattle, among previously asymptom-
atic individuals, the incidence of cardiac arrest during exercise
was 25-fold higher than the incidence at rest or during lighter
activity. The relative risk was greatest in the least compared with
the most physically active men (56 and 5 times greater among
the least and most active men, respectively).5

There is a similar pattern of increased risk with low
levels of habitual activity for exercise-related AMI. Vig-
orous physical activity has been reported within 1 hour of
AMI in 4% to 10% of AMI patients.6,31,32 This rate is 2.1
(Willich et al31) to 10.1 (Giri et al6) times higher than the
rate during sedentary activities. As with SCD, the relative
risk varies inversely with habitual physical activity and is
greatest in the least physically active individuals. For
patients with CHD, the relative risk of cardiac arrest
during vigorous exercise is estimated as 6 to 164 times
greater than expected without exertion.22

Collectively, these data (Table 3)5–7,29,31,32,40,41 suggest that
vigorous exertion transiently increases the risk of AMI and
SCD, particularly among habitually sedentary persons with
occult or known CAD performing unaccustomed, vigorous
physical activity. In fact, the Onset Study estimated that the
risk of AMI during or soon after vigorous exertion was 50
times higher for the least active than for the most active
cohort (Figure 2).32

TABLE 3. Physical Stress as a Trigger of Acute Cardiovascular Events During
Vigorous Exertion*

Study Effect Period End Point RR (95% CI)

Seattle study5 (1984) �1 h Primary cardiac arrest 56 (23–131)†

Onset study32 (1993) 1 h Nonfatal MI 5.9 (4.6–7.7)

TRIMM study31 (1993) 1 h Nonfatal MI 2.1 (1.1–3.6)

Hartford Hospital AMI study6 (1999) 1 h Nonfatal MI 10.1 (1.6–55.6)

SHEEP study40 (2000) �15 min Nonfatal MI 6.1 (4.2–9.0)

Physician’s Health Study7 (2000) 30 min SCD 16.9 (10.5–27)

RR indicates relative risk and compares the risk of the cardiac event during exertion with that
during sedentary activities; TRIMM, Triggers and Mechanisms of Myocardial Infarction Study; and
SHEEP, Stockholm Heart Epidemiology Programme.

*Vigorous exertion is exercise intensity �6 METs (1 MET�3.5 mL � kg�1 � min�1).
†This RR (56) is the exertion RR for habitually sedentary men. The RR (vs no prior vigorous

exercise) for the most active men (�140 min/wk vigorous exertion) was 5 (95% CI, 2 to 14).
Adapted from Mittleman,41 with permission from Blackwell Publishing.

Figure 2. Relative risk of MI associated with vigorous exertion
(�6 METs) according to habitual frequency of vigorous exertion.
The T bars indicate 95% confidence limits. The dotted line indi-
cates risk of MI with no prior vigorous exertion. Adapted from
Mittleman,41 with permission from Blackwell Publishing.
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Relative Risk of Cardiovascular Events During
Exercise Versus Total Risk
Vigorous exercise increases the risk of a cardiovascular event
during or soon after exertion in both young subjects with
inherited cardiovascular disease and adults with occult or
diagnosed CHD. Nevertheless, no evidence suggests that the
risks of physical activity outweigh the benefits for healthy
subjects. Indeed, the converse appears to be true. In the
Seattle study, the relative risk of cardiac arrest was greater
during exercise than at rest for all levels of habitual physical
activity, but the total incidence of cardiac arrest, both at rest
and during exercise, decreased with increasing exercise
levels.5 Specifically, the overall incidence decreased from 18
events per 1 million person-hours in the least active to only 5
in the most active subjects. The risk of an exercise-related
AMI also decreases with increasing amounts of physical
activity.6,31,32 Considerable other epidemiological evidence,
albeit no random-assignment, controlled study, supports the
concept that regular physical activity, including vigorous
activity, reduces CHD events over time.3

In contrast to adults in whom vigorous exercise appears to
reduce the overall risk of CHD, exercise in young subjects
with occult cardiovascular disease may increase both
exercise- and non–exercise-related sudden death. SCD during
exertion in a young athlete results from the interaction
between the underlying heart disease or substrate and the
acute trigger of exertion plus other possible triggers associ-
ated with exercise, including emotional stress, hemodynamic
changes, altered parasympathetic tone, and myocardial ische-
mia. Athletic training itself may increase the risk of sudden
death in the young athlete with heart disease by altering the
substrate. This alteration could occur by promoting disease
progression or by increasing the risk of cardiac arrhythmia by
structural or electrical changes. For example, in patients with
hypertrophic cardiomyopathy, recurrent episodes of exercise-
induced myocardial ischemia during intensive training could
produce cell death and myocardial replacement fibrosis,
which in turn enhance ventricular electrical instability. In
patients with arrhythmogenic right ventricular cardiomyopa-
thy, regular and intense physical activity could provoke right
ventricular volume overload and cavity enlargement, which
in turn may accelerate fibrofatty atrophy. In Marfan syn-
drome, the hemodynamic stress placed on the aorta by
increased blood pressure and stroke volume during intense
activity could increase the rate of aortic enlargement, thereby
increasing the risk of aortic rupture. Consequently, the
risk-to-benefit ratio of exercise differs between young and
older subjects with occult cardiovascular disease.

The Risk of Special Situations and Activities
The rarity of exercise-related events makes the examination
of special situations and activities difficult because of small
sample sizes.

Morning Versus Afternoon Exercise
AMI and SCD in adults are more frequent in the early
morning hours. This has prompted speculation as to whether
vigorous exercise should be best restricted to afternoon hours
in individuals at increased risk.

Young Athletes
In contrast to adults, sudden death and cardiac arrest among
young athletes occur primarily in the afternoon and early
evening and are associated with training and competition.9

However, sudden death among nonathlete patients with hyper-
trophic cardiomyopathy is more frequent in the early waking
hours, much like CHD.42 The explanation for this observation is
not clear, and the timing of cardiac events in other young
subjects with inherited cardiac disease is not known.

Adults
Murray and colleagues43 found 5 cardiovascular events in
168 111 patient-hours of supervised cardiac rehabilitation
exercise in the morning (3.0 events per 100 000 patient-
hours) and 2 events during the 84 491 patient-hours of
afternoon exercise (2.4 events per 100 000 patient-hours).
This difference was not significant, but conclusions are
limited by the number of subjects and available events.
Similarly, Franklin and collaborators37 reported that time of
day had little or no influence on the rate of cardiovascular
complications during exercise-based cardiac rehabilitation.
Given the likely benefits of exercise in reducing cardiovascular
events and the low overall rate of exercise-related events, it is
probably more important that individuals exercise regularly at a
convenient time of day than at a specific time of day.

High-Risk Activities
Few systematic studies have identified high-risk activities, again
because of the rarity of exercise-related cardiovascular events. In
general, the risk of any vigorous physical activity is an interac-
tion of the exercise per se and the individual’s physical fitness
because identical physical tasks evoke lower cardiac demands in
physically fit subjects than in unfit persons. Snow shoveling has
repeatedly been associated with increased cardiovascular
events,44,45 probably because it can elicit higher rate-pressure
products than does treadmill exercise testing,46 because it is
often performed out of necessity by unfit individuals, and
because some cardiac patients develop angina at lower rate-
pressure products, suggesting a coronary vasoconstrictor re-
sponse, during exercise in cold temperatures.47

Strategies to Reduce Exercise-Related
Cardiovascular Events

No strategies have been adequately studied to evaluate their
ability to reduce exercise-related acute cardiovascular events.
Physicians should not overestimate the risks of exercise because
the benefits of habitual physical activity substantially outweigh
the risks. From observational studies,4 it appears that one of the
most important defenses against exercise-related cardiovascular
events in adults is to maintain physical fitness via regular
physical activity because a disproportionate number of exercise
events occur in the least physically active subjects performing
unaccustomed vigorous physical activity.5,6,32 Several strategies
to reduce events appear prudent although unproven. These
include the following: preparticipation screening, excluding
high-risk patients from some activities, reporting and evaluating
prodromal symptoms, preparing fitness personnel and facilities
for cardiovascular emergencies, and recommending prudent
exercise programs. Each of these is discussed below.
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Preparticipation Screening

Young Athletes
The American Heart Association (AHA) recommends cardio-
vascular screening for high school and college athletes before
athletic participation and at 2- to 4-year intervals.48,49 The
examination should include a personal and family history and
a physical examination focused on detecting conditions asso-
ciated with exercise-related events.48 The AHA does not
recommend routine, additional noninvasive testing such as a
routine ECG. The omission of routine noninvasive testing is
controversial because the Study Group on Sports Cardiology
of the European Society of Cardiology has recommended that
routine ECGs be obtained on all athletes as part of a
preparticipation evaluation.50

The European recommendation is based largely on an
observational study performed in the Veneto region of Italy.51

Italy has mandated the preparticipation screening of athletes,
including an ECG, since 1982. The annual incidence of
sudden death among athletes 12 to 35 years of age decreased
89% with screening, from 3.6 deaths to 0.4 deaths per
100 000 athletes. There was no change in deaths among
nonathletes, which suggests that screening mediated the
decrease. These results provide the best evidence to date in
support of the preparticipation screening of athletes but have
several limitations.52 The study did not directly compare the
screening and nonscreening of athletes but was a population-
based, observational study. Other changes in the management
of the athletes could have contributed to the improvement. In
addition, the study did not directly compare screening per-
formed with and without an ECG. Finally, there could be
small differences in the screened and comparison populations
because the athletes were screened at the Padua Center for
Sports Medicine, whereas the comparison population con-
sisted of subjects from the larger Veneto region.

Healthy Adults
Although no data from controlled trials are available to guide the
use of exercise testing in asymptomatic adults without known or
suspected CAD before beginning an exercise training program, the
writing groups from the American College of Cardiology (ACC)/
AHA Guidelines on Exercise Testing53 and the American College
of Sports Medicine (ACSM)54 have addressed this important issue
by consensus. Although each group provides slightly different
specific recommendations (see Table 4), the main theme of these
recommendations is unified and clear: Individuals who appear to be
at greater risk of having underlying CAD should be considered for
exercise testing before beginning a vigorous (�60% V̇O2 reserve)

exercise training program (where V̇O2 reserve�percent
intensity�[V̇O2 peak�V̇O2 rest]�V̇O2 rest). This is particularly
evident in that both groups recommend exercise testing before
exercise training for patients with diabetes mellitus. In contrast, the
US Preventive Services Task Force (USPSTF) states that insuffi-
cient evidence exists to determine the benefits and harm of exercise
stress testing before exercise programs.55

A major limitation of exercise testing is that “positive”
exercise test results require the presence of a flow-limiting
coronary lesion, whereas most acute cardiac events in previously
asymptomatic subjects are due to vulnerable plaque disruption.
Consequently, an exercise stress test with or without imaging
can be normal despite the presence of coronary plaque that may
rupture. This requires that health professionals evaluate the
entire atherosclerotic risk profile in patients when advising on
the feasibility of a vigorous exercise program.

Exclusion of High-Risk Subjects
Cardiovascular screening necessitates a strategy of excluding
high-risk subjects from athletic and vigorous exercise partic-
ipation. Both the ACC/AHA53 and the ACSM54 recommend
exercise testing before vigorous exercise training in persons
with known cardiovascular disease.

Guidelines for determining eligibility for competitive ath-
letics among children and adults have been presented in the
36th Bethesda Conference on this topic.56 These guidelines
specifically address athletic competition but can be extrapo-
lated to recommend or restrict vigorous exercise in patients
with diagnosed cardiac conditions.

Reporting and Evaluating Possible
Prodromal Symptoms
Several reports suggest that many individuals with exercise-
related cardiovascular events had prodromal symptoms that
were ignored by the victims or their physician. Of 134 young
competitive athletes with SCD, 121 of whom (90%) died during
or immediately after exertion, 24 (18%) experienced probable
cardiac symptoms in the 36 months preceding death.9 Similarly,
among adults, 50% of joggers,13 75% of squash players,57 and
81% of distance runners58 who died during exercise had prob-
able cardiac symptoms before death (Table 5). Most reported
these symptoms only to relatives, and few sought medical
attention. Consequently, it is prudent for exercising adults to
know the nature of prodromal cardiac symptoms and the need
for prompt medical attention. In addition, physicians should
carefully evaluate possible cardiac symptoms in physically
active individuals. Both patients and physicians may ignore or

TABLE 4. ACC/AHA, ACSM, and USPSTF Recommendations for Exercise Testing Before Exercise Training

ACC/AHA ACSM USPSTF

Asymptomatic persons with diabetes mellitus
who plan to start vigorous exercise (Class IIa)

Asymptomatic persons with diabetes mellitus (or
other metabolic disease) who plan to start
moderate (40% to 59% V̇O2 reserve) to vigorous
(�60% V̇O2 reserve) exercise

Recommends against routine exercise testing of
low-risk adults in general and finds insufficient
evidence for exercise testing before exercise training

Asymptomatic men �45 y of age and women
�55 y of age who plan to start vigorous
exercise (Class IIb)

Asymptomatic men �45 y of age and women
�55 y of age or those who meet the threshold for
�2 risk factors who plan to start vigorous exercise

ACC/AHA Class IIa indicates that the weight of evidence/opinion is in favor of usefulness/efficacy; Class IIb indicates that the usefulness/efficacy is less well
established by evidence/opinion. Reproduced from Northcote et al,57 with permission from the BMJ Publishing Group.
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not adequately evaluate symptoms in highly active individuals in
the mistaken belief that high levels of fitness protect against,
rather than only reduce, the risk of cardiac disease.

Preparing Fitness Personnel and Exercise Facilities
for Cardiovascular Emergencies
The death rate from exercise-related cardiovascular events
might be reduced if personnel and facilities involved with
exercise activities were prepared to handle cardiac emergen-
cies. The AHA has recommended that coaches and trainers
attending high school and college athletes be trained in
cardiopulmonary resuscitation.48 The AHA and ACSM rec-
ommend that participants in fitness facilities be screened for
heart disease with a specially designed questionnaire59 and
that facility staff be trained in managing cardiovascular
emergencies. These organizations also have strongly encour-
aged fitness facilities to have automatic external defibrillators
available for cardiac emergencies.60 The AHA and the ACSM
have developed a preparticipation screening questionnaire for
health-fitness facilities to identify individuals at risk from
exercise.59 Nevertheless, a survey of 65 health clubs in Ohio
revealed that 28% of the clubs failed to use pre-entry cardiac
screenings, most had no written emergency response plans,
�90% failed to conduct emergency drills, and only 3% had
an automatic external defibrillator.61 Although it is unclear
whether these findings are typical of clubs nationwide, the
results suggest that a significant gap exists between national
recommendations and practices. At minimum, it would be
prudent for health-fitness facilities to perform pre-entry
screenings, to have written emergency policies, to conduct
regular emergency drills and cardiopulmonary resuscitation
practice, to have automatic external defibrillators available
for immediate use by trained personnel,59 and to establish a
“hotline” to summon emergency medical services.

Recommending Prudent Exercise Programs
Ostensibly healthy adults without known cardiac disease
should be encouraged to develop gradually progressive exer-
cise regimens. Because the least fit individuals are at greatest
risk for exercise-related events, gradually progressive pro-
grams should theoretically increase fitness and reduce acute
CAD events without excessive risk. Patients with known
cardiac disease also should be counseled to include at least 5

minutes each of warm-up and cool-down in their exercise
training sessions to reduce the likelihood of inducing cardiac
ischemia with sudden, intense physical effort62,63 and to avoid
the decrease in central blood volume that can occur with the
abrupt cessation of physical activity. Patients with cardiovas-
cular disease who are interested in participating in competi-
tive sports should be evaluated and advised in accordance
with the 36th Bethesda Conference guidelines.56 Physically
inactive individuals and patients with known cardiovascular
disease should avoid strenuous, unaccustomed exercise in
both excessively cold and hot environmental conditions.
Vigorous exercise in the cold such as snow shoveling has
repeatedly been associated with acute cardiovascular
events,44,45,64 and hot, humid environments require an increased
heart rate response to handle the increased thermal load.65

Increased altitude reduces oxygen availability and augments the
cardiorespiratory and hemodynamic responses to a given sub-
maximal work rate, thereby increasing cardiac demands. Indi-
viduals exercising at altitudes of �1500 m should limit the
intensity of their exercise until acclimatized.54,66

Summary
No sufficiently powered, randomized controlled studies have
evaluated the contribution of exercise training to reducing CAD
events. Nevertheless, a variety of epidemiological, basic scien-
tific, and clinical evidence suggests that habitual physical activ-
ity decreases the risk of fatal and nonfatal CAD events and that
the benefits of regular physical activity outweigh its risks.
Consequently, physical activity should be encouraged for most
individuals in accordance with the Centers for Disease Control
and Prevention/ACSM recommendations for �30 minutes of
moderate-intensity physical activity such as brisk walking on
most, preferably all, days of the week.67,68 Vigorous exercise,
however, transiently increases the risk of AMI and SCD, even in
exercise-conditioned individuals, and several strategies are rec-
ommended to potentially reduce this risk:

● Healthcare professionals should know the pathological condi-
tions associated with exercise-related events so that physically
active children and adults can be appropriately evaluated.

● Active individuals should know the nature of cardiac prodro-
mal symptoms and seek prompt medical care if such symp-
toms develop.

● High school and college athletes should undergo prepar-
ticipation screening by qualified professionals.49,69

● Athletes with known cardiac conditions should be evalu-
ated for competition according to published guidelines.56

● Healthcare facilities should ensure that their staffs are
trained in managing cardiac emergencies, have a specified
plan, and have appropriate resuscitation equipment.

● Active individuals should modify their exercise programs
in response to variations in their exercise capacity, their
habitual activity level, and the environment.

Although these interventions have not been rigorously
evaluated and documented to reduce exercise-related cardio-
vascular events, they appear prudent given our present
understanding of the risks and benefits of exercise.

TABLE 5. Prodromal Symptoms Reported by 45 Subjects
Within 1 Week of Their SCD

Symptom Reports, n

Chest pain/angina 15

Increasing fatigue 12

Indigestion/heartburn/gastrointestinal symptoms 10

Excessive breathlessness 6

Ear or neck pain 5

Vague malaise 5

Upper respiratory tract infection 4

Dizziness/palpitations 3

Severe headache 2

Adapted from Northcote et al.57

Thompson et al Exercise and Acute Cardiovascular Events 2365

 by on June 26, 2007 circ.ahajournals.orgDownloaded from 

http://circ.ahajournals.org


Writing Group Disclosures

Writing Group Member Employment
Research

Grant
Other Research

Support
Speakers’

Bureau/Honoraria
Ownership

Interest
Consultant/Advisory

Board Other
Paul D. Thompson Hartford Hospital Merck; Pfizer;

AstraZeneca;
Kos Pharma

NIH Donaghue
Foundation

Merck; Pfizer;
AstraZeneca; Kos;

Abbott; Reliant

AstraZeneca AstraZeneca None

Barry A. Franklin William Beaumont
Hospital

None None None None None None

Gary J. Balady Boston Medical
Center

None None None None None None

Steven N. Blair Cooper Institute None None None None None None
Domenico Corrado University of

Padova
None None None None None None

N.A. Mark Estes III Tufts-New England
Medical Center

None None Guidant*;
Medtronic*; St
Jude Medical*

None Guidant* None

Janet E. Fulton Centers for Disease
Control and
Prevention

None None None None None None

Neil F. Gordon St Joseph’s/Candler
Health System

None None None INTERVENT USA,
Inc†

None None

William L. Haskell Stanford Medical
School

None None None None None None

Mark S. Link New England
Medical Center

None None None None None None

Barry J. Maron Minneapolis Heart
Institute Foundation

Medtronic None None None None Minneapolis Heart
Institute

Foundation
Murray A. Mittleman Beth Israel

Deaconess Medical
Center

None None None None None None

Antonio Pelliccia Institute of Sports
Science

None None None None None None

Nanette K. Wenger Emory University Eli Lilly†;
AstraZeneca*

Pfizer Steering
Committee†

Pfizer*; Novartis*;
Merck*;

Bristol-Myers
Squibb*; Eli Lilly*

None Eli Lilly*; MED-ED
Pfizer*; Merck*;

Bristol-Myers Squibb*;
Sanofi-Aventis*;
Nitro-Med*; CV
Therapeutics†

None

Stefan N. Willich Humboldt University,
Berlin

None None None None None None

Fernando Costa‡ Reliant
Pharmaceuticals

None None None None None None

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure
Questionnaire, which all members of the writing group are required to complete and submit. A relationship is considered to be “significant” if (1) the person receives $10 000
or more during any 12-month period or 5% or more of the person’s gross income or (2) the person owns 5% or more of the voting stock or share of the entity or owns $10 000
or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.

*Modest.
†Significant.
‡Dr Costa was affiliated with the American Heart Association at the time this statement was written.

Reviewer Disclosures

Reviewer Employment
Research

Grant
Other Research

Support
Speakers’

Bureau/Honoraria
Ownership

Interest
Consultant/Advisory

Board Other
Elliott M. Antman Brigham and Women’s

Hospital
None None None None None None

Gerald Fletcher Mayo Clinic Jacksonville None None None None None None
Carl Foster University of

Wisconsin–La Crosse
None None None None None None

Benjamin D. Levine University of Texas
Southwestern Medical

Center at Dallas

None None None None None None

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure
Questionnaire, which all reviewers are required to complete and submit.

Disclosures

2366 Circulation May 1, 2007

 by on June 26, 2007 circ.ahajournals.orgDownloaded from 

http://circ.ahajournals.org


References
1. Powell KE, Thompson PD, Caspersen CJ, Kendrick JS. Physical activity

and the incidence of coronary heart disease. Annu Rev Public Health.
1987;8:253–287.

2. Fletcher GF, Balady G, Blair SN, Blumenthal J, Caspersen C, Chaitman
B, Epstein S, Sivarajan Froelicher ES, Froelicher VF, Pina IL, Pollock
ML. Statement on exercise: benefits and recommendations for physical
activity programs for all Americans: a statement for health professionals
by the Committee on Exercise and Cardiac Rehabilitation of the Council
on Clinical Cardiology, American Heart Association. Circulation. 1996;
94:857–862.

3. Lee IM, Paffenbarger RS Jr. The role of physical activity in the pre-
vention of coronary artery disease. In: Thompson PD, ed. Exercise and
Sports Cardiology. New York, NY: McGraw-Hill; 2001.

4. Thompson PD, Buchner D, Pina IL, Balady GJ, Williams MA, Marcus
BH, Berra K, Blair SN, Costa F, Franklin B, Fletcher GF, Gordon NF,
Pate RR, Rodriguez BL, Yancey AK, Wenger NK, for the American
Heart Association Council on Clinical Cardiology Subcommittee on
Exercise, Rehabilitation, and Prevention; American Heart Association
Council on Nutrition, Physical Activity, and Metabolism Subcommittee
on Physical Activity. Exercise and physical activity in the prevention and
treatment of atherosclerotic cardiovascular disease: a statement from the
Council on Clinical Cardiology (Subcommittee on Exercise, Rehabili-
tation, and Prevention) and the Council on Nutrition, Physical Activity,
and Metabolism (Subcommittee on Physical Activity). Circulation. 2003;
107:3109–3116.

5. Siscovick DS, Weiss NS, Fletcher RH, Lasky T. The incidence of primary
cardiac arrest during vigorous exercise. N Engl J Med. 1984;311:
874–877.

6. Giri S, Thompson PD, Kiernan FJ, Clive J, Fram DB, Mitchel JF, Hirst
JA, McKay RG, Waters DD. Clinical and angiographic characteristics of
exertion-related acute myocardial infarction. JAMA. 1999;282:
1731–1736.

7. Albert CM, Mittleman MA, Chae CU, Lee IM, Hennekens CH, Manson
JE. Triggering of sudden death from cardiac causes by vigorous exertion.
N Engl J Med. 2000;343:1355–1361.

8. Van Camp SP, Bloor CM, Mueller FO, Cantu RC, Olson HG. Non-
traumatic sports death in high school and college athletes. Med Sci Sports
Exerc. 1995;27:641–647.

9. Maron BJ, Shirani J, Poliac LC, Mathenge R, Roberts WC, Mueller FO.
Sudden death in young competitive athletes: clinical, demographic, and
pathological profiles. JAMA. 1996;276:199–204.

10. Corrado D, Thiene G, Nava A, Rossi L, Pennelli N. Sudden death in
young competitive athletes: clinicopathologic correlations in 22 cases.
Am J Med. 1990;89:588–596.

11. Iskandar EG, Thompson PD. Exercise-related sudden death due to an
unusual coronary artery anomaly. Med Sci Sports Exerc. 2004;36:
180–182.

12. Virmani R, Chun PK, Goldstein RE, Robinowitz M, McAllister HA.
Acute takeoffs of the coronary arteries along the aortic wall and con-
genital coronary ostial valve-like ridges: association with sudden death.
J Am Coll Cardiol. 1984;3:766–771.

13. Thompson PD, Stern MP, Williams P, Duncan K, Haskell WL, Wood PD.
Death during jogging or running: a study of 18 cases. JAMA. 1979;242:
1265–1267.

14. Burke AP, Farb A, Malcom GT, Liang Y, Smialek JE, Virmani R. Plaque
rupture and sudden death related to exertion in men with coronary artery
disease. JAMA. 1999;281:921–926.

15. Black A, Black MM, Gensini G. Exertion and acute coronary artery
injury. Angiology. 1975;26:759–783.

16. Thompson PD. The cardiovascular risks of exercise. In: Thompson PD,
ed. Exercise and Sports Cardiology. New York, NY: McGraw-Hill; 2001.

17. Gordon JB, Ganz P, Nabel EG, Fish RD, Zebede J, Mudge GH,
Alexander RW, Selwyn AP. Atherosclerosis influences the vasomotor
response of epicardial coronary arteries to exercise. J Clin Invest. 1989;
83:1946–1952.

18. Davies MJ, Bland JM, Hangartner JR, Angelini A, Thomas AC. Factors
influencing the presence or absence of acute coronary artery thrombi in
sudden ischaemic death. Eur Heart J. 1989;10:203–208.

19. Kestin AS, Ellis PA, Barnard MR, Errichetti A, Rosner BA, Michelson
AD. Effect of strenuous exercise on platelet activation state and reac-
tivity. Circulation. 1993;88(pt 1):1502–1511.

20. Li N, Wallen NH, Hjemdahl P. Evidence for prothrombotic effects of
exercise and limited protection by aspirin. Circulation. 1999;100:
1374–1379.

21. Rowell LB. Human Circulation: Regulation During Physical Stress. New
York, NY: Oxford University Press; 1986.

22. Cobb LA, Weaver WD. Exercise: a risk for sudden death in patients with
coronary heart disease. J Am Coll Cardiol. 1986;7:215–219.

23. Hoberg E, Schuler G, Kunze B, Obermoser AL, Hauer K, Mautner HP,
Schlierf G, Kubler W. Silent myocardial ischemia as a potential link
between lack of premonitoring symptoms and increased risk of cardiac
arrest during physical stress. Am J Cardiol. 1990;65:583–589.

24. Sejersted OM, Sjogaard G. Dynamics and consequences of potassium
shifts in skeletal muscle and heart during exercise. Physiol Rev. 2000;80:
1411–1481.

25. Corrado D, Basso C, Rizzoli G, Schiavon M, Thiene G. Does sports
activity enhance the risk of sudden death in adolescents and young adults?
J Am Coll Cardiol. 2003;42:1959–1963.

26. Malinow M, McGarry D, Kuehl K. Is exercise testing indicated for
asymptomatic active people? J Cardiac Rehabilitation. 1984;4:376–379.

27. Vander L, Franklin B, Rubenfire M. Cardiovascular complications of
recreational physical activity. Phys Sportsmed. 1982;10:89–90.

28. Gibbons LW, Cooper KH, Meyer BM, Ellison RC. The acute cardiac risk
of strenuous exercise. JAMA. 1980;244:1799–1801.

29. Thompson PD, Funk EJ, Carleton RA, Sturner WQ. Incidence of death
during jogging in Rhode Island from 1975 through 1980. JAMA. 1982;
247:2535–2538.

30. Franklin BA, Conviser JM, Stewart B, Lasch J, Timmis GC. Sporadic
exercise: a trigger for acute cardiovascular events? Circulation. 2005;
102:II–612. Abstract.

31. Willich SN, Lewis M, Lowel H, Arntz HR, Schubert F, Schroder R.
Physical exertion as a trigger of acute myocardial infarction: Triggers and
Mechanisms of Myocardial Infarction Study Group. N Engl J Med.
1993;329:1684–1690.

32. Mittleman MA, Maclure M, Tofler GH, Sherwood JB, Goldberg RJ,
Muller JE. Triggering of acute myocardial infarction by heavy physical
exertion: protection against triggering by regular exertion: Determinants
of Myocardial Infarction Onset Study Investigators. N Engl J Med.
1993;329:1677–1683.

33. Siscovick DS, Ekelund LG, Johnson JL, Truong Y, Adler A. Sensitivity
of exercise electrocardiography for acute cardiac events during moderate
and strenuous physical activity: the Lipid Research Clinics Coronary
Primary Prevention Trial. Arch Intern Med. 1991;151:325–330.

34. Haskell WL. Cardiovascular complications during exercise training of
cardiac patients. Circulation. 1978;57:920–924.

35. Van Camp SP, Peterson RA. Cardiovascular complications of outpatient
cardiac rehabilitation programs. JAMA. 1986;256:1160–1163.

36. Digenio AG, Sim JG, Dowdeswell RJ, Morris R. Exercise-related cardiac
arrest in cardiac rehabilitation: the Johannesburg experience. S Afr Med J.
1991;79:188–191.

37. Franklin BA, Bonzheim K, Gordon S, Timmis GC. Safety of medically
supervised outpatient cardiac rehabilitation exercise therapy: a 16-year
follow-up. Chest. 1998;114:902–906.

38. Vongvanich P, Paul-Labrador MJ, Merz CN. Safety of medically
supervised exercise in a cardiac rehabilitation center. Am J Cardiol.
1996;77:1383–1385.

39. Pelliccia A, Maron BJ. Preparticipation cardiovascular evaluation of the
competitive athlete: perspectives from the 30-year Italian experience.
Am J Cardiol. 1995;75:827–829.

40. Hallqvist J, Moller J, Ahlbom A, Diderichsen F, Reuterwall C, de Faire
U. Does heavy physical exertion trigger myocardial infarction? A case-
crossover analysis nested in a population-based case-referent study. Am J
Epidemiol. 2000;151:459–467.

41. Mittleman MA. Trigger of acute cardiac events: new insights. Am J Med
Sports. 2005;4:99–102.

42. Maron BJ, Kogan J, Proschan MA, Hecht GM, Roberts WC. Circadian
variability in the occurrence of sudden cardiac death in patients with
hypertrophic cardiomyopathy. J Am Coll Cardiol. 1994;23:1405–1409.

43. Murray PM, Herrington DM, Pettus CW, Miller HS, Cantwell JD, Little
WC. Should patients with heart disease exercise in the morning or
afternoon? Arch Intern Med. 1993;153:833–836.

44. Faich G, Rose R. Blizzard morbidity and mortality: Rhode Island, 1978.
Am J Public Health. 1979;69:1050–1052.

45. Hammoudeh AJ, Haft JI. Coronary-plaque rupture in acute coronary
syndromes triggered by snow shoveling. N Engl J Med. 1996;335:2001.

46. Franklin BA, Hogan P, Bonzheim K, Bakalyar D, Terrien E, Gordon S,
Timmis GC. Cardiac demands of heavy snow shoveling. JAMA. 1995;
273:880–882.

Thompson et al Exercise and Acute Cardiovascular Events 2367

 by on June 26, 2007 circ.ahajournals.orgDownloaded from 

http://circ.ahajournals.org


47. Juneau M, Johnstone M, Dempsey E, Waters DD. Exercise-induced
myocardial ischemia in a cold environment: effect of antianginal medi-
cations. Circulation. 1989;79:1015–1020.

48. Maron BJ, Thompson PD, Puffer JC, McGrew CA, Strong WB, Douglas
PS, Clark LT, Mitten MJ, Crawford MH, Atkins DL, Driscoll DJ, Epstein
AE. Cardiovascular preparticipation screening of competitive athletes: a
statement for health professionals from the Sudden Death Committee
(Clinical Cardiology) and Congenital Cardiac Defects Committee (Car-
diovascular Disease in the Young), American Heart Association. Circu-
lation. 1996;94:850–856.

49. Maron BJ, Thompson PD, Puffer JC, McGrew CA, Strong WB, Douglas
PS, Clark LT, Mitten MJ, Crawford MD, Atkins DL, Driscoll DJ, Epstein
AE. Cardiovascular preparticipation screening of competitive athletes:
addendum: an addendum to a statement for health professionals from the
Sudden Death Committee (Council on Clinical Cardiology) and the Con-
genital Cardiac Defects Committee (Council on Cardiovascular Disease
in the Young), American Heart Association. Circulation. 1998;97:2294.

50. Corrado D, Pelliccia A, Bjornstad HH, Vanhees L, Biffi A, Borjesson M,
Panhuyzen-Goedkoop N, Deligiannis A, Solberg E, Dugmore D, Mellwig
KP, Assanelli D, Delise P, van Buuren F, Anastasakis A, Heidbuchel H,
Hoffmann E, Fagard R, Priori SG, Basso C, Arbustini E, Blomstrom-
Lundqvist C, McKenna WJ, Thiene G, for the Study Group of Sport
Cardiology of the Working Group of Cardiac Rehabilitation and Exercise
Physiology and the Working Group of Myocardial and Pericardial
Diseases of the European Society of Cardiology. Cardiovascular pre-
participation screening of young competitive athletes for prevention of
sudden death: proposal for a common European protocol: consensus
statement of the Study Group of Sport Cardiology of the Working Group
of Cardiac Rehabilitation and Exercise Physiology and the Working
Group of Myocardial and Pericardial Diseases of the European Society of
Cardiology. Eur Heart J. 2005;26:516–524.

51. Corrado D, Basso C, Pavei A, Michieli P, Schiavon M, Thiene G. Trends
in sudden cardiovascular death in young competitive athletes after imple-
mentation of a preparticipation screening program. JAMA. 2006;296:
1593–1601.

52. Thompson PD, Levine BD. Protecting athletes from sudden cardiac death.
JAMA. 2006;296:1648–1650.

53. Gibbons RJ, Balady GJ, Bricker JT, Chaitman BR, Fletcher GF,
Froelicher VF, Mark DB, McCallister BD, Mooss AN, O’Reilly MG,
Winters WL Jr, Antman EM, Alpert JS, Faxon DP, Fuster V, Gregoratos
G, Hiratzka LF, Jacobs AK, Russell RO, Smith SC Jr. ACC/AHA 2002
guideline update for exercise testing: a report of the American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines (Committee on Exercise Testing). Available at: http://
www.acc.org/clinical/guidelines/exercise/dirIndex.htm. Accessed May
23, 2005.

54. American College of Sports Medicine. Guidelines for Exercise Testing and
Prescription. 7th ed. Baltimore, Md: Lippincott Williams & Wilkins; 2005.

55. US Preventive Services Task Force. Screening for coronary heart disease:
recommendation statement. Ann Intern Med. 2004;140:569–572.

56. Maron BJ, Zipes DP. 36th Bethesda Conference: eligibility recommen-
dations for competitive athletes with cardiovascular abnormalities. J Am
Coll Cardiol. 2005;45:2–64.

57. Northcote RJ, Flannigan C, Ballantyne D. Sudden death and vigorous
exercise: a study of 60 deaths associated with squash. Br Heart J.
1986;55:198–203.

58. Noakes TD, Opie LH, Rose AG. Marathon running and immunity to
coronary heart disease: fact versus fiction. In: Franklin BA, Rubenfire M,
eds. Symposium on Cardiac Rehabilitation. Philadelphia, Pa: WB
Saunders; 1984.

59. Balady GJ, Chaitman B, Driscoll D, Foster C, Froelicher E, Gordon N,
Pate R, Rippe J, Bazzarre T. Recommendations for cardiovascular
screening, staffing, and emergency policies at health/fitness facilities.
Circulation. 1998;97:2283–2293.

60. Balady GJ, Chaitman B, Foster C, Froelicher E, Gordon N, Van Camp S,
for the American Heart Association and American College of Sports
Medicine. Automated external defibrillators in health/fitness facilities:
supplement to the AHA/ACSM Recommendations for Cardiovascular
Screening, Staffing, and Emergency Policies at Health/Fitness Facilities.
Circulation. 2002;105:1147–1150.

61. McInnis K, Herbert W, Herbert D, Herbert J, Ribisl P, Franklin B. Low
compliance with national standards for cardiovascular emergency pre-
paredness at health clubs. Chest. 2001;120:283–288.

62. Barnard RJ, Gardner GW, Diaco NV, MacAlpin RN, Kattus AA. Car-
diovascular responses to sudden strenuous exercise: heart rate, blood
pressure, and ECG. J Appl Physiol. 1973;34:833–837.

63. Barnard RJ, MacAlpin R, Kattus AA, Buckberg GD. Ischemic response
to sudden strenuous exercise in healthy men. Circulation. 1973;48:
936–942.

64. Glass RI, Zack MM Jr. Increase in deaths from ischaemic heart-disease
after blizzards. Lancet. 1979;1:485–487.

65. Pandolf KB, Cafarelli E, Noble BJ, Metz KF. Hyperthermia: effect on
exercise prescription. Arch Phys Med Rehabil. 1975;56:524–526.

66. Levine BD, Zuckerman JH, deFilippi CR. Effect of high-altitude
exposure in the elderly: the Tenth Mountain Division study. Circulation.
1997;96:1224–1232.

67. Pate RR, Pratt M, Blair SN, Haskell WL, Macera CA, Bouchard C,
Buchner D, Ettinger W, Heath GW, King AC, Kriska A, Leon AS,
Marcus BH, Morris J, Paffenbarger RS, Patrick K, Pollock ML, Rippe
JM, Sallis J, Wilmore JH. Physical activity and public health: a recom-
mendation from the Centers for Disease Control and Prevention and the
American College of Sports Medicine. JAMA. 1995;273:402–407.

68. Mosca L, Appel LJ, Benjamin EJ, Berra K, Chandra-Strobos N,
Fabunmi RP, Grady D, Haan CK, Hayes SN, Judelson DR, Keenan
NL, McBride P, Oparil S, Ouyang P, Oz MC, Mendelsohn ME,
Pasternak RC, Pinn VW, Robertson RM, Schenck-Gustafsson K, Sila
CA, Smith SC Jr, Sopko G, Taylor AL, Walsh BW, Wenger NK,
Williams CL, for the American Heart Association. Evidence-based
guidelines for cardiovascular disease prevention in women. Circu-
lation. 2004;109:672– 693.

69. Maron BJ, Gardin JM, Flack JM, Gidding SS, Kurosaki TT, Bild DE.
Prevalence of hypertrophic cardiomyopathy in a general population of
young adults: echocardiographic analysis of 4111 subjects in the
CARDIA Study: Coronary Artery Risk Development in (Young) Adults.
Circulation. 1995;92:785–789.

70. Franklin BA. The role of electrocardiographic monitoring in cardiac
exercise programs. J Cardiopulm Rehabil. 1983;3:806–810.

2368 Circulation May 1, 2007

 by on June 26, 2007 circ.ahajournals.orgDownloaded from 

http://circ.ahajournals.org

