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ABSTRACT

The practical value of a mass, “preventive” laboratory screening of athletes is reviewed brie-
fly from a personal perspective. The total number of exercise-induced deaths in young athletes is
extremely small, and in consequence difficult to prevent. Furthermore, the relationship of cardio-
vascular catastrophe to the commonly suggested principal cause in young adults (ventricular
hypertrophy in general or cardiomyopathy in particular) is far from established. There is a very
rare inherited myocardial dystrophy that predisposes to sudden death, but this is not peculiar to
athletes. Indeed, those affected by this congenital disorder usually have a low physical work
capacity, and are unlikely to become involved in endurance sport. As would be anticipated from
Bayes theorem, in the absence of definite symptoms, the mass pre-participatory laboratory scre-
ening of endurance athletes leads to an unacceptable toll of false positive diagnoses. Detailed
laboratory examinations are warranted only if there is a strong family history of early cardiac
death or other significant findings in the clinical history and physical examination. The hypertro-
phied heart of the athlete is usually a beneficial adaptation to endurance training. An above
average ventricular mass increases not only overall survival but also quality-adjusted life expec-
tancy; it enhances the individual's physical work capacity and reduces the likelihood of depen-
dency in old age. Certainly, isolated echocardiographic findings of an above average ventricular
size should not become the grounds for prohibition of endurance sport.
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Sports cardiologists have for long been it is also inferred that the condition should

concerned about occasional incidents of
sudden exercise-related deaths in enduran-
ce athletes such as distance cyclists, soc-
cer players and orienteers (31, 91). Altho-
ugh such events are rare (probably less than
1 per 200,000 athlete-years), they often
attract great publicity, because the indivi-
dual is well-known and may be performing
in front of a large crowd (46, 48). There
has been a corresponding interest in poten-
tial methods of detecting individual com-
petitors who might be particularly vulne-
rable to a cardiac catastrophe; sometimes

have been detected at pre-participation exa-
mination (2, 9, 96, 118).

Nevertheless, many authors have conc-
luded that present screening techniques are
largely ineffective in avoiding such inci-
dents (13). Thus, a recent retrospective
survey of 134 exercise-related fatalities
from the United states concluded that only
3% of individuals who had been exposed
to standard preparticipation screening were
suspected of having cardiac disease, and
in only 1% was the diagnosis accurate (57).
Italian medical practice is in a relatively
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unique position, in that since 1971, federal
legislation (the “Medical Protection of Ath-
letic Activities Act) has required that all
citizens aged 12-40 years who participate
in organized sport undergo an annual pre-
ventive medical evaluation; the examining
physician must certify that the athlete is free
of cardiovascular abnormalities that could
increase the risk of sudden death unaccep-
tably during either training or competition
(72). The minimum requirements of such
an examination since 1982 have included
a history, physical examination, a 12-lead
resting ECG and exercise and pulmonary
function tests. Since 1994, there has also
been a requirement for echocardiography
in certain professional sports (soccer,
boxing and cycling).

The purpose of the present editorial is
to review the etiology of exercise-induced
sudden death, and resulting implications for
preventive medical practice.

Etiology of sudden, exercise-related
death

Potential causes

The etiology of sudden, exercise-rela-
ted death has previously been reviewed (2,
6, 21, 22, 93, 105, 118). A few incidents
are due to blunt mechanical injury of the
chest (55) or heat stress (90, 95). Occasio-
nally, there is rupture of a congenital aneu-
rysm in the Circle of Willis, or splenic rup-
ture associated with sickle-cell disease (32).
The great majority of cases reflect some
underlying cardiac abnormality that cau-
ses either an arrhythmia or cardiac arrest
(4, 16, 42, 104, 106, 109), but the nature
of the underlying pathology is very varied,
depending in part on the gender and age of
the individual. Only about 10% of episo-
des occur in women (49, 73), reflecting
lower sport participation rates, possibly less
severe training demands, and a later onset
of coronary vascular disease. About a half
of all episodes occur in those over the age

of 35 years (31, 103, 109), and in this age
group, coronary atherosclerosis is almost
always responsible for triggering a cardiac
arrest or arrhythmia (112).

In those individuals who are under the age
of 35 years, coronary artery disease still pre-
cipitates perhaps 10% of incidents, but other
important causes of cardiac cattastrophe iden-
tified in one review included hypertrophic
cardiomyopathy (48%), idiopathic left ven-
tricular hypertrophy (18%), coronary artery
anomalies (14%) and ruptured aorta secon-
dary to aortic stenosis (7%) (39).

Sometimes, there is evidence of a fatal
myocardial ischaemia; in young competi-
tors, the usual cause is a previously unde-
tected congenital anomaly such as an ab-
normal origin of the coronary vessels (5,
17, 30, 62, 82). Some authors have main-
tained that viral myocarditis is rarely a pre-
cipitant of sudden death, but others have
found a history of fever (10) and/or my-
ocarditis (14, 58, 115, 120) in 8-12% of
cardiac catastrophes; a series of incidents
in Scandinavian orienteers were thought to
arise from a combination of infection and
overtraining (27, 35). A number of recent
catastrophes in long-distance cyclists have
been attributed to a high red cell count, in-
duced by doping with erythropoetin; con-
ceivably, prolonged training at high altitu-
de could have a similar effect. The acute
or chronic administration of stimulant or
narcotic drugs, particularly cocaine, has
been suspected in a few incidents (23, 28,
36, 110), although this has remained diffi-
cult to prove. Other possible causes inclu-
de Marfan’s syndrome (15), mitral valve
prolapse (29, 85), congenital abnormalities
of ventricular repolarization such as a long
QT syndrome, sarcoidosis, and possibly
intramural (tunelled) coronary vessels.

Role of hypertrophic cardiomyopathy
In instances where no other obvious
pathology can be found, blame tends to be
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attributed to a myocardial ischaemia or
arerhythmia, secondary to a ventricular
hypertrophy that is pathological in type or
extent. However, there is little relationship
between ventricular hypertrophy and sud-
den death in the absence of an inherited
dystrophy with disarray of the myocardial
fibers (59). In endurance competitors, the
problem thus becomes one of distingu-
ishing between physiological hypertrophy
and a congenital, dystrophic hypertrophy.

From the earliest days of sports medi-
cine, clinicians were aware that endurance
athletes such as rowers, cyclists and distan-
ce runners had unusually large hearts (70).
Many physicians regarded such hypertro-
phy as a healthy response to prolonged
exercise, but others drew a parallel with the
large hearts observed in various cardiac
pathologies. It was suggested that the lar-
ge heart “indicates undue strain or the dan-
ger of eventual degeneration” (34), and in
some instances training was restrained or
even forbidden. Awareness of cardiac hy-
pertrophy among endurance competitors
increased as P-A chest radiographs began
to supplement such simple clinical indices
of cardiac size as thoracic percussion and
detection of a prominent, displaced apical
impulse or a right ventricular lift. Sports
physicians quickly found that the cardio-
thoracic ratios of many athletes exceeded
the supposed normal ceiling of 0.50 (34).
The addition of lateral radiographs allowed
observers to estimate the external volume
at 700 ml (10-11 ml per kg of body mass)
in sedentary young men, but 1000-1100 ml
(14-15 mlekg™') in endurance athletes (79);
however, it remained unclear whether the
larger heart was a healthy adaptation or
evidence of pathological strain.

As the quality of electrocardiograms
improved, these, also, were interpreted
quantitatively; left ventricular hypertrophy
was diagnosed if the sum of the S wave in
lead V, and the R wave in lead V| exce-

eded 35 mm (3.5 mV). Likewise, right ven-
tricular hypertrophy was diagnosed if the
sum of the R wave in lead V, and the S
wave in lead V, exceeded 10.5 mm (1.05
mV) (98, 99). However, correlations of the
radiographic and electrocardiographic fin-
dings with ultimate post-mortem evaluation
remained poor. This is perhaps not surpri-
sing, since hypertrophy of the chest musc-
les often attenuated ECG voltages in ath-
letes (71), and radiographs measured only
the external dimensions of the heart. One
might anticipate a distinction between the
firm, rounded radiographic contours of a
heart with physiological hypertrophy, the
sagging, distended form of a failing my-
ocardium, and the irregular contours of a
heart with what is generally an asymme-
tric pathological hypertrophic cardiomy-
opathy (37). But in practice the ventricles
and atria make varying contributions to the
overall cardiac silhouette, depending on the
axis of the heart.

Diagnostic contributions
of echocardiographic and magnetic
resonance imaging

The advent of wide-angle two-dimen-
sional echocardiography (50, 66) and ma-
gnetic resonance imaging (13, 63) incre-
ased interest in cardiac enlargement as a
possible and diagnosable cause of sudden,
exercise-related death (3, 68, 86). Never-
theless, over-enthusiastic use of the echo-
cardiogram led to further unwarranted dia-
gnosis of supposed abnormalities, and cri-
tics termed hypertrophic myocardiopathy
an “ultrasound-specific” disease (84).

The new techniques allowed the cardio-
logist to measure the thicknesses of the
ventricular walls and interventricular sep-
tum, as well as the internal dimensions of
the ventricular chambers. Important diffe-
rences were noted between endurance and
resistance athletes; in the former, thick ven-
tricular walls seemed an adaptation to vo-
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lume loading, but in the latter thickening
of the free walls and interventricular sep-
tum was not accompanied by any increase
in left-ventricular end-diastolic diameter
(19, 66, 97, 107). In principle, the distinc-
tion between physiological and pathologi-
cal hypertrophy “depends largely on the
judgment whether the magnitude of the left
ventricular wall thickness exceeds that
expected as a result of athletic training alo-
ne” (74). But in practice, the diagnostic
potential of echocardiography has not al-
ways been realized, because the limits of
resolution, typically 2 mm for an individu-
al dimension (75) are similar to the diffe-
rences which distinguish the athletic from
the pathologic heart. Furthermore, the cho-
ice of dividing line between normal and
abnormal remains contentious. The origi-
nally specified ceiling for physiological
hypertrophy was a posterior wall diastolic
thickness of 11 mm, but it was quickly di-
scovered that 60 percent of endurance ath-
letes exceeded this limit. Pellicia et al. (74)
opted for an upper limit of 13 mm; howe-
ver, 7 percent of rowers, canoeists and cyc-
lists in their series had a wall thickness gre-
ater than 13 mm, and it is hard to believe
that all of these individuals had a patholo-
gical enlargement of the heart. In fact, all
of the individuals thus identified had en-
larged left ventricular end-diastolic dimen-
sions, in the range 55 to 63 mm, a useful
point of contrast with pathological hyper-
trophy (where the ventricular cavity is usu-
ally either normal or smaller than normal).
Other investigators have found it necessa-
ry to choose still higher normal limits for
wall thickness: 16 mm (89, 101, 117), 18
mm (108) or even 19 mm (78). The ove-
rall size of the competitor further compli-
cates diagnosis. Large competitors have a
substantial advantage in endurance sports
like rowing, and such individuals necessa-
rily have large hearts with thick ventricu-
lar walls (43, 97, 108). Plainly, it is diffi-

cult to take seriously limits of ventricular
size that have varied so widely in the spa-
ce of four years. The most recently propo-
sed ceilings leave little or no margin to di-
stinguish physiological hypertrophy from
the 17-18 mm wall thickness typical of
pathological pressure (aortic stenosis, hy-
pertension) or volume (aortic or mitral re-
gurgitation) overload (19). Echocardiogra-
phy enthusiasts argue that current standards
offer a small margin to distinguish some
cases of hypertrophic cardiomyopathy; this
abnormality is commonly associated with
a ventricular thickness of 20 mm or more,
although even such values fall within the
limits of resolution of an 18 or 19 mm nor-
mal reading. Moreover, some patients with
hypertrophic cardiomyopathy have re-
adings as low as 13-15 mm (54).

Endurance competitors also show ano-
ther criterion that has been advanced for
the diagnosis of pathological hypertrophy,
a thickening of the interventricular septum
(24). Some cardiologists have diagnosed a
pathological cardiac enlargement if the ra-
tio of inter-ventricular septum to left po-
sterior ventricular wall thickness exceeds
1.3: 1 (26). However, ratios canrise as high
as 2.0 in athletes (61, 83, 89), and such ra-
tios do not, in themselves, appear to be
either dangerous or pathologic (26). Other
cardiologists have argued that the ratio of
septal thickness to left-ventricular end-sy-
stolic or end-diastolic diameter is the most
useful diagnostic feature of the echocardio-
gram. The upper limit of normality for the
septal thickness/end-systolic diameter ra-
tio has been set somewhat arbitrarily at 0.48
(3 SD above normal values (26)); this cho-
ice is debatable, given that some cardiore-
spiratory characteristics of international
endurance competitors are four or more SD
above the population average.

One possible method of distinguishing
between physiological and pathological
hypertrophy may be to collect data over
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several weeks or months of reduced tra-
ining. Once training ceases, the heart of the
endurance competitor regresses towards
“normal” sedentary values over the course
of several months (11, 53, 69), although
athletes may not be prepared to tolerate
such a long remission of training. A purely
pathological enlargement of the heart is li-
kely to remain unchanged in response to
such a tactic, although it is less clear what
will happen in a person with hypertrophic
cardiomypathy who has previously been
engaged in rigorous training.

Perhaps the most important method of
differentiating a physiological from a patho-
logical enlargement of the heart remains
functional. If the cardiac enlargement is pa-
thological, the cardiac ejection fraction is
poor and the patient shows a limited effort
tolerance (107), but if the hypertrophy is a
physiological response to endurance tra-
ining, both ejection fraction and peak po-
wer output are large. Other features of a
pathological enlargement include abnorma-
lities of conduction and cardiac rhythm (51,
77), mitral regurgitation (89), limited ven-
tricular compliance and poor diastolic fil-
ling (9) and hypotension (53, 59).

Prevalence of hypertrophic
cardiomyopathy in endurance athletes

It is frequently stated that hypertrophic
cardiomyopathy is the “commonest cause
of death” in young athletes (2, 3, 56, 68,
100, 108), causing from 35% (57) to 48%
(39) of all incidents in young adults. Ho-
wever, such statements must be viewed in
the perspective of the minuscule number
of exercise-related deaths: around a hun-
dred incidents per year in young US athle-
tes (118), and one death per 11 million ho-
urs of physical activity in Finnish men aged
20-39 years (111).

A retrospective study of 215,413 mara-
thon runners disclosed four exercise-related
deaths; three of the four fatalities were in
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runners aged 32-58 years, and all of these
had evidence of coronary atherosclerotic
disease. There was only one young runner
in this series, aged 19 years, and in his case
post-mortem examination disclosed an ano-
malous coronary artery (57). Likewise, a
computerized search of the US literature (6)
covering a fifty-year period revealed only
four incidents where an exercise-related
death was thought due to hypertrophic car-
diomyopathy. A ten-year retrospective stu-
dy accumulated reports on 158 sudden exer-
cise-related deaths in US athletes under 35
years of age (57). The cardiovascular sys-
tem was responsible for 134 of the 158 in-
cidents. The diagnostic criteria were relati-
vely weak: a hypertrophied and non-dilated
ventricle, and one other supporting clinical
or morphological feature. Nevertheless, only
a third of the group were said to be “proba-
ble” or “definite” cases of hypertrophic car-
diomyopathy. Even accepting that all of the
“probable” or “definite” diagnoses were
correct, hypertrophic cardiomyopathy wo-
uld have caused only 4-5 exercise-related
deaths per year in the US. Other studies have
used even less satisfactory diagnostic crite-
ria; for example, Van Camp et al. (108) clas-
sified as “probable hypertrophic cardiomy-
opathy” all deaths where the cardiac mass
exceeded 400 g in the absence of other sys-
temic, valvular or cardiac disorders. But
despite the broad inclusiveness of the dia-
gnostic net, the total incidence among US
athletes was apparently only about 5 cases
per year. The most recent study of 33,735
athletes suggested that the total prevalence
of hypertrophic cardiomyopathy, including
asymptomatic cases, was 0.07% (7); given
the specificity of any conceivable battery of
screening tests, it seems likely that almost
all of the 0.07% were false positive diagno-
ses, leaving an infinitessmally small true
prevalence of the condition. Plainly, a re-
cent statement of prevalence (1 in 500 ath-
letes (2)) is a gross overestimate.
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The view that hypertrophic cardiomy-
opathy is a “common” cause of exercise-
related death can probably be traced to an
early paper by Maron et al. (56). A four-
year retrospective study summarized case
histories on 29 US athletes who had died
between the ages of 13 and 30 years. Ni-
neteen of the 29 individuals were said to
have hypertrophic cardiomyopathy, altho-
ugh the septal/free wall ratio met the mini-
mum diagnostic criterion of 1.3/1.0 in only
8 of the 19 cases. It is unlikely that all of
these eight individuals had hypertrophic
cardiomyopathy; indeed, in the absence of
a documented family history and histopa-
thology, a substantial fraction of these ca-
ses could have had a physiological rather
than a pathological hypertrophy. Thus, the
whole hypothesis that hypertrophic car-
diomyopathy is a common cause of exer-
cise-related death seems to have been fo-
unded on two possible cases per year across
the United States. Moreover, the majority
of reports concerning hypertrophic cardio-
myopathy have come only from two refe-
rence laboratories (100); the doctrine of
widespread prevalence arises, at least in
part, from a repeated description of the sup-
posed 19 cases of Maron et al. (56) in 25
or more publications.

The foregoing comments in no way
deny the existence of rare inherited mal-
formations of the ventricular wall, based
on molecular abnormalities in the genes
encoding synthesis of the beta-myosin he-
avy chain, cardiac troponin T and tropo-
nin-I, alpha-tropomyosin and myosin-bin-
ding protein C of the sarcomeres (18, 38,
45, 81, 88, 113). Although the left ventric-
le is more frequently affected by such ab-
normalities, there have also been reports
of right ventricular lesions (8). A few of
the athletes who die while exercising may
be affected by such a pathology. However,
the diagnosis of ventricular cardiomyopa-
thy requires a clear family history, reinfor-

ced by such evidence as cardiac symptoms
on exertion, abnormal patterns of left ven-
tricular filling (53), and failure of the car-
diac enlargement to regress out of season
(51), preferably accompanied by carefully
blinded histopathology and/or demonstra-
tion of the characteristic gene structure.
Moreover, there is no particular reason why
this particular disorder should affect endu-
rance athletes; indeed, myocardial dysfunc-
tion seems likely to preclude exceptional
performance and participation in major
competition.

Potential for prevention in older
athletes

As in sedentary subjects, exercise elec-
trocardiography offers the primary basis for
the detection of potentially fatal coronary
vascular lesions. Often, a vulnerable my-
ocardium is revealed by substantial, down-
ward sloping depression of the ST segment
of the electrocardiogram, or the onset of
malignant abnormalities of cardiac rhythm.
The fraction of the population demonstra-
ting an abnormal exercise electrocardio-
gram at any given age seems rather similar
in athletes and in sedentary individuals
(33); except in the oldest competitors, the
prevalence of disease is very low, so as
would be predicted from Bayes theorem
and the specificity of the exercise electro-
cardiogram (no more than 85%), the pro-
portion of false positive diagnoses actual-
ly exceeds the proportion of true positive
results (92). This severely limits the value
of an abnormal electrocardiogram in pre-
ventive sports cardiology.

Precision in the diagnosis of a dange-
rous limitation of coronary blood flow co-
uld be increased if additional tests (scinti-
graphy and/or angiography) were to be
performed on all individuals showing a
“positive” electrocardiogram, but the ad-
ded costs and dangers to the test candidate
make this approach unwarranted in any
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programme for the mass screening of ath-
letes. It seems likely that those who will
succumb to an exercise-induced cardiac
catastrophe while they are young enough
to be involved in vigorous endurance com-
petition will, in general, have gross coro-
nary narrowing. The optimal approach is
thus to increase the specificity of the elec-
trocardiogram at the expense of its sensiti-
vity by requiring a gross ST depression (>2-
3 mm) or a major abnormality of cardiac
rhythm for a positive diagnosis; the num-
ber of individuals requiring further tests
such as scintigraphy and angiography is
then appropriately limited, and much
unwarranted anxiety and iatrogenic disa-
bility is avoided. However, to the present
author’s knowledge, there has as yet been
no randomized test examining the value of
such an approach in reducing the inciden-
ce of exercise-induced incidents; further,
the number of subjects required to make
such a definitive test is such that it remains
unlikely to be undertaken in the near futu-
re. The approach suggested seems logical,
and it may save lives, but as yet it is not
evidence-based medical practice.

Potential for prevention in younger
athletes

Family history

Perhaps the clearest evidence of hyper-
trophic cardiomyopathy, congenital repo-
larization anomalies and a gross inherited
abnormality of lipid metabolism may all
come from a history of sudden, exercise-
related death in relatives at a young age;
35-50% of affected families with hypertro-
phic cardiomyopathy have a history of pre-
mature deaths (15).

Clinical examination

An abnormal origin of the left corona-
ry artery may cause intermittent anginal
pain, dyspnoea, and syncopal attacks, par-
ticularly if the vessel can become compres-
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sed between the aorta and the pulmonary
artery.

A recent history of fever and/or viral
infection is a clear warning for temporary
avoidance of intense training or competi-
tion; the Swedish orienteering team halted
an epidemic of sudden deaths when gre-
ater care was taken to reduce training du-
ring viral infections.

A history of exertional dyspnoea, angi-
nal chest pain, fatigue and syncope is com-
mon in hypertrophic cardiomyopathy, al-
though the severity of such symptoms cor-
relates better with the severity of the con-
dition in adults than in younger individu-
als (25). Careful physical examination may
also disclose cardiac enlargement that is
disproportionate to physical work capaci-
ty, and there may be a characteristic systo-
lic murmur along the upper left sternal bor-
der; the latter increases on moving from
the supine to a standing position, and is
further exacerbated by a Valsalva mano-
uevre or the inhalation of amy] nitrite (15).
Unfortunately, many of the affected athle-
tes have the non-obstructed form of car-
diomyopathy, where the murmur is very
soft or absent (44, 57, 116).

Marfan’s syndrome can frequently be
detected from the characteristic physique:
long limbs, with an arm span greater than
standing height, often a pectus excavatum
or carinatum, joint hypermobility, scolio-
sis and myopia. Clinical examination also
discloses aortic and mitral regurgitation.

Careful auscultation may disclose the
mid-systolic click and late systolic murmur
of mitral valve prolapse.

Some forms of repolarization anoma-
lies may give a history of syncope.

Special investigations

An exercise electrocardiogram should
reveal substantial ST segmental depression
in individuals with abnormal coronary ar-
terial anatomy, and suspicion may also be
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raised at routine echocardiography (17, 30).
A poorly perfused area of myocardium can
be detected non-invasively by scintigraphy.
The precise orientation of the vessels can
be determined by selective coronary arte-
riography.

If the family history and clinical exami-
nation point to a diagnosis of hypertrophic
cardiomyopathy, special investigations may
be warranted. The electrocardiogram, typi-
cally with a picture of left ventricular hy-
pertrophy, is often abnormal (7, 40, 119),
but is not very helpful in reaching a specific
diagnosis because of the physiological chan-
ges associated with a normal ventricular
hypertrophy; if electrocardiographic scre-
ening is adopted, as many as 25% of athle-
tes examined are subjected to further costly
investigations (47). Echocardiography and/
or magnetic resonance imaging may reveal
asymmetric and/or gross thickening of the
ventricular wall and/or septum; unfortuna-
tely, left ventricular hypertrophy may be
absent or mild in adolescent athletes with
hypertrophic cardiomyopathy. Doppler me-
asurements may also demonstrate increased
flow velocities in the obstructed outflow
tract. The diagnosis can be confirmed by
catheterization of the left ventricle, with the
demonstration of substantial pressure gra-
dients between the ventricular cavity and the
outflow tract. A combination of genetic he-
terogeneity and expensive, time-consuming
techniques as yet preclude genetic screening
of populations for hypertrophic cardiomy-
opathy (18, 45, 88, 102, 113).

In Marfan’s syndrome, radiographs may
disclose mediastinal enlargement from aor-
tic enlargement, and this can be confirmed
by transoesophageal echocardiography,
magnetic resonance imaging or computed
tomography.

Echocardiography can readily demon-
strate prolapse and redundant mitral valve
leaflets and Doppler studies can assess the
extent of regurgitation.

Right ventricular dysplasia is best de-
tected by magnetic resonance imaging;
unfortunately, this remains expensive, and
is not universally available (60, 80).

Abnormalities of repolarization are re-
vealed by electrocardiography; typically,
there is a prolonged QT interval and large
T waves.

Implications for health policy

Although death on the sports field at-
tracts much attention, the critical issue from
the viewpoint of health policy is the impact
of prolonged endurance training on the in-
dividual’s overall survival prospects and
quality of life. In terms of survival, epide-
miological data show that the life expectan-
cy of endurance athletes compares favora-
bly with that of the general population, even
in the absence of any special medical exa-
mination. A retrospective examination of
2613 athletes who had represented Finland
in either the Olympic Games, the World or
the European championships between 1920
and 1965 demonstrated that endurance ath-
letes survived to an average age of 75.6
years, compared with 69.9 years in a sam-
ple of 1712 sedentary adults, and 71.5 years
for those who had been Finish champions
in power sports (87). Thus, participation in
endurance competition was associated with
a lengthened rather than a shortened life-
span. Not all of the apparent six-year ad-
vantage can be attributed to endurance tra-
ining, since personal lifestyle, particularly
cigarette consumption, is likely to have dif-
fered between the endurance athletes and
the general population. On the other hand,
the true impact of endurance training may
have been larger than suggested by the mor-
tality statistics, since it is uncertain whether
all of the athletes continued training in the
long interval between competition and their
average age at death.

Because independence is prolonged by
endurance training, the athlete’s quality of
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life is also enhanced relative to that of a se-
dentary person. Physicians have worried
excessively about the one in ten million
chance that endurance sport might cause
sudden death, while neglecting the major
public health problem presented by the mil-
lions of sedentary senior citizens who requ-
ire full-time geriatric care. Health policy
must be assessed not simply in terms of su-
rvival, but also in terms of quality-adjusted
life expectancy (94). And in such terms, the
large, hypertrophied heart of the endurance
athlete is an important advantage.

Need for detailed pre-screening of
competitors

International competition places heavy
physical demands on the heart, accompa-
nied by a massive release of stress hormo-
nes, and this may reveal a minor cardiac
abnormality that would not have been ap-
parent in a sedentary young adult. Never-
theless, it is plain from the foregoing di-
scussion that the risk of any type of car-
diac death during competition is extreme-
ly small, and current evidence suggests that
endurance training reduces rather than in-
creases the overall risk of sudden death.
Many sports physicians still feel than an
exercise-related death is a reflection on the
quality of care that they have given, and
they continue to cherish hopes that some
miraculous laboratory test will enable them
to detect vulnerable individuals and warn
them against major competition. However,
a consideration of Bayes theorem shows
that any mass screening process is doomed
to failure, given the very low prevalence
of pathological findings. Study of 33,735
Italian athletes over seven years led to the
identification of 22 athletes suspected of
hypertrophic cardiomyopathy (7), these
individuals were disqualified from partici-
pation in sport, and all survived for an ave-
rage follow-up of 8.2 years. However, it is
unclear how many of these were false po-
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sitive diagnoses, and there is no proof that
those identified would not have survived
equally well if they had continued sports
participation. Likewise, in the U.S., less
than 1% of those who received prepartici-
pation screening received an accurate dia-
gnosis (57). Moreover, the fact of partici-
pation in physically “dangerous” sports
implies some acceptance of risk, and inde-
ed this risk may even contribute to enjoy-
ment of the activity.

Some 60% of U.S. states now have a
locally approved standard history and exa-
mination for preparticipation screening, but
often there is no clear indication of the le-
vel of competence required for such an
examination (20), and too often there is
reliance on costly and ineffective techno-
logy at the expense of an adequate history
and clinical examination (76).

The recent position statement of the
American Heart Association (2) seems
ambivalent about the need for mass echo-
cardiographic examination of athletes. Al-
though pointing to the major problems of
high screening costs and false positive dia-
gnoses, it still states that ”This viewpoint,
however, is not intended to actively disco-
urage all efforts at population screening”.
Nevertheless, it has been estimated that it
would be necessary to screen 200,000 ath-
letes to detect one competitor under the age
of 35 years who would die during exercise
(12). The best practical advice for the
young athlete seems to avoid any pre-par-
ticipation cardiac screening beyond a stan-
dard clinical examination focussed on fa-
mily history, illicit drug use, syncope, chest
pain, dizziness, fatigue, palpitations, high
blood pressure, and heart murmurs (1). An
echocardiographic study of 280 Harvard
University athletes found 14% with mitral
valve prolapse, and 11% with ventricular
septal hypertrophy; however, the estima-
ted cost of the investigation was $100,000,
and finally it was concluded that the “ab-
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normalities” were either due to physiolo-
gical hypertyrophy or of no great practical
significance (41). The routine performan-
ce of echocardiography and other sophi-
sticated laboratory examinations is likely
to do little more than precipitate a chain of
costly invasive procedures, with attendant
cardiac phobias, unnecessary medical co-
sts (at least US $600 per athlete), prematu-
re cessation of sport involvement, and loss
of life insurance coverage (15). Further,
although there do not as yet seem any cle-
ar legal precedents (64, 65), “expert” en-
dorsement of ineffective screening tools
carries the danger of exposing honest phy-
sicians who reject such tactics to costly cla-
ims for “negligence”. A recent report (57)
noted that most of the young athletes who
died while exercising had been screened,
but cardiovascular disease had been dia-
gnosed in only 3% of those examined, and
the diagnosis had been correct in less than
1% of the sample! Specifically, only 1 of
48 suspected cases of hypertrophic cardio-
myopathy had been diagnosed prior to de-
ath! Although some investigators have ad-
vocated less expensive, short-form echo-
cardiographic screening (67, 114), this se-
ems doomed to an even lower success rate.

Finally, in the event that a cardiovascu-
lar diagnosis is clearly established, it is
important to recognise that this should not
necessarily lead to disqualification from
further participation in sport. Often, the
prognosis will remain better if activity is
continued. The recommendations of the
26th Bethesda Conference may be useful
in this regard (52).

Conclusions

Although ventricular hypertrophy is
sometimes suggested as the commonest
cause of sudden, exercise-related death in
the young adult, the total number of exer-
cise-induced deaths is very small, and the-
ir relationship to either ventricular hyper-

trophy in general or cardiomyopathy in
particular is far from established. There is a
rare inherited form of myocardial dystrophy
that predisposes to sudden death, but this is
not peculiar to athletes. Indeed, because tho-
se affected have a low physical work capa-
city, the affected individuals are unlikely to
have become involved in endurance sport.
Mass pre-participatory laboratory screening
of endurance athletes leads to an unaccep-
table toll of false positive diagnoses, and
detailed examination of an athlete’s heart is
warranted only if there is a strong family
history of early cardiac death or other signi-
ficant findings in the history and clinical
examination. In general, the hypertrophied
heart of the athlete is a beneficial adapta-
tion to endurance training; it increases both
overall survival and quality-adjusted life
expectancy, enhancing physical work capa-
city and reducing the likelihood of depen-
dency in old age.
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