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Extreme exercise poses a variety of health hazards.
It is well documented that endurance athletes can

experience exercise-induced skeletal muscle damage
when they expose their muscles to loads that they are
not accustomed to. Whether strenuous ultraendurance
exercise may even cause cardiomyocyte injury is un-
certain at present. So far, the evidence for exercise-
induced myocardial damage is small1–4 and is based
mainly on elevation of postexercise plasma concen-
trations of various “cardiac-specific” enzymes known
to show considerable residual cross-reactivity to skel-
etal muscle proteins as described for the standard
measurement of the creatine kinase-MB isoenzyme
(CK-MB) and the “first generation” assays of cardiac
troponin T (cTnT).5–8 Currently, cardiac troponin I
(cTnI) is the most sensitive and specific marker for the
detection of cardiomyocyte necrosis, even in the pres-
ence of skeletal muscle damage. The currently applied
assays for determining cTnI use monoclonal antibod-
ies showing no, or at least very low (,0.005%),
cross-reactivity with the skeletal troponin isoforms.9

This study investigates whether strenuous ultraendur-
ance exercise can induce myocardial cell injury as
assessed by the determination of plasma concentra-
tions of cTnI in well-trained cyclists who participated
in an Alpine bicycle ultramarathon.

• • •
Thirty-eight male volunteers out of 1,420 partici-

pants of the Tyrolean O¨ tztaler Radmarathon 1999
were subjects of the study. The workload of this race
(total distance, 230 km; altitude difference, 5,500 m)
is comparable to that of the hardest mountain stages of
the Tour de France. All 38 study participants were
experienced and well-trained amateur cyclists. They
were free of cardiovascular risk factors and without
evidence for any heart disease according to case his-
tory and clinical investigation. Blood specimens of all
participants were taken the day before, immediately
after, and 1 day after competition. Plasma concentra-
tions of cTnI, CK, and CK-MB were measured. cTnI
was determined by means of a 2-step sandwich mi-
croparticle enzyme-immunoassay method on an Ax-
SYM analyzer (Abbott Diagnostika, Wiesbaden, Ger-
many). The upper reference limit was 0.5mg/L. The
activity of CK was measured colorimetrically at 25°C

(NAC, Roche Diagnostics, Hoffmann-LaRoche Inc.,
Basel, Switzerland) by using the standard method of
the “Deutsche Gesellschaft fu¨r Klinische Chemie”
(reference range 10 to 80 U/L) and CK-MB by an
immunoinhibition assay with reagents from Roche
Diagnostics (reference range,10 U/L, ,6% of total
CK activity). The differences in baseline characteris-
tics between athletes with and without exercise-in-
duced cTnI levels were calculated by using the Mann-
Whitney test. Changes in biochemical markers during
the observation period were calculated by the Wil-
coxon test and correlations between them were com-
puted by a simple linear regression analysis using the
SPSS software package, version 9.0 (Chicago, Illi-
nois). Statistical significance was assumed at a level of
p ,0.05.

Cardiac TnI values, negative in all athletes be-
fore competition, increased in 13 cyclists (34%)
immediately afterward and significantly decreased
in 12 on the following day (Figure 1). In one
42-year-old participant without symptoms, cTnI in-
creased from 1.3mg/L after exercise to 4.0mg/L on
the following day. The increased postexercise levels
ranged from 0.9 to 4.9mg/L. The highest individual
level of 4.9 mg/L was measured in a 29-year-old
athlete who had achieved the best performance
among the study participants (race time, 8.1 hours;
place, 24; training distance, 5,500 km). On the
following day, cTnI was not detectable in 4 athletes
any longer and had decreased to levels of 0.5 to 0.9
mg/L in all the others. The differences in age, race
time, and total training distance were significant (p
,0.05) between athletes with and without increased
postrace cTnI (Table 1).

Baseline activity of total CK ranged from 17 to 328
U/L before competition. In 33 athletes (87%) it was
within the gender-specific normal reference range, in
5 (13%) it was already elevated in the prerace sample,
most likely due to preceding cycling training the days
before. In 3 of these 33 participants (8%) the CK-
MB/CK ratio was higher than 6%. In all the others the
baseline activity of CK-MB was below the upper limit
of the normal range. Immediately after competition
there was a pronounced increase in CK in 35 cyclists
(92%), with a further increase on the following day.
There was no significant change in total CK after
exercise in only 3 athletes (8%). CK-MB/CK ratios
.6%, considered to indicate myocardial damage,
were seen in 23 subjects (60.5%) immediately after
the race and in 10 (26%) the day after. There was no
correlation between the increase in cTnI and the
changes in CK and CK-MB. Pre- and postrace values
of all markers are listed in Table 2.
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• • •

The major finding of this study is that plasma
levels of cTnI, negative before competition, increased
after ultraendurance exercise, indicating that extraor-
dinary long-term strains may induce subclinical car-
diac injury even in well-trained athletes. The most
popular hypothesis explaining this exercise-induced
cardiac injury is that under the stress of increased
myocardial oxygen consumption, high concentrations
of catecholamines cause coronary vasospasm and en-
dothelial injury resulting in asymptomatic focal myo-
cardial necrosis and fibrosis.10

Previous studies, however, have consistently
shown that prolonged aerobic exercise does not cause
myocardial damage.9,11–15Only since the introduction
of cardiac troponins as novel cardiac markers did a
few reports emerge providing biochemical evidence
for the opposite.1–4 In 2 of 23 participants (9%) of the
Hawaii Ironman Triathlon, Rifai et al1 found marked
postexercise plasma increases in cTnI and cTnT, and
only moderate increases in cTnT in an additional 4
athletes (17%).1 Because they also detected depressed

ejection fractions and abnormal wall motions in their
echocardiographic analyses, which correlated with
positive cTnT levels after the race, they concluded
that abnormal segmental wall motion is not only “car-
diac fatigue” but cardiac injury. Recently, further ev-
idence was provided by Koller et al,2 who detected
moderate postexercise cTnT increases in 4 of 36 par-
ticipants (11%) in an Alpine cross-country marathon.

In our study we found positive postexercise cTnI
values in 13 of 38 cyclists (34%)—representing a
prevalence comparable to the 26% found by Rifai et
al.1 The athletes with positive cTnI values had a
higher training level and were significantly younger
and faster than their competitors. It is unknown
whether these results indicate that cyclists with a
better cardiac performance capacity are more likely to
be exposed to an increased risk for minor cardiac
injury because they eventually put more stress on their
hearts by fighting harder and longer on their cardio-
vascular limits. These findings, however, contrast with
the conclusions recently drawn by Koller et al2 that
transient subclinical myocardial damage may predom-
inately occur in persons who usually perform physical
activity only on a modest scale and that regular high
levels of exercise would protect against cardiac injury.

The cTnI levels observed after the race lay between
0.9 and 4.9mg/L, representing a range of elevation

which usually means minor but sig-
nificant cardiac injury. In clinical
cardiology, comparable values are
seen in patients with an acute coro-
nary syndrome in whom cTnI serves
as a reliable predictor of short-term
prognosis.16 Cardiac TnI is not de-
tectable in the serum of healthy per-
sons. So far, increased cTnI concen-
trations have predominantly been
found positive in settings of myocar-
dial damage such as infarction, se-
vere congestive heart failure, myo-

carditis, after cardiotoxic treatment, and so forth. In
contrast, acute and chronic peripheral muscle diseases,
noncardiac surgery, polytrauma, electrical cardiover-
sion, and burns have not caused elevations in
cTnI.9,17,18

The question of whether the positive cTnI levels
observed after exercise in asymptomatic athletes ac-
tually represent significant myocardial damage is dif-
ficult to answer in the absence of available tissue for
histologic analysis and for the following reasons. In
this study all evidence for exercise-induced cardiomy-
ocyte injury is only based on positive postexercise
cTnI levels. Although the applied assay for determin-
ing cTnI has a very high specifity and sensitivity and
false-positive results due to a cross-reactivity with
skeletal isoforms seem to be very unlikely, false-
positive results due to unknown or not yet identified
interferences with the assay cannot completely be
excluded.14 No follow-up studies.24 hours after the
race could be conducted because they would have
been logistically difficult to perform and comparable
preexaminations did not exist. Neither echocardiogra-

FIGURE 1. Plasma levels of cTnI before, immediately after, and
24 hours after competition

TABLE 1 Characteristics of Athletes With and Without
Positive Postrace cTnI Levels

Positive
Postrace cTnI

Negative
Postrace cTnI

Age (yrs)* 33.7 36.3
Height (cm) 180 179
Weight (kg) before race 74.4 72.8
Weight (kg) after race 73.4 71.7
Race time (h)* 9.3 9.8
Training distance before

race (km)*
8,000 5,300

*p ,0.05 (Mann-Whitney test).

TABLE 2 Biochemical Markers Before and After Competition

Before Immediately After 24 Hours After

cTnI (.0.05 mg/L)* 0/38 13/38 (34%) 9/38 (24%)
CK (U/L)† 79 6 58 (17–328) 160 6 121 (40–569) 245 6 165 (48–548)
CK-MB/CK (.6%)* 3/38 (8%) 23/38 (60.5%) 10/38 (26%)

*Values presented as number of positive observations/total observations.
†Values presented as mean 6 SD (range).
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phy nor electrocardiography were performed because
they are too unspecific for detecting minor cardiac
injury, and potential abnormalities are shown to be
very temporary.1,19,20

As expected, the enormous physical strains during
this ultramarathon did cause skeletal muscle damage
manifested as a postrace increase in total CK whose
extent was comparable to that of previous studies. The
missing correlation between elevations in CK-MB/CK
and cTnI confirms previous data that in the presence
of skeletal muscle damage, the determination of CK-
MB/CK lacks sufficient specificity for the diagnosis of
myocardial damage.6–8

As long as the clinical significance and potential
long-term consequences of positive postexercise
cTnI values are uncertain, they must be considered
as biochemical evidence for minor cardiomyocyte
injury. Endurance athletes, therefore, should at
least undergo serial cardiovascular examinations
looking for subtle evidence of myocardial dysfunc-
tion.
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Transthoracic 2-dimensional echocardiography (2DE)
is widely used to assess left ventricular (LV) mass

and ejection fraction, both of which are important pre-
dictors of cardiovascular risk.1–3 However, patient obe-
sity or overweight, which are risk factors for cardiac

disease,4,5are associated with poor study quality in trans-
thoracic 2DE.6–8 Overweight, defined as body mass in-
dex (BMI) $25 but,30 kg/m2, and obesity (BMI$30
kg/m2)9 are highly prevalent in the USA; more than one
third of adults are estimated to be obese.10 However, the
quantitative effect of overweight and obesity on 2DE
accuracy in measurement of LV volumes, mass, and
ejection fraction has not been explicitly investigated. We
sought to evaluate the effect of increased BMI on 2DE in
assessing LV volumes, mass, and ejection fraction using
magnetic resonance imaging (MRI) as a reference stan-
dard, and to compare 2DE with transthoracic 3DE.

• • •
Twenty-four adults (8 women and 16 men) under-

went 2DE, 3DE, and cardiac MRI after providing
written informed consent in accordance with the pol-
icies of the hospital institutional review board. Twelve
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