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Effect of Competitive Marathon Cycling on Plasma N-Terminal Pro-Brain
Natriuretic Peptide and Cardiac Troponin T in Healthy Recreational Cyclists

Guenther Neumayr, MDa,*, Rudolf Pfister, MDa, Guenther Mitterbauer, PhDa,
Guenther Eibl, PhDb, and Helmut Hoertnagl, MDa

For a further depiction of exercise-induced cardiac dysfunction, N-terminal pro-brain
natriuretic peptide (NT–pro-BNP) and cardiac troponin T (cTnT) were measured in
recreational cyclists (n � 29) during the Ötztal Radmarathon 2004. In all subjects,
NT–pro-BNP significantly increased from 28 � 21 to 278 � 152 ng/L immediately
after the race (p <0.001), decreased again on the following day, and returned to
baseline values 1 week later. The mean percentage increase in NT–pro-BNP was
1,128 � 803%. CTnT, negative in all subjects before the race, increased transiently in
13 athletes (45%), with levels ranging from 0.043 to 0.224 �g/L in 8 of them (28%).
One day after competition, cTnT had normalized in all athletes. Because of the
typical release of kinetics, the deflection of NT–pro-BNP is considered to be the
adequate volume regulatory response of a hemodynamically stressed heart to pro-
longed strenuous exercise. The observed kinetics of cTnT substantiate a release from
the free cytoplasmatic pool due to the half-life of cytosolic cTnT. In healthy cyclists,
transient increases in NT–pro-BNP and cTnT are more likely to reflect cardiac
fatigue than injury. © 2005 Elsevier Inc. All rights reserved. (Am J Cardiol 2005;96:

732–735)
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n past years, N-terminal pro-brain natriuretic peptide
(NT–pro-BNP) has turned out to be an excellent humoral

arker for heart failure.1–3 Data on NT–pro-BNP and ex-
rcise are very limited and inconsistent so far.4–8 Maximal
hort-term exercise is not likely to cause an increase in brain
atriuretic peptide (BNP),5 whereas respective data on long-
erm exercise reveal BNP increases to be small and to
emain within the normal range.4,7 We hypothesized that
xercise long and strenuous enough to cause cardiac fatigue
ight increase NT–pro-BNP even in healthy athletes.9,10

herefore, we measured NT–pro-BNP and cardiac troponin
(cTnT) as markers of cardiac injury in healthy cyclists

ho underwent strenuous marathon cycling for a further
epiction of exercise-induced cardiac dysfunction.

• • •
wenty-nine male volunteers of 2,303 participants in the
yrolean Ötztaler Radmarathon held on August 29, 2004,
ere the subjects of the study. The workload of this race

total distance 230 km, altitude difference 5500 m) is com-
arable to that of the hardest mountain stages of the Tour de
rance. All study participants were experienced and well-

rained amateur cyclists. They were free of cardiovascular
isk factors and without evidence of any heart disease ac-
ording to case histories and clinical investigations. Blood
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pecimens were taken the day before, immediately after, 24
ours after, and 1 week after competition. Plasma NT–pro-
NP was determined using an Elecsys pro-BNP sandwich

mmunoassay (electrochemiluminescence immunoassay) on
n Elecsys analyzer 2010 (Roche Diagnostics, Hoffmann-
aRoche, Inc., Basel, Switzerland). The analytic range of

his test extends from 20 to 35,000 ng/L. The normal range
f NT–pro-BNP is age dependent and was from 5 to 95 ng/L
n our study population, with a clinical cut-off value of

95 ng/L. On the same analyzer, cTnT was measured using
third-generation electrochemiluminescence immunoassay
ethod (Troponin T Stat, Roche Diagnostics, Hoffmann-
aRoche, Inc.). The analytic range of this test extends from
.01 to 25 �g/L, with an upper reference limit of 0.04 �g/L.
reatine kinase, creatine kinase isoenzyme MB, and hemo-
lobin were measured by standard methods. Hematocrit and
ercentage changes in plasma volume were calculated ac-
ording to standard equations.

The Mann-Whitney test was used for the analysis of the
ifferent baseline characteristics between athletes with and
ithout exercise-induced cTnT levels, and Wilcoxon’s signed-

ank test was used for the changes of the biochemical param-
ters over the observation period. Regression analyses were
omputed to assess correlations between the variables using
he SPSS software package (version 9.0, SPSS, Inc., Chicago,
llinois). Statistical significance was assumed at p �0.05.

The athletes’ characteristics and race results are listed in
able 1. All of them finished the race without major prob-

ems or cardiac symptoms. In all subjects, NT–pro-BNP
ignificantly increased from 28 � 21 to 278 � 152 ng/L

mmediately after the race (p � 0.001) and decreased on the

www.AJConline.org
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ollowing day to a mean value of 194 � 115 ng/L (p �
.001). At the control investigation 1 week later, NT–pro-
NP had returned to baseline values (28 � 17 ng/L) in all
thletes. The mean increase in NT–pro-BNP (�NT–pro-
NP) was calculated to be 1,128 � 803% of the baseline
alue. Pre- and postrace values of NT–pro-BNP as well as
he individual �NT–pro-BNP were significantly correlated
ith age (r � 0.460, p � 0.012; r � 0.509, p � 0.005; r �
.555, p � 0.002; r � 0.477, p � 0.009, respectively).
here was no correlation between �NT–pro-BNP and the
ther baseline features or the markers investigated, includ-
ng cTnT. The course of NT–pro-BNP is shown in Figure 1.
efore competition, cTnT results were negative in all sub-

ects. Immediately afterward, it was elevated in 13 athletes
45%). Five subjects (17%) had cTnT increases just greater

igure 1. Plasma levels of NT–pro-BNP during the cycling marathon
standard box plots; n � 29).

able 1
aseline characteristics and race results of the athletes

ariable Mean � SD Range

ge (yrs) 34 � 8 22–52
eight (cm) 178 � 5 168–187
ody mass (kg) 70.4 � 7.8 61–100
ody mass loss (kg)
(immediately after)

�1.3 � 0.9 �3.5 to �1.1

ody mass loss (kg)
(24 h after)

�0.5 � 0.6 �2.1 to �0.5

luid substitution (L) 5.4 � 1.5 2.3–10
raining km (in 2004) 6,608 � 2,815 2,000–13,000
ace time 9 h, 10 min �

55 min
7 h, 23 min to 11 h,

14 min
verage speed (km/h) 25.1 � 2.5 20.5–31.2
han the detection limit of 0.01 �g/L, whereas 8 athletes v
28%) showed significant increases greater than the upper
eference limit of 0.04 �g/L ranging from 0.043 to 0.224 �g/L
Figure 2). One day after competition, cTnT had again
ecreased to less than the upper reference limit in all ath-
etes. In 2 subjects, however, it still remained greater than
he detection limit. Athletes with and without exercise-
nduced cTnT elevation did not differ in their baseline
eatures. All pre- and postrace values of the parameters
nvestigated are listed in Table 2.

• • •
he major finding of the study is that NT–pro-BNP and
TnT as established clinical indicators of cardiac dysfunc-
ion and cardiac injury are significantly elevated in healthy
symptomatic athletes after strenuous marathon cycling.
he increase in NT–pro-BNP was significant in all athletes,
hereas for cTnT, it was significant in just 28% of them.
he 2 indicators showed a pattern of release kinetics char-
cteristic for the stimulus of long-term exercise, that is,
mmediate increases with fast clearances in the following
ours to days.11,12 We consider the deflections of the 2
arameters to represent biochemical evidence for cardiac
atigue for the following considerations.

BNP is a naturally occurring antagonist of the renin-
ngiotensin-aldosterone system that is elevated in situations
f increased central blood volume (fluid overload), such as
dematous disorders, heart failure, or exhaustive sport events.13

ardiac myocytes constitute the major source of BNP, and
he primary stimuli of its release are left ventricular stretch
nd wall tension. There is a lot of cardiac wall stress in
trenuous long-term exercise: (1) the myocardial workload
s impressively large with respect to the duration and inten-
ity of exercise,14 and (2) exercise-induced hypervolemia is
ronounced as well.15 The positive impact of long-term
xercise on plasma volume is well established, and in-
reases of up to 22% were seen after exercise.15 In the
resent study, plasma volume increased by 10.3%. BNP is
eleased into the circulation as a counter-regulatory re-
ponse for cardiorenal homeostasis to induce diuresis and
asodilation and hence reduces pulmonary and systemic

igure 2. Plasma levels of cTnT during the cycling marathon (n � 29).
ascular resistance. As a cardiac effect, left ventricular end-
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iastolic pressure is decreased, improving diastolic filling and
nabling increased cardiac output, indispensable for any
erformance of long-term exercise. Because of the typi-
al release of kinetics with immediate increases, fast
ecreases after exercise, and renormalization after 1
eek, we consider the deflections of NT–pro-BNP to be

he adequate volume regulatory response of a hemody-
amically stressed myocardium to cardiorenal distress.
ur interpretation of the finding may tend to be physio-

ogic, especially in view of the recent role of BNP as a
linical discriminator for left ventricular dysfunction.
owever, the way that results are interpreted will change

s clinicians gain experience with new parameters such
s BNP in their various settings. Further studies on long-
erm exercise are needed to affirm the observed BNP
ncreases to be the primary physiologic endocrine reac-
ion of an exercise-stressed myocardium.

Previous to this study, it was known that maximal exer-
ise testing until exhaustion does not cause an increase in
NP.5 Sparse data on long-term exercise revealed BNP

ncreases to be small.4,7 König et al7 investigated 11 pro-
essional cyclists (mean age 27 years) during a 5-day cy-
ling race and observed BNP to remain within the normal
ange, with postexercise increases of just 37%. Ohba et al,6

owever, described BNP increases of up to 500% in 10
apanese runners (mean age 46 years) after a 100-km ultra-
arathon. In our study, we found even more pronounced

ncreases in NT–pro-BNP in all athletes (mean age 34
ears). The mean �NT–pro-BNP was 1,128% immediately
fter exercise, ranging from 243% to 3,160%. Levels of
T–pro-BNP and �NT–pro-BNP were associated with ath-

etes’ ages (p � 0.009). Older athletes were more likely to
ave higher levels at rest and after exercise of NT–pro-BNP.
his association between age and BNP was also evident in

he younger and better trained professional cyclists studied
y König et al.7 We therefore conclude that BNP release is

able 2
iochemical markers before and after competition (n � 29)

ariable Before

T–pro-BNP (5–95 ng/L)* 28 � 21
ange 8–100
NT–pro-BNP (ng/L)*
ange
NT–pro-BNP (%)*
ange
TnT (�0.04 �g/L)† 0/29 (0%)
K (38–174 U/L)* 158 � 89
K-MB/CK (�6%)† 5/29 (17.2%)
ematocrit (40–52%)* 46 � 2
plasma volume (%)*

* Values presented as mean � SD.
† Values presented as number of positive/total observations.
‡ p �0.001; § p � NS.
CK � creatine kinase.
ependent on age and cardiac function not only in older d
ospitalized patients with heart failure3,16 but even in
ealthy athletes. It is the young and best-trained profes-
ional cyclists who exhibit the smallest exercise-induced
ncreases in NT–pro-BNP.7 In contrast, older and less-
rained athletes experience an enhanced liberation of BNP
rom “somewhat aged” myocardial cells to counteract de-
reasing diastolic function by increased ventricular wall
tiffness in older age. �NT–pro-BNP was not correlated
ith any other baseline feature or stress marker investi-
ated. There was no significant correlation between NT–
ro-BNP and cTnT either. This makes one assume that in
his athlete population, the increases in NT–pro-BNP were
either linked to nor caused by structural cardiac injury.
herefore, our data seem to support the idea that cardiac

atigue and cardiac injury are different phenomena.
We found exercise-induced cTnT elevations in 13 ath-

etes (45%), 8 of whom (28%) had cTnT elevations beyond
he clinical cut-off point for myocardial infarction. This
ercentage of positive cTnT levels is in good accordance
ith previous data obtained from different study popula-

ions, which revealed percentages of 25% to 36%.11,12,17,18

he study affirms once again that the exercise-associated
elease of cardiac troponins is small and transient, unlike
hat after irreversible myocardial ischemia.11,12,17,18 The ob-
erved kinetics substantiate a cTnT release from the free
ytoplasmatic pool (approximately 5%) due to the half-life
6 hours) of cytosolic cTnT.19,20 As the underlying mecha-
ism, we previously hypothesized that an exercise-induced
verload of free radicals caused by oxidative long-term
tress may involve a hasty cardiomyocyte-membrane leak-
ge, leading to the egress of cytosolic cTnT into the circu-
ation.12,19 Follow-up studies are required to substantiate
his assumption that even positive cardiac troponins in
ealthy asymptomatic athletes are more likely to reflect
eversible cardiac fatigue than irreversible subclinical car-

After 24 h After

278 � 151‡ 194 � 114‡

79–598 65–583
251 � 146‡ 166 � 103‡

56–540 47–488
1,128 � 803‡ 702 � 395‡

243–3,160 200–1,572
8/29 (27.5%) 1/29 (3.4%)
565 � 452‡ 1,133 � 779‡

19/29 (65.5%) 4/29 (13.8%)
46 � 2§ 43 � 2‡

�0.6 � 0.5§ 10.3 � 2.5‡
iac injury.
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