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Abstract

Cycling has become one of the options of leisure
activities. Previous studies have demonstrated the impact of
endurance exercise on cardiac damage in well-trained athletes.
The effect of long-term endurance exercise on cardiac damage
inuntrained persons still remains unclear. The purpose of this
study was to evaluate heart damage during different exercises
in healthy people. These studies were achieved by: (1) 32
untrained healthy subjects (24 males and 8 females, 19-38
years old) who participated in 2008 The Ironcamel Cycling
Tour of Taiwan. The tour covered 1114 km in 15 days. All
subjects were in a free-feeding style during the tour. Fasting
blood samples were collected in the early morning on day 1, 5,
10, 15 during the tour and 4 days after the tour. (2) 10 trained
healthy males who participated in 2008 Dong Hwa University
Triathlon Championships. All subjects completed for 750
meter swim (limited time : 30 minutes), 20 km bike (50
minutes), and 5 km road race (40 minutes). Water-drinking
was not restricted for all subjects during the competition, and

blood samples were collected before and after the race.



All plasma samples were analyzed for myoglobin,
creatine kinase MB (CK-MB), N-terminal B-type Natriuretic
Peptide (NT-proBNP) and cardiac troponin T (¢cTnT)
concentrations. The results showed: (1) the concentration of
myoglobin was significantly increased on day 5; that of
CK-MB was significantly increased during the tour; and that
of NT-proBNP was peaked on day 5, then was slowly reduced
and returned to baseline level . (2) myoglobin, CK-MB, and
NT-proBNP levels after the race were significantly higher
than before. cTnT levels were detected below the minimum
before and after the race. The current results suggested that
biomedical markers of heart damage might be increased
according to the increase in exercise intensity and time after
long-term cycling tour and triathlon, but soon returned to
their original levels, changes are in the standard rage. General
young people who are enjoying these kinds of activities might
not have the necessity to worry about big health concerns on

cardiac aspects.

Keywords:long-term cycling, triathlon, heart damage,

biomedical markers
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o L b
Myoglobin(ng ml™?) 37.10+11.8 181.61+105.04*
CK-MB(ng ml1 3.54+1.29 4.37+1.43*
NT-proBNP(pg ml™?1) 24.24+23.37 40.81+45.42*
cTnT(ng ml?t) <0.01 <0.01

o AavAw FREHFLE (p<.05)
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A g g R T X H BRI REY O FYE
B — % p D5) »x A ik R Y H F & H Z myoglobin
W 4 7 46% (P < .05) ~ CK-MB # 4 7 70% (P < .05) -~
NT-proBNP # 4 7 181% (P < .05) - % 48 I & # 3 4§ & ¥ (4
(D10~ D15) % & 2 i dp B AR F T % A F R L 0 g
W DL)eh A B EHBE o & %o E > myoglobin bk B A
D10~ D15 A4 2 en )k B B S w2 FI A B & > 3 7 it £ 7

SH

P @M EMAY A4 G REBR % > 22 myoglobin s + £ /]
A fv i F - (Lewandrowski %, 2002) » &R E R B 0 2 < o
CK-MB Al £ & D103 D15z &£ F kAR T R+ 2 h R % >
Rl p v AT G ERRAEF R AR DL P ER
HEFRG MR ERP A G X E D CK-MB >
Flp CK-MB ek B 4 € % & 3 4% chM % o @ NT-proBNP
t D5-D10- D10-D15 # B Rl & M)k &R brp iv % % - H & %
L %% % R 8 he e 2 (P4) myoglobins CK-MB 4r
NT-proBNP ik & % » 4 7| A # & D1) éhik & o d o & 3
BEAR D Y FE R 0 R B e E DGR B 4 0 R
FAFGER DR EH e BT

AT T - B F RSB DR LR
47 # myoglobin~ CK-MB = NT-proBNP) &k & & % {8 %
4 B ¥ 73 4 imyoglobin & B 4 37.1ng mI*t % % 3 181.61
ng ml™t (P<.05): #p % * % 4 7 389%- - CK-MB ik & j&_ 3.54
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ng mi™*% & 7 4.37ng ml"* (P<.05)> 4p % * 3 4 1 23% ~
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g |"'> 24 ) @i kR L 524+17.54u9g |I''; CK-MB it B

6+2.1ng mi™tH % I 3.7+£2.0ng mlt, 24 ) @i
s 3] 3.0+1.2ng ml™t; cTnT k& & & % & % &

s T

F 3.
kR

)
&
ok

% o Scharhag & 2005) “ham 3 B % B 17 » W KT F & @B F
{4 Eh B e 10 F 100 2 2 E §a o~ L2 5 6

P E B OE # i8> NT-proBNPE B # P B3 % > £ 2 100
T2 E @A FEEF kRN ek S o CK-MB a5 % it pl £ 100
2L EB A FEF Bk RN ek S ocTnT sk R % 1 Rl A
%l ¥ 4% # 105 4 ¢ § 49 4 42§ 0.0l ng mlt (47%) > 32
4 4z i 0.02ng ml'(30%)- ¥ ¢ » Shave % (2003) 5= 3
PSS X B P REF S - X FRAPER TSy 374
t 144040 % - A F 2 A BRI 208294 4 CK-MB

33



B R K +1.7ng mits®* 59+1.7ng mits B oA F 5

=

11.9+4.9ng ml™*; cTnT ik A % ng mi'"2 % 2 0.01ng
mli*t> £ % % 3 0.004ng mlte

E%Eﬂi‘,ﬁé%éﬁéﬁﬁﬁ?ép\fé?J‘z Bood@dF PR L o

Ehoo AT Rk F e el e oo WO Ap Mo R AR A f3 3
o oo &R AT G A 0 B A Nk - 2 4y R iE
%4 @ % 2 & myoglobin ik & hx £ £ & 7 0 & ¥ a0 A7

B
R ot R g e H ok 2 i dg R R e G oo
Fe iRk BEHETAFTEAFRSDE D R FE
AZ A FRP R oo & cTnT kR ®¥ 7

[z o da Bl F T s AT R H B F R o A 2 hE R ARET

g 2 E Byep 5 > ¥ Rk myoglobindt + £

ETIS
(Eé

&
.

=
oo

fooovim s g E g 3 % o X AFETRA LY R

B OAMI 4 L 23 & & B A4



=
FE ¥ 35 &
L =
A
¥ oF &

B 2R
ok ks
B o %
woF o e
BeoRl (&
F = F @
(AN |

o
3
=3
[uts
ey
o
)

Wa
ke
-3
M
5\
&

e od A
CI
F AL A
FE o

HE
- S

35

o
5

o

(%
Bl

kil
-
2

AN

e 1
M

k&

¥

/47\



51 % Q)F*J{-
SRR

T Ew T B FPEHF A HF F KR I X (2004)

BHo R REFE —FH P BHE
Ee ~ %l &~ ~ FAF > 8 A F (2004) 0 R B s R R B
{l ® ~Pro-BNP & BNP ﬂér%ﬁvﬁﬁfﬁsf,19(&’

80-92 -

% ~ 2005) - Cardiac Markers % %= & #
T 22Kk o F g 30 44-480

= ~ 31 7 (2004) vu4F F9 2§ 2

“~

F’T{*&%i:)ﬁ;&n}fﬁ%f&é%&ry@jo/ﬂfg 2+ 15

[
125-129
# & st 2004

S P R FRREK 2L R e
T O k= U

FERRA R

http://ntur.lib.ntu.edu.tw/handle/246246/28874
BRo4E 3~ B P E (2000) o e Bk g E 4 e p

RS N EIEE B

EH G TR E

< £ 5 - 49> 189-193 -

36



SRS

Adam, J., & Apple, F. (2004). New blood tests for detecting
heart disease. Circulation, 109, el2-el4.

Cleave, P., Boswell, T. D., Speedly, D. B., & Boswell, D. R.
(2001). Plasma cardiac troponin concentrations after
extreme exercise. Clinical Chemistry, 47, 608-610.

Serrano-Ostéariz, E., Legaz-Arrese, A., Terreros-Blanco, J. L.,
Lopez-Ramoén, M., Cremades-Arroyos, D., &
Alvarez-lzquierdo, S., et al. (2009). Cardiac Biomarkers
and exercise duration and intensity during a
cycle-touring event. Clinical Journal of Sport Medicine,
19(4), 293-2909.

Huang, W. S., Lee, M. S., Perng, H. W., Yang, S. P., Kuo, S.
W., & Chang, H. D. (2002). Circulating brain natriuretic
peptide values in healthy men before and after exercise.
Metabolism, 51(11), 1423-1426.

Lewandrowski, K., Chen, A., & Januzzi, J. (2002). Cardiac
markers for myocardial infarction. American Journal of
Clinical Pathology, 118(Suppl 1), S93-S99.

Konig, D., Schumacher, Y. O., Heinrich, L., Schmid, A., Berg,
A., & Dickhuth, H.-H. (2003). Myocardial stress after
competitive exercise in professional road cyclists.
Medicine and Science in Sports and Exercise, 35(10),
1679-1683.

Gerche, A. L., Boyle, A., Wilson, A. M., & Prior, D. L. (2004).

37



No evidence of sustained myocardial injury following an
ironman distance triathlon. International Journal of
Sports Medicine, 25(1), 45-409.

Mair, J., & Puschendorf, B. (1995). Current aspects in the
laboratory diagnosis of acute myocardial infarction.
Labmedicine, 19, 304-318.

Niemela, K. O., Palatsi, |I. J., ITkdheimo, M. J., Takkunen, J. T.,
& Vuori, J. J. (1984). Evidence of impaired left
ventricular performance after an uninterrupted
competitive 24 hour run. Circulation, 70(3), 350-356.

Neilan, T. G., Januzzi, J. L., Lewanrowski, E. L., Ton-Nu, T.
T., Yoerger, D. M., & Jassal, D. S., et al. (2006).
Myocardial injury and ventricular dysfunction related to
training levels among nonelite participants in the Boston
marathon. Circulation, 114, 2325-2333.

Neumayr, G., Gaenzer, H., Pfister, R., Sturm, W.,
Schwarzacher, S. P., & Eibl, G., et al. (2001). Plasma
levels of cardiac troponin | after prolonged strenuous
endurance exercise. The American Journal Cardiology,
87(3), 369-371, A1l0.

Ohba, H., Takada, H., Musha, H., Nagashima, J., Mori, N., &
Awaya, T., et al. (2001). Effect of prolonged strenuous
exercise on plasma levels of atrial natriuretic peptide
and brain natriuretic peptide in healthy men. The
American Heart Journal, 141, 751-758.

Reiffert, S., Jaquet, K., Helimeyer, L., & Herberg, F. (1998).

38



Stepwise subunit interaction changes by mono and
bisphosphorylation of cardiac troponi |I. Biochemistry,
37, 13516-13525.

Rifai, N., Douglas, P. S., O’ Toole, M., Rimm, E., & Ginsburg,
G. S. (1999). Cardiac troponin T and I,
echocardiographic [correction of electrocardiographic]
wall motion analyses, and ejection fractions in athletes
participating in the Hawaii Ironman Triathlon. The
American Journal Cardiology, 15(7), 1085-1089.

Scharhag, J., Herrmann, M., Urhausen, A., Haschke, M.,
Herrmann, W., & Kindermann, W. (2005). Independent
elevations of N-terminal pro-brain natriuretic peptide
and cardiac troponins in endurance athletes after
prolonged streuous exercise. The American Heart
Journal, 150, 1128-1134.

Scharhag, J., George, K., Shave, R., Urhausen, A., &
Kindermann, W. (2008). Exercise-associates increases in
cardiac biomarkers. Medicine and Science in Sports and
Exercise, 40(8), 1408-1415.

Powers, S. K., & Howley, E. T. (2004). Exercise Physiology:
Theory and Application to Fitness and Performance,
Fifth Edition. New York, IL: McGraw-Hill.

Shave, R., Dawson, E., Whyte, G., George, K., Ball, D., &
Gaze, D.et al. (2002).Evidence of exercise-induced
cardiac dysfunction and elevated cTnT in separate

cohorts competing in an ultra-endurance mountain

39



marathon race. International Journal of Sports Medicine,
23(7), 489-494,

Shave, R., Dawson, E., Whyte, G., George, K., Ball, D., &
Gaze, D., et al. (2003). Cardiac troponin T in female
athletes during a two-day mountain marathon. Strategic
Management Journal, 48(2), 41-42.

Shave, R., Dawson, E., Whyte, G., George, K., Gaze, D., &
Collinson, P. (2004). Effect of prolonged exercise in a
hypoxic environment on cardiac function and cardiac
troponin T. British Journal of Sports Medicine, 38,
86-88.

Shave, R., Dawson, E., Whyte, G., George, K., Gaze, D., &
Collinson, P. (2004). Altered cardiac function and
minimal cardiac damage during prolonged exercise.
Medicine and Science in Sports and Exercise, 36(7),
1098-1103.

Shave, R., Dawson, E., Whyte, G., George, K., Ball, D., &
Collinson, P., et al. (2002). The cardiospecificity of the
third-generation cTnT assay after exercise-induced
muscle damage. Medicine and Science in Sports and
Exercise, 34(4), 651-654.

Takashima, W., Ishii, K., Takizawa, K., Yamaguchi, T., &
Nosaka, K. (2007). Muscle damage and soreness
following a 50- km cross-country ski race. European
Journal of Sport Science, 7(1), 27-33.

Whyte, G. P., George, K., Sharma, S., Lumley, S., Gates, P., &



Prasad, K., et al. (2000). Cardiac fatigue following
prolonged endurance exercise of differing distances.
Medicine and Science in Sports and Exercise, 32(6),

1067-1072.

41



LRER L
kG 4F
AP OP AR F ME S RRRER A GEEY
(L7 %,53x T 70~80 22) chzhiBaws ¢ o A M2 Wi
A3~ A i At i 2 W REARTEfE 0 R SRR T R o

hE EAE T (S > TR R 2 2T 02 G e
RleFiplR S R (FE 15 % 0 F B A - =t Iiga Bk 3
FaERRERAr {8 K3 5x) I P AT

\%iiﬂﬁ&:ﬁw\ﬁ%‘%ﬁ\iﬂiim

I MER R R EIEoRFHS L ES S R

B4 w5

S AmA g ERe R R

(F %o 38 6 e F RSB XA | 3R TF)

Eies MR ARPIEA BRI
FAAENE Redp e B

N
R

Boexi

RE R SIS R L e R S

g AR ML mugy FrHr . SREREASE
BT e 1 (04) 22213108 # 2227 5 7% 10931573085

G

XFHIR2LARTAF L L ML ZIRE S
EALIES 3 NERSAES S IR g S i N )
A wh = Y, 2 , = »
BETH (R A) (7 %)
RCANE IR
AP £ g 2

42



%o AT FELR-HOEEBE TLELIN FE AT RS
A ﬁi’;’;%"\%ﬁ;ﬁ‘%?wﬂ R '&FX ’%FH"’*\?’ r'\ﬁ:'i"ﬁ
e (R & BTN )

B o R

NN ;‘ﬁ}?ﬁ _B_'FEEI }_ai
o

tiy

B

L

_g_

&

&

f<.‘
N O Y O B s
e A O )

43



