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Abstract

Background: To date, the mechanisms of post-exercise cardiac troponin elevation are debatable. Previous studies have reported
that oxidative stress happens after extended exercise.

Objectives: This study purposed to establish the association between the elevation of malondialdehyde (MDA), which is a marker
of oxidative stress, and cardiac troponin-I (cTn-I) after prolonged cycling.

Methods: Ninety-two males in Indonesian cycling tours participated in the present study. Baseline and post-exercise blood spec-
imens were obtained to define MDA and cTn-I levels. The elevations of MDA and cTn-I were determined as positive differences of
post-cycling MDA and cTn-I levels to the baseline, respectively.

Results: Eighty-eight participants (age, mean =45.3 years old, [SD]:11.47; body mass index (BMI), mean=24.2 kg/m?, [SD]:3.03) finished
the cycling tours. Subjects’ characteristics were comparable based on the touring category, except for the family history of coronary
artery disease, high-density lipoprotein cholesterol level, neutrophil count, resting heart rate, exercise intensity, and cTn-I elevation.
MDA significantly escalated at the level of 210.90 zmol/mL at post-exercise, from 190.18 ;zmol/mL at baseline. cTn-I also increased at
the level of 13.65 ng/dL from 5.16 ng/dL. The elevation of MDA was related to the elevation of cTn-I. Elevation of cTn-I after prolonged
cycling was contributed by elevation of MDA and exercise intensity.

Conclusions: The present findings support existing confirmation that cTn-I elevation after prolonged exercise is related to oxidative
stress and exercise intensity.
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1. Background was associated with decreased cardiac function and sub-
clinical cardiac damage (9, 10). The mechanism of cIn el-
evation after exercise is still a controversial discussion and
is not yet clearly understood. The role of oxidative stress
in the mechanism of cardiovascular diseases that involve
myocardial infarction has been reported widely as well (11-
13). Oxidative stress in cardiac ischemia and reperfusion in-

Exercise, without a doubt, has many benefits in the pre-
vention and management of cardiovascular diseases (1). Al-
though regular exercise reduces the risk of cardiovascular
diseases, some studies have reported acute coronary syn-
drome and even sudden cardiac death related to sportsac- | i i
tivities (2). Some other studies have also reported eleva- 147 o.ccur.s as fl result of the accumu.latlon of free radicals
tions in cardiac damage biomarkers after prolonged exer-  °F the11'.ox1c.1at10n products (14). Studies havealso reporFed
cise (3-5). that oxidative damage happens after prolonged exercise,

Cardiac troponin (cTn) is the serum cardiac injury and the dose relationship has appeared (15,16).

biomarker that has been used in the laboratory diagno- This study is a continuation of the effort to elucidate
sis of myocardial infarction (6). Post-exercise cTn eleva-  the mechanism of cTn elevation after prolonged exercise.
tion without any clinical symptom of myocardial infarc-  In our previous work, we reported a significant elevation

tion has been previously described (7, 8). Some studies of high sensitivity C-reactive protein after long-distance cy-
have also reported that the elevation of cTn after exercise cling (17) as well as cardiac troponin-I (cTn-I) elevation (18).

Copyright © 2020, Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0[) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly
cited.


http://dx.doi.org/10.5812/asjsm.107053
https://crossmark.crossref.org/dialog/?doi=10.5812/asjsm.107053&domain=pdf
https://orcid.org/0000-0002-2441-5433
https://orcid.org/0000-0003-3514-2351
https://orcid.org/0000-0003-4057-1644
https://orcid.org/0000-0002-0212-9858
https://orcid.org/0000-0002-5177-233X
https://orcid.org/0000-0003-0545-2711

Azam Met al.

Our previous reportalso concluded that post-exercise high
cTn-I levels are related to the exercise intensity and inflam-
matory status, which is represented by neutrophil to lym-
phocyte ratio (18).

2. Objectives

The current study, therefore, aimed to find out the
relationship between the elevation of malondialdehyde
(MDA), which is a marker of oxidative stress, and cTn-I af-
ter long-distance cycling tours. We hypothesized that MDA
elevation is positively associated with elevation of cTn-I af-
ter a long-distance cycling tour.

3. Methods

3.1. Design and Participants

We involved male cyclists who were registered to par-
ticipate in long-distance cycling tours conducted in In-
donesia: the 2017 North Coast tour and the 2017 Tour de
Borobudur, as described in our previous reports (17, 18). All
cyclists had received the invitation to join in this research
via a web-based announcement or traditional brochures.
Recruitment was stopped as soon as the minimum re-
quired sample size was reached. In the beginning, 114 cy-
clists agreed to participate in the study; however, profes-
sional cyclists and individuals with a history of CAD as well
as the presence of pathological appearance in the electro-
cardiograph test were excluded from the study. Conse-
quently, 92 cyclists participated in this study.

Subjects completed the Indonesia North Coast (NC)
tour (n=28)or Tour de Borobudur (TdB)(n=60)in 2017. NC
cyclists rode 240 km with an elevation total of 826 m. The
average temperature during riding was 33°C(28°C-41°C) in
sunny weather. TdB cyclists consist of two groups: the first
group (TdB 140 K) rode 140 km, with an elevation of 2,754
m, in drizzling and rainy weather, the average temperature
during riding was 26°C (21°C-37°C); the second group (TdB
100 K) rode 100 km in a sunny day, and the average temper-
ature was 30°C (28°C - 34°C). Details of the recruitment are
described in a figure as published elsewhere (17,18).

3.2. Ethics

The committee for ethical research issues of the
Medicine Faculty, University of Diponegoro/Dr. Kariadi
Hospital in Semarang, Indonesia, approved the research
protocol under ID number 607/EC/FK-RSDK/X/2017. In-
formed consent was acquired from all study subjects. The
protocol of the study was recorded at clinicaltrial.gov with
ID number NCT03310450. The protocol met the Declara-
tion of Helsinki principles.

3.3. Measurements

Before, during, and after the cycling tours, measure-
ments were conducted as described elsewhere (17, 18), in-
cluding measurement of the international physical activ-
ity questionnaire (IPAQ) (19). Blood specimens were taken
before and immediately after cycling and then analyzed
in the laboratory. Fractions of whole blood were saved in
serum-gel tubes and left for around 45 minutes to clot.
Centrifugation was done, then serum was divided into
aliquots, frozen, and saved at -80°C for later analysis. All
examinations were done using the same setting and cal-
ibration in order to reduce dissimilarity. The cTn-I level
was quantified using a cTn-I sandwich enzyme-linked im-
munosorbent assay (ELISA) (Elabscience, E-EL-H0649, USA).
The detection limit of the assay was 0.16 ng/dL with a co-
efficient of variance (CV) of intra-assay precision of 3.78%
and inter-assay precision CV of 5.43%. MDA was measured
using an MDA competitive ELISA (Elabscience, E-EL-0060,
USA). The assay detection limit was 18.75 ng/mL with a de-
tection range of 31.25 - 2000 ng/mL and an intra-assay pre-
cisionCV< 10 %.

3.4. Statistical Analysis

The distribution of data normality was tested by the
Kolmogorov-Smirnov test. All numeric data that were nor-
mally distributed were presented as mean =+ standard de-
viation [SD], and the P-value < 0.05 was considered as
statistical significance. In the case of the data showing
a non-Gaussian distribution, transformation for natural
logarithmic was implemented. When the data were still
not normally distributed after conducted transformation,
statistics for non-parametric were applied, and data were
demonstrated as median with interquartile range. Statis-
tical analyses were run using the Statistical Package for the
Social Sciences (IBM SPSS Statistics for Windows, version
23.0, 1BM Corp., NY, USA).

Paired samples t-test was performed to show the base-
line and post-exercise differences in cTn-I and MDA levels.
The elevations of cTn-I and MDA were then determined as
positive results of the reduction of post-exercise to base-
line cTn-1and MDA levels. The determination of parameters
that were associated with cTn-I elevation was conducted by
bivariate analyses. Analysis of binary logistic regression by
the Enter method was done torecognize determinants that
were significantly associated with the post-exercise cTn-I el-
evation. Depending on our postulation and considering
confounders, we included body mass index (BMI), systolic
blood pressure, and intensity of exercise in our model as
probable factors of post-exercise cTn-I elevation. After that,
parameters with P-value < 0.10 in bivariate analyses were
retained in the eventual model.
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4. Results

We involved 92 cyclists in this study, but four cyclists
were excluded from analyses since they did not complete
the cycling tour and did not complete all requested exam-
inations. The remaining 88 cyclists had an average age of
45.3 + 11.47 years and an average BMI of 24.2 £ 3.03 kg/m?.
With respect to cycling distance, 28 cyclists finished 240
km, 30 covered 140 km, and 30 covered 100 km. Fourteen
cyclists failed to report heart rate (HR) data due to human
and mechanical error.

The overview of the subjects’ characteristics is pre-
sented as a table in our previous publication (17, 18). Sub-
jects’ characteristics i.e., age, weight, BMI, IPAQ score, a
medical history of hypertension, dyslipidemia, diabetes
mellitus, total cholesterol levels, lymphocyte count, mono-
cyte count, and MDA elevation status, were comparable
based on the touring category. However, there were signifi-
cant differences among the tour categories with respect to
the family history of CAD, high-density lipoprotein (HDL)
cholesterol levels, neutrophil count, resting HR, and exer-
cise intensity. In the North Coast (NC) group, 10.7% cyclists
had a family history of CAD, while the Tour de Borobudur
140 km (TdB 140 K) and 100 km (TdB 100 K) groups both
had 0%. NC group had higher mean HDL cholesterol level
(68.98 £19.09 mg/dL) than TdB140K (52.1 £ 13.9 mg/dL)and
TdB 100 K (53.6 * 12.45 mg/dL) groups. Mean neutrophil
count in the NC group was the lowest (50.8 4= 9.03 10°/L)
compared to 55.7 &= 7.12 10°|L in TdB 100 K and 51.8 &= 7.94
10°/L in TdB 140 K. NC group had the lowest mean resting
HR,i.e., 57.6 £ 8.7 beats per minute (bpm) compared to TdB
140 K (63.2 = 9.3 bpm) and TdB 100 K (66.7 & 8.05 bpm).
Median exercise intensity in the NC group was the high-
est (84.3 [75.14 - 90.80] %) compared to 74.5 [45.58 - 90.98]
% in TdB 140 K and 80.8 [53.73 - 92.16]% in TdB 100 K groups.
Parameters with a significant difference were then consid-
ered in the regression analysis as confounders.

Levels of MDA escalated significantly from 190.18 at
baseline to 210.90 pmol/mL post-exercise (P=0.02) (Figure
1). Similarly, cTn-I levels escalated from 5.16 to 13.65 ng/dL (P
=0.02). Besides this escalation, MDA increase was related
to cTn-I increase after cycling (P = 0.04) (Table 1). Based on
bivariate analysis, as presented in Tables 1 and 2, other pa-
rameters that were associated with c¢Tn-I increase are BMI,
systolic blood pressure, tour category, and exercise inten-
sity.

Parameters with P-value < 0.1, i.e. BM], systolic blood
pressure, MDA elevation, tour category, and exercise in-
tensity, were analyzed in the binary regression logistic
model. Binary regression logistic analysis results showed
that MDA elevation (odds ratio [OR] =1.12; 95% confidence
interval [CI] = 1.08 - 1.36) and exercise intensity (OR= 1.87;
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Figure 1. Baseline and post-exercise MDA and cTn-I concentrations. MDA, malondi-
aldehyde; cTn-I, cardiac troponin I.

95% CI=1.81-1.94) were associated with cTn-I elevation after
cycling.

5. Discussion

The present study aimed to find out the relationship
between the elevation of MDA and cTn-I after long-distance
cycling tours. Our findings provide more confirmation
that cTn-I elevation after extended exercise is related to
oxidative stress, which is determined by MDA elevation.
MDA levels increased significantly from baseline to post-
exercise measurement. The increase in both parameters
can be considered to suggest a synergistic role since there
was also a significant association between MDA elevation
and cTn-I elevation after a bout of long-distance cycling. Ex-
ercise intensity also had a significant association with cTn-I
elevation, and together with MDA elevation had 70% of the
variant that contributes to cTn-I elevation after exercise as
described by binary regression logistic analysis shown in
Table 3. Other potential confounders thatrelated to cTn-I el-
evation in bivariate analysis were BMI, systolic blood pres-
sure, and tour category. The tour category was closely re-
lated to exercise intensity because of the difference in cy-
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Table 1. Subject’s Characteristics and Parameters Based on cTn-I Elevation

cIn-1 Elevation
Variables P
Yes (N=51) No (N=37)

Age,y, mean + SD 45.6 1145 45.0 £ 11.62 0.811°
BMI, kg/m?, mean =+ SD 24.8 +2.96 233 +2.96 0.022°
Systolic blood pressure, nmHg, mean =+ SD 126 £11.2 19 +14.7 0.021°
Diastolic blood pressure, nmHg, mean + SD 80 £ 6.9 81181 0.390°
Hemoglobin, g/dL, mean =+ SD 14.8 + 0.9 14.8 £1.0 0.939*
IPAQ score, METs, k, mean —+ SD 5.4 & 4.08 4.4 +£3.59 0.893"
Medical history, No. (%)

Hypertension 10 (19.6) 3(81) 1.00°

Dyslipidemia 15(29.4) 13(351) 0367

Diabetes mellitus 1(2.0) 1(2.7) 0.667°

CAD in family 3(5.9) 0(0) 0.190"

Asthma 5(9.8) 3(8.1) 0.547°

Osteoarthritis 24 (471) 13(35.1) 0.184°
Total cholesterol levels, mg/dL, mean -+ SD 214 £ 34.1 201+ 45.2 0.135%
HDL Cholesterol levels, mg/dL, mean =+ SD 58 £17.9 57+15.8 0,853"
Neutrophil, 10°/L, mean + SD 53185 52+7.9 0.753°
Lymphocyte,10°/L, mean =+ SD 354385 36+7.0 0.944°
Monocyte, 10°/L, mean =+ SD 7.4 +1.46 7.8 £1.70 0.250°
Resting HR, bpm, mean =+ SD 62.7 +10.06 62.5 + 8.49 0.910°
Dehydration, No. (%) 24; 471 15;40.5 0.349°
MDA elevation, No. (%) 38;65.5 20;34.5 0.04"
Tour category, No. (%) 0.02°

NC240K 22;78.6 6;21.4

TdB 140 K 13;433 17;56.7

TdB100 K 16;53.3 4;46.7

Abbreviations: BMI, body mass index; bpm, beats per minute; CAD, coronary artery disease; cTn-I, cardiac troponin I; HDL, high-density lipoprotein; HR, heart rate; IPAQ,
International Physical Activity questionnaires; MDA, malondialdehyde; NC 240 K, 240 km North Coast tour group; SD, standard deviation; TdB 140 K, 140 km Tour de
Borobudur group; TdB 100 K:100 km Tour de Borobudur group.

*Independent sample t-test.

bChi—square test.

Table 2. Exercise Characteristics Based on ¢Tn-I Elevation®

cIn-l Elevation

Variables P
Yes (N=44) No(N=30)

HR (recovery), bpm, median [range] 87(57-133] 92[69-168] 0.204°

Duration of exercise, h, median [range] 6.7[3.5-9.8] 6.2[3.5-9.8] 0.472°

Exercise intensity, %, median [min-max] 82[61.6-92.2] 74 [45.6- 87.6] < 0.001°

Abbreviations: bpm, beats per minute; cTn-, cardiac troponin; I HR, heart rate.
*Mann-Whitney test.

cling distance among the NC 240 K, TdB 140 K, and TdB 100 the cTnl elevation and MDA elevation status. However, in
K groups. There is no difference in the IPAQ score both in this study, no sedentary subjects were involved in the study

4 Asian | Sports Med. 2020; 11(4):e107053.
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Figure 2. IPAQ score based on MDA elevation status. IPAQ, International Physical
Activity questionnaires; MDA, malondialdehyde.

population (Figure 2).

It is well understood that oxidative stress and inflam-
matory processes are involved in the pathological mech-
anism of CAD (20). Oxidative stress also occurs during is-
chemia/reperfusion as a result of excessive generation of
free radicals or their oxidation products. Free radicals in-
duce peroxidation of lipids as well as oxidation of proteins
and deoxyribonucleic acid filament breaks (12). Although
cTn elevation after exercise is not confirmatory for a car-
diac lesion (21), the present study demonstrated the rela-
tionship between oxidative stress and the elevation of cTn
after cycling. This finding indicates that oxidative stress
plays a role in the mechanism of cTn elevation after pro-
longed cycling. Meanwhile, other studies have demon-
strated the elevation of cTn (10) and oxidative stress (22) af-
ter prolonged exercise separately.

Regarding the association between oxidative stress
and cTn elevation after strenuous exercise, previous stud-
iesreport significant associations between oxidative stress
and cTn elevation after exercise both in human subjects
(23) and rat models (24, 25). The previous human study in-
volved a minimum size of homogenous subjects, i.e., nine
well-trained marathon runners in a laboratory study (23),
while the current study involved 88 heterogeneous partici-
pants in long-distance cycling in a field study. Another lab-
oratory study, which used a rat model after forced swim-
ming for 3 hours, elucidates the association between cTn
elevation and some conditions, i.e., nitro-oxidative stress,
sporadic fragmentation of myocardial structure, and leu-
cocyte infiltration, and functional heart impairment (24).

A previous study, however, had contrary findings, i.e.,
oxidative stress did not associate with the elevation of cTn
after strenuous workouts (16): both oxidative stress and
cardiac injury markers, i.e., MDA and cTn-T, were elevated
after exercise, as an acute response to exercise; however,
the increases were not in synergy (16). The mechanism
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mediating cTn elevation after exercise is still not clearly
understood, but possible mechanisms include excesses of
oxidative substrates and preload-induced escalations in
stretch-reactive integrins (26), which are in line with the
result of the present study. Other possible mechanisms
of exercise-induced cTn elevation that have been reported
include increasing cardiomyocyte membrane permeabil-
ity and proteolysis of the cTn complex, leading to efflux
of ¢Tn degradation products through the cellular mem-
brane (27), production of cell blebs induced by temporary
ischemia (28), excessive cardiomyocyte turnover (29), and
myocardial cell necrosis (30).

The present study has several limitations. Specifically,
parameters, i.e., MDA and cTn-I, were not measured serially
so that the response of these parameters and their associ-
ation could not be observed with time. A previous study
(16) reported that the cTn level was highly elevated imme-
diately after the race and decrease to pre-race level after
one to three days after the race. A previous review (31) also
reports that exercise-induced oxidative stress involves the
production of hydrogen peroxide, hydroxyl radicals, per-
oxynitrite, superoxide, singlet oxygen, nitric oxide, hyper-
chlorite, and secondary radical species (31), while the cur-
rent study did not measure these parameters. Although
the present study concluded on the positive association be-
tween MDA elevation and cTn-I elevation, exercise-induced
oxidative stress can also be produced by the increased
energy requirement of contracting skeletal muscles, and
other tissue organs such as blood and the lungs, which
may also donate to the entire reactive oxygen species dur-
ing workouts (31). Furthermore, the present study did not
involve other parameters that similarly contribute toacute
coronary syndrome, i.e. von Willebrand factor, ischemia-
modified albumin, and other parameters related to oxida-
tive stress and inflammation.

The present study concluded that elevation of the MDA
and exercise intensity are associated with elevation of the
cTn-I following long-distance cycling. The present find-
ings add to the confirmation that cTn-I elevation after pro-
longed exercise is associated with oxidative stress condi-
tions, determined by MDA elevation and exercise intensity.
As a recommendation, future studies should involve com-
prehensive parameters to elucidate exercise-induced cTn
elevation mechanisms.
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Table 3. Binary Regression Logistic Analysis®

Number Parameters B ORAdjusted 95% CI P

1 MDA elevation 1.021 112 1.08-136 0.048

2. Exercise intensity 1137 1.87 1.81-1.94 0.001
Constant 1137

Abbreviations: CI, confidence interval; MDA, malondialdehyde; OR, odds ratio.
R? = 0.700 (Nagelkerke).

Footnotes

marathon. Circulation. 2006;114(22):2325-33. doi: 10.1161/CIRCULA-
TIONAHA.106.647461. [PubMed: 17101848].

Authors’ Contribution: Conceived and designed the 4. Middleton N, George K, Whyte G, Gaze D, Collinson P, Shave
study: MA, HS, MIK, and UB. Performed the study (collect- R. Cardiac troponin T release is stimulated by endurance exer-
ing data): MA, SRR, and AIE. Analyzed the data: MA, SRR, cise in healthy humans. | Am Coll Cardiol. 2008;52(22):1813-4. doi:
. . . . 10.1016/j.jacc.2008.03.069. [PubMed: 19022162].
and AIE. Contributed biochemical analysis: MA, SRR, and 5. Lanza GA, Mencarelli E, Melita V, Tota A, Gabrielli M, Sarullo F,
AIE. Wrote the paper: MA, SRR, AIF, HS, MIK, and UB. Read et al. Post-exercise high-sensitivity troponin T levels in patients
and approved the final manuscript: MA, SRR, AIF, HS, MIK, with suspected unstable angina. PLoS One. 2019;14(9). €0222230. doi:
dUB 10.1371/journal.pone.0222230. [PubMed: 31498833]. [PubMed Central:
an ’ PMC6733469].
Clinical Trial Registration Code: The 6. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White
clinical trial registration code link is HD, et al. Third universal definition of myocardial infarction. Eur
TR . Heart J. 2012;33(20):2551-67. doi: 10.1093/eurheartj/ehs184. [PubMed:
https://clinicaltrials.gov/ct2/show/NCT03310450. 22920414,
Conflict of Interests: The authors declare that there is no 7. Jassal DS, Moffat D, Krahn ], Ahmadie R, Fang T, Eschun G, et al. Car-
potential conflict of interest regarding the publication of diac injury markers in non-elite marathon runners. Int | Sports Med.
this work 2009;30(2):75-9. doi: 10.1055/s-0028-1104572. [PubMed: 19177312].
) 8. Shave R, Baggish A, George K, Wood M, Scharhag ], Whyte G, et
Ethical Approval: The Committee for ethical research is- al. Exercise-induced cardiac troponin elevation: evidence, mecha-
sues of the Medicine Faculty, University of Diponegoro/Dr. nisrns6,/.a-nd implication&[l{ 1:)1& Cdoll Cgrdiol.6]2010;56(3):169776. doi:
o1 . . . 10.1016/j.jacc.2010.03.037. [PubMed: 20620736 |.
Kariadi Hospital in Semarang, Indonesia, approved the re- o. Mid dlet] ;n N, Shave R, George K, Whyte G, Hart , Atkinson G.
search protocol under ID number 607/EC/FK-RSDK/[X/2017. Left ventricular function immediately following prolonged exer-
Informed consent was acquired from all study subjects. cise: A meta-analysis. Med Sci Sports Exerc. 2006;38(4):681-7. doi:
The protocol of the study was recorded at clinicaltrial.gov 10.1249/01.ms5.0000210203.10200.12. [PubMed: 16679983].

. 10. Skadberg O, Kleiven O, Bjorkavoll-Bergseth M, Melberg T, Bergseth
with ID number NCT03310450. The protocol met the Decla- R, Selvag |, et al. Highly increased Troponin I levels following
ration of Helsinki principles. high-intensity endurance cycling may detect subclinical coronary
Funding/Support: The study was funded by the Di- artery disease in presumably healthy leisure sport cyclists: The

X . .. North Sea Race Endurance Exercise Study (NEEDED) 2013. Eur | Prev
rectorate of Research and Public Service, Ministry of Re- Cardiol. 2017;24(8):885-94. doi: 10.1177/2047487317693130. [PubMed:
search and Technology/National Research and Innovation 28186443].

Agency, the Republic of Indonesia under grant number 11. Mocatta TJ, Pilbrow AP, Cameron VA, Senthilmohan R, Frampton
DIPA 042.06.1.401516 and RPIBT grant from Diponegoro CM, Richards AM, et al. Plasma concentrations of myeloperoxi-
. . dase predict mortality after myocardial infarction. ] Am Coll Cardiol.
University. 2007;49(20):1993-2000. doi: 10.1016[j.jacc.2007.02.040. [PubMed:
Informed Consent: Informed consent was acquired from 17512353].
all study sub]'ects. 12. Neri M, Fineschi V, Di Paolo M, Pomara C, Riezzo I, Turillazzi E, et
al. Cardiac oxidative stress and inflammatory cytokines response af-
ter myocardial infarction. Curr Vasc Pharmacol. 2015;13(1):26-36. doi:
10.2174/15701611113119990003. [PubMed: 23628007].
References 13. Chen H, Xu Y, Wang ], Zhao W, Ruan H. Baicalin ameliorates
1. Gaesser GA. Exercise for prevention and treatment of cardiovascu- isoproterenol-induced acute myocardial infarction through
lar disease, type 2 diabetes, and metabolic syndrome. Curr Diab Rep. iNOS, inflammation and oxidative stress in rat. Int | Clin Exp
2007;7(1)14-9. doi: 10.1007/s11892-007-0004-8. [PubMed: 17254513]. Pathol. 2015;8(9):10139-47. [PubMed: 26617721]. [PubMed Central:
2. Marijon E, Tafflet M, Celermajer DS, Dumas F, Perier MC, Mustafic PMC4637536].
H, et al. Sports-related sudden death in the general population. Cir- 14. Frangogiannis NG. The immune system and cardiac repair. Pharma-
culation. 2011;124(6):672-81. doi: 10.1161/CIRCULATIONAHA.110.008979. col Res. 2008;58(2):88-111. doi: 10.1016/}.phrs.2008.06.007. [PubMed:
[PubMed: 21788587]. 18620057]. [PubMed Central: PMC2642482].
3. Neilan TG, Januzzi JL, Lee-Lewandrowski E, Ton-Nu TT, Yoerger DM, 15. Knez WL, Coombes JS, Jenkins DG. Ultra-endurance exercise and

Jassal DS, et al. Myocardial injury and ventricular dysfunction re-
lated to training levels among nonelite participants in the Boston

oxidative damage : implications for cardiovascular health. Sports

Asian | Sports Med. 2020; 11(4):e107053.


http://dx.doi.org/10.1007/s11892-007-0004-8
http://www.ncbi.nlm.nih.gov/pubmed/17254513
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.008979
http://www.ncbi.nlm.nih.gov/pubmed/21788587
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.647461
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.647461
http://www.ncbi.nlm.nih.gov/pubmed/17101848
http://dx.doi.org/10.1016/j.jacc.2008.03.069
http://www.ncbi.nlm.nih.gov/pubmed/19022162
http://dx.doi.org/10.1371/journal.pone.0222230
http://www.ncbi.nlm.nih.gov/pubmed/31498833
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6733469
http://dx.doi.org/10.1093/eurheartj/ehs184
http://www.ncbi.nlm.nih.gov/pubmed/22922414
http://dx.doi.org/10.1055/s-0028-1104572
http://www.ncbi.nlm.nih.gov/pubmed/19177312
http://dx.doi.org/10.1016/j.jacc.2010.03.037
http://www.ncbi.nlm.nih.gov/pubmed/20620736
http://dx.doi.org/10.1249/01.mss.0000210203.10200.12
http://www.ncbi.nlm.nih.gov/pubmed/16679983
http://dx.doi.org/10.1177/2047487317693130
http://www.ncbi.nlm.nih.gov/pubmed/28186443
http://dx.doi.org/10.1016/j.jacc.2007.02.040
http://www.ncbi.nlm.nih.gov/pubmed/17512353
http://dx.doi.org/10.2174/15701611113119990003
http://www.ncbi.nlm.nih.gov/pubmed/23628007
http://www.ncbi.nlm.nih.gov/pubmed/26617721
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4637536
http://dx.doi.org/10.1016/j.phrs.2008.06.007
http://www.ncbi.nlm.nih.gov/pubmed/18620057
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2642482

Azam Met al.

16.

17.

18.

19.

20.

21

22.

23.

Med. 2006;36(5):429-41. doi: 10.2165/00007256-200636050-00005.
[PubMed: 16646630].

Konig D, Neubauer O, Nics L, Kern N, Berg A, Bisse E, et al. Biomark-
ers of exercise-induced myocardial stress in relation to inflamma-
tory and oxidative stress. Exerc Immunol Rev. 2007;13:15-36. [PubMed:
18198658].

Azam M, Lestari S, Rahayu SR, Fibriana Al, Setianto B, Widyastiti
NS, et al. Baseline and Post-exercise High-Sensitivity C-Reactive Pro-
tein Levels in Endurance Cyclists: The Indonesian North Coast and
Tour de Borobudur 2017 Study. Indones Biomed J. 2019;11(1):91-9. doi:
10.18585/inabj.v11i1.560.

Azam M, Setyaningsih E, Rahayu SR, Fibriana Al, Setianto B, Widyastiti
NS, etal. Neutrophil-to-lymphocyte ratio and exercise intensity are as-
sociated with cardiac-troponin levels after prolonged cycling: the In-
donesian North Coast and Tour de Borobudur 2017 Troponin Study.
Sport Sci Health. 2019;15(3):585-93. doi: 10.1007/s11332-019-00556-y.

Lee PH, Macfarlane DJ, Lam TH, Stewart SM. Validity of the Interna-
tional Physical Activity Questionnaire Short Form (IPAQ-SF): a system-
atic review. Int ] Behav Nutr Phys Act. 2011;8:115. doi: 10.1186/1479-5868-8-
115. [PubMed: 22018588]. [PubMed Central: PM(C3214824].

Vasan RS, Sullivan LM, Roubenoff R, Dinarello CA, Harris T, Ben-
jamin EJ, et al. Inflammatory markers and risk of heart failure
in elderly subjects without prior myocardial infarction: the
Framingham Heart Study. Circulation. 2003;107(11):1486-91. doi:
10.1161/01.cir.0000057810.48709.f6. [PubMed: 12654604].

Eijsvogels TM, Fernandez AB, Thompson PD. Are There Deleterious
Cardiac Effects of Acute and Chronic Endurance Exercise? Phys-
iol Rev. 2016;96(1):99-125. doi: 10.1152/physrev.00029.2014. [PubMed:
26607287|. [PubMed Central: PMC4698394].

McGinnis G, Kliszczewiscz B, Barberio M, Ballmann C, Peters B, Slivka
D, et al. Acute hypoxia and exercise-induced blood oxidative stress.
Int] Sport Nutr Exerc Metab. 2014;24(6):684-93. doi: 10.1123ijsnem.2013-
0188. [PubMed: 24667140].

Li F, Nie ], Lu Y, Tong TK, Yi L, Yan H, et al. The impact of intermit-

Asian ] Sports Med. 2020; 11(4):e107053.

24.

25.

26.

27.

28.

29.

30.

3L

tent exercise in a hypoxic environment on redox status and cardiac
troponin release in the serum of well-trained marathon runners.
Eur ] Appl Physiol. 2016;116(10):2045-51. doi: 10.1007/s00421-016-3460-
5. [PubMed: 27572505].

Olah A, Nemeth BT, Matyas C, Horvath EM, Hidi L, Birtalan E, et al. Car-
diac effects of acute exhaustive exercise in a rat model. Int J Cardiol.
2015;182:258-66.d0i: 10.1016j.ijcard.2014.12.045. [PubMed: 25585360].
Nie],Close G, George KP, Tong TK, Shi Q. Temporal association of eleva-
tions in serum cardiac troponin T and myocardial oxidative stress af-
ter prolonged exercise in rats. Eur ] Appl Physiol. 2010;110(6):1299-303.
doi: 10.1007/s00421-010-1604-6. [PubMed: 20711602].

Feng ], Schaus BJ, Fallavollita JA, Lee TC, Canty J]. Preload induces
troponin I degradation independently of myocardial ischemia. Cir-
culation. 2001;103(16):2035-7. doi: 10.1161/01.cir.103.16.2035. [PubMed:
11319190].

McDonough JL, Arrell DK, Van Eyk JE. Troponin I degrada-
tion and covalent complex formation accompanies myocar-
dial ischemia/reperfusion injury. Circ Res. 1999;84(1):9-20. doi:
10.1161/01.res.84.1.9. [PubMed: 9915770].

Gores GJ, Herman B, Lemasters JJ. Plasma membrane bleb formation
and rupture: a common feature of hepatocellular injury. Hepatology.
1990;11(4):690-8. doi: 10.1002/hep.1840110425. [PubMed: 2184116].
Ellison GM, Waring CD, Vicinanza C, Torella D. Physiological cardiac
remodelling in response to endurance exercise training: cellular and
molecular mechanisms. Heart. 2012;98(1):5-10. doi: 10.1136/heartjnl-
2011-300639. [PubMed: 21880653].

ChenYY, Serfass RC, Mackey-Bojack SM, Kelly KL, Titus JL, Apple FS. Car-
diac troponin T alterations in myocardium and serum of rats after
stressful, prolonged intense exercise. | Appl Physiol. 2000;88(5):1749-
55.doi: 10.1152[jappl.2000.88.5.1749.

Powers SK, Jackson M]J. Exercise-induced oxidative stress: cellu-
lar mechanisms and impact on muscle force production. Physiol

Rev. 2008;88(4):1243-76. doi: 10.1152/physrev.00031.2007. [PubMed:
18923182]. [PubMed Central: PMC2909187].


http://dx.doi.org/10.2165/00007256-200636050-00005
http://www.ncbi.nlm.nih.gov/pubmed/16646630
http://www.ncbi.nlm.nih.gov/pubmed/18198658
http://dx.doi.org/10.18585/inabj.v11i1.560
http://dx.doi.org/10.1007/s11332-019-00556-y
http://dx.doi.org/10.1186/1479-5868-8-115
http://dx.doi.org/10.1186/1479-5868-8-115
http://www.ncbi.nlm.nih.gov/pubmed/22018588
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3214824
http://dx.doi.org/10.1161/01.cir.0000057810.48709.f6
http://www.ncbi.nlm.nih.gov/pubmed/12654604
http://dx.doi.org/10.1152/physrev.00029.2014
http://www.ncbi.nlm.nih.gov/pubmed/26607287
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4698394
http://dx.doi.org/10.1123/ijsnem.2013-0188
http://dx.doi.org/10.1123/ijsnem.2013-0188
http://www.ncbi.nlm.nih.gov/pubmed/24667140
http://dx.doi.org/10.1007/s00421-016-3460-5
http://dx.doi.org/10.1007/s00421-016-3460-5
http://www.ncbi.nlm.nih.gov/pubmed/27572505
http://dx.doi.org/10.1016/j.ijcard.2014.12.045
http://www.ncbi.nlm.nih.gov/pubmed/25585360
http://dx.doi.org/10.1007/s00421-010-1604-6
http://www.ncbi.nlm.nih.gov/pubmed/20711602
http://dx.doi.org/10.1161/01.cir.103.16.2035
http://www.ncbi.nlm.nih.gov/pubmed/11319190
http://dx.doi.org/10.1161/01.res.84.1.9
http://www.ncbi.nlm.nih.gov/pubmed/9915770
http://dx.doi.org/10.1002/hep.1840110425
http://www.ncbi.nlm.nih.gov/pubmed/2184116
http://dx.doi.org/10.1136/heartjnl-2011-300639
http://dx.doi.org/10.1136/heartjnl-2011-300639
http://www.ncbi.nlm.nih.gov/pubmed/21880653
http://dx.doi.org/10.1152/jappl.2000.88.5.1749
http://dx.doi.org/10.1152/physrev.00031.2007
http://www.ncbi.nlm.nih.gov/pubmed/18923182
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2909187

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Design and Participants
	3.2. Ethics
	3.3. Measurements
	3.4. Statistical Analysis

	4. Results
	Figure 1
	Table 1
	Table 2

	5. Discussion
	Table 3
	Figure 2

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Clinical Trial Registration Code: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

