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Abstract

In order to achieve the goal of completing a marathon run, athletes who make this effort are on
the verge of their endurance. The marathon run is a serious challenge for many regulatory and
homeostasis systems. During exercise, dehydration, hyperthermia and the synergistic effect of
both stressors occur, reduce the stroke volume of the heart and thus blood flow to the muscles,
skin and brain. Such intense effort releases markers of heart damage. Their presence is
influenced by many factors.

The aim of this review is to summarize current knowledge regarding to effect of intensive physical
activity on heart muscle functioning and biochemical response during this type of response. This
type of revive could lead to better understanding of this process and propose protective methods
during this type of response.
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Introduction

Moderate intensity physical activity is recommended for every person who wants to
maintain good health and basic physical fitness. The presence of any physical activity is
definitely more health-promoting than leading a sedentary lifestyle. Introducing aerobic
training to everyday life is conducive to maintaining proper functions, e.g. the
cardiovascular system [1,2]. According to a study by Thompson et al., The risk of
cardiovascular mortality was reduced by 45% in people with cardiovascular disease.
Moreover, Arem et al. reported that performing physical activity 10 times the minimum
recommended by official guidelines is not associated with an increased risk of mortality,
but at the same time this level of PA has a higher risk of all-cause mortality compared to
moderate levels of PA.

Depending on the intensity and duration of physical activity, the level of energy
activation and physiological changes may generate changes in serum cytokines secretion,
which may persist for up to several days [7] and indicate the occurrence of injuries during
activity, such like rhabdomyolysis, inflammation process or a heart failure.

! Katarzyna Zotadkiewicz — corresponding author. e-mail: zoladkiewicz.k@gmail.com, ORCID: 0000-0001-
5222-8419

2 Paulina Brzezinska, ORCID: 0000-0001-5274-6208

8 Jacek Zakowiecki, ORCID: 0000-0002-5940-6502

15


https://orcid.org/0000-0001-5222-8419
https://orcid.org/0000-0001-5274-6208
https://orcid.org/0000-0002-5940-6502

16 | Katarzyna Zotadkiewicz, Paulina Brzezinska, Jacek Zakowiecki

For the correct diagnosis of those changes it is urgent to know what type of
biochemical markers may indicate deadly for the sportsman cardiovascular system failure.
From long list of biochemical parameters only few of them are directly specific and
indicate only heart dysfunction. They are called heart markers, and changes of them are
associated with direct heart dysfunction (for example heart attack, prolonged ischemia etc)
[1,2,3].

Heart dysfunction markers

As aresult of myocardial hypoxia, some proteins are being produced. The amount of them
is associated with the general overload or damage to the heart muscle. Most of those
proteins are typical enzymes that are essential for the normal functioning of the heart
muscle. Diagnosis of them can be important specially in many cardiovascular diseases,
because provides information about metabolic activity of heart muscle. The concentrations
of individual markers increases, reach a maximum and return to normal levels depending
on the time of occurrence of the myocardial damage. By monitoring the concentration of
those enzymes, it is possible to observe the course of the disease and implement
appropriate medical treatment [6]. Most important proteins indicating heart dysfunction
are Troponins (TnC, TnT, Tnl) and keratin kinase (CK-MB) [4,5,16,17].

Troponins, are the group of proteins responsible for the proper functioning of the
heart, regulating contractions of muscle fibers. This group includes troponin T (TnT),
responsible for the attachment of tropiomiosin, troponin I (Tnl), which binds actin and
inhibits its contact with myosin, and troponin C (TnC), which binds calcium during
contraction.

The troponin complex is located on the thin fiber of the striated muscle
contraction apparatus and consists of troponin T (39 kD), troponin | (26 kD) and troponin
C (18 kD), each encoded by a separate gene [16]. The increase in TnT and Tnl levels may
indicate, among others, myocardial infarction [8], but it is also noted when exposed to a
stress factor, without the need for coronary disease [22]. The troponin increase occurs
several hours after the myocardial damage, and this condition may persist even up to 10
days after the sytuation [6]. In clinical practice concentration of cTnl is as effective in
diagnosis and prognosis as concentration of cTnT. Any differences in the results are likely
due to differences in patient populations, blood collection times, and used analytical
methods. In impaired renal function, cTnl is higher even to second-generation cTnT tests.
In the case of muscle damage, cTnl measurement is as useful as cTnT [17].

CK-MB - creatine kinase MB - is one of the most popular markers of the heart
muscle cells (myocytes) dysfunction. CK is an enzyme that converts creatine into a high-
energy compound, which is phosphocreatine. This cardiac enzyme is helpful in the
diagnosis and treatment of myocardial infarction (an increase in CK-MB activity in
myocardial infarction is observed 4-6 hours after the onset of symptoms) coronary artery
disease, heart injury, skeletal muscle disease, hypothyroidism, alcohol intoxication [ 6]. It
is believed that the patient's age, gender, race and physical activity influence CK activity.
In a study by Brewster et al., Physiologically higher CK values were found in 49% of
black people, 13% of white Europeans and 23% of South Asian people [9].

In the studies by Brewster et al., it was shown that the increase in CK activity has an effect
on blood pressure and is a one of the factors in the development of hypertension, especially
in the presence of comorbid diseases. Of the 46 participants of the study, arterial
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hypertension was diagnosed in 48% of patients and the increased CK activity in serum
was associated with increased CK activity in tissues [12].

Biochemical changes after exercise

Troponin | (cTnl) and troponin T (cTnT) are highly specific "cardiac troponins", proteins
(cTns) involved in the damage of myocardial cells are a key element in the diagnosis of
acute coronary syndromes and myocardial necrosis. Stressful situations may lead to an
increase in ¢Tns in competitive and recreational athletes without signs of coronary artery
disease, while the clinical significance of exercise-induced cTns release is still not fully
understood [13]. Recent studies have shown that cTns levels increase after aerobic
exercise with increasing heart rate and blood pressure [14].

This phenomenon occurs during prolonged physical exertion, during which the
heart is exposed to hard work. The troponin concentration value is an individual factor,
depending on on age, body weight and VO2max [23].

In 2002, Kratz, in a study conducted on marathon runners, determined the cTnl
protein to check, e.g. influence of prolonged effort on the work of the heart muscle. Serum
was collected immediately before the run, 4 and 24 hours after the run. The concentration
of troponin I in the serum before the run was not recorded, after 4h - 0.02 ng / mL, so that
after one day the value was again 0. Statistically, changes in cTnl were recorded in 3
people.

In the studies conducted in 2009 on runners covering a distance of 21 km,
troponin I and T were determined. The study group was teenagers. Four blood samples
were collected - before the run, 2, 4 and 24 hours after the run. The results are presented
in Table 1.

Table 1. Troponin I and T 21 km running response [According to Fu et. all 2009].

| Rest | 2h | 4h | 24h |
Cardiac troponin T (cTnT), (ng/mL)
Median 0.065 (0.005- 0.10 (0.005-
(range) 0.005 (-) 0.08) 1.22) 0.005 (0.005-0.05)
Positive rate
(%) 0 66.7 66.7 8.3
Cardiac troponin I (cTnl), (ng/mL)
Median 0.02 (0.01- 0.195 (0.04-
(range) 0.05) 0.13 (0.03-1.13) 2.21) 0.045 (0.02-0.17)
Positive rate
(%) 0 66.7 91.7 M7

The study found that cTnT, cTnl values increased significantly above the resting
state of teenage athletes after a 21 km run. Eight out of twelve runners had cTnT above
the AMI cutoff (0.05 ng / mL) after the run. Seven of them had results above 0.075 ng /
ml. It was noticed that compared to trained adults, adolescents with a similar level of
physical capacity released more cTnT [15]. According to Fu, the high level of tropin
release in young players is due to the endogenous protective system of the heart, which is
not yet fully formed.



18 | Katarzyna Zotadkiewicz, Paulina Brzezinska, Jacek Zakowiecki

Creatine kinase isoenzymes are studied in assessing the state of myocardial
damage and is also a marker of the state of skeletal muscle damage. The popularity of the
marathon resulted in the interest in measuring CK-MB activity in the serum of athletes
[18]. The percentage of CK-MB (1 to 10% of total CK activity) was recorded in runners
at the time of blood drawing, both during and after training for the marathon. This range
indicates acute myocardial damage. Additionally, the pattern of increase and decrease in
total serum CK and CK-MB after marathon (42.2 km) is similar to that after acute
myocardial infarction [19].

Research shows that during long-distance runs, the greatest increase in MB
creatine kinase does not occur immediately after the run. In a study by Kratz (2001) on
marathon runners, no statistical significance was found in the samples obtained within 4
hours after the marathon compared to the control samples. However, a significant increase
in CK-MB was observed with the subsequent consumption 24 h after the run. Creatine
kinase-MB (ng / mL) results before - 2.3 (1.61), 4h after - 23.8 (25.17), 24h after - 56.2
(46.54).

When measuring CK-MB in teenage runners after 21 km competitions, a
significant increase in serum CK-MB concentration was also noted. Here, however, the
greatest increase was noticeable 4 hours after the competition. Pre-race results - 8.8 + 6.0,
2h after - 13.4+ 8.0, 4h after - 13.9 + 8.0 and 24h after 13.4 £ 6.8 (ng/mL) [21].In training
populations CK values can be up to ten times than a normal limit. Moreover, in people
regularly engaged in vigorous physical activity, baseline CK values may be higher to [11].

Conclusion

The obtained results confirmed that the increase in troponins after long-distance running
is associated with muscle dysfunction. Most of the values in presented research were
above the norm even 24 hours after exercise. The occurrence of myocardial necrosis
cannot be ruled out in these cases, the more so as the type of exercise is cyclically repeated
by athletes.

It has been observed that the troponin secretion is also related to the athlete's age.
In a Fortescue study, he noticed a significant increase in troponins in teenage runners. In
addition, it is worth noting that the increase in heart markers is directly related to the level
of training of a given player, during training, the heart tissue adjusts to work, and thus,
when exposed to extreme effort, cells are not damaged to such a large extent. So the main
findings from this work is that observation of changes of troponins and CK-MB is a good
predicting factor on work overload and can be a useful tool the evaluation on sportsman
preparation specially in the case of aerobic preparation for the activity.

References

[1] Zubin Maslov, P., Schulman, A., Lavie, C. J., & Narula, J. (2018). Personalized
exercise dose prescription. European Heart Journal, 39(25), 2346-2355.

[2] Lavie, C. J., Ozemek, C., Carbone, S., Katzmarzyk, P. T., & Blair, S. N. (2019).
Sedentary behavior, exercise, and cardiovascular health. Circulation research,
124(5), 799-815.

[3] American College of Sports Medicine, Thompson, P. D., Franklin, B. A., Balady, G.
J., Blair, S. N., Corrado, D., & Link, M. S. (2007). Exercise and acute cardiovascular



Heart muscle dysfunction during physical activity — biochemical response of muscle tissue | 19

events: placing the risks into perspective: a scientific statement from the American
Heart Association Council on Nutrition, Physical Activity, and Metabolism and the
Council on Clinical Cardiology. Circulation, 115(17), 2358-2368.

[4] Arem, H., Moore, S. C., Patel, A., Hartge, P., De Gonzalez, A. B., Visvanathan, K.&
Linet, M. S. (2015). Leisure time physical activity and mortality: a detailed pooled
analysis of the dose-response relationship. JAMA internal medicine, 175(6), 959-
967.

[5] Dembinska-Kie¢, A., Naskalski, J. W., & Solnica, B. (2017). Diagnostyka
laboratoryjna z elementami biochemii klinicznej. Edra Urban & Partner.

[6] Nelson, P. B., Ellis, D., Fu, F., Bloom, M. D., & O'Malley, J. (1989). Fluid and
electrolyte balance during a cool weather marathon. The American Journal of Sports
Medicine, 17(6), 770-772.

[7] French, J. K., & White, H. D. (2004). Clinical implications of the new definition of
myocardial infarction. Heart, 90(1), 99-106.

[8] Brewster, L. M., Mairuhu, G., Sturk, A., & van Montfrans, G. A. (2007). Distribution
of creatine kinase in the general population: implications for statin therapy. American
heart journal, 154(4), 655-661.

[9] Morandi, L., Angelini, C., Prelle, A., Pini, A., Grassi, B., Bernardi, G., ... & Citterio,
A. (2006). High plasma creatine kinase: review of the literature and proposal for a
diagnostic algorithm. Neurological Sciences, 27(5), 303-311.

[10] Kierdaszuk, B., & Kaminska, A. (2012). Elevated plasma creatine kinase activity—
does it always indicate muscle disease?. Neurologia i neurochirurgia polska, 46(3),
257-262.

[11] Brewster, L. M., van Bree, S., Reijneveld, J. C., Notermans, N. C., Verschuren, W.
M., Clark, J. F., ... & de Visser, M. (2008). Hypertension risk in idiopathic
hyperCKemia. Journal of neurology, 255(1), 11-15.

[12] Panteghini, M. (2002). The measurement of cardiac markers: where should we
focus?. American journal of clinical pathology, 118(3), 354-361.

[13] Rubio-Arias, J. A., Avila-Gandia, V., Lopez-Roman, F. J., Soto-Méndez, F., Alcaraz,
P. E., & Ramos-Campo, D. J. (2019). Muscle damage and inflammation biomarkers
after two ultra-endurance mountain races of different distances: 54 km vs 111 km.
Physiology & behavior, 205, 51-57.

[14]Fu, F., Nie, J., & Tong, T. K. (2009). Serum cardiac troponin T in adolescent runners:
effects of exercise intensity and duration. International journal of sports medicine,
30(03), 168-172.

[15] Frey, N., Miiller-Bardorff, M., & Katus, H. A. (1998). Myocardial damage: the role
of troponin T. In Myocardial Damage (pp. 27-39). Springer, Dordrecht.

[16] Maynard, S. J., Menown, |. B. A., & Adgey, A. A. J. (2000). Troponin T or troponin
I as cardiac markers in ischaemic heart disease.

[17] Siegel, A. J., Silverman, L. M., & Holman, B. L. (1981). Elevated creatine kinase
MB isoenzyme levels in marathon runners: normal myocardial scintigrams suggest
noncardiac source. Jama, 246(18), 2049-2051.

[18] Apple, F. S., Rogers, M. A., Sherman, W. M., & lvy, J. L. (1984). Comparison of
serum creatine kinase and creatine kinase MB activities post marathon race versus
post myocardial infarction. Clinica chimica acta, 138(1), 111-118.

[19] Kratz, A., & Lewandrowski, K. B. (1998). Normal reference laboratory values. New
England Journal of Medicine, 339(15), 1063-1072.



20 | Katarzyna Zotadkiewicz, Paulina Brzezinska, Jacek Zakowiecki

[20] Nache, C. M., Bar-Eli, M., Perrin, C., & Laurencelle, L. (2005). Predicting dropout
in male youth soccer using the theory of planned behavior. Scandinavian Journal of
Medicine & Science in Sports, 15(3), 188-197.

[21] Shave, R., Baggish, A., George, K., Wood, M., Scharhag, J., Whyte, G. &
Thompson, P. D. (2010). Exercise-induced cardiac troponin elevation: evidence,
mechanisms, and implications. Journal of the American College of Cardiology,
56(3), 169-176.

[22] Eijsvogels, T. M., Hoogerwerf, M. D., Maessen, M. F., Seeger, J. P., George, K. P.,
Hopman, M. T., & Thijssen, D. H. (2015). Predictors of cardiac troponin release after
a marathon. Journal of science and medicine in sport, 18(1), 88-92.



