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Introduction 

Sports activities of modern athletes are often 

carried out at the limit of their functional 

capabilities, which is often accompanied by a 

breakdown of adaptive mechanisms and the 

development of various pathologies. 

Violations can sometimes be so serious that 

they cause sudden death of athletes. In 90% of 

cases, the cause of death of athletes is 

cardiovascular disorders leading to sudden 

cardiac death (SCD) [1]. In most cases, SCD is 

provoked by myocardial hypertrophy [2-5]. 

Currently, the term SCD implies death that 

occurred directly during exercise or within 1-

24 hours from the moment of the first signs 
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The dynamics of autoantibodies (AAB) to cardiomyocyte 
proteins in the blood of basketball athletes in the dynamics of a 
one-year training cycle was shown. Men aged 19-23 years old 
with different amounts of total motor activity were examined. 
Anthropo- and physiometric examinations, electrocardiogram 
measurements, general blood analysis, quantitative 
determination of AAB to cardiomyocyte proteins, and the 
concentration of sex hormones were carried out. In individuals 
with high total motor activity, the amount of AAB to myocardial 
proteins (alpha-actin 1, beta-myosin 7B, and troponin I) was 
higher compared to peers who did not engage in sports. At the 
end of the competition period, two players had a more than 5-
fold excess of AAB to troponin I compared to the average values 
determined in the group of other team members. At the same 
time, there were minor changes in electrocardiogram and the 
absence of complaints about the condition of the cardiovascular 
system. A multiple increase in the content of AAB to myocardial 
proteins during the period of intensification of training loads is 
recorded in the absence of obvious signs of pathological changes 
in the heart and complaints from the subject. This indicates the 
prospects of determining AAB to cardiomyocyte proteins and, 
first of all, AAB to troponin I as an indicator of early signs of 
incipient pathological changes in the myocardium.  
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that caused the athlete to change or stop his 

activity [6]. It is known that intense and 

prolonged physical activity increases the risk 

of developing SCD by 7-10 times [7]. An 

unpleasant fact is the constant increase in the 

number of cases of SCD among athletes is 2-3 

times higher than that of people of the same 

age and gender who have the usual level of 

total motor activity [8,9]. For example, 

according to Maron et al., in 1994 to 2006, 

1,290 cases of SCD were noted and in 1989 to 

1993 – 576 [10]. In the presence of 

pronounced gender differences, the frequency 

of SCD in men is more than 9 times higher 

than that in women [11,12]. According to the 

frequency of SCD cases among athletes, 

football is the second most common, followed 

by basketball [13,14]. 

A high percentage of cases of SCD among 

basketball players is associated with the 

peculiarities of their anthropometric data. 

High height and long limbs create certain 

difficulties in hemodynamics and heart 

function [15].   

At the moment, the Russian Federation 

does not keep official statistics on the 

frequency of SCD occurrence among athletes. 

Accordingly, there are no programs for the 

prevention of SCD and recommendations for 

the early recovery of athletes of the Rix group. 

Thus, the urgent task is to find new 

approaches and means of early diagnosis of 

the development of pathological changes in 

the myocardium of athletes. An informative 

method for the prenosological diagnosis of 

emerging disorders in the myocardium may 

be a technique for determining the serum 

content of autoantibodies (AAB) to 

cardiomyocyte proteins [16,17].  

The essence of this method lies in the fact 

that in the athlete's body, any violations of the 

normal functioning of the cardiovascular 

system in the early stages may not affect 

general and special performance. 

Nevertheless, the range of products released 

by damaged cells into the bloodstream is 

changing as well as the content of 

autoantibodies that utilize this product. Such 

biological markers are the first indicators of a 

possible problem, and timely preventive 

measures taken in many cases can prevent the 

threat of developing disorders.   

At the same time, there are few studies 

highlighting the dynamics of AAB to 

cardiomyocyte proteins during training 

sessions and competitions. Previously 

conducted experimental studies [18-21], 

according to the definition of AAB to troponin 

I, to alpha-actin 1, to the heavy chain of beta-

myosin 7B, allowed us to establish a clear 

dependence of the immune system response 

on the processes occurring in cardiac 

myocytes under conditions of adaptation to 

muscle loads of varying duration and 

intensity. The data of experimental studies 

suggest that the determination of AAB to 

cardiomyocyte proteins in the body of athletes 

is highly informative in determining the 

nature of adaptive processes at different 

stages of sports activity.  

The purpose of this study is to study the 

dynamics of AAB to cardiomyocyte proteins in 

the blood of basketball athletes in the 

dynamics of a one–year training cycle. To 

solve these issues, a comparative study of the 

concentrations of autoimmune antibodies to 

troponin I, alpha-actin 1, and beta-myosin 7B 

in the blood serum of sportsmen was carried 

out. 

Experimental 

As part of the current scientific study, 27 men 

with different amounts of total motor activity 

were examined. Group 1 (control) included 12 

people with the usual amount of total motor 

activity. Group 2 (athletes) included 15 people 

- members of the North Caucasus Federal 

University basketball team with at least 8 

years of training experience. Written consent 

was received from all the subjects to 

participate in the study. 

In the course of the research, 

anthropometric and physiometric parameters 
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(height, weight, lung capacity, blood pressure, 

and heart rate) were evaluated in accordance 

with Hurezeanu et al. [22]. All subjects 

underwent electrocardiography on the ATES 

MEDICA Easy ECG device (ECM, Russia) using 

12-channel parameters. The assessment of the 

overall physical performance of the body was 

carried out by the step test method, 

determining the maximum oxygen 

consumption. 

The examination of the control group and 

blood collection were carried out once at the 

initial stages of the research work. Blood 

collection in the group of athletes was carried 

out at the beginning of the experiment, as well 

as at the end of the preparatory, competitive 

and transitional stages of training (within 24 

hours from the last day of the cycle). It is 

worth noting that preparatory, competitive, 

and transitional stages of training were 

initially planned and set as graphic by the 

major coach of the team. 

Blood for analysis was taken from the ulnar 

vein in from 8:00 a.m.-10:00 a.m., strictly on 

an empty stomach, in the absence of intense 

muscle exertion for 24 hours. Test tubes with 

a separating gel forming a barrier between 

serum and coagulated blood after 

centrifugation were used. 

The general blood analysis was performed 

using the hematology analyzer of the XN 

SYSMEX hematology analyzer (Sysmex 

Corporation, Japan) using the regents of the 

company - Beckman culter (Japan). 

Determination of the concentration of 

testosterone, follicle-stimulating and 

luteinizing hormones was determined by 

immunochemistry analysis on an automatic 

immunochemical analyzer Beckman Coulter 

Unicel Dxi 800 (Beckman Coulter, USA). 

The quantitative indicator of estradiol was 

measured by enzyme immunoassay using 

reagents from Bio – Rod Laboratories.ins 

(USA) in accordance with the attached 

instructions. 

The criterion for early detection of possible 

pre-pathological and pathological changes in 

the myocardium was the determination of 

autoantibodies (AAB) to cardiomyocyte 

proteins in blood serum. In particular, AAB 

was determined for troponin I (Anti-cTnI), 

alpha-actin 1 (Anti-ACTC 1), and beta-myosin 

7B heavy chain (Anti-MYH7B) using a highly 

sensitive and highly specific kit from Cloud-

Clone Corp. (China). The work used a 

microplate photometer for scientific research 

hermo Scientific Multiskan FC (Thermo Fisher 

Scientific, Finland), a medical thermostatically 

controlled ST-3L shaker (Elmi, Latvia), an 

automatic microplate washer Thermo 

Scientific (Thermo Fisher Scientific, USA). The 

complex of medical research was conducted 

on the basis of the City Clinical Polyclinic No. 1 

(Stavropol, Russia). 

The results of the study were statistically 

processed using the Biostat statistical package 

(version 4.03). The Student's t-test was used 

to assess the statistical significance of the 

differences. The reliability of the differences in 

the values of the studied indicators was 

judged at p < 0.05. 

Results and discussion 

Basketball is a dynamic game that places high 

demands on the general and special 

endurance of athletes. In this regard, great 

attention is paid to the development of these 

physical qualities in the dynamics of the 

training process. Conducting anthropometric 

and physiometric studies in groups of people 

with different amounts of total motor activity 

revealed a significant superiority (P <0.05) in 

height and body weight of athletes compared 

with people who do not engage in sports. Such 

an advantage is primarily associated with the 

selection of children with tall stature and 

strong physique to the sports sections [23]. 

Table 1 shows comparative analysis of the 

physical development of young men with 

different levels of total motor activity.
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TABLE 1 Comparative analysis of the physical development of young men with different levels 

of total motor activity  

Investigated indicators, units of measurement Control group Athletes 

Height, cm 170.5 ± 8.6 195.0 ± 4.4 * 

Weight, kg 76.1 ± 2.6 84.4 ± 2.3* 

Respiratory rate, qty/min 16.0 ± 1.7 15.3 ± 2.4 

Vital capacity of the lungs, mL 3501 ± 209.1 5120 ± 319.2* 

Maximum oxygen consumption, mL/kg of body weight 4600 ± 101.5 6597 ± 252.4* 

Heart rate, beats/min 76.3 ± 2.3 54.6 ± 3.8* 

Systolic blood pressure, ml.hg. 116.5 ± 19.08 117.0 ± 11.08 

Diastolic blood pressure, ml.hg. 70.3 ± 4.15 71.5 ± 3.0 

Brush strength, kg 34.6 ± 2.5 50.9 ± 3.0* 

* – the reliability of differences between the groups of subjects (p<0.05). 

 

The indicator of an athlete's overall 

physical performance is the amount of the 

maximum oxygen consumption, in the group 

of athletes it corresponded to 6597±252.4 

ml/kg with a value of 4600±101.5 mL/kg in 

persons with a normal level of total motor 

activity. Significant superiority was recorded 

in lung vital capacity indicators – 5120±319.2 

and 3501±209.1 mL, respectively. The hand 

strength in the group of athletes 

corresponded to 50.9±4.3 kg at 34.6±2.5 in 

individuals with the usual volume of total 

motor activity. When calculating the heart 

rate, bradycardia (54.6±3.8 beats/min) was 

noted in athletes. In the control group, it was 

71.3±2.3 beats/min, which corresponded to 

the norm for people with a low level of total 

motor activity.  

The values of blood pressure in the 

examined groups corresponded to the norm. 

Blood pressure is not an indicator of fitness, 

and significant deviations from the norm 

indicate developing disorders in the 

cardiovascular system. 

Repeated anthropometric and 

physiometric examinations during one-year 

training cycles did not reveal significant 

differences in the determined indicators in the 

group of athletes. Fluctuations in body weight 

did not exceed 2 kilograms – a decrease from 

85.3±3.2 kg to 84.7±5.2 kg in the competitive 

period and a repeated increase to 86.9±3.9 in 

the transitional training cycle were unreliable. 

Fluctuations in the values of vital capacity of 

the lungs, the maximum oxygen consumption 

and hand strength during the year also did not 

have significant differences. All determined 

blood parameters in the examined groups 

were within the physiological norm. But at the 

same time, athletes have a high hematocrit, a 

significantly significant superiority in the 

number of red blood cells, hemoglobin 

content in the blood and in the cell, which 

indicates a high oxygen capacity of the blood, 

as a result of long-term sports training 

associated with the development of general 

and special endurance [24-27]. Table 2 

presents data from general clinical blood tests 

of men of both groups. Table 3 indicates the 

content of sex hormones in the blood of men 

of both groups. 
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TABLE 2 Data from general clinical blood tests 

Groups of subjects 

and the training 

stage 

WBC 

*10⁹/L 

4-9 

RBC 

*10¹²/L 

4-5 

HGB 

g/L 

130-

160 

НСТ 

% 

39 - 

50 

MCH 

pg 

27 - 

31 

PLT 

*10⁹/L 

180-

320 

PCT 

% 

0.15 – 

0.40 

ESR 

Mm/h 

Data at the beginning of the research 

Control group 4.5 

±0.75 

4.1 

±0.25 

140.1 

±11.3 

40.2 

±1.36 

24.0 

±1.25 

295 

±15.9 

0.29 

±0.08 

2.0 

±0.1 

Athletes 4.67 

±0.39 

5.79 

±0.61* 

178.0 

±12.4* 

46.9 

±2.5* 

30.2 

±2.4* 

297 

±20.5 

0.30 

±0.05 

2.4 

±0.08* 

Data of athletes determined during the end of annual training cycles 

Preparatory period 5.51 

±0.38 

5.76 

±0.45* 

172.1 

±10.2* 

48.7 

±2.9* 

29.5 

±1.7* 

305 

±19.1 

0.32 

±0.06 

2.6 

±0.09* 

Competitive period 6.49 

0.34* 

5.79 

±0.55* 

169.0 

±11.2* 

49.0 

±3.4* 

31.4 

±1.9* 

315 

±20.3 

0.36 

±0.07 

4.3 

±0.9* 

Transition period 5.15 

±0.64 

5.62 

±0.49* 

163.1 

±12.3* 

48.0 

±2.2* 

30.4 

±1.6* 

309 

±26.0 

0.35 

±0.08 

4.0 

±1.2 

Note: * – the reliability of the differences compared to the data of the control group (p<0.05); α – the reliability of the 

differences in the group by the athlete compared to the data at the beginning of the experiment (or with the 

preparatory period (p<0.05). WBC – white blood cells, RBC – red blood cells, HGB – hemoglobin, НСТ – hematocrit, 

MCH - mean corpuscular hemoglobin, PLT – platelets, PCT – platelet crit, and ESR – erythrocyte sedimentation rate. 

 

TABLE 3 The content of sex hormones in the blood of young men with different levels of total 

motor activity 

Detectable 

hormones, units of 

measurement 

Control group 

(n-12) 

Athletes (n-15), training cycles 

Preparatory 

period 

Competitive 

period 

Transition 

period 

Testosterone, ng/dl 610.2±38.0 586.3±23.6 433.1±40.2* 712.2± 25.2*α 

Estradiol nmol/l 0.19±0.08 0.28±0.04 0.31±0.03* 0.29±0.06 

FSH mMEd/ml 3.4± 0.19 3.1± 0.25 2.5± 0.34 2.8± 0.39 

LG mMEd/ml 3.4± 0.27 2.7± 0.25 3.2± 0.18 3.7± 0.13 

Note: * – the reliability of differences compared to the data of the control group (p<0.05); α – the reliability of 

differences compared to the data determined at the preparatory stage of training cycles (p<0.05). FSH – follicle 

stimulating hormone and LG – luteinizing hormone 

 

The testosterone concentration in the 

blood of young men with the usual level of 

total motor activity was within the 

physiological norm (610.2±37.3 ng/dl) for 

this age group. In the blood of athletes, the 

concentration of testosterone from 

586.3±23.6 ng/dl, determined in the 

preparatory period, decreased to 433.1±40.2 

ng/dl in competition and increased to 712.2± 

25.2 ng/dl in transition [28].  

The level of estradiol in the blood of 

athletes was higher compared to those in the 

boys of the control group. During the end of 

the competitive stage of training, this 

superiority was reliable. Changes in estradiol 

concentration at different stages of training 

cycles did not exceed 11% and were 

unreliable (p>0.1). There were no significant 

differences in the dynamics of luteinizing 

hormone and follicle stimulating hormone 

during training cycles. There were no 

significant differences compared with the data 

determined in the control group [29]. 

Notably, the recent studies provide 

evidence that troponin I, alpha-actin 1, and 

beta-myosin 7B are the main biomarkers for 

myocardial damage [30-33]. In individuals 

with high total motor activity, the amount of 

AAB to myocardial proteins (troponin I and 

beta-myosin 7B heavy chain) was higher 

Archive of SID.ir

Archive of SID.ir



P a g e  | 260 E.D. Levochkina et al.  
 
 

 

 

compared to peers who did not engage in 

sports, achieving a significantly significant 

superiority at the end of the competitive and 

transitional periods [28]. Thus, the content of 

AAB to troponin I proteins increased from 

0.44±0.05 ng/mL to 0.62±0.09 ng/mL and 

alpha-actin from 2.89±0.30 ng/mL to 

3.41±0.41 ng/mL (Table 4). 

 

TABLE 4 The content of AAB in the blood of young men with different levels of total motor 

activity 

Groups 

Autoantibodies to cardiospecific myocardial 

proteins, units of measurement 

AAB to Troponin, 

ng/mL 

AAB to Actin, 

ng/mL 

AAB to Myosin, 

ng/mL 

Control group, n=12 0.34±0.03 2.54±0.60 1.45±0.31 

Athletes (preparatory period), n=15 0.44±0.05 2.89±0.30 2.37±0.29 

Athletes (competition period), n=13 0.62±0.09* α 3.41±0.41 2.80±0.45* 

Athletes (transition period), n=15 0.51±0.03* 3.36±0.28 2.65±0.39* 

Note: * – the differences in relation to the control group are significant (p<0.05); α – the reliability of the differences 

compared to the data determined at the preparatory stage of training cycles (p<0.05). 

 

In the blood of two athletes, a five- and 

more than seven-fold excess of AAB to 

troponin I was recorded compared with the 

average values determined in the group of 

other team members (athlete 1-3.1 ng/ml; 

athlete 2-4.8 ng/mL, in the group 0.62±0.09 

ng/ml). It is worth noting, that difference in 

the groups were statistically significant 

(p<0.05). 

The analysis of ECG data revealed no 

significant changes in the groups of subjects. 

Sinus rhythm (bradycardia) with a heart rate 

of 50-55 beats/min. The position of the 

electrical potential axis of basketball athletes 

is vertical, which anatomically also 

corresponds to the vertical position of the 

heart in the chest due to high height and 

asthenic physique [34]. No significant 

deviations in the size and morphology of the 

electrocardiogram teeth were recorded. At the 

same time, in the group of athletes, in 25% of 

cases, there is a downward elevation of the ST 

segment in V2-V3 to 2.5 mm (normal to 1.5 

mm), which indicates functional myocardial 

hypertrophy of the septum of the left 

ventricle.  

At the end of the competition period, an 

increase in the width of the QRS complex was 

noted in the group of athletes by 0.026 ± 

0.009 msec, compared with the results of the 

1st measurement. Otherwise, no diagnostic 

significant ECG changes were detected [35-

39]. 

In two sportsmen with a high level of AAB, 

changes in the ECG were noted: the interval 

PQ = 0.10 sec was shortened, with a norm of 

0.12 sec (Figure 1). Incomplete blockade of 

the right Gis beam. The ST segment is higher 

than the isoline up to 4 mm in the isoline V2-

V3, which may indicate a violation of the 

processes of repolarization of the myocardium 

of the septum of the left ventricle, probably 

due to its functional hypertrophy. At the same 

time, sinus bradycardia with a heart rate of 51 

per minute and the absence of complaints of 

the subjects about the state of the 

cardiovascular system were recorded. 
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FIGURE 1 Electrocardiogram data. A: Athlete 1, signs of ST segment change up to 4 mm above 

the isoline in V2-V3 and B: Athlete 2, signs of an increase in the degree of ST elevation, initially 

2.5 mm, then 6 mm and tightens the leads V2-V4. 

 

Conclusion 

A multiple increase in the content of AAB to 

myocardial proteins during the intensification 

period of training loads is recorded in the 

absence of obvious signs of pathological 

changes in the heart and complaints from the 

subject. This indicates the prospects of 

determining AAB to cardiomyocyte proteins 

and, first of all, AAB to troponin I as an 

indicator of early signs of incipient 

pathological changes in the myocardium. 

Based on the data obtained during the 

research, it can be mentioned that 

cardiospecific immunoglobulins to myocardial 

proteins are a highly informative diagnostic 

method in the early diagnosis of functional 

and structural changes of the heart and can 

provide significant assistance in situations 

with an atypical clinical picture and the 

absence of diagnostic changes on the ECG. 

Thus, the results obtained demonstrate the 

dependence of the quantitative dynamics of 

AAB on morphofunctional processes 

occurring in cardiomyocytes in conditions of 

adaptation to muscle loads of varying 

duration and intensity. At the same time, it is 

possible to speak with full confidence about 

the AAB dynamics to cardiomyocyte proteins 

as a predictor only with available information 

about the state of the immune system under 

conditions of physical overstrain and the 

possibility of using AAB to cardiomyocyte 

proteins for the prenosological detection of 

incipient pathological processes in the 

myocardium in cases of chronic physical 

overstrain requires additional research. This 

is the main limitation of this study and, at the 

same time, the aim for conducting further 

research. 

Therefore, further work should be aimed at 

establishing acceptable norms in the content 

of AAB to specific cardiomyocyte proteins at 

the stage of intensification of training loads of 

representatives of various sports, which will 

allow practitioners to make recommendations 

in correcting the training process in order to 

prevent morphofunctional disorders in the 

athlete's cardiovascular system. 

Acknowledgments  

All the authors equally participated in 

conducting the experiment and writing this 

scientific article.  

Funding 

The work was carried out with the financial 

support of the Federal State Budgetary 

Institution Fund for Assistance to the 

Development of Small Forms of Enterprises in 

Archive of SID.ir

Archive of SID.ir



P a g e  | 262 E.D. Levochkina et al.  
 
 

 

 

the Scientific and technical field (grant No. 

14876GU/2019). 

Authors’ Contribution  

All the authors took an equal part in the 

organization of the experiment and the 

preparation of the manuscript. 

Conflict of Interest  

The authors declare that there is no conflict of 

interest in this study. 

Ethical Approval 

The examinations were conducted in 

accordance with the standards of good clinical 

practice and the principles of the Helsinki 

Declaration of the World Medical Association 

(WMA Declaration of Helsinki Ethical 

Principles for Medical Research Involving 

Human Subjects, 2013). The work was 

examined and approved by the Ethics 

Committee of the North Caucasus Federal 

University in Stavropol. The preliminary 

survey made it possible to exclude persons 

with somatic and acute infectious diseases 

from participating in the survey during the 

last month. 

Orcid:  

Elvira Dautovna Levochkina*:  

https://orcid.org/0000-0002-1996-0920 

Nikolay Georgievich Belyaev: 

https://orcid.org/0000-0003-1751-1053 

Aliy Ruslanovich Guagov: 

https://orcid.org/0009-0002-7608-0388 

Radion Sergeevich Haraziya: 

https://orcid.org/0009-0003-0884-892X 

Anastasiya Aleksandrovna Lebedeva: 

https://orcid.org/0009-0008-2596-6860 

Anastasia Sergeevna Vinogradova: 

https://orcid.org/0009-0002-2625-5661 

Tatyana Andreevna Korotych: 

https://orcid.org/0009-0000-0654-0612 

Arina Sergeevna Tyuftyakova: 

https://orcid.org/0009-0009-1947-4314 

References 

[1] J. Han, A. Lalario, E. Merro, G. Sinagra, S. 

Sharma, M. Papadakis, G. Finocchiaro, Sudden 

cardiac death in athletes: Facts and fallacies, 

Journal of Cardiovascular Development and 

Disease, 2023, 10,6 8. [Crossref], [Google 

Scholar], [Publisher] 

[2] M. Torrisi, G. Pennisi, I. Russo, F. Amico, M. 

Esposito, A. Liberto, G. Cocimano, M. Salerno, 

G. Li Rosi, N. Di Nunno, Sudden cardiac death 

in anabolic-androgenic steroid users: A 

literature review, Medicina, 2020, 56, 587. 

[Crossref], [Google Scholar], [Publisher] 

[3] M. Dotka,Ł. A. Małek, Myocardial infarction 

in young athletes, Diagnostics, 2023, 13, 2473. 

[Crossref], [Google Scholar], [Publisher] 

[4] J. Basu, A. Malhotra,M. Papadakis, exercise 

and hypertrophic cardiomyopathy: Two 

incompatible entities?, Clinical Cardiology, 

2020, 43, 889-896. [Crossref], [Google 

Scholar], [Publisher] 

[5] L. Baumgartner, T. Schulz, R. Oberhoffer,H. 

Weberruß, Influence of vigorous physical 

activity on structure and function of the 

cardiovascular system in young athletes—The 

MuCAYA-study, Frontiers in Cardiovascular 

Medicine, 2019, 6, 148. [Crossref], [Google 

Scholar], [Publisher] 

[6] A. Kumar, D.M. Avishay, C.R. Jones, J.D. 

Shaikh, R. Kaur, M. Aljadah, A. Kichloo, N. 

Shiwalkar, S. Keshavamurthy, Sudden cardiac 

death: epidemiology, pathogenesis and 

management, Reviews in Cardiovascular 

Medicine, 2021, 22, 147-158. [Crossref], 

[Google Scholar], [Publisher] 

[7] A.N. Kochi, G. Vettor, M.A. Dessanai, F. 

Pizzamiglio,C. Tondo, Sudden cardiac death in 

athletes: From the basics to the practical 

work-up, Medicina, 2021, 57, 168. [Crossref], 

[Google Scholar], [Publisher] 

[8] P. Markwerth, T. Bajanowski, I. Tzimas, R. 

Dettmeyer, Sudden cardiac death—update, 

International Journal of Legal Medicine, 2021, 

135, 483-495. [Crossref], [Google Scholar], 

[Publisher] 

Archive of SID.ir

Archive of SID.ir

https://orcid.org/0000-0002-1996-0920
https://orcid.org/0000-0003-1751-1053
https://orcid.org/0009-0002-7608-0388
https://orcid.org/0009-0003-0884-892X
https://orcid.org/0009-0008-2596-6860
https://orcid.org/0009-0002-2625-5661
https://orcid.org/0009-0000-0654-0612
https://orcid.org/0009-0009-1947-4314
https://doi.org/%2010.3390/jcdd10020068
https://scholar.google.com/scholar?q=%5B1%5D+Han+J,+Lalario+A,+Merro+E,+Sinagra+G,+Sharma+S,+Papadakis+M,+Finocchiaro+G.+Sudden+Cardiac+Death+in+Athletes:+Facts+and+Fallacies.+J+Cardiovasc+Dev+Dis.+2023+Feb+5%3B10(2):68.+doi:+10.3390/jcdd10020068&hl=en&as_sdt=0
https://scholar.google.com/scholar?q=%5B1%5D+Han+J,+Lalario+A,+Merro+E,+Sinagra+G,+Sharma+S,+Papadakis+M,+Finocchiaro+G.+Sudden+Cardiac+Death+in+Athletes:+Facts+and+Fallacies.+J+Cardiovasc+Dev+Dis.+2023+Feb+5%3B10(2):68.+doi:+10.3390/jcdd10020068&hl=en&as_sdt=0
https://www.mdpi.com/2308-3425/10/2/68
https://doi.org/%2010.3390/medicina56110587.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B2%5D%09Torrisi+M%2C+Pennisi+G%2C+Russo+I%2C+Amico+F%2C+Esposito+M%2C+Liberto+A%2C+Cocimano+G%2C+Salerno+M%2C+Li+Rosi+G%2C+Di+Nunno+N%2C+Montana+A.+Sudden+Cardiac+Death+in+Anabolic-Androgenic+Steroid+Users%3A+A+Literature+Review.+Medicina+%28Kaunas%29.+2020+Nov+4%3B56%2811%29%3A587.++https%3A%2F%2Fdoi.org%2F+10.3390%2Fmedicina56110587.+&btnG=
https://www.mdpi.com/1648-9144/56/11/587
https://doi.org/%2010.3390/diagnostics13152473.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B3%5D%09Dotka+M%2C+Ma%C5%82ek+%C5%81A.+Myocardial+Infarction+in+Young+Athletes.+Diagnostics+%28Basel%29.+2023+Jul+25%3B13%2815%29%3A2473.++https%3A%2F%2Fdoi.org%2F+10.3390%2Fdiagnostics13152473.+&btnG=
https://www.mdpi.com/2075-4418/13/15/2473
https://doi.org/%2010.1002/clc.23343.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B4%5D%09Basu+J%2C+Malhotra+A%2C+Papadakis+M.+Exercise+and+hypertrophic+cardiomyopathy%3A+Two+incompatible+entities%3F+Clin+Cardiol.+2020+Aug%3B43%288%29%3A889-896.++https%3A%2F%2Fdoi.org%2F+10.1002%2Fclc.23343.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B4%5D%09Basu+J%2C+Malhotra+A%2C+Papadakis+M.+Exercise+and+hypertrophic+cardiomyopathy%3A+Two+incompatible+entities%3F+Clin+Cardiol.+2020+Aug%3B43%288%29%3A889-896.++https%3A%2F%2Fdoi.org%2F+10.1002%2Fclc.23343.&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/clc.23343
https://doi.org/%2010.3389/fcvm.2019.00148.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B5%5D%09Baumgartner+L%2C+Schulz+T%2C+Oberhoffer+R%2C+Weberru%C3%9F+H.+Influence+of+Vigorous+Physical+Activity+on+Structure+and+Function+of+the+Cardiovascular+System+in+Young+Athletes-The+MuCAYA-Study.+Front+Cardiovasc+Med.+2019+Oct+9%3B6%3A148.++https%3A%2F%2Fdoi.org%2F+10.3389%2Ffcvm.2019.00148.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B5%5D%09Baumgartner+L%2C+Schulz+T%2C+Oberhoffer+R%2C+Weberru%C3%9F+H.+Influence+of+Vigorous+Physical+Activity+on+Structure+and+Function+of+the+Cardiovascular+System+in+Young+Athletes-The+MuCAYA-Study.+Front+Cardiovasc+Med.+2019+Oct+9%3B6%3A148.++https%3A%2F%2Fdoi.org%2F+10.3389%2Ffcvm.2019.00148.+&btnG=
https://www.frontiersin.org/articles/10.3389/fcvm.2019.00148/full
https://doi.org/%2010.31083/j.rcm.2021.01.207.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B6%5D%09Kumar+A%2C+Avishay+DM%2C+Jones+CR%2C+Shaikh+JD%2C+Kaur+R%2C+Aljadah+M%2C+Kichloo+A%2C+Shiwalkar+N%2C+Keshavamurthy+S.+Sudden+cardiac+death%3A+epidemiology%2C+pathogenesis+and+management.+Rev+Cardiovasc+Med.+2021+Mar+30%3B22%281%29%3A147-158.++https%3A%2F%2Fdoi.org%2F+10.31083%2Fj.rcm.2021.01.207.&btnG=
https://www.imrpress.com/journal/RCM/22/1/10.31083/j.rcm.2021.01.207/htm
https://doi.org/%2010.3390/medicina57020168.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B7%5D%09Kochi+AN%2C+Vettor+G%2C+Dessanai+MA%2C+Pizzamiglio+F%2C+Tondo+C.+Sudden+Cardiac+Death+in+Athletes%3A+From+the+Basics+to+the+Practical+Work-Up.+Medicina+%28Kaunas%29.+2021+Feb+14%3B57%282%29%3A168.++https%3A%2F%2Fdoi.org%2F+10.3390%2Fmedicina57020168.+&btnG=
https://www.mdpi.com/1648-9144/57/2/168
https://doi.org/%2010.1007/s00414-020-02481-z.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B8%5D%09Markwerth+P%2C+Bajanowski+T%2C+Tzimas+I%2C+Dettmeyer+R.+Sudden+cardiac+death-update.+Int+J+Legal+Med.+2021+Mar%3B135%282%29%3A483-495.++https%3A%2F%2Fdoi.org%2F+10.1007%2Fs00414-020-02481-z.&btnG=
https://link.springer.com/article/10.1007/s00414-020-02481-z


P a g e  | 263  Biomarkers in predicting myocardial damage …  
  

[9] M.-A. Jazayeri, M.P. Emert, Sudden cardiac 

death: who is at risk?, Medical Clinics, 2019, 

103, 913-930. [Crossref], [Google Scholar], 

[Publisher] 

[10] B.J. Maron, J.J. Doerer, T.S. Haas, D.M. 

Tierney, F.O. Mueller, Sudden deaths in young 

competitive athletes: analysis of 1866 deaths 

in the United States, 1980–2006, Circulation, 

2009, 119, 1085-1092. [Crossref], [Google 

Scholar], [Publisher] 

[11] D. Rajan, R. Garcia, J. Svane, J. Tfelt-

Hansen, Risk of sports-related sudden cardiac 

death in women, European Heart Journal, 

2022, 43, 1198-1206. [Crossref], [Google 

Scholar], [Publisher] 

[12] O. Weizman, J.-P. Empana, M. Blom, H.L. 

Tan, M. Jonsson, K. Narayanan, M. Ringh, E. 

Marijon, X. Jouven, E.-N. Investigators, 

Incidence of cardiac arrest during sports 

among women in the European Union, Journal 

of the American College of Cardiology, 2023, 

81, 1021-1031. [Crossref], [Google Scholar], 

[Publisher] 

[13] F. Egger, J. Scharhag, A. Kästner, J. Dvořák, 

P. Bohm,T. Meyer, FIFA sudden death registry 

(FIFA-SDR): A prospective, observational 

study of sudden death in worldwide football 

from 2014 to 2018, British Journal of Sports 

Medicine, 2022, 56, 80-87. [Crossref], [Google 

Scholar], [Publisher] 

[14] M.D. Bassi, J.M. Farina, J. Bombau, M.F. 

Maurice, G. Bortman, E. Nuñez, M. Márquez, N. 

Bornancini, A. Baranchuk, Sudden cardiac 

arrest in basketball and soccer stadiums, the 

role of automated external defibrillators: a 

review. For the BELTRAN Study (BaskEtbaLl 

and soccer sTadiums: Registry on Automatic 

exterNal defibrillators), Arrhythmia & 

Electrophysiology Review, 2023, 12. [Crossref], 

[Google Scholar], [Publisher] 

[15] Z. Mason, A.M. Watson, J.A. Drezner, 

Emergency preparedness for sudden cardiac 

arrest in amateur athletic union basketball 

teams: an opportunity to improve outcomes in 

higher risk athletes, Clinical Journal of Sport 

Medicine, 2022, 32, 617-619. [Crossref], 

[Google Scholar], [Publisher] 

[16] X. Chen, J. Hu, Y. Wang, Y. Lee, X. Zhao, H. 

Lu, G. Zhu, H. Wang, Y. Jiang, F. Liu, The 

FoxO4/DKK3 axis represses IFN-γ expression 

by Th1 cells and limits antimicrobial 

immunity, The Journal of Clinical Investigation, 

2022, 132. [Crossref], [Google Scholar], 

[Publisher] 

[17] Y. Wu, Y.-h. Qin, Y. Liu, L. Zhu, X.-x. Zhao, 

Y.-y. Liu, S.-w. Luo, G.-s. Tang, Q. Shen, Cardiac 

troponin I autoantibody induces myocardial 

dysfunction by PTEN signaling activation, 

EBioMedicine, 2019, 47, 329-340. [Crossref], 

[Google Scholar], [Publisher] 

[18] E.D. Levochkina, N.G. Belyaev, V.A. 

Baturin, I.V. Rzhepakovsky, T.V. Abasova, K.M. 

Smyshnov, S.I. Piskov, Prognostic value of 

autoantibodies to cardiomyocyte proteins in 

the diagnosis of chronic physical overexertion, 

RUDN Journal of Medicine, 2022, 26, 289-303. 

[Google Scholar], [Publisher] 

[19] N.G. Belyaev, E.D. Levochkina, V.A. 

Baturin, I.V. Rzhepakovsky, T.V. Abasova, S.I. 

Piskov, Auto-antibodies to cardiomyocyte 

proteins dynamics at different stages of 

simulated muscle loads, RUDN Journal of 

Medicine, 2022, 26, 51-61. [Google Scholar], 

[Publisher] 

[20] N. Belyaev, L. Timchenko, I.V. 

Rzhepakovsky, S. Piskov, A.D. Grudneva, V.V. 

Mikhailenko, Ammonium gas effect on the 

male rats’ reproductive system, Medical news 

of the North Caucasus, 2021, 16, 51-55. 

[Crossref], [Pdf], [Publisher] 

[21] N.G. Belyaev, I.V. Rzhepakovsky, L.D. 

Timchenko, D.A. Areshidze, A.N. Simonov, A.A. 

Nagdalian, I.A. Rodin, M.I. Rodin, S.N. Povetkin, 

M.E. Kopchekchi, Effect of training on femur 

mineral density of rats, Biochemistry and Cell 

Biology, 2019, 19, 3549-3552. [Crossref], 

[Google Scholar], [Publisher] 

[22] A. Hurezeanu, B. Cotoi, C. Curteanu, The 

evolution of anthropometric and physiometric 

parameters, and of anthropometric indices 

based on age and gender in a group of pupils, 

Archive of SID.ir

Archive of SID.ir

https://doi.org/%2010.1016/j.mcna.2019.04.006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B9%5D%09Jazayeri+MA%2C+Emert+MP.+Sudden+Cardiac+Death%3A+Who+Is+at+Risk%3F+Med+Clin+North+Am.+2019+Sep%3B103%285%29%3A913-930.++https%3A%2F%2Fdoi.org%2F+10.1016%2Fj.mcna.2019.04.006&btnG=
https://www.medical.theclinics.com/article/S0025-7125(19)30047-1/abstract
https://doi.org/%2010.1161/CIRCULATIONAHA.108.804617.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B10%5D%09Maron+BJ%2C+Doerer+JJ%2C+Haas+TS%2C+Tierney+DM%2C+Mueller+FO.+Sudden+deaths+in+young+competitive+athletes%3A+analysis+of+1866+deaths+in+the+United+States%2C+1980-2006.+Circulation.+2009+Mar+3%3B119%288%29%3A1085-92.++https%3A%2F%2Fdoi.org%2F+10.1161%2FCIRCULATIONAHA.108.804617.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B10%5D%09Maron+BJ%2C+Doerer+JJ%2C+Haas+TS%2C+Tierney+DM%2C+Mueller+FO.+Sudden+deaths+in+young+competitive+athletes%3A+analysis+of+1866+deaths+in+the+United+States%2C+1980-2006.+Circulation.+2009+Mar+3%3B119%288%29%3A1085-92.++https%3A%2F%2Fdoi.org%2F+10.1161%2FCIRCULATIONAHA.108.804617.+&btnG=
https://www.ahajournals.org/doi/abs/10.1161/circulationaha.108.804617
https://doi.org/%2010.1093/eurheartj/ehab833.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B11%5D%09Rajan+D%2C+Garcia+R%2C+Svane+J%2C+Tfelt-Hansen+J.+Risk+of+sports-related+sudden+cardiac+death+in+women.+Eur+Heart+J.+2022+Mar+21%3B43%2812%29%3A1198-1206.++https%3A%2F%2Fdoi.org%2F+10.1093%2Feurheartj%2Fehab833.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B11%5D%09Rajan+D%2C+Garcia+R%2C+Svane+J%2C+Tfelt-Hansen+J.+Risk+of+sports-related+sudden+cardiac+death+in+women.+Eur+Heart+J.+2022+Mar+21%3B43%2812%29%3A1198-1206.++https%3A%2F%2Fdoi.org%2F+10.1093%2Feurheartj%2Fehab833.+&btnG=
https://academic.oup.com/eurheartj/article-abstract/43/12/1198/6459631
https://doi.org/%2010.1016/j.jacc.2023.01.015.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B12%5D%09Weizman+O%2C+Empana+JP%2C+Blom+M%2C+Tan+HL%2C+Jonsson+M%2C+Narayanan+K%2C+Ringh+M%2C+Marijon+E%2C+Jouven+X%3B+ESCAPE-NET+Investigators.+Incidence+of+Cardiac+Arrest+During+Sports+Among+Women+in+the+European+Union.+J+Am+Coll+Cardiol.+2023+Mar+21%3B81%2811%29%3A1021-1031.++https%3A%2F%2Fdoi.org%2F+10.1016%2Fj.jacc.2023.01.015.&btnG=
https://www.jacc.org/doi/abs/10.1016/j.jacc.2023.01.015
https://doi.org/%2010.1136/bjsports-2020-102368
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B13%5D%09Egger+F%2C+Scharhag+J%2C+K%C3%A4stner+A%2C+Dvo%C5%99%C3%A1k+J%2C+Bohm+P%2C+Meyer+T.+FIFA+Sudden+Death+Registry+%28FIFA-SDR%29%3A+a+prospective%2C+observational+study+of+sudden+death+in+worldwide+football+from+2014+to+2018.+Br+J+Sports+Med.+2022+Jan%3B56%282%29%3A80-87.++https%3A%2F%2Fdoi.org%2F+10.1136%2Fbjsports-2020-102368&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B13%5D%09Egger+F%2C+Scharhag+J%2C+K%C3%A4stner+A%2C+Dvo%C5%99%C3%A1k+J%2C+Bohm+P%2C+Meyer+T.+FIFA+Sudden+Death+Registry+%28FIFA-SDR%29%3A+a+prospective%2C+observational+study+of+sudden+death+in+worldwide+football+from+2014+to+2018.+Br+J+Sports+Med.+2022+Jan%3B56%282%29%3A80-87.++https%3A%2F%2Fdoi.org%2F+10.1136%2Fbjsports-2020-102368&btnG=
https://bjsm.bmj.com/content/56/2/80?fbclid=IwAR2gP4ox8Tjed4cHPkfYRLyKsOK4no8CRce0e01OIrG3SJCqoRnQHG7GFCo
https://doi.org/%2010.15420/aer.2022.30.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B14%5D%09Bassi+MD%2C+Farina+JM%2C+Bombau+J%2C+Fitz+Maurice+M%2C+Bortman+G%2C+Nu%C3%B1ez+E%2C+M%C3%A1rquez+M%2C+Bornancini+N%2C+Baranchuk+A.+Sudden+Cardiac+Arrest+in+Basketball+and+Soccer+Stadiums%2C+the+Role+of+Automated+External+Defibrillators%3A+A+Review.+For+the+BELTRAN+Study+%28BaskEtbaLl+and+soccer+sTadiums%3A+Registry+on+Automatic+exterNal+defibrillators%29.+Arrhythm+Electrophysiol+Rev.+2023+Jan%3B12%3Ae03.++https%3A%2F%2Fdoi.org%2F+10.15420%2Faer.2022.30.+&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9945480/
https://doi.org/%2010.1097/JSM.0000000000001062.
https://scholar.google.com/scholar?q=%5B15%5D+Mason+Z,+Watson+AM,+Drezner+JA.+Emergency+Preparedness+for+Sudden+Cardiac+Arrest+in+Amateur+Athletic+Union+Basketball+Teams:+An+Opportunity+to+Improve+Outcomes+in+Higher+Risk+Athletes.+Clin+J+Sport+Med.+2022+Nov+1%3B32(6):617-619.++https://doi.org/+10.1097/JSM.0000000000001062.&hl=en&as_sdt=0,5
https://journals.lww.com/cjsportsmed/fulltext/2022/11000/emergency_preparedness_for_sudden_cardiac_arrest.10.aspx
https://doi.org/%2010.1172/JCI147120.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B16%5D%09Carew+NT%2C+Schmidt+HM%2C+Yuan+S%2C+Galley+JC%2C+Hall+R%2C+Altmann+HM%2C+Hahn+SA%2C+Miller+MP%2C+Wood+KC%2C+Gabris+B%2C+Stapleton+MC%2C+Hartwick+S%2C+Fazzari+M%2C+Wu+YL%2C+Trebak+M%2C+Kaufman+BA%2C+McTiernan+CF%2C+Schopfer+FJ%2C+Navas+P%2C+Thibodeau+PH%2C+McNamara+DM%2C+Salama+G%2C+Straub+AC.+Loss+of+cardiomyocyte+CYB5R3+impairs+redox+equilibrium+and+causes+sudden+cardiac+death.+J+Clin+Invest.+2022+Sep+15%3B132%2818%29%3Ae147120.++https%3A%2F%2Fdoi.org%2F+10.1172%2FJCI147120.+&btnG=
https://www.jci.org/articles/view/147566
https://doi.org/%2010.1016/j.ebiom.2019.08.045.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B17%5D%09Wu+Y%2C+Qin+YH%2C+Liu+Y%2C+Zhu+L%2C+Zhao+XX%2C+Liu+YY%2C+Luo+SW%2C+Tang+GS%2C+Shen+Q.+Cardiac+troponin+I+autoantibody+induces+myocardial+dysfunction+by+PTEN+signaling+activation.+EBioMedicine.+2019+Sep%3B47%3A329-340.++https%3A%2F%2Fdoi.org%2F+10.1016%2Fj.ebiom.2019.08.045.+&btnG=
https://www.thelancet.com/article/S2352-3964(19)30567-5/abstract
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B18%5D%09Levochkina+E.D.%2C+Belyaev+N.G.%2C+Baturin+V.A.%2C+Rzhepakovsky+I.V.%2C+Abasova+T.V.%2C+Smyshnov+K.M.%2C+Piskov+S.I.+PROGNOSTIC+VALUE+OF+AUTOANTIBODIES+TO+CARDIOMYOCYTE+PROTEINS+IN+THE+DIAGNOSIS+OF+CHRONIC+PHYSICAL+OVERSTRAIN.+Vestnik+RUDN.+Series%3A+Medicine.+2022%3B26%283%29%3A289-303.+URL%3A+https%3A%2F%2Fcyberleninka.ru%2Farticle%2Fn%2Fprognosticheskoe-znachenie-autoantitel-k-belkam-kardiomiotsitov-v-diagnostike-hronicheskogo-fizicheskogo-perenapryazheniya.+&btnG=
https://journals.rudn.ru/medicine/article/view/32231
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B19%5D%09Belyaev+N.G.%2C+Levochkina+E.D.%2C+Baturin+V.A.%2C+Rzhepakovsky+I.V.%2C+Abasova+T.V.%2C+Piskov+S.I.+DYNAMICS+OF+AUTOANTIBODIES+TO+CARDIOMYOCYTE+PROTEINS+AT+DIFFERENT+STAGES+OF+SIMULATED+MUSCLE+LOADS.+Vestnik+RUDN.+Series%3A+Medicine.+2022%3A26%281%29%3A51-61.+URL%3A+https%3A%2F%2Fcyberleninka.ru%2Farticle%2Fn%2Fdinamika-autoantitel-k-belkam-kardiomiotsitov-na-raznyh-etapah-modeliruemyh-myshechnyh-nagruzok.&btnG=
https://journals.rudn.ru/medicine/article/view/30536
https://doi.org/10.14300/mnnc.2021.16013
https://medvestnik.stgmu.ru/files/articles/1139.pdf
https://medvestnik.stgmu.ru/files/articles/1139.pdf
https://medvestnik.stgmu.ru/en/articles/1139-Ammonium_gas_effect_on_the_male_rats_reproductive_system.html
https://doi.org/%2010.35124/bca.2019.19.2.3549
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B21%5D%09Belyaev+NG%2C+Rzhepakovsky+IV%2C+Timchenko+LD%2C+Areshidze+DA%2C+Simonov+AN%2C+Nagdalian+AA%2C+et+al.+Effect+of+training+on+femur+mineral+density+of+rats.+Biochem+Cell+Arch.+2019%3B19%282%29%3A3549-52&btnG=
https://www.researchgate.net/profile/Andrey-Nagdalian/publication/349181258_EFFECT_OF_TRAINING_ON_FEMUR_MINERAL_DENSITY_OF_RATS/links/60245454299bf1cc26b94f7b/EFFECT-OF-TRAINING-ON-FEMUR-MINERAL-DENSITY-OF-RATS.pdf


P a g e  | 264 E.D. Levochkina et al.  
 
 

 

 

Current Health Sciences Journal, 2016, 42, 197. 

[Crossref], [Google Scholar], [Publisher] 

[23] K. Gryko, P. Stastny, A. Kopiczko, K. 

Mikołajec, O. Pecha,K. Perkowski, Can 

anthropometric variables and maturation 

predict the playing position in youth 

basketball players?, Journal of Human Kinetics, 

2019, 69, 109-123. [Crossref], [Google 

Scholar], [Publisher] 

[24] H.E.W. Landgraff, J. Hallén, Longitudinal 

training-related hematological changes in 

boys and girls from ages 12 to 15 yr, 2020. 

[Crossref], [Google Scholar], [Publisher] 

[25] M. Ciekot-Sołtysiak, K. Kusy, T. Podgórski, 

B. Pospieszna, J. Zieliński, Changes in red 

blood cell parameters during incremental 

exercise in highly trained athletes of different 

sport specializations, PeerJ, 2024, 12, 17040. 

[Crossref], [Google Scholar], [Publisher] 

[26] T. Steiner, T. Maier, J.P. Wehrlin, Effect of 

endurance training on hemoglobin mass and V 

O2max in male adolescent athletes, Medicine 

and Science in Sports And Exercise, 2019, 51, 

912. [Crossref], [Google Scholar], [Publisher] 

[27] I. Rzhepakovsky, S. Anusha Siddiqui, S. 

Avanesyan, M. Benlidayi, K. Dhingra, A. 

Dolgalev, N. Enukashvily, T. Fritsch, V. Heinz, 

S. Kochergin, Anti‐arthritic effect of chicken 

embryo tissue hydrolyzate against adjuvant 

arthritis in rats (X‐ray microtomographic and 

histopathological analysis), Food Science & 

Nutrition, 2021, 9, 5648-5669. [Crossref], 

[Google Scholar], [Publisher] 

[28] P.F. de Almeida-Neto, D. Gama de Matos, 

M.P. VC, R. da Silva Cunha de Medeiros, I. 

Jeffreys, F. Aidar, B. de Araújo Tinoco Cabral, 

Biological age, testosterone, and estradiol as 

discriminating factors of muscle strength 

levels in young athletes, The Journal of Sports 

Medicine and Physical Fitness, 2021, 62, 122-

130. [Crossref], [Google Scholar], [Publisher] 

[29] V. Sorodoc, O. Sirbu, C. Lionte, R.E. Haliga, 

A. Stoica, A. Ceasovschih, O.R. Petris, M. 

Constantin, I.I. Costache, A.O. Petris, The value 

of troponin as a biomarker of chemotherapy-

induced cardiotoxicity, Life, 2022, 12, 1183. 

[Crossref], [Google Scholar], [Publisher] 

[30] H. Ma, A. Cassedy, R. O'Kennedy, The role 

of antibody-based troponin detection in 

cardiovascular disease: A critical assessment, 

Journal of Immunological Methods, 2021, 497, 

113108. [Crossref], [Google Scholar], 

[Publisher] 

[31] Y. Wang, Y. Yang, C. Chen, S. Wang, H. 

Wang, W. Jing, N. Tao, One-step digital 

immunoassay for rapid and sensitive 

detection of cardiac troponin I, ACS Sensors, 

2020, 5, 1126-1131. [Crossref], [Google 

Scholar], [Publisher] 

[32] L.J. Broadwell, M.J. Smallegan, K.M. Rigby, 

J.S. Navarro-Arriola, R.L. Montgomery, J.L. 

Rinn, L.A. Leinwand, Myosin 7b is a regulatory 

long noncoding RNA (lncMYH7b) in the 

human heart, Journal of Biological Chemistry, 

2021, 296. [Crossref], [Google Scholar], 

[Publisher] 

[33] P. Zimmermann, O. Moser, F. Edelmann, 

V. Schöffl, M.L. Eckstein,M. Braun, Electrical 

and structural adaption of athlete’s heart and 

the impact on training and recovery 

management in professional basketball 

players: A retrospective observational study, 

Frontiers in Physiology, 2022, 13, 739753. 

[Crossref], [Google Scholar], [Publisher] 

[34] I. Stadiotti, M. Lippi, A.S. Maione, P. 

Compagnucci, D. Andreini, M. Casella, G. 

Pompilio,E. Sommariva, Cardiac biomarkers 

and autoantibodies in endurance athletes: 

Potential similarities with arrhythmogenic 

cardiomyopathy pathogenic mechanisms, 

International Journal of Molecular Sciences, 

2021, 22, 6500. [Crossref], [Google Scholar], 

[Publisher] 

[35] K.S. Raman,J. R. Vyselaar, 

Electrocardiographic Findings in Professional 

Male Athletes, Clinical Journal of Sport 

Medicine, 2022, 32, e513-e520. [Crossref], 

[Google Scholar], [Publisher] 

[36] R. Khandia, M.K. Pandey, M.E. Zaki, S.A. 

Al-Hussain, I. Baklanov, P. Gurjar, Application 

of codon usage and context analysis in genes 

Archive of SID.ir

Archive of SID.ir

https://doi.org/%2010.12865/CHSJ.42.02.12
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B22%5D%09Hurezeanu+A%2C+Cotoi+B%2C+Curteanu+C.+The+Evolution+of+Anthropometric+and+Physiometric+Parameters%2C+and+of+Anthropometric+Indices+Based+on+Age+and+Gender+in+a+Group+Of+Pupils.+Curr+Health+Sci+J.+2016+Apr-Jun%3B42%282%29%3A197-202.++https%3A%2F%2Fdoi.org%2F+10.12865%2FCHSJ.42.02.12&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6256164/
https://doi.org/%2010.2478/hukin-2019-0005.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B23%5D%09Gryko+K%2C+Stastny+P%2C+Kopiczko+A%2C+Miko%C5%82ajec+K%2C+Pecha+O%2C+Perkowski+K.+Can+Anthropometric+Variables+and+Maturation+Predict+the+Playing+Position+in+Youth+Basketball+Players%3F+J+Hum+Kinet.+2019+Oct+18%3B69%3A109-123.++https%3A%2F%2Fdoi.org%2F+10.2478%2Fhukin-2019-0005.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B23%5D%09Gryko+K%2C+Stastny+P%2C+Kopiczko+A%2C+Miko%C5%82ajec+K%2C+Pecha+O%2C+Perkowski+K.+Can+Anthropometric+Variables+and+Maturation+Predict+the+Playing+Position+in+Youth+Basketball+Players%3F+J+Hum+Kinet.+2019+Oct+18%3B69%3A109-123.++https%3A%2F%2Fdoi.org%2F+10.2478%2Fhukin-2019-0005.&btnG=
https://sciendo.com/article/10.2478/hukin-2019-0005
https://doi.org/%2010.1249/MSS.0000000000002338.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B24%5D%09Landgraff+HW%2C+Hall%C3%A9n+J.+Longitudinal+Training-related+Hematological+Changes+in+Boys+and+Girls+from+Ages+12+to+15+yr.+Med+Sci+Sports+Exerc.+2020+Sep%3B52%289%29%3A1940-1947.++https%3A%2F%2Fdoi.org%2F+10.1249%2FMSS.0000000000002338.+&btnG=
https://nih.brage.unit.no/nih-xmlui/handle/11250/2781362
https://doi.org/%2010.7717/peerj.17040.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B25%5D%09Ciekot-So%C5%82tysiak+M%2C+Kusy+K%2C+Podg%C3%B3rski+T%2C+Pospieszna+B%2C+Zieli%C5%84ski+J.+Changes+in+red+blood+cell+parameters+during+incremental+exercise+in+highly+trained+athletes+of+different+sport+specializations.+PeerJ.+2024+Mar+27%3B12%3Ae17040.++https%3A%2F%2Fdoi.org%2F+10.7717%2Fpeerj.17040.+&btnG=
https://peerj.com/articles/17040/
https://doi.org/%2010.1249/MSS.0000000000001867.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B26%5D%09Steiner+T%2C+Maier+T%2C+Wehrlin+JP.+Effect+of+Endurance+Training+on+Hemoglobin+Mass+and+V%CB%99O2max+in+Male+Adolescent+Athletes.+Med+Sci+Sports+Exerc.+2019+May%3B51%285%29%3A912-919.++https%3A%2F%2Fdoi.org%2F+10.1249%2FMSS.0000000000001867.+&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6493676/
https://doi.org/%2010.1016/j.exger.2021.111407.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B27%5D%09Rzhepakovsky+I%2C+Anusha+Siddiqui+S%2C+Avanesyan+S%2C+Benlidayi+M%2C+Dhingra+K%2C+Dolgalev+A%2C+Enukashvily+N%2C+Fritsch+T%2C+Heinz+V%2C+Kochergin+S%2C+Nagdalian+A%2C+Sizonenko+M%2C+Timchenko+L%2C+Vukovic+M%2C+Piskov+S%2C+Grimm+WD.+Anti-arthritic+effect+of+chicken+embryo+tissue+hydrolyzate+against+adjuvant+arthritis+in+rats+%28X-ray+microtomographic+and+histopathological+analysis%29.+Food+Sci+Nutr.+2021+Aug+18%3B9%2810%29%3A5648-5669.++https%3A%2F%2Fdoi.org%2F+10.1002%2Ffsn3.2529&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/fsn3.2529
https://doi.org/%2010.23736/S0022-4707.21.12158-9.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B28%5D%09de+Almeida-Neto+PF%2C+Gama+de+Matos+D%2C+Monteiro+Pinto+VC%2C+Monteiro+Monte+Oliveira+V%2C+da+Silva+Cunha+de+Medeiros+RC%2C+Jeffreys+I%2C+Moreira+Silva+Dantas+P%2C+Aidar+FJ%2C+de+Ara%C3%BAjo+Tinoco+Cabral+BG.+Biological+age%2C+testosterone%2C+and+estradiol+as+discriminating+factors+of+muscle+strength+levels+in+young+athletes.+J+Sports+Med+Phys+Fitness.+2022+Jan%3B62%281%29%3A122-130.++https%3A%2F%2Fdoi.org%2F+10.23736%2FS0022-4707.21.12158-9.+&btnG=
https://europepmc.org/article/med/33615765
https://doi.org/%2010.3390/life12081183
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B29%5D%09Sorodoc+V%2C+Sirbu+O%2C+Lionte+C%2C+Haliga+RE%2C+Stoica+A%2C+Ceasovschih+A%2C+Petris+OR%2C+Constantin+M%2C+Costache+II%2C+Petris+AO%2C+Morariu+PC%2C+Sorodoc+L.+The+Value+of+Troponin+as+a+Biomarker+of+Chemotherapy-Induced+Cardiotoxicity.+Life+%28Basel%29.+2022+Aug+3%3B12%288%29%3A1183.++https%3A%2F%2Fdoi.org%2F+10.3390%2Flife12081183&btnG=
https://www.mdpi.com/2075-1729/12/8/1183
https://doi.org/%2010.1016/j.jim.2021.113108.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B30%5D%09Ma+H%2C+Cassedy+A%2C+O%27Kennedy+R.+The+role+of+antibody-based+troponin+detection+in+cardiovascular+disease%3A+A+critical+assessment.+J+Immunol+Methods.+2021+Oct%3B497%3A113108.++https%3A%2F%2Fdoi.org%2F+10.1016%2Fj.jim.2021.113108.&btnG=
https://www.sciencedirect.com/science/article/pii/S0022175921001538
https://doi.org/%2010.1021/acssensors.0c00064
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B31%5D%09Wang+Y%2C+Yang+Y%2C+Chen+C%2C+Wang+S%2C+Wang+H%2C+Jing+W%2C+Tao+N.+One-Step+Digital+Immunoassay+for+Rapid+and+Sensitive+Detection+of+Cardiac+Troponin+I.+ACS+Sens.+2020+Apr+24%3B5%284%29%3A1126-1131.++https%3A%2F%2Fdoi.org%2F+10.1021%2Facssensors.0c00064&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B31%5D%09Wang+Y%2C+Yang+Y%2C+Chen+C%2C+Wang+S%2C+Wang+H%2C+Jing+W%2C+Tao+N.+One-Step+Digital+Immunoassay+for+Rapid+and+Sensitive+Detection+of+Cardiac+Troponin+I.+ACS+Sens.+2020+Apr+24%3B5%284%29%3A1126-1131.++https%3A%2F%2Fdoi.org%2F+10.1021%2Facssensors.0c00064&btnG=
https://pubs.acs.org/doi/abs/10.1021/acssensors.0c00064
https://doi.org/%2010.1016/j.jbc.2021.100694
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B32%5D%09Broadwell+LJ%2C+Smallegan+MJ%2C+Rigby+KM%2C+Navarro-Arriola+JS%2C+Montgomery+RL%2C+Rinn+JL%2C+Leinwand+LA.+Myosin+7b+is+a+regulatory+long+noncoding+RNA+%28lncMYH7b%29+in+the+human+heart.+J+Biol+Chem.+2021+Jan-Jun%3B296%3A100694.++https%3A%2F%2Fdoi.org%2F+10.1016%2Fj.jbc.2021.100694&btnG=
https://www.jbc.org/article/S0021-9258(21)00483-X/abstract
https://doi.org/%2010.3389/fphys.2022.739753.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B33%5D%09Zimmermann+P%2C+Moser+O%2C+Edelmann+F%2C+Sch%C3%B6ffl+V%2C+Eckstein+ML%2C+Braun+M.+Electrical+and+Structural+Adaption+of+Athlete%27s+Heart+and+the+Impact+on+Training+and+Recovery+Management+in+Professional+Basketball+Players%3A+A+Retrospective+Observational+Study.+Front+Physiol.+2022+Feb+11%3B13%3A739753.++https%3A%2F%2Fdoi.org%2F+10.3389%2Ffphys.2022.739753.&btnG=
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2022.739753/full
https://doi.org/%2010.3390/ijms22126500.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B34%5D%09Stadiotti+I%2C+Lippi+M%2C+Maione+AS%2C+Compagnucci+P%2C+Andreini+D%2C+Casella+M%2C+Pompilio+G%2C+Sommariva+E.+Cardiac+Biomarkers+and+Autoantibodies+in+Endurance+Athletes%3A+Potential+Similarities+with+Arrhythmogenic+Cardiomyopathy+Pathogenic+Mechanisms.+Int+J+Mol+Sci.+2021+Jun+17%3B22%2812%29%3A6500.++https%3A%2F%2Fdoi.org%2F+10.3390%2Fijms22126500.+&btnG=
https://www.mdpi.com/1422-0067/22/12/6500
https://doi.org/%2010.1097/JSM.0000000000001006.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B35%5D%09Raman+KS%2C+Vyselaar+JR.+Electrocardiographic+Findings+in+Professional+Male+Athletes.+Clin+J+Sport+Med.+2022+Sep+1%3B32%285%29%3Ae513-e520.++https%3A%2F%2Fdoi.org%2F+10.1097%2FJSM.0000000000001006.&btnG=
https://journals.lww.com/cjsportsmed/fulltext/2022/09000/Electrocardiographic_Findings_in_Professional_Male.26.aspx?casa_token=LiwyRYEMI6sAAAAA:Xxa7ZJF-0enPA2-TA-dStyVkQWzXL3aC2CKxhD4UPjCv8Q2rIAtZHBgYFd8n8lxlO1jk6L5tOOKBJud7GVfhVouC1IL8XX2w5Szs


P a g e  | 265  Biomarkers in predicting myocardial damage …  
  

up-or down-regulated in neurodegeneration 

and cancer to combat comorbidities, Frontiers 

in Molecular Neuroscience, 2023, 16, 1200523. 

[Crossref], [Google Scholar], [Publisher] 

 [37] M. Abela, K. Yamagata, L. Buttigieg, S. 

Xuereb, J. Bonello, J.F. Soler, W. Camilleri, N. 

Grech, R. Xuereb, K. Sapiano, The juvenile ECG 

pattern in adolescent athletes and non-

athletes in a national cardiac screening 

program (BEAT-IT), International Journal of 

Cardiology, 2023, 371, 508-515. [Crossref], 

[Google Scholar], [Publisher] 

[38] P. Štursová, X. Budinska, Z. Novakova, P. 

Dobšák, P. Babula, Sports activities and 

cardiovascular system change, Physiological 

Research, 2023, 72, S429. [Crossref], [Google 

Scholar], [Publisher] 

 

 

 

How to cite this article: Elvira Dautovna 
Levochkina, Nikolay Georgievich Belyaev, Aliy 
Ruslanovich Guagov, Radion Sergeevich 
Haraziya, Anastasiya Aleksandrovna 
Lebedeva, Anastasia Sergeevna Vinogradova, 
Tatyana Andreevna Korotych, Arina Sergeevna 
Tyuftyakova, Biomarkers in predicting 

myocardial damage in athletes. Journal of 
Medicinal and Pharmaceutical Chemistry 
Research, 2025, 7(2), 255-265. Link: 
https://jmpcr.samipubco.com/article_200378.
html 

Copyright   © 2025 by SPC (Sami Publishing Company) + is an open access article distributed 

under the Creative Commons Attribution License (CC BY), which permits unrestricted use, 

distribution, and reproduction in any medium, provided the original work is properly cited. 

Archive of SID.ir

Archive of SID.ir

https://doi.org/%2010.3389/fnmol.2023.1200523
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B36%5D%09Khandia+R%2C+Pandey+MK%2C+Zaki+MEA%2C+Al-Hussain+SA%2C+Baklanov+I%2C+Gurjar+P.+Application+of+codon+usage+and+context+analysis+in+genes+up-+or+down-regulated+in+neurodegeneration+and+cancer+to+combat+comorbidities.+Front+Mol+Neurosci.+2023+Jun+13%3B16%3A1200523.++https%3A%2F%2Fdoi.org%2F+10.3389%2Ffnmol.2023.1200523&btnG=
https://www.frontiersin.org/articles/10.3389/fnmol.2023.1200523/full
https://doi.org/%2010.1016/j.ijcard.2022.09.005.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B37%5D%09Abela+M%2C+Yamagata+K%2C+Buttigieg+L%2C+Xuereb+S%2C+Bonello+J%2C+Soler+JF%2C+Camilleri+W%2C+Grech+N%2C+Xuereb+R%2C+Sapiano+K%2C+Abela+E%2C+Callus+A%2C+Farrugia+M%2C+Felice+T%2C+Burg+M%2C+Sammut+M%2C+Xuereb+RG%2C+Grech+V.+The+juvenile+ECG+pattern+in+adolescent+athletes+and+non-athletes+in+a+national+cardiac+screening+program+%28BEAT-IT%29.+Int+J+Cardiol.+2023+Jan+15%3B371%3A508-515.++https%3A%2F%2Fdoi.org%2F+10.1016%2Fj.ijcard.2022.09.005.&btnG=
https://www.sciencedirect.com/science/article/pii/S0167527322013146
https://doi.org/%2010.33549/physiolres.935238.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B38%5D%09%C5%A0tursov%C3%A1+P%2C+Budinsk%C3%A1+X%2C+Nov%C3%A1kov%C3%A1+Z%2C+Dob%C5%A1%C3%A1k+P%2C+Babula+P.+Sports+activities+and+cardiovascular+system+change.+Physiol+Res.+2023+Dec+29%3B72%28S5%29%3AS429-S444.++https%3A%2F%2Fdoi.org%2F+10.33549%2Fphysiolres.935238.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B38%5D%09%C5%A0tursov%C3%A1+P%2C+Budinsk%C3%A1+X%2C+Nov%C3%A1kov%C3%A1+Z%2C+Dob%C5%A1%C3%A1k+P%2C+Babula+P.+Sports+activities+and+cardiovascular+system+change.+Physiol+Res.+2023+Dec+29%3B72%28S5%29%3AS429-S444.++https%3A%2F%2Fdoi.org%2F+10.33549%2Fphysiolres.935238.+&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10861254/
https://jmpcr.samipubco.com/article_200378.html
https://jmpcr.samipubco.com/article_200378.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

