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Abstract

Cardiovascular mortality in athletes in 50 % of cases is due to cardiovascular diseases (CVD). Among them
heart arrhythmias, in particular atrial fibrillation (AF) comprise a significant part. Therefore, the assessment
of risk factors for AF is extremely important in athletes. We summarize the data of recent experimental and
clinical studies on the relationship of physical activity, hypertension, obesity, carbohydrate metabolism disorders,
genetic aspects and AF. The diagnostic approaches to heart rhythm disorders in athletes are discussed. We
also indicate the directions of further research. The pathogenetic rationale for diagnostic strategies for AF in
athletes is developed.
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Pesrome

CepredHo-cocyaucTas JIeTaIbHOCTh Y CIOPTCMEHOB B 50 % cirydaeB 00yCIIOBICHA CEPIETHO-COCYIH-
CTBIMU 3200JICBAaHUSAMH, CPEAN KOTOPBIX 3HAYUMYIO POJIb 3aHUMAIOT HapyIieHus cepaedHoro putma (HPC),
B yacTHOCTH Gubpmuius npeacepauit (OI1). B cBsi3u ¢ 3TiM 0c00yr0 3HAUUMOCTH TPHOOPETACT N3yUCHNE
daxropos pucka ®II B 370l rpynme nauneHToB. Ha 0cHOBe aHanmM3a SKCIEPUMEHTANBHBIX 1 KIHHUYECKUX
MCCIICIOBAHMH MOCIIETHHX JIET CYMMHPOBAHBI JAHHBIE O B3AaHMOCBSI3H (PU3MYECKUX HArpy30K, apTepruaIbHOI
TUIEPTEH3HUHU, OKUPEHHS, HapyIIeHUH YIIIeBOJHOTO 0OMeHa, reHeTHYeckux acrekToB 1 ®II. PaccMoTpeHbl
ocobeHHocTH quarHoctuku nanHoro HPC y ciopremenoB. O60cHOBaHO M ChOPMYIUPOBAHO C TIO3ULINAN
KJIMHUYECKOH 3HAYMMOCTH HalpaBJeHUE JaIbHEHIINX NCCIeJOBAaHUN. YCOBEPIIEHCTBOBAHO MaTOI€HETHU-
geckoe 000CHOBaHHE JIaHHOH MPOOIEMBI, YTO OTKPHIBACT HOBBIC HANTPABICHUS ITOUCKA TUATHOCTHYECCKIX
crpareruii @I1 y nui, npodeccroHanbHO 3aHUMAOLIUXCS CIIOPTOM.

KuroueBsbie ciioBa: GUOPHIUISIIS IPeICepAHii, CITIOPTCMEHBI, (GaKTOPhI PHCKA, HAPYIICHUS PUTMa CepIIiia
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Introduction

The problem of reducing of premature mortality
and identifying the compliance of the possibilities of
the cardiovascular system with the level of training
and competitive loads are the main tasks of mod-
ern sports medicine. However, the question of the
biological feasibility of certain changes in the heart
in the process of adaptation to muscular activity has
not yet been resolved. Research studies show that

exercises in moderate dosage help to normalize the
function of the organs of athletes, while overtraining
can lead to serious consequences [1].

Most scientific papers indicate that, compared
to the general population, professional athletes have
double higher risk of sudden death, in 50 % of cases
due cardiovascular diseases (CVD) significant car-
diac rhythm disorders in particular atrial fibrillation
(AF) [1-3].
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Literature data confirms that AF in professional
athletes are diagnosed 2 to 10 times more frequently
than patients with normal physical activity. In addi-
tion, mortality after thromboembolic complications
due to AF in athletes reaches 67 % [4, 5].

The contribution of this tachyarrhythmia to car-
diovascular mortality is beyond doubts. However,
diagnostic approaches and risk factors for AF in ath-
letes have not been studied enough.

The pathogenesis of AF in athletes

The most important factor influencing on the de-
velopment of AF is physical activity. The long-term
adaptation of athletes to motor activity of varying
intensity is accompanied by specific morphologi-
cal and functional alterations of the heart and blood
vessels. In addition, parasympathicotonia is a feature
associated with AF in this group of patients. In more
than 68 % of cases of AF in athletes associated with
hypertonus of the vagus nerve [6—9]. The sensitiv-
ity of baroreceptors and sensitivity of acetylcholine
receptors increase in the athletes as a result of inhibi-
tion of regulation of G-signal proteins [10]. L. Mont
and co-authors in their work (2008), conducted on
the basis of a survey of 1160 men, showed that ac-
tive athletes developed AF 5 times more often than
people of the sedentary lifestyle. Scientists explained
this circumstance by higher values of the mass of the
myocardium, the size of the left atrium, the thickness
of the myocardium of the left ventricle and vagotonia
[11]. These data are the same data in the prospective
Kasper study conducted in 52755 athletes [12]. Many
researchers have noted the high prevalence of AF
in individuals who train endurance quality in high-
dynamic, high-intensity sports, such as marathon
running, biathlon, orienteering, and cross-country
skiing. In this group of patients, AF is detected in
5-10% of cases [13—15].

Experimental confirmation of the relationship of

AF and exercise intensity is the work of S. Baldes-
berger et all (2008). Cardiac arrhythmias in cyclists
were diagnosed in 10 % of cases, whereas golfers did
not have any paroxysms [12].

Most authors note a certain link between the de-
velopment of AF and the duration of physical exer-
tion. Athletes training more than 10 hours a week for
more than 10 years have a significant high risk for the
development of arrhythmias. A reliable relationship
was established between the formation of AF, the
degree of dilatation of the left atrium and the num-
ber of training hours during the period of a sports
career. The increase in the volume of the left atrium
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depends on the duration of sports in life. An increase
in the volume of the left atrium is detected in 24 %
of athletes engaged in less than 1500 hours, in 40 %
of athletes engaged in from 1500 to 4500 hours, and
in 83 % of athletes engaged in more than 4500 hours
[4, 5, 11, 16]. This fact is explained by vagotonia,
volume loading with the development of hypertrophy
and dilation of the heart chambers. These changes
are the basis of LDCs [12, 17]. However, ambigu-
ous results were obtained in a prospective analysis
of 4 thousand people with a sedentary lifestyle and
athletes with AF performed by L. Mont et al. (2008).
There were no differences in the degree of hypertro-
phy and dilatation of the left ventricle, dilatation of
the left atrium [11]. This fact can be explained by the
presence of diseases associated with hypodynamia and
their influence on the morphofunctional parameters
of the heart. The development of paroxysmal form of
AF, characteristic feature in athletes, was described
in these studies. This fact requires additional large-
scale research. Persons with a permanent form of AF
are not able to perform prolonged physical exertion.

Genetic determinism of AF in athletes

Genetic determinism is the most important factor
among non-modifiable risk factors for AF [17, 20].
One of the recently discovered causes of sudden death
was the presence of mutations in the triadin gene.
The pathology of triadin receptors responsible for
calcium currents is associated with the development
of life-threatening ventricular LDCs. Data obtained
by M.J. Ackermann, showed that RyR 2 mutation
is the main cause of catecholaminergic ventricular
tachycardias in young people against the background
of physical or psycho-emotional stress. It is known
that physical exertion can be a trigger for the
development of ventricular arrhythmias in the
syndrome of prolonged QT interval. Mutations in
the triadine gene are considered as a new genetic
basis for the formation of a recessively inherited
syndrome of an extended QT type 1 interval [21].
The obtained data require further research and search
for relationships in the formation of ventricular and
atrial arrhythmias due to the lack of clear informa-
tion on the effect of physical exertion on the ath-
lete’s genotype.

The role of arterial hypertension in the devel-
opment of AF of athletes

One of the reasons predisposing to the devel-
opment of AF is arterial hypertension. Intensive
sports exercises do not exclude the likelihood of
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hypertension in an athlete, despite the fact that high
physical activity is considered a factor in the primary
prevention of this disease. According to research
conducted by A.V. Smolensky (2015), the preva-
lence of hypertension among young athletes (under
35 years old) is 5.6 % [22]. The high level of sodium
consumption, frequent stress, alcohol abuse, the use
of doping drugs play a huge role in the development
of hypertension in this group of patients. Similar
data were obtained in studies of the status of CVD
in groups of teenagers, athletes and non-athletes [24,
26]. The formation of hypertension in athletes is due
to the effects of tachycardia, daytime sympathicotonia,
volume overload, and development of ventricular
diastolic dysfunction. [6, 9, 27, 28]. Today there is
no definitive answer on the question of whether hy-
pertension, which develops directly during a sports
load, is a risk factor of hypertension [29].

Fibrous myocardial degeneration in athletes

It has been experimentally proven that cardiac
fibroblasts play a key role in myocardial restruc-
turing. The function of these cellular structures is
modulated by various factors, such as mechani-
cal stretching, oxygen levels, changes in the me-
tabolism of the extracellular matrix, cell prolifera-
tion and migration processes, high values of proin-
flammatory cytokines, growth factors, vasoactive
peptides and hormones [30, 31]. Activated cardiac
fibroblasts are transformed into myofibroblasts,
which synthesize collagen and other proteins of the
extracellular matrix, precipitated in the interstitial
space. All these processes lead to the formation of
fibrosis [32]. Recent studies have demonstrated
that cardiac fibroblasts undergo remodeling dur-
ing tachyarrhythmias [33]. An increase of atrial
fibrosis and fibrosis of pulmonary veins contrib-
utes to the blocking of conductivity, recurrent
excitation and the occurrence of trigger activity
[34-36]. B. Benito (2011) confirms in his research
that athletes of all age groups are characterized by
the formation of atrial and ventricular myocardial
degeneration against the background of increased
production of profibrotic markers: fibronectin 1,
procollagen 1 and 3, transforming growth factor
B 1, matrix metalloproteinase 2, tissue inhibitor
metalloproteinases 1. According to some authors,
the process of fibrosis in miocardium in athletes
is enhanced and accelerated [28, 37, 38]. The lev-
el of profibrotic factors increases with the time of
the sporting experience and the age of the athlete
[39]. Similar data were obtained by A. Wolk and co-

authors (2014) during a survey of 45 elite athletes
with AF. In these patients, pronounced myocardial
fibrosis was confirmed by to echocardiography
and magnetic resonance imaging, and an increased
level of the profibrotic metalloelastase enzyme.
The comparison was made with an identical group
of people not involved in sports [5]. Studies of
J. Drezner (2016), S. Bondarev et al. (2017) also
indicated a high degree of fibrous degeneration of
the myocardium of the ventricles and atria in ath-
letes on magnetic resonance imaging with gado-
linium [40, 41].

Disorders in the exchange of athletes with AF

The problem of overweight for athletes is some-
times no less relevant than for people with a seden-
tary lifestyle. An imbalance in nutrition, the use of
high-calorie foods and supplements, taking a lot of
medicines, the formation of certain eating habits,
the absence of a decrease in calories after the end
of a career contribute to the obesity formation. Ac-
cording to large-scale prophylactic examinations in
the USA, the prevalence of this pathology among
young athletes is 23.5 % [42, 43]. This problem is
most relevant for athletes who have completed their
careers. In these individuals, obesity is detected 3
times more often than in the population. Overweight
causes chronic systemic inflammation, which leads
to the formation of structural remodeling and inter-
stitial fibrosis of atrial myocardium and changes in
the electrophysiological properties of cardiomyocytes
[44, 45]. Abdominal fat is metabolically active due to
free fatty acids and numerous cytokines. Cytokines are
the triggers of activation of profibrotic components,
both directly and indirectly due to the development
of insulin resistance.

The important risk factor of AF in athletes is car-
bohydrate metabolism disorders. This is facilitated by
the use of high-energy nutrition and the use of steroids
[24, 46 48]. Hyperglycemia and hyperinsulinemia
increase the proliferation of fibroblasts and vascular
smooth muscle cells, contribute the restructuring of
the myocardium and vessels. Hyperinsulinemia also
activates the sympathoadrenal system, leading to
vasoconstriction and an increase in cardiac output,
increases the synthesis of triglycerides, cholesterol,
very low density lipoproteins in the liver, damaging
the intima of the arteries, activates the renin-
angiotensin system. Such changes increase the to-
tal peripheral and renal vascular resistance, violate
transmembrane ion-exchange mechanisms, cause
electrolyte imbalance, and increase the reabsorption
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Table
RESULTS ECHOCG STUDIES IN HEALTHY ATHLETES ACCORDING TO VARIOUS AUTHORS
Author Year N Type Parameter Gender Mean | Cut-off
of sport Value | Value

Peliccia 1999 1309 M LV End diastolic diametr, mm M 55 70
Whyte 2004 442 P LV End diastolic diametr, Mmm F 49 65
Pelliccia 1996 600 P,M LV End diastolic diametr, Mmm 49 66
Makan 2005 900 E LV End diastolic diametr, mm | F, M, teenagers 51 60
Spirito 1994 947 P,M,E, S LV whol thickness, Mmm M 10 16
Rawlins 2010 440 E LV whol thickness, Mmm M, blacks 9,5 13
Sharma 2001 720 E, P LV whol thickness, mm F, M, teenagers | 9,5 12
Basavarajaiah | 2008 300 E,P LV whol thickness, Mmm M, blacks 11,5 16

Caselli 2015 1145 M,P,E, S LV mass/bsa, g/m? M, F 103 146

. . M 101 143

2

Finocchiaro 2016 1083 M, P LV mass/bsa, g/m F 23 117
.. LA antero/ M 37 50
Pelliccia 2005 1777 | E.BM,S posterior diametr, mm F 32 45
. M 28 36

) 2

D’Andrea 2010 650 P E La volum index, ml/m F 26 33
. . . M 32 40
Pelliccia 2010 2317 P E Aortic toot diametr, mm F )3 34
D’Andrea 2010 615 P E Proximal ascending aorta, mm M 28 34
LV ejection fraction, % M &F 64 55

E/A M &F 1.93 1.3

TDI e’ septal, sm/s M&F 13.8 10.3

. TDI e’/a’ septal, sm/s M&F 2.04 1.23
Caselli 2015 1145 PS.E E/e’ septal, sm/s M & F 6.4 8.5
TDI ¢’ later sm/s M&F 15 9

TDI ¢’/a’ later sm/s M&F 1.45 1.2

E/e’ later sm/s 5.8 8.0

RV diastolic basal, mm M 435 >3

. . . F 39 49

RV diastolic median M 34 47

D’Andrea 2013 650 P E diameter, mm F o a3

RV longitudinal

diastolic diameter, mm M 89 109

’ F 82 100

M 25.1 33

RV diastolic area, sm” 15[ ig:ls ‘;‘;

D’Ascenzi 2016 1009 | P, S,E.M RV systolic area, sm? F 9' 14

2
RA area, sm M 18.9 18
F 14.8 14

Note: BSA — body surface area; TDI — Tissue Doppler imaging; LV — left ventricle; RV — right ventricle; LVM — left ventricular
RV — right ventricular myocardial mass; LA — left atrium; P— power; E — endurance; S — skillet; M — mixed.

myocardium mass;
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of sodium and water [49]. The above changes may
potentiate the arrhythmogenic effect.

Athletes are characterized by modifiable and non-
modifiable risk factors for AF. The modifiable factors
include excessive physical activity, hypertension,
obesity, and disorders of carbohydrate metabolism.
Non-modifiable factors include genetic predisposition.
According to recent studies, such conditions are as-
sociated with autonomic dysfunction, volume load-
ing with the development of hypertrophy and dila-
tation of the heart chambers. The insufficiency and
ambiguity of the experimental data require further
large-scale research.

Examination of athletes with AF

For the diagnosis of AF in athletes, a thorough
history and complaints are taken, vegetative bal-
ance and risk factors are assessed, an electrocardio-
gram (ECG), daily monitoring ECG, echocardiogra-
phy with an assessment of the ventricular diastolic
function, stress tests, magnetic resonance imaging
of the heart with degree analysis fibrous myocar-
dial degeneration, medical and genetic studies are
held. Despite the great potential of clinical and
laboratory and instrumental methods of research, the
identification of AF in professional sports is associated
with great difficulties. In some cases, this is due to
the asymptomatic course of this tachyarrhythmia,
late examination, psychological characteristics of
the personality of athletes. However, the keystone is
the problem of the “norm” of the morphofunctional
parameters of the cardiovascular system. According
to the opinion of a number of authors in sportsmen,
it is advisable today to consider echocardiography
indicators at the level of the reference values indi-
cated in the table [50].

The appearance of signs of impaired myocardial
relaxation, registered by the method of constant-
wave Doppler research, tissue Doppler sonography,
is considered as a component of atrial remodeling
[6, 40, 41].

Athletes with high normal pressure (less than
140/90 mm Hg) can be admitted to competitions
without restrictions, while observing general dietary
and lifestyle recommendations and/or receiving an-
tihypertensive drugs [50].

Clinically significant paroxysmal AF in athletes
are AF episodes lasting >5 minutes [9, 43]. The main
methods of registration of AF are a 12-lead ECG and
24-hour ECG monitoring. A feature of AF in athletes
is the high likelihood of paroxysm development di-
rectly during training or after training.

Conclusions

The registration of tachyarrhythmias and their
interpretation by a specialist can be ensured only
with the help of telemedicine technologies. These
diagnostic measures are included in the American
and European guidelines for the conduct of athletes
[40, 51]. The experts of the American Society of
Sports Medicine (2016) recommended to make an
individual decision regarding each athlete at any age
(including those under 25) in order to prevent sudden
arrhythmic death.

Thus, excessive physical activity, hypertension,
obesity, carbohydrate metabolism disorders and ge-
netic predisposition through various points of appli-
cation contribute to the formation of AF in athletes.
However, the lack of a complete understanding of
the mechanisms by which the proarrhythmic effect
is realized, as well as the difficulties in diagnosing of
AF, contribute to cardiovascular mortality. Problems
of athletes with AF demand the future researches.

Conflict of interest /

Koudaukr nuarepecon

The authors declare no conflict of
interest. / ABTOpH®I 3aABUIU 00 OTCYT-
CTBUU KOH(JINKTA MHTEPECOB.

References

1. Boytsov SA, Kolos IP, Lidov PI, Smolensky AV,
Ardashev AV, Dalykova VA et al. National recommendations
on the admission of athletes with disabilities from the
cardiovascular system to the training— competitive process.
Rational Pharmacotherapy in Cardiology. 2011;7(6):1-57.
In Russian.

2. Frost L, Frost P, Vestergaard P. Work related physical
activity and risk of a hospital discharge diagnosis of atrial
fibrillation or flutter: the Danish Diet, Cancer and Health
Study. Occup Environ Med. 2005;62(1):49-53. doi:10.1136/
0em.2004.014266

3. Heidbuchel H, Ann W, Willems R, Adriaenssens B,
Van de Werf F, Ector H. Endurance sports is a risk factor for
atrial fibrillation after ablation for atrial flutter. Int J Cardiol.
2006;107(1):67-72. doi:10.1016/j.ijcard.2005.02.043

4. D’Silva A, Papadakis M, Sharma S. Cardiac arrest
during competitive sports. N Engl J Med. 2018;378(15):1461—
1462.

5. Drca N, Wolk A, Jensen-Urstad M, Larsson SC.
Atrial fibrillation is associated with different levels of
physical activity levels at different ages in men. Heart. 2014;
100(13):1037-1042.

6. Matthias W, Laurent R, Hildegard T. Atrial remodeling,
autonomic tone, and lifetime training hours in non elite
athletes. Am J Cardiol. 2011;15(108):580-585. doi:10.1016/j.
amjcard.2011.03.086

7. Aguilar M, Nattel S. Taking the pulse of atrial
fibrillation: a practical approach to rate control. Can J

367



Cardiol. 2018;34(11):1526-1530. doi:10.1016/j.cjca.2018.
07.015

8. Wheeler MT, Heidenreich PA, Froelicher VF,
Hlatky MA, Ashley EA. Cost-effectiveness of preparticipation
screening for prevention of sudden cardiac death in young
athletes. Ann Intern Med. 2010;152(5):276-286. doi:10.
7326/0003-4819-152-5-201003020-00005

9. Finocchiaro G, Dhutia H, D’Silva A, Malhotra A,
Steriotis A, Millar L et al. Female athlete appropriate scaling
to body size may resolve diagnostic conundrums cardiovasc
imaging. J Am Coll Cardiol. 2017;10(12):1532—-1533.

10. Guasch E, Benito B, Qi X, Cifelli C, Naud P, Shi Ya
et al. Atrial fibrillation promotion by endurance exercise:
demonstration and mechanistic exploration in an animal
model. J Am Coll Cardiol. 2013;62(1):68-77. doi:10.1016/j.
jacc.2013.01.091

11. Mont L, Tamborero D, Elosua R. Physical activity,
height, and left atrial size are independent risk factors for
lone atrial fibrillation in middle-aged healthy individuals.
Europace. 2008;10(1):15-20. doi.org/10.1093/europace/
eum263

12. Baldesberger S, Bauersfeld U, Candidas R, Seifert B,
Zuber M, Ritter M et al. Sinus node disease and arrhythmias
in the long-term follow-up of former professional cyclists.
Eur Heart J. 2008;29(1):71-80. doi:10.1093/eurheartj/
ehm555

13. Sharma S. Reloaded: searching for the perfect dose
of exercise? Davos Congressos. Matherials of Congress.
2018:789;4. doi:10.1249/MSS.0000000000002116

14. Bosomworth N. Atrial fibrillation and physical
activity: should we exercise caution? Can Fam Physician.
Le Médecin de Famille Canadien. 2015;61(12):1061-1069.

15. Bosomworth NJ. Clinical review atrial fibrillation
and physical activity Should we exercise caution? Can
Fam Physician. 2015;61(12):1061-1070. doi:10.31031/
RISM.2019.05.000618

16. Graff-Iversen S. Atrial fibrillation, physical activity
and endurance training. Europace. 2009;11(1):11-17.
doi:10.4045/tidsskr.11.0567

17.Mont L, Pelliccia A, Sharma Sh, Biffi A, Borjesson M,
Brugada J et al. Pre-participation cardiovascular evaluation
for athletic participants to prevent sudden death: Position
paper from the EHRA and the EACPR, branches of the ESC.
Endorsed by APHRS, HRS, and SOLAECE. Eur J Prev
Cardiol. 2016;10(10):1-29. doi:10.1093/europace/euw243

18. Tillman C. CSU Does endurance exercise cause atrial
fibrillation in women? Int J Cardiol. 2015;184:431-432. doi:10.
1016/j.ijcard.2015.03.018

19. Zaslavskaya EL, Ionin VA, Nifontov SE, Morozov AN,
Yashin SM, Baranova EI et al. Epicardial adipose tissue and
transforming growth factor beta-1 — risk factors for atrial
fibrillation in patients with metabolic syndrome? Arterial 'naya
Gipertenziya = Arterial Hypertension. 2018;24(3):281-292.
doi:10.18705/1607-419X-2018-24-3-281-292. In Russian.

20. Sperelakis N. Cell. Physiology source book:
essentials of membrane biophysics. Fourth Edition. 2012.
957 p.

21. Baggish AL, Ackerman MJ, Lampert R. Competitive
sport participation among athletes with heart disease: a call

368

Review / 0630p

for a paradigm shift in decision making. Circulation. 2018;
137(18):1988-1989. doi:10.1161/CIRCULATIONAHA.
118.033239

22. Ackermann MJ. Cardiac channelopathies. [Electronic
resource]. URL: www.mayo.edu/research/labs/sudden-death-
genomics/research/cardiac-channelopathies.

23. Smolensky AV, Zolicheva SYu, Mikhailova AV,
Kamaev K.A., Kolbaya L.I. Morphofunctional differences
of young rowers with an increased level of arterial pressure.
Fiziologiya Cheloveka = Human Physiology. 2010;36(4):
107-110. In Russian.

24.Kempen V. Licensee validation of a model investigate
the effects of modifying cardiovascular disease (CVD) risk
factors of the burden of CVD: the Rotterdam ischemic heart
disease and stroke computer simulation (RISC) model.
Biomed Central Ltd. 2012. 158 p. doi:10.15829/1728-8800-
2015-6-54-58

25. Protasov KV, Dorzhieva VZ, Batunova EV,
Antonenko NV, Petukhova EA. Renal function in patients
with arterial hypertension and atrial fibrillation: interrelations
with systemic fibrosis, inflammation and contractility of
the myocardium. Arterial’naya Gipertenziya = Arterial
Hypertension. 2017;23(6):543-554. doi:10.18705/1607-
419X-2017-23-6-543-551. In Russian.

26. Sadykova DI, Lutfullin IYa. Essential arterial
hypertension in athletes. Kazan Med J. 2012;93(6):927-931.
doi:10.17816/KMJ2108. In Russian.

27. Grimsmo J, Grundvold I, Maehlum S. High
prevalence of atrial fibrillation in long-term endurance
cross-country skiers: echocardiographic findings and
possible predictors — a 28-30 years follow-up study. Eur J
Cardiovasc Prev Rehabil. 2010;17(1):100-105. doi:10.1097/
HJR.0b013e32833226be

28. Finocchiaro G, Sharma S, Sheppard M. Unravelling
the mystery behind sudden death in the young: a wake up
call for nationwide autopsy-based approach. Europace.
2018;20(F12): £273. doi:10.1093/europace/eux334

29. Niebauer J, Borjesson M, Carre F, Caselli S, Palatini P,
Quattrini F et al. Recommendations for participation in
competitive sports of athletes with arterial hypertension: a
position statement from the sports cardiology section of the
European Association of Preventive Cardiology (EAPC).
Eur Heart J. 2018;39(40):3664-3671. doi:10.1093/eurheartj/
ehy511

30. Keeley EC, Mehra B, Janardhanan R, Salerno M,
Hunter JR, Burdick MM et al. Elevated circulating fibrocyte
levels in patients with hypertensive heart disease. Hypertens.
2012;30(9):1856-1861. doi:10.1097/HJH.0b013¢3283
5639bb

31. SullivanKE, Black LD. Therole of cardiac fibroblasts in
extracellular matrix-mediated signaling during normal
and patholo-gical cardiac development. J Biomech Eng.
2013;135(7):71001.doi:10.1115/1.4024349

32. Berk BC, Fujiwara K, Lehoux S. ECM remodeling in
hypertensive heart disease. J Clin Invest. 2007;117(3):568—
575.

33. Burstein B, Qi XY, Yeh YH, Calderone A, Natte S.
Atrial cardiomyocyte tachycardia alters cardiac fibroblast
function: a novel consideration in atrial re-modeling.



Review / O630p

Cardiovasc Res. 2007;76(3):442—-452. doi:10.1016/j.
cardiores.2007.07.013

34. Chou CC, Nihei M, Zhou Sh, Tan A, Kawase A,
Macias ES et al. Intracellular calcium dynamics and aniso-
tropic reentry in isolated canine pulmonary veins and left
atrium. Circulation. 2005;111(22):2889-2897. doi:10.1161/
CIRCULATIONAHA.104.498758

35. Tanaka K. Spatial distribution of fibrosis governs
fibrilla-tion wave dynamics in the posterior left atrium
during heart failure. Circ Res. 2007;101(8):839-847. doi:10.
1161/CIRCRESAHA.107.153858

36. Koval SN, Snegurs-kaya IA. Atrial fibrillation risk
factors and unsolved problems of its prevention. Arterial ‘naya
Gipertenziya = Arterial Hypertension.2016;15(49):61-69.
doi:10.26641/2307-0404.2017.2.109825. In Russian.

37. Vasilenko VS, Semenova YB. Pathogenetic
mechanisms of development of stressor cardiomyopathy
in highly skilled athletes. Pediatrician. 2013;4(2):57-61.
doi:10.17816/PED4257-61. In Russian.

38. Balykova LA, Ivyansky SA, Shchekina NV.
Hypertension in children-athletes. Russian Bulletin of
Perinatology and Pediatrics. 2015;6:48—54. In Russian.

39. Benito B, Gay-Jordi G, Serrano-Mollar A,
Guasch E, Shi Y, Tardif JC et al. Cardiac arrhythmogenic
remodeling in a rat model of long-term intensive exercise
training. Circulation. 2011;123(1):13-22. doi:10.1161/
CIRCULATIONAHA.111.029181

40. Drezner JA, O’Connor FG, Harmon KG, Fields KB,
Asplund CA, Asif IM et al. AMSSM Position statement
on cardiovascular preparticipation screening in athletes:
current evidence, knowledge gaps, recommendations, and
future directions. Clin J Sport Med. 2016;26(5):347-361.
doi:10.1249/JSR.0000000000000296

41. Bondarev SA, Smirnov VV, Shapovalova AB,
Khudyakova NV. Drug correction of metabolic disorders in
myocardium with stressful cardiomyopathy due to chronic
psycho-emotional overstrain. Medicine. Theory and practice.
2017;2(1):3-7. In Russian.

42. Drazin MB. Managing the adolescent athlete with type 1
diabetes mellitus. Pediatr Clin North Am. 2010;57(3):139-163.
doi:10.1016/j.pcl.2010.02.003

43. Pelliccia A, Maron BJ, De Luca R, Di Paolo FM,
Spataro A, Culasso F. Remodeling of left ventricular
hypertrophy in elite athletes after long-term deconditioning.
Circulation. 2002;105(8):944-949. doi:10.1161/hc0802.
104534

44.1to K, Date T, Kawai M, Nojiri A, Narui R, Hioki M et al.
Morphological change of left atrium in obese individuals. Int
J Cardiol. 2011;152(1):117-119. doi:10.1016/j.ijcard.2011.
07.037

45. Munger T, Dong Y, Masaki M, Oh JK, Mankad SV, Bor-
laug BA et al. Electrophysiological and hemodynamic
characteristics associated with obesity in patients with
atrial fibrillation. J Am Coll Cardiol. 2012;60(9):851-860.
doi:10.1016/j.jacc.2012.03.042

46. Stiefel EC, Field L, Replogle W, Mclntyre L,
Igboechi O, Savoie FH. The prevalence of obesity and
elevated blood pressure in adolescent student athletes from

the state of Mississippi. Orthop J Sports Med. 2016;4(2):476—
483. doi:10.1177/2325967116629368

47. Grigoricheva EA, Melnikov I'Yu. Heart rate variability
and endothelial function in individuals with isolated
hypertension and in combination with coronary heart disease
and diabetes mellitus. Arterial’naya Gipertenziya = Arterial
Hypertension. 2013;19(2):178-183. doi:10.18705/1607-
419X-2013-19-2-178-183. In Russian.

48. Baggish L. Athletic left atrial dilation. JACC
Cardiovasc Imaging. 2015;8(7):763—765. doi:10.1016/j.jemg.
2014.12.031

49. Belyaeva OD. Metabolic syndrome in patients with
abdominal obesity: clinical and molecular genetic aspects:
Thesis: 14.01.05. SPb, 2011:1-35. In Russian.

50. Pelliccia A, Caselli S, Sharma S, Basso C, Bax
JJ, Corrado D et al. European Association of Preventive
Cardiology (EAPC) and European Association of
Cardiovascular Imaging (EACVI) joint position statement:
recommendations for the indication and interpretation of
cardiovascular imaging in the evaluation of the athlete’s
heart. Eur Heart J. 2018;39(21):1949-1969. doi:10.1093/
eurheartj/chx532

51.Corrado D, PellicciaA, Heidbuchel H, Sharma S, Link M,
Basso C et al. Recommendations for interpretation of
12-lead electrocardiogram in the athlete. Eur Heart J.
2010;31(2):243-259. doi:10.1093/eurheartj/ehp473

52. Koopman P, Nuyens DC, Garweg C, La Gerche A,
De Buck S, Van Casteren L et al. Efficacy of radiofrequency
catheter ablation in athletes with atrial fibrillation. Europace.
2011;13(10):1386—1393. doi:10.1093/europace/eur142

Author information

Sergey A. Bondarev, MD, PhD, DSc, Professor,
Department of Sports Medicine and Medical Rehabilitation,
Sechenov University, Professor, Department of Therapy
with the Course of Endocrinology, St Petersburg Pediatric
University; e-mail: sabondarev@yandex.ru, ORCID: 0000—
0003-3912-4003;

Evgeniy E. Achkasov, MD, PhD, DSc, Professor, Head,
Department of Sports Medicine and Medical Rehabilitation,
Professor, Surgery Department, Sechenov University; e-mail:
2215.g23@rambler.ru; ORCID: 0000-0001-9964-5199;

Viktor V. Smirnov, MD, PhD, Assistant Professor,
Department of Therapy with the Course and Endocrinology,
St Petersburg Pediatric University; e-mail: vs@tdom.biz;
ORCID: 0000-0002—0253-4132;

Aleksandr N. Shishkin, MD, PhD, DSc, Professor, Head,
the Department of Therapy, St Petersburg State University;
e-mail: alexshishkin@bk.ru; ORCID: 0000-0001-5111—
2131,

Natalya V. Khudyakova, MD, PhD, Assistant,
Department of Therapy, St Petersburg State University;
e-mail: natalia temnaja@mail.ru; ORCID: 0000-0003—
0187-0457,

Tatyana G. Rybka, MD, PhD, Assistant Professor,
Department of Therapy with the Course of Endocrinology,
St Petersburg Pediatric University; e-mail: tgrspb@mail.ru;
ORCID: 0000-0001-5552-0554.

369



Review / 0630p

HNndopmanus 06 apropax

Bonpnapes Cepreit AHaTONBEBUY — AOKTOP MEAUIUH-
CKHX HayK, JIOIIeHT, ipodeccop Kadeapsl CIIOPTUBHON Me 1 -
LUHBI 1 MeAUIUHCKOH peadbunuranun ®T'AOY BO [lepsebrit
MI'MY um. 1. M. CeuenoBa Mun3npasa Poccuu, mpodeccop
Ka(enpbl FOCIUTAIFHON Tepanuy ¢ KypcoM SHJOKPHHOIIO-
run @I'BOY BO «Caunkr-IleTepOyprekuii negquaTpuuecKui
yHuBepcurer» Munzapasa Poccun; e-mail: sabondarev@
yandex.ru, ORCID: 0000-0003-3912-4003;

AukacoB EBrenuii EBreHbeBuY — JOKTOp MEAUIIMH-
CKUX HayK, 3aBEIYIOUIHiA KadeIpol CIIOPTUBHON MEIHIIHU-
HBI U MEIMUUHCKON peabuiuranuu, npodeccop Kadeapsl
rocrutansHoi xupypruun ®IAOY BO Ilepssiit MIMY um.
N.M. CeuenoBa Munszapasa Poccuu; e-mail: 2215.g23@
rambler.ru; ORCID: 0000-0001-9964-5199;

CmupHoB Bukrtop BragumupoBuu — kaHaugar me-
JUIMHCKUX HAyK, JOICHT Kadenphl TOCIUTAIBHON Te-
panuu ¢ xypcom sHaokpunonorud GI'bOY BO «Cankr-
[erepOyprekuii meuaTpuyecKuil yHuBepeuTe» MuH3ipasa
Poccun; e-mail: vs@tdom.biz; ORCID: 0000-0002—0253—
4132;

[Humkun Anexcanap HukonaeBud — JOKTOP MEIUIIH-
CKHX HayK, podeccop, 3aBenyromnii kadenpoii haxynprer-
ckoit Tepanuun ®I'BOY BO «Cankr-IletepOyprekuii rocy-
JIApCTBEHHBIN yHHBepcuTeT»; e-mail: alexshishkin@bk.ru;
ORCID: 0000-0001-5111-2131;

XynsikoBa Haranbs BanepbeBHa — kanau1aT MeIMIIUH-
CKUX HayK, acCHUCTEHT Kadeapbl (aKyIbTeTCKOW Tepanuu
®I'bOY BO «Cankr-IlerepOyprckuil rocynapcTBeHHBIN
yYHHUBepCcHUTET»; e-mail: natalia temnaja@mail.ru; ORCID:
0000-0003-0187-0457;

PriOka Tarbsina [puropreBHa — KaHIUAAT MEIUIUH-
CKHX HayK, JJOLCHT Kadeapbl TOCIUTAIBHOM TEepaIruu ¢ Kyp-
com sxtokprHosorur ®I'bOY BO «Cankr-IlerepOyprekuii
neMaTpuiecKuii yausepente» Munsapasa Poccun; e-mail:
tgrspb@mail.ru; ORCID: 0000-0001-5552-0554.

370




