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Aim. The article deals with establishing the peculiarities of ECG contour analysis in athletes

with various SERPINE1 (PAI-1) genotypes depending on their gender. Materials and methods.
We examined 200 athletes from national teams, including 107 boys aged 14.95 + 1.57 and 93 girls
aged 15.04 + 1.67. ECG registration was performed in standard conditions using SENSITEG
1003 equipment. SERPINE1 PAI-1 gene mutation was assessed with the help of polymerase
chain reaction using REALTIME DNA-technologies. We processed the results of the study using
SPSS integrated statistical system. Results. We revealed that 44.1% and 55.1% of female and
male athletes, respectively, possess SERPINE1 (PAI-1) gene heterozygous form. Dominant ge-
notype was revealed in 23.7% and 33.6% of female and male athletes, respectively, while reces-
sive genotype was found in 32.3% and 11.2% of female and male participants, respectively. Pro-
longed QRS, P intervals, associated with SERPINE1 (PAI-1) recessive genotype, are more typical
for male participants (7-10%). Decreased HR and alpha angle values in persons with recessive
genotype are 1.7 and 2.7 times more common for female athletes. Conclusion. We revealed elec-
trocardiographic indicators, associated with SERPINE1 (PAI-1) gene mutation in young athletes.
These indicators are significant for the assessment of cardiovascular disease risks. It was estab-
lished that persons with SERPINE1 (PAI-1) 4G/4G genotype can practice professional sports only
under the supervision of a cardiologist.

Keywords: SERPINE] PAI-1 gene polymorphism, ECG (electrocardiography), young ath-

letes, cardiovascular disorders.

Introduction. One of the most important is-
sues of sports medicine and physiology is the
choice of selection criteria for the children, able
to cope with intense psycho-emotional and phy-
sical loads and to demonstrate significant sports
results without damage to health. However, there
is a tendency for health deterioration not only in
children and adolescents, but also in persons in-
volved in sports [2, 5]. The examination of young
athletes revealed cardiac rhythm and conduction
disorders [1, 2]. Some professional adolescent
athletes demonstrated a significant increase in the
total number of hypertensive, dystonic, and ad-
verse reactions. This proves the presence of ex-
pressed functional disorders in regulatory sys-
tems and low adaptation capacities [3].

The prevalence/incidence of sudden death in
young competitive athletes due to cardiovascular

diseases has become an important part of the de-
bate over the most effective and applicable pre-
participation screening strategies for this popula-
tion [10].

According to the data provided by M. Dennis
et all (2018), from 15 young athletes’ deaths,
5 (33 %) were of an arrhythmogenic or presumed
arrhythmic character, and 5 (33 %) occurred due
to inherited cardiomyopathies (2 hypertrophic
cardiomyopathies, 3 arrhythmogenic right ventri-
cular cardiomyopathies) [8].

In the prognosis of cardiovascular diseases,
special importance is to be paid to the risk factors
of an atherosclerosis [12] and venous throm-
boembolism associated with a birth defect — mu-
tations in the genes encoding anticoagulants [9].
According to the results of the study [6] dedicated
to the frequency of prothrombin mutation, Leiden
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mutation, and T/T variation of rs 1801133 MTHFR
gene in juniors and athletes, these parameters
either did not differ, or were slightly higher than
in the control group.

The comprehensive analysis of genetic po-
lymorphisms in fibrinolysis and blood coagula-
tion systems, as well as the analysis of the genes
of folate cycle and platelet adhesion indicate
a possible risk for athletes, which exists due to
increased thrombosis. A possible negative effect
may be a mutation of SERPINE PAI 1 gene,
which can cause sudden death or acute myocar-
dial infarction due to the risk of thromboembo-
lism. This is demonstrated that the risk of venous
thrombosis increases only in persons with pro-
tein S deficiency and homozygous for 4G allele.
For the heterozygous type of this polymorphism
(4G/5QG), the risk of cardiovascular disease slightly
increases.

the basis of informed consent with the help of
12-channel certified SENSITEG 1003 equipment
after 5 min rest in a horizontal position.

To assess SERPINE1 (PAI-1) gene muta-
tion, we took blood from the ulnar vein. Geno-
type determination was carried out with the help
of polymerase chain reaction using REALTIME
DNA-technologies. Statistical processing of the
results was performed by means of SPSS v. 23.0
for Windows using Fisher's F-test to test the hy-
pothesis about the equality of numerical characte-
ristics in data distributions.

The analysis of ECG parameters when com-
paring the relative values of SERPINEI (PAI-1)
gene variants distribution revealed no differences
depending on the athletes' gender.

Research results. Table 1 demonstrates
ECG intervals, heart rate, and alpha angle values
for young athletes.

Distribution of young athletes, depending on gender and the results of ECG contour analysis, % Table 1
Beats Alpha angle,
P, ms PQ, ms QRS, ms QT, ms per minute gegreeg

Girls <N 43 21.3 — - 52,1 63.8
(n=93) N 50,0 74,4 44,7 66,0 44,7 36,2

>N 45,7 43 55,3 34,0 3.2 _
Boys =N 1,8 8,2 - - 42,7 46.4
(n=107) N 45,0 90,0 64,5 79,1 55,4 53.6

>N 52,2 1,8 35,5 20,9 1.8 _

It was established that abnormal alleles of
the polymorphisms studied occur with different
frequency in different populations and are not
always associated with the risk of cardiovascular
diseases. Further genetics associated studies will
help to identify genetic markers of cardiovascular
diseases [4].

The importance of our study is connected
with the analysis of electrocardiographic mar-
kers, associated with SERPIN (PAI-1) gene mu-
tation, and their informative value in the prog-
nosis of cardiovascular accidents in adolescents,
involved in sports.

Aim. The article deals with establishing
the sensitivity of electrocardiographic values,
associated with SERPAIN (PAI-1) gene muta-
tion, in young athletes and forecasting cardiovas-
cular accidents.

Materials and methods. We examined
200 athletes from national teams, including
107 boys aged 14.95 + 1.57 and 93 girls aged
15.04 + 1.67. ECG registration was performed on

The expected results in both groups are the
decrease of heart rate values and the increase of
QRS interval, which is more pronounced in girls.
P interval prolongation was found in almost
a half of the subjects regardless of gender; QT
interval prolongation was more typical in the
group of girls (13.1 %). In girls, alpha angle de-
creased by 17.4 % in comparison with boys.

We revealed rhythm and conduction disord-
ers in the group of young athletes: bradycardia in
22 (10.7 %) persons, tachycardia in 14 (6.8 %)
athletes, incomplete right and left bundle branch
block in 16 (7.7 %), disturbance of the repolari-
zation of the left ventricle in 5 (2.4 %) [7]. These
features of ECG values are connected with adap-
tive processes in the regulatory mechanisms of
subjects under increased physical loads.

In order to assess the effect of SERPINE
(PAI-1) gene polymorphism on ECG intervals
duration, heart rate, and alpha angle values, ath-
letes of both groups were divided into 3 sub-
groups depending on genotypes (Table 2).
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Table 2
Distribution of young athletes with SERPINE1 (PAI-1) genotype, depending
on the results of ECG contour analysis, %
Boys (n =107) Girls (n =93)
Value Variant 4G/4G 5G/4G 5G/5G 4G/4G 5G/4G 5G/5G
n=12 n=>59 n=36 n =30 n=41 n=22
< 8,3 1,7 — 6,7 4,9 —
P N 41,7 33,9 61,1 53,3 43,9 54,5
> 50,0 64,4 38,9 40,0 51,2 45,5
< 8,3 10,2 5,6 233 24.4 13,6
PQ N 83,3 91,5 97,2 80,0 70,7 77,3
> 8,3 — 2,8 — 4,9 9,1
QRS N 50,0 32,2 36,1 60,0 34,1 40,9
> 50,0 69,5 69,4 43,3 65,9 59,1
QT N 75,0 83,1 80,6 60,0 65,9 68,2
> 25,0 18,6 25,0 43,3 34,1 27,3
< 33,3 49,2 47,2 56,7 58,5 54,5
Heart rate N 50,0 49,2 58,3 43,3 39,0 31,8
> 8,3 1,7 — — 2,4 9,1
Alpha angle < 25,0 57,6 63,9 66,7 56,1 72,7
N 75,0 44,1 41,7 333 43,9 27,3

We revealed that 44.1 % and 55.1 % of female
and male athletes, respectively, possess SERPINE1
(PAI-1) gene heterozygous form. Dominant ge-
notype was revealed in 23.7 % and 33.6 % of
female and male athletes, respectively, while re-
cessive genotype was found in 32.3 % and 11.2 %
of female and male participants, respectively.

In the prognosis of cardiovascular accidents,
persons with SERPINE (PAI-1) gene recessive
genotype are at risk. So, we analyzed the group
of athletes - carriers of this genotype.

Table 2 demonstrates that prolonged QRS,
P intervals, associated with SERPINE1 (PAI-1)
recessive genotype, are more typical for male
participants (7-10 %); in girls, prolonged QT
interval can be registered 1.7 times more often
than in boys. The number of female athletes with
a short PQ interval almost three times exceeds
the number of male athletes. Decreased HR and
alpha angle values in persons with recessive ge-
notype are 1.7 and 2.7 times more common for
female athletes.

Conclusion. Screening remains contentious
due to the challenges of identifying relatively
rare entities amongst a healthy cohort. The im-
perfect diagnostic accuracy of all existing tests
means that screening strategies have potential for
harm through incorrect diagnoses as well as the
potential for identification of important sub-
clinical pathologies. The management of athletes
at risk of ventricular arrhythmias and sudden car-
diac death is similarly complex [11].

During the assessment of ECG intervals in
both groups, we registered the predominance of
persons with prolonged P intervals, QRS, QT,
and reduced values of heart rate and angle alpha.

It was established that persons with
SERPINE1 (PAI-1) 4G/4G genotype can practice
professional sports only under the supervision of
a cardiologist. If there are any injuries, the risks
associated with thrombosis must be taken into
account.
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AJIEKTPOKAPANOIPA®UYECKUE SHAYEHUA,

CBA3AHHbIE C YYBCTBUTENbHOCTbIO FEEHHON MYTALUU
SERPAIN (PAI-1) Y MOJ10AbIX CIMTOPTCMEHOB B NPOIMHO3E
CEPOEYHO-COCYAUCTbIX HAPYLUEHUN

[1.3. lWlu6koea', B.b. Sipbiwesa’, M.A. balizyxur’', 10.H. Pomaroe'

"HOxHO-Ypanbckuli 2ocydapcmeeHHsbill yHusepcumem, 2. YensbuHek, Poccus,
2000 «KnuHuka «BeHo3Has scmemuyeckas xupypaus», 2. YenabuHck, Poccust

Leanb: BELSIBUTH 0COOCHHOCTH KOHTYpHOTro aHanu3a DKI' cnopTcMeHOB C pa3iIM4YHBIM T€HO-
tunioM SERPINEIL (PAI-1) B 3aBHCHMOCTH OT HX ITOJIOBOM MPUHAUICKHOCTH. OpraHu3anus u
MeTtoabl. bruto obcenoBano 200 criopTCMEHOB — WICHOB COOPHBIX KOMaHA. B rpymme Manpuu-
koB (n = 107) cpemnuit Bo3pact coctaBmn 14,95 + 1,57 roma, B rpynme aeBoduek (n = 93) —
15,04 £ 1,67 roma. Perucrpamus OKI' mpoBommiace B CTaHZApTHBIX YCIOBHSIX Ha amiapare
SENSITEG 1003. Onenka mytanuu rera SERPAIN PAI-1 npoBoamnacs METOJOM TOIHMEpPa3-
Ho# nertHOM peakiuu Ha nmpubope REALTIME JIHK-texHomorun. O6paboTka pe3yabTaToB HC-
cienoBaHus Obla MPOBEICHA CPEACTBAMHM MHTETPHUPOBAHHOW CTaTHCTHYECKOW cucteMbl SPSS.
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PesyabTaThl. YCTaHOBJICHO, UTO JI0JIs1 HOCHTENe# rerepo3urotHoii ¢opmel reHa SERPINE] (PAI-1)
cocraBuna 44,1 u 55,1 % y IeByIIeK W IOHOMIEH COOTBETCTBEHHO. J[0JI1 JOMUHAHTHOTO T'eHO-
tumna coctasuia 23,7 u 33,6 % u peueccuBHoro — 32,3 u 11,2 % y aeByliek U IOHOLIEH COOTBET-
CTBEHHO. Y uinHeHHbIe nHTepBaisl QRS, P, acconnnpoBaHHbBIE C pEIIeCCHBHBIM T€HOTHIIOM T'eHA
SERPINE! (PAI-1), vHa 7-10 % 4wamme BcTpedatorcs y toHomeld. CHkennsle 3HadeHust YCC n
yriia anb(a B TpyIIIIe JHI ¢ PELeCCUBHBIM IT'€HOTHIIOM T'€Ha BCTpeyatoTes y JeByluek B 1,7 u 2,7 paza
yarie, 4yeM y IoHolueil. 3akiaouenue. BhISBICHBI diieKTpoKapAuorpaduueckue moKa3areiu, ac-
conuupoBaHuble ¢ MyTtarueld rera SERPAIN (PAI-1) y 10HBIX CIOPTCMEHOB, UMEIOIINE BAXKHOE
IIPOTHOCTUYECKOE 3HAUCHHE B OLIEHKE PHCKa CepAECYHO-COCYAMCTHIX KaTacTpod. YcTaHOBIECHO,
uro it Hocuteseh reotuna SERPINE1 (PAI-1) 4G/4G ciopTuBHBIC HATPY3KH (3aHSATHS IIPO-
(heccHOHANTBLHBIM CIIOPTOM) BO3MOKHBI 110]] KOHTPOJIEM Bpada-KapAHoJiora.
Knroueswie cnoea: nonumopgusm eena SERPAIN (PAI-1), OKT, tonvle cnopmcmeHyi.
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