ISSN 2520-2677 (P) 2520-2685 (E)

v 2023 Health, sport,

an \V

7 /9(2) rehabilitation

Scientific journal

on problems of physical education, sports,

physical therapy and rehabilitation
https://hsr-journal.com/index.php/journal



R Healt’h, sport, rehabllll.tatlo.n - %‘T LN 2023

(=) 3/10poB’g, CopT, peabiniTanisa oL A

\ 1 _/  3poposbe, cnopt, peaGuinTanys 3 iy 9(2)
Health, Sport, Rehabilitation BHOpOB’H, CIIOPT, peaﬁiﬂiTauiﬂ

Zdorov’a, sport, reabilitacia [Health, sport, rehabilitation]
Complementary
and Manual

Therasy ISSN 2520-2677 (TTpuu)
oz 7 ISSN 2520-2685 (Orwnaitn)
018 —/ DOI:
s hitps://doi.org/10.34142/HSR.2023.09.02

CiteScore soxn -] ‘

Website: https://hsr-journal.com

PedTvnr CiteScore 2022

KypHaJ iHIeKCY€ThCSH B Mi’KHAPOAHUX HAYKOMETPUYHHMX 0a3axX TaHHUX:

Scopus; ResecheGate; ROAD (Directory of Open Access Scholarly Resources); ERIH PLUS (The
European Reference Index for the Humanities and the Social Sciences); DOA]J (Directory of Open
Access Journal); Index Copernicus: ICV 2021 = 100.00; PBN (Polska Bibliografia Naukowa);
Google Academy; NBUV; Open AIRE; OUCL WorldCat; Scilit; Fatcat.wiki; Sherpa Romeo

Kareropisi ¢paxoBux Buaanb B Ykpaini: Hakazom MiHicTepcTBa OCBITH 1 Hayku YKpaiHU BiX
06.06.2022 p. Ne 530 xypHan «3m0poB’s, CIIOPT, peadiTiTaiis» BiIHECEHO JI0 Kareropii A ¢a-
XOBUX BUJAHb YKpaiHH JUJIS MyJKAIlii cTarell U 3aXUCTy AUCTEPTaIliid JOKTOpa HAyK/JOKTOpa
dinocodii 3a crienianpHOCTsIMU: 227 - Di3uuHa Teparis, eproteparis; 011, 012, 013, 014, 015,
016 - [lenaroriyni Hayku; 13.00.02 (Dizuuna KyneTypa, oCHOBH 310poB’s); 017 - Diznyna Kymb-
Typa i cnopt; 24.00.01, 24.00.02, 24.00.03 - di3uyHe BUXOBaHHS Ta CIIOPT.

3acHoBHuk: XapKiBCbKUII HalliOHa/IbHUI Nefaroriyaui yHiBepcuteT imeni I.C. CkoBopoam.
CainoutBo npo aep:xaBHy peecrpamito: KB Ne 22450-12350P dated 01.12.2016

daxoBe HayKOBe BUJIaHHA 3 Tpo6IeM (pi3YHOrO BUXOBAHHS, CIIOPTY, (POpMyBaHHS 3T0POBOTO
crioco0y >KuTTs, peabimiranii, hisnvnol Tepamii, CHOPTUBHOI MEANIHN

Pik 3acnyyanns: 2015

l'anyss i npo0iemMaTuka: criopt, pisyHe BUXOBaHHS, HABYAHHS pyXaM, opraHisanis ¢isudno-
rO BUXOBaHHS, peKpeallis, GisnuHa Teparrisi, CIOPTUBHA MeUI[MHA

IlepioguunicTs: 4 pasu Ha pik
Anpeca penakuii: 61168, Ykpaina, Xapkis, Bynr. BaneHTtuniBcbka, 2, ka6. 106, Temedon:

+380664813666 email: zhanneta.kozina@gmail.com
https://hsr-journal.com

© Health, sport, rehabilitation, 2023 3
https://doi.org/10.34142/HSR.2023.09.02



Health, sport, rehabilitation
N 3710poB’s, CIopT, peabiniTanisa . f:q_ e
310POBbE, CIIOPT, peabUIUTALNS | 9(2)

T'osi0oBHUM pexakTop:

Kozina K. JI. [Ipodecop, 1okTop Hayk 3 (i3MIHOrO BUXOBAHHS Ta CHOPTY, XapKiBCHKHIA HAI[IOHAIBEHUH ITeqarorid-
uuit yaiBepcuteT iMeHi [.C. CxoBopoan (M. XapkiB, Ykpaina); ScopusAuthorID: 56707357300; ResearcherID:
J-9579-2015

Scientific board:

Hecainbka Mipocaasa Ph.D.okrop dinocodii (pizuune BuxoBanHs i croprt, ¢izuuHa Teparnis), YHiBepcurer Ka-
3umipa Benukoro (buaromnis, [Tonkima), ScopusAuthorID: 36175625200; ResearcherID: E-5724-2015

KopooeiinikoB I.B. IIpodecop, moxTop Hayk (cmopt, (i3udHe BHXOBaHHA, (i3W4HA Teparris), mpodecop-HayKo-
Buil crmiBpoOiTHUK [HCTHTYTY mcuxonorii Himerpkoro cmoptuBHOro yHiBepcuTeTy Kempna, Himedunna,
ScopusAuthorID: 6506783138; ResearcherID: I-H-6369-2018

Kozin C.B. Ph.D., nokrop ¢inocodii 3i cneniansHocti «lIpodeciiina ocsiTa», marictp 3 ¢izudnoi Teparii. epro-
Teparii, Harionaneauit hapmarieBTrnaanil yHiBepcuteT, XapkiB, Ykpaina, ScopusAuthorID: 57191345369;
ResearcherID: X-9941-2018

Yepuosyd A.A. [Ipodecop, nokrop Hayk (criopt, ¢izudHe BuxoBaHHs, (izuuHa Teparnis), BoauHcbkui HalioHATIb-
Hull yHiBepcuteT iMeHi Jleci Vkpainku, Jlynpk, Yipaina, ScopusAuthorID: 56106908900; ResearcherID:
20285108

Moton Bosognmup IIpodecop, nokrop Hayk ((hiznuHe BUXOBaHHS 1 CIIOPT, Iejarorika, Gpisuyna Teparisi), YHiBep-
curet B [litecti, Pymynis; [lepsxaBanit yHiBepcUTeT (i3MUIHOTO BUXOBaHHS 1 criopTy, Kummnis, PecrryOmika
Momnmosa ScopusAuthorID: 57191580719; ResearcherID: C-9062-2017

Editorial board:

HMoxcnmosny Mapko PhD, gokrop dinocodii (dismune BuxosanHs Ta copt); [HCTUTYT CMOPTY Ta CMOPTUBHOT
mepuuyay, ogropuis, YopHoropis; ScopusAuthorID 57218993600; ResearcherID: AAU-3782-2020

Jlimane Oaexcanap Ph.D. gokrop ¢isnko-mMaTeMaTndHUX Hayk (MeguipnHa, pisudHa Tepais), YHIBepCUTETCh-
KUIT MefuuHMil UeHTp YTpexTy i Yrpexrtchkoro yaiBepcutery, (Yrpext, Higeprmanau), ScopusAuthorID
8235664500; ResearcherID: publons.com/researcher/1235145

Mymxkera Pagociaas Jlokrop meparorivHmux Hayk (¢pisvdyHe BUXOBaHHA i criopT, ¢isudHa Tepalif, meparorika),
npodecop, Yuisepcurer Mukonu Koneprixa B TopyHi, Topys, [Tonbia; ScopusAuthorID: 41361652900

IaBnoBuu Patko IIpodecop, nokrop Hayk 3 pisuyHOro BUXOBaHHA Ta CIOPTY (peabiniTalis, GpisudHe BUXOBaHHA
Ta CIOpT, itHec), YHiBepcuter CxigHoro CapaeBo, @akynbTeT Qi3sNYHOr0 BUXOBAHHA Ta CIOPTY, M. CxifHe
Capaeso, bocuis i lepuerosuna, ScopusAuthorID: 55601723700; ResearcherID: V-6578-2017

3aBagka-KynukoBka Monika [loxTop dinocodii (3nopor’s, ¢pusnyna tepamis), kadenpa ¢isionorii, Mennanmi
xoneriyMm y buaromi, YuiBepcuter Mukonn Konepuuka B Topywi, ITonbia, ScopusAuthorID: 54947286400;
ResearcherID: F-4215-201L-3477-2018

IIpycik Karepuna poxrop megaroriuumx Hayk (¢isndyHe BUXOBaHHA i cIIOpT, QisnyHa Tepalis, mefarorika), mpo-
¢decop, Akapemis ¢isuuHoro BuxoBaHHA i cnopry (M Imancex, Ilonbima); ScopusAuthorID: 57192004057;
ResearcherID: P-9018-2016

Ipucik Kpucrod moxrop nemaroriunux Hayk (¢isuuHe BuxoBaHHs i criopT, ¢isndHa Teparmis, megarorika), mpo-
decop, Akaziemisn disnyHoro BrmxoBaHHs i cnopty (M Imancek, Ilombima) ScopusAuthorID: 57191243894;
ResearcherID: P-4993-2019

Xamxuk Pammna foxrop Hayk, npodecop ¢isndHOI KyIbTYpy, MEFaroriky Ta CHOPTUBHOI MEANIVHY, YHIBepCH-
tetT YopHoropii, ¢paxynpreT ciopty Ta ¢isumuHoro BuxosaHHs, [Togropuis, YepHoropis; ScopusAuthorID:
55608243500

Merkosuu Mosina goxrop HayK, npodecop (i3udHOI KyAbTYpH, METATOTIKY Ta CIIOPTUBHOI MEAULINHM, YHiBep-
cuter YopHoropii, pakynpreT copry Ta isuanoro BuxosanHs, [logropuiysa, Yoproropis, ScopusAuthorID:
55369050100

Tpinarti Morem goxrop mayk (Ximis-mikapcbka ximisr) Bimrin ximii Ta 6iomposigsocTi, [HCTUTYT TicOBUX HOCTIN-
xenb (Hpro-Dopect Hexpanys, [uain), ScopusAuthorID: 7006745212; ResearcherID: E-3533-2015

Baprik I1aBoa PhD poxrop dinocodii (disuune BuxoBaHH: i copr, neparorika, ¢isudHa tepamnis), mpogecop, Pa-
Ky/IbTeT MUCTELTB, YHiBepcuteT Matell berna B bancka bucrpika, Crnosakis, ScopusAuthorID: 55199042400

Cadponos JI.B. Ph.D. kangupgar MeguuHux Hayk (xipypris, ¢isnuna repamis), Arimen xiinika (Ispains), Hario-
Ha/lIbHUIT (apMalleBTUYHUIT yHiBepcuTeT, XapkiB, Ykpaina, ScopusAuthorID: 57205445212; ResearcherID:
G-6320-2019

© Health, sport, rehabilitation, 2023 4
https://doi.org/10.34142/HSR.2023.09.02



Health, sport, rehabilitation

- Yl 3/10poB’g, CopT, peabimiTanisa rﬂﬁ'?"‘h
B i) 310POBbE, CIIOPT, peabUIUTALNS ) Eathny 9(2)
CONTENT
ORIGINAL ARTICLES. PHYSICAL EDUCATION........ccoviiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 6

Karuppasamy Govindasamy, Chandrababu Suresh, Dilpreet Kaur, Mou Pramanik,
John Bosco Anitha.Differential effects of a 12-week aerobic exercise program
on health-related physical fitness, physiological and biochemical markers among
obese adults: a randomized controlled trial........cccccooviiiiiiiiiiiiiiieeeeeee, 6

Rina Yuniana, Tomoliyus, BM Wara Kushartanti, Ahmad Nasrulloh, Cerika
Rismayanthi, SulistiyonoMuhamad Ichsan Sabillah, Roxana Dev Omar Dey,
Gunathevan Elumalai-Comparative analysis of the musculoskeletal system
disorders and the stress level of sports faculties students in Indonesia and
Y 1 F= N A - U 22

Francesca D’Elia, Tiziana D’Isanto Giovanni Esposito, Gaetano Altavilla, Gaetano
Raiola. Physical activity and sports science in Italian scientific research products

ORIGINAL ARTICLES. SPORT ...ttt 48

Zanzabil Adwa Fitrian, Ali Satia Graha, Ahmad Nasrulloh, Ali Munir, Mirza Asmara,
Naufallathuf Yaquttul Irsyad. The effect of circuit training, fartlek, and small-
sided games on maximum oxygen consumption capacity building in futsal
o1V PP 48

Yevhen Mykhaliuk, Yehor Horokhovskyi, Anatolii Bosenko, Nadiia Orlyk, Mariia
Topchii Effect of the identical training process on the functional state of high-
level sprint swimmers of both genders........ccceeeeeeeiiiieeeeeeiccceee e, 61

Vladimir Potop, Victor Manolachi, Andrii Chernozub, Valentyn Kozin, Eduard
Syvokhop, Antonina Spivak, Vasyl Sharodi, Zhao Jie. Changes in circumference
sizes of bodybuilders using machine and free weight exercises in combination
with different 10ad regimes........oovi i 74

ORIGINAL ARTICLES. PHYSICAL THERAPY........ooitiiiiiiiiiiiiiitiiitccccccccceccetee, 86

Liudmyla Kiro, Maksym Zak, Oleh Chernyshov, Mziia Sverdlova. Obesity and
depression: the course of depressive disorders depending on the body mass
index, the role of physical activity and cognitive-behavioral therapy for their
(ofo] ¢ £ =Tot 4 [o] o FUUUUNN OO TP PP PPPPPPPRT 86

Mohamed Abdelmegeed, Justin Katz, Tom Oddo, Sunny Pandya. An impairment-
based physical therapy program for runners with femoroacetabular

T g ] oTTaT=4=T 0 =] o) S UUTPRRPRE 99
REVIEW ARTICLES. ... ..ottt ettt ettt e et e e et e e e s eeseesassnsassasasasnsnsesnasasnsnsnsnsnannsnss 118
Mohamed Abdelmegeed, Hosny Elkhawaga. The use of the computer assisted

rehabilitation environment in assessment and rehabilitation.....c....ccoeevvuvvennee. 118

© Health, sport, rehabilitation, 2023 5

https://doi.org/10.34142/HSR.2023.09.02



O Healt’h, sport, rehab.ili.tatio.n » ,;15:\_‘ ~_ 2023
-, 1 3[10pOB’s, CIiopT, peabiniTanisa A
310POBbE, CIIOPT, peabUIUTALNS ) Eathny 9(2)

ORIGINAL ARTICLES. SPORT

Effect of the identical training process on the functional state of high-
level sprint swimmers of both genders

Yevhen Mykhaliuk! ABP_ Yehor Horokhovskyi? AP, Anatolii Bosenko* 8P Nadiia Orlyk*BP,
Mariia Topchii? “PE

"Department of Physical Rehabilitation, Sports Medicine, Physical Education and Health,
Zaporizhzhia State Medical University, Zaporizhzhia, Ukraine
’Department of Physiology, Immunology and Biochemistry with the course of Civil Defence and
Medicine, Zaporizhzhia National University, Zaporizhzhia, Ukraine
‘Department of Biology and Health Protection, South Ukrainian national pedagogical university
named after K. D. Ushynsky, Odesa, Ukraine

Authors’ Contribution: A — Study design; B — Data collection; C — Statistical analysis; D — Manuscript
Preparation; E — Funds Collection

DOI: https://doi.org/10.34142 /HSR.2023.09.02.05

Corresponding author: Yevhen Mykhaliuk, evg.mikhalyuk@gmail.com, http://orcid.org/0000—-0003—
3607-7619, Department of Physical Rehabilitation, Sports Medicine, Physical Education and Health,
Zaporizhzhia State Medical University, Zaporizhzhia, Maiakovskyi Avenue, 26, 69035, Ukraine

How to Cite

Mykhaliuk Y, Horokhovskyi Y, Bosenko A, Orlyk N, Topchii M. Effect of the identical training process on the
functional state of high-level sprint swimmers of both genders. Health, Sport, Rehabilitation. 2023;9(2):61-
73. https://doi.org/10.34142/HSR.2023.09.02.05

Abstract

Purpose: to study the effect of an identical training process on the functional state of high-level sprint swimmers of
both genders.

Material and methods. The heart rate variability indices, central hemodynamic parameters and PWC,,,,, measurements
were compared between 86 male and 42 female swimmers with sports qualifications from first-class athlete to Master
of Sports International Class, and separately, — between 38 males and 9 females (Masters of Sports and Masters of
Sports International Class), 28 males and 16 females (Candidates for Masters of Sports), and 22 males and 17 females

(first-class athletes).

The results. In the general group (86 males vs. 42 females) only the greater value of PWC e I males by 12.64 %
(p<0.001) was revealed, without any differences in heart rate variability and central hemodynamics. Masters of Soprts
and Masters of Sports International Class, as well as Candidates for Masters of Sports, didn't have gender differences
in all indicators studied. In first-class athletes, there were no gender differences in heart rate variability and central

hemodynamic parameters, except for PWC,, e which in males was greater by 11.27 % (p=0.036).

Conclusions. A comparison of 86 male and 42 female swimmers with sports qualifications from first-class athlete to
Master of Sports International Class, who differed by age and training experience, showed no significant differences in
HRV and central hemodynamic parameters except for PWC @ which was 12.64 % higher in males (p<0.001). There
were no significant differences between all studied indices in 38 male and 9 female swimmers with sports qualifications
Master of Sports and Master of Sports International Class, with no differences in age or training experience. Comparison
of 28 male and 16 female swimmers with sports qualification Candidate for Master of Sports, not differing by age and
training experience showed no significant differences in HRV and central hemodynamic parameters, except for PWC,,

, Which was greater in males by 11.27 % (p=0.034). In 22 male and 17 female swimmers with sports qualification

irst-class athlete, not differing by age (males have greater training experience) there were no differences between all
studied indices.

Keywords: sprint swimmers, heart rate variability, central hemodynamics, physical working capacity

© Mykhaliuk Y, Horokhovskyi Y, Bosenko A, Orlyk N,
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https://doi.org/10.34142/HSR.2023.09.02.05

61



Health, sport, rehabilitation Al s 2023

e TALS

J__}"':__ 3/10poB’s, CIIOPT, peabiiTarisa A S
310pOBbE, CIOPT, peabUIuTaALUA =} 9(2)
AHoTauisa

€sreH Muxaniok, €rop lopoxoBcbKkuii, AHatoniii BoceHko, Hagia Opauk, Mapia Tonuiii. Bnaue igeHTUYHOro
TPEeHYBaNbHOrO Npouecy Ha GYHKLiOHaNbHUIT CTaH NaBLiB BUCOKOro Kaacy 060x ctaTtei

MerTa: BUBYMTU BMNIMB iA€HTUYHOTO TPEHYBAbHOTO Npouecy Ha GYHKLiOHAAbHWIA CTAaH NANABLB-CNPUHTEPIB BUCOKOTO
Knacy obox ctatei.

Martepian i metogu. MpoBeaeHO NOPiIBHAHHA MOKAa3HUKIB BapiabenbHOCTI cepLLeBOro puTMmy, NnapamMeTpiB LLeHTpaabHOT
reMoAnHaAMIKKN Ta PWC”Q/Nr y 86 4onoBiKiB Ta 42 KIHOK — NAaBLiB 3i CMOPTMBHOW KBanidiKaLi€w Big cnopTcmeHa
nepLoro po3paay 4o MancTpa CrnopTy MiXKHapOAHOro Kaacy, Ta OKPemo — 38 Y0/0BIKiB Ta 9 KiHOK (MalicTpu cnopTy Ta
MaNCTpU CNOPTY MiXKHapoAHOro Knacy), 28 Yo/10oBiKiB Ta 16 XKiHOK (KaHAMAATV Yy MaicTpu cnopTy) i 22 Yonosikie Ta 17
YKIHOK (CMOPTCMEHU NepLIOPO3PALHUKKY).

Pe3ynbtatu. Y 3aranbHiit rpyni (86 4onoBgikis i 42 *iHKK) y YonoBiKiB BUABNEHO binbwe Ha 12,6 % (p<0,001) 3HayeHHA
PWijKr, HiX Y »KIHOK, a BiAMIHHOCTeN y NOKa3HMKax BapiabenbHOCTi cepueBoro puTMy i LEeHTPaibHOI reMOAMHAMIKK
6ynu BiacyTHi. Cepen MaliCTpiB CNOPTY Ta MACTPIB CNOPTY MiKHapPOAHOTO KAacy, a TAKOXK KaHAMAATiB Y MaicTpu CropTy
reHAepHUX BigMiHHOCTElM 3a BCiMa AOCAIAXKYBAaHUMM NMOKA3HUKAMM He BUABNEHO. Y CMOPTCMEHIB NepLloro po3paay
reHA4epHUX BiAMIHHOCTEl 33 NOKa3HMKaMM BapiabesbHOCTI CEPLLEBOrO PUTMY i LLEHTPA/IbHOT FTeMOANHAMIKM TaKOXK He

BCTaHOB/IEHO, 33 BMHATKOM NnokasHuka PWC , , AKMIA Y HONOBIKiB 6yB 6inbwmm Ha 11,27 % (p=0,036), HixK y XKiHOK.

BUCHOBKMU. MOpiBHAHHA 86 40N0BIKIB i 42 }KiHOK-N/MaBLiB 3i CNOPTUBHOW KBasnidikalieto Big cnopTcMeHa nepLioro
po3pAay A0 MaKNCTpa CrnopTy MiXHApPOAHOro Knacy, siKi BiApi3HAOTbLCA 32 BIKOM i AOCBIAOM TpeHyBaHb, HEe BUABMU/IO
iCTOTHUX BigMmiHHOCTel y BCP i napameTpax LeHTpanbHOI reMoanHaMiKK1, 33 BUHATKOM MOKa3HUKa PWCm/Kr, AKUIN Y
Yyonosikis 6yB 6inblwnm Ha 12,64 % (p<0,001). Y 38 4onoBikiB i 9 XiHOK — MNaBLiB 3i CMOPTUBHOO KBaidiKaLlielo maictep
CNopTy i MalcTep CNoOpPTY MiXKHAapPOAHOro Kaacy, AKi He MaloTb BiAMIHHOCTEN Y Billi Ta TPEHYBa/IbHOMY CTaXi, He Byno
BUABNEHO 3HAYHMX BiAMIHHOCTEN MiX yciMa AOCNiAXKYBAaHUMM NOKa3HUKamM. MNopiBHAHHA 28 Y010BiKiB i 16 XKiHOK,
naaBLiB 3i CNOPTUMBHOM KBanidiKaLieto KaHAMAAT Y MAUCTPU CNOPTY, AKI He BiAPI3HAOTLCA 33 BIKOM i TpEHYBabHUM
CTaXKeMm, He BMABUAO CYTTEBMX BiamiHHOcTen y BCP i napameTpax UeHTpanbHOI remoanHamMiku, 3a BUHATKOM PWCUO/
o L0 6yB 6inbwKnMm y Honosikie Ha 11,27 % (p=0,034). Y 22 yonoBikiB i 17 *iHOK, AKi MatoTb CNOPTUBHY KBanidiKaLito
CNOPTCMEH NepLioro po3psaay, Ta He BiApi3HAOTLCA 3a BiKOM (y YONOBIKIB BiNblINI TpeHyBanbHUI CTax), He Byno
BUABMIEHO BigMIHHOCTEN MiX yCiMa A0CNiAKYBaHUMWN NOKA3HUKAMM.

KnwouoBi cnoBa: nnasui-cnpuHTepW, BapiabesbHiCTb cepueBOro pUTMY, LEHTpasbHa remoanHamika, ¢isnyHa
npawe3aaTHiCTb

AHHOTAIUA

EBreHuit Muxantok, Erop lopoxoBckuii, AHaTonmii boceHko, Hagexxaa Opnuk, Mapusa Tonumii. BansHue ngeHTUUYHOro
TPEHUPOBOYHOrO Npouecca Ha GYHKLMOHaNIbHOE COCTOAHUE NN0BLOB BbICOKOTO Kiacca o6oero nona

Lenb: M3yunTb BAMAHWE MAEHTUYHOTO TPEHMPOBOYHOIO npoLecca Ha QYHKUMOHANbHOE COCTOAHWE MAOBLOB-
CNPUHTEPOB BbICOKOTO Kaacca oboero nona.

Matepuan u metoapl. [lpoBeseHO CpaBHEHWE MoOKa3aTenei BapuabenbHOCTU CepAevyHOro puTMa, NapameTpos
LEeHTPaNbHOM reMogMHaMUKN U PWCm/Kr 86 MYXKUMH M 42 XKeHLMH — NJ0BLLOB CO CMNOPTUBHOM KBannduKaumnen ot
CNopTCMeHa NepBoro paspaga 40 MacTepa CnopTa MeXAyHapo4HOro Knacca, v oTAeNbHO — 38 MYXKUYMH U 9 XKeHLWUH
(macTepa cnopTa U macTepa cnopTa MeXAyHapo4HOro Kaacca), 28 My»KYMH M 16 XeHWmH (KaHAMAaTbl B macTepa
cnopTa) n 22 MyX4mH 1 17 KeHWuH (CnopTCMeHbI NePBOPa3PAAHNKN).

Pe3ynbratbl. B 06Leit rpynne (86 MyUMH M 42 JKEHLMHbI) Y My}KUMH 0BHapyKeHo 6onbluee Ha 12,6 % (p<0,001)
3HayeHne PWC,,  , 4em Y KeHLWH, a Pasnnynsa nokasatenei BapnabenbHOCTM CepAeYHOro PUTMA U LEHTPabHOM
remogMHamuKke oTcyTcTBOBasM. Cpeau macTepoB CMopTa M MacTepoB CMOPTa MeXAyHapoAHOro Knacca, a TaKkKe
KaHAMAATOB B MacTepa CNopTa reHAePHbIX Pas/IMymnii Mo BCEM M3y4aeMbIM NMOKa3aTeIAM He BbisiB/IEHO. Y CMOPTCMEHOB
nepBoro paspaga reHAEepHbIX PasMYMii NO NOKasaTensm BapuabesbHOCTU CepAevHOro puTMa M LEeHTPanbHOM
reMoAMHAMUKM TaKXKe He YCTaHOB/IEHO, 3a UCK/oUYeHMeM nokasatens PWC KOTOPbIV Y My*K4MH 6bln 6osblue Ha
11,27 % (p=0,036), 4EM Y KEHLLMH.

BbiBogbl. CpaBHEHME 86 MY»KUMH U 42 KeHLWMH — NI0BLLOB CO CMOPTUBHOM KBaZiMpUKaLMEN OT CNOPTCMEHA NEPBOTo
pa3spada 4O MacTepa CnopTa MEeXAYyHapOAHOro KAacca, Pas/iMyalowmxca Mo BO3PACTy M OMbITy TPEHMPOBOK, He
BbISIBU/IO CYLLECTBEHHbIX Pa3nnunii 8 BCP 1 napameTpax LEeHTPaSIbHON reMOANHAMMKM, 32 UCKAOYEHUEM NOKA3aTena
PWC,.. . KOTOpPIﬁ Y MY>KUMH 6bin 6onblie Ha 12,64 % (p<0,001). Y 38 My»KUMH N 9 KEHLLMH — n10BL0B CO CMNOPTUBHOM
KBaAMPMKaLMen macrtep CrnopTa U MacTep CropTa MeXAyHAapOAHOro Kacca, He MMEILWMX PasIMinin B Bo3pacte m
TPEHMPOBOYHOM CTaXKe, He Obl10 BbISBMIEHO 3HAYMTENIbHbBIX PA3MUYUA MEXAY BCEMM M3y4aeMbIMM MOKA3aATENAMM.
CpaBHeHMe 28 My*KYMH U 16 KEHLWMH — NNOBLOB CO CMOPTUBHON KBanudUKaLmen KaHanAaT B MacTepa CrnopTa, He
OT/IMYAOLLMXCA NO BO3PACTy M TPEHMPOBOYHOMY CTaXKy, HE BbISBU/IO CYLLECTBEHHbIX pa3nnumnii 8 BCP 1 napametpax
LEeHTPaNbHOM reMOANHAMMKM, 33 UCKNOYEHMEM PWCNO/”, KOTOPbI 6bl1 Bonblue y My»KuMH Ha 11,27 % (p=0,034). Y
22 MYKUMH U 17 XKeHLWMH, UMeIoLLMX COPTUBHYIO KBAaNUGUKALMIO CIOPTCMEH NEPBOro paspaaa, He pasiMyaoLmxca
no Bo3pacTy (Y My»4YMH 6o/bLIe TPEHUPOBOYHbIN CTaXK), HE BbINO BbIABNEHO PA3INUYNI MEXAY BCEMU UCCNELYyEMbIMM
nokasaTenamu.

170/kr’

KnioueBble cnoBa: nNoBLbI-CNPUHTEPLI, BapuabenbHOCTb CepaevyHOro pPuUTMA, LEHTpasibHaA remoavHaMuMKa,
¢dur3myeckas paboTocnocobHOCTb
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Introduction

Physical activity is a serious challenge for
the cardiovascular apparatus because it engages
the chronotropic, inotropic, preload, and postload
reserves. Regular physical exercise induces some
physiological adaptations leading to increased heart
volume and mass. There appear to be several gender-
specific physiological and morphological differences
in cardiovascular adaptation and adjustment to
dynamic exercise in humans. In this regard, gender
may play an important role in determining these
changes and adaptations to dynamic exercise
because of genetic, endocrine, and body composition
differences between men and women. In women,
compared with men, vasoconstriction is decreased,
and vascular resistance is reduced, especially after
exercise. Significant differences also exist in the
adaptation of the cardiovascular system to physical
exercise: female athletes have a smaller heart volume
and wall thickness than male athletes[1].

Analysis of studies concerning gender
differences should start with non-athletes. Thus,
Koenig et al. presented an extensive metanalysis of
63612 people (31970 women), in which he showed
thatwomen had significantly lower mean RR intervals
and standard deviation of RR intervals than men [2].
Meanwhile, spectral analysis of heart rate variability
(HRV) power was characterized by significantly
greater high-frequency (HF) and less low-frequency
(LF) power; i.e., a lower sympatho-vagal index ratio.
The meta-regression revealed a significant effect of
age. Women showed higher mean heart rate (HR)
and vagal activity as determined by the power of
the HF component of HRV. The influence of age on
HRYV indices is also evidenced by G.D. Spina et al.
and A. Voss et al. Thus, Spina et al., examined 485
subjects who were divided into 3 age groups (18—
39, 40-59 and >60 years) and found that women
had better vagal tone indicators, while men had a
stronger sympathetic influence of the autonomic
nervous system (ANS) [3]. Voss et al., comparing
782 women and 1124 men who were divided into
5 age groups (25-34, 35-44, 45-54, 55-64, and
65-74 years) found significant modifications in
HRYV indices depending on gender, especially in the
frequency domain and in correlation analysis [4]. In
addition, significant modifications depending on age
were observed in almost all domains. Interestingly,
gender differences disappeared in the last two age
decades, and age correlations disappeared in the last
decade. A decrease in vagal activity on HRV in 47

male versus 39 female college students was reported
by Suh, who attributes this to higher levels of stress
and lower levels of depression in men affecting the
decrease in vagal activity [5]. Thus, the presence of
lower values of mean RR intervals, the influence of
age on HRV indices, and the prevalence of vagal
tone in women are characteristic for non-sportsmen.

The actual problem of modern sports is the
analysis of the mechanisms of adaptive restructuring
in the female body under the effect of sports, the
diagnostics of the functional state compared to
the male body, and, accordingly, the principles of
creating the training process, which has differences
or correspond with the training of male athletes of a
similar sport and skill level [6, 7].

Our works have demonstrated that the long-
term training process has the same effect on male
and female athletes, which is expressed in reduction,
and sometimes without significant differences in the
ECG (contractility, pumping function, conduction
abnormality, the presence of pre-excitation and
prolonged QT interval syndromes), cardiac index
values, type of hemodynamics, HRV integral
indices (LF/HF ratio, stress-index), relative value of
physical performance (PWC 17O/kg), etc. [6, 8, 9].

In particular, as the sports qualification of
swimmers raises from city champion to international
champion, there is a noticeable decrease in the
differences among ECG parameters between males
and females, and among 400 m runners, there are
no significant differences in the regularity of sinus
rhythm, ECG voltage, the number of persons with
normal heart axis, heart rate within 61-79 beats-min’!
[6].

Wooten et al. reported the results of
echocardiographic examination of 109 men (60+12
years) and 55 women (57412 years) participants in the
World Veterans Athletics Championships, in whom
left ventricular mass index, systolic and diastolic
blood pressure, left ventricular ejection fraction
and stroke volume index were not different between
the genders [10]. The authors believe that lifelong
physical training does not exacerbate morphological
differences in cardiac risk or dysfunction in both
male and female athletes.

Meanwhile, amid reports that there are no
gender differences among indicators characterizing
the functional state of athletes, there are opposite
results showing the upward trend in some indicators
in male athletes. Thus, a study by Guang et al.
among 308 youth swimmers, including 137 girls
and 171 boys aged from 8 to 16 years of various
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training levels, showed boys had greater (p<0.05)
means for all hematological parameters, except for
erythropoietin and these variables demonstrated
an increase with training in boys [11]. The mean
maximum oxygen uptake and peak anaerobic
power were also greater in boys (2.9140.08 I'min’!
and 547+28 W) than in girls (2.25+0.07 I'min"' and
450426 W). Data from Arena et al., which studied
the differences in resting blood pressure for 8 weeks
in the competitive period in collegiate swimmers
(15 males and 23 females) demonstrated that the
increased systolic and diastolic blood pressure was
significantly higher in males than in females [12].
P. Bauer et al. also found significantly higher values of
systolic blood pressure in 33 handball players (26+5
years) compared to 18 soccer players (2243 years),
respectively 124+8 versus 115+8 mm Hg (p<0.001)
[13]. We consider it somewhat incorrect to compare
older male handball players with female soccer
players. Further, Bauer et al. without indicating sport
and physical performance, comparing professional
athletes (47 males and 25 females) of the same age,
noted considerably higher blood pressure values in
males after bicycle ergometry (202420 vs. 177+15

mm Hg, p<0.001), and the initial resting blood
pressure values were comparable in them [14].

The aim of this work was to study the
influence of an identical training process on the
functional state of elite sprint swimmers of both
genders.

Material and methods
Participants

Analysis of heart rate variability, central
hemodynamic parameters and physical working
capacity was carried out in 86 male and 42 female
Ukrainian sprint swimmers with sports qualifications
from first-class athlete to Master of Sports
International class (general group). The studied
parameters were compared separately for swimmers
with sports qualifications Master of Sports and
Master of Sports International Class (MS group);
Candidate for Masters of Sports (CMS group); first-
class athlete (FCA group). The number of male and
female swimmers in the groups is shown in table 1. .

Table 1
Number of male and female swimmers in groups
Group Sports Qualification Males Females
General group | From first-class athlete to Master of Sports International Class n=86 n=42
MS group Master of Sports, Master of Sports International Class n=36 n=9
CMS group Candidate for Masters of Sports n=28 n=16
FCA group First-class athlete n=22 n=17

Ethical consent was provided by the ethics
committee of the local institution and in accordance
with the Helsinki declaration.

Procedure

Mathematical and spectral methods of
heart rate variability (HRV) analysis were used to
assess the autonomic regulation of cardiac activity.
5-minute short ECG recordings (Cardio+, Meteocol
LLC, Ukraine) were used for the HRV analysis
according to the International Standard[15].

To evaluate the autonomic regulation of
cardiac activity, mathematical methods for analysis
of HRV parameters were used: mode (Mo, 5s),

mode amplitude (AMo, %), variation range (D,
s). A number of derived indices were calculated:
autonomic equilibrium index (AMo/D, %/s),
autonomic rhythm index (ARI, 1/s%), adequacy of
regulation processes (ARP, %/s), stress index (SI),
r.u. The frequency HVR components were assessed
analysing the spectral indicators of autocorrelation
functions: total spectral power (TP) (ms?), spectral
components of the very low frequency (VLF) (ms?),
low frequency (LF) (ms?) and high frequency (HF)
(ms?), LF and HF normalized values (LFn, %, HFn,
%), LF/HF ratio, relative units (r.u.).

Central hemodynamics (CH) was studied
by the automated tetrapolar rheography method
(Cardio+, Meteocol LLC, Ukraine). Stroke volume
(SV) and cardiac output (CO), stroke volume
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index (SVI), cardiac index (CI), systemic vascular
resistance (SVR), and systemic vascular resistance
index (SVRI) were calculated.

Physical working capacity was measured
according to the generally accepted technique

square test was used to compare the frequencies
of qualitative characteristics between the groups.
Statistical significance was accepted at p<0.05.

on a stationary cycle ergometer (Corival, Lode, Results

Netherlands) using the PWC _/ submaximal test with

further calculation of the relative value of physical When comparing anthropometric
working capacity (PWCm/kg) [16]. measurements, age and training experience of

Statistical analysis

Statistical analysis of the data was performed
using Statistica for Windows 13 (StatSoft Inc.). The
data were checked for normality using the Shapiro-
Wilk test. Normally distributed data reported as
mean + SD, non-normally distributed data reported
as median (1% quartile; 3™ quartile). Mann-Whitney
test (for non-normally distributed data) and Student's
paired t-test (for normally distributed data) were
used to compare values between groups. The chi-

swimmers in the general group (table 2), it was
found that males and females differed in age,
training experience, body length and body weight.
These parameters were greater in male swimmers.
Male and female swimmers of the MS and CMS
groups didn't differ by age and training experience.
At the same time, body length and body weight in
males were significantly greater. In male and female
swimmers of the FCA group, the age of males didn't
differ from the age of females. Training experience,
body length and body weight of males in this group
were significantly greater than those of females.

Table 2
General characteristics of the surveyed swimmers
Groups Gender n Median (Q1; Q3) U test statistic Z-score p value
Age (years)
Males 86 16 (15; 19) 1013.50 -4.02 <0.001
General group
Females 42 15 (14; 16)
Males 36 18.5(17; 20) 103.00 -1.66 0.100
MS group
Females 9 16 (16; 17)
Males 28 16 (15; 18) 132.50 -2.22 0.026
CMS group
Females 16 15 (14; 16)
Males 22 14 (14; 16) 140.00 -1.32 0.188
FCA group
Females 17 14 (14; 15)
Body length, cm
Males 86 182 (177; 186) 368.50 -7.29 <0.001
General group
Females 42 168.5 (164; 172)
Males 36 186 (182.5; 190) 25.00 -3.87 <0.001
MS group
Females 9 170 (170; 174)
Males 28 182 (178; 183) 22.50 -4.903 <0.001
CMS group
Females 16 167.5 (163.5; 170)
Males 22 175 (170; 178) 95.00 -2.59 0.001
FCA group
Females 17 168 (164; 172)
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Body weight, kg
Males 86 70 (64; 76) 503.00 -6.61 <0.001
General group
Females 42 57 (53; 62)
Males 36 77 (72; 84) 33.00 -3.65 <0.001
MS group
Females 9 62 (60; 68)
Males 28 69 (65; 73.5) 45.50 -4.34 <0.001
CMS group
Females 16 56 (63; 60)
Males 22 61.5 (58; 67) 96.50 -2.55 0.011
FCA group
Females 17 56 (50; 59)
Training experience, years
Males 86 8 (7; 10) 1122.50 -3.23 0.001
General group
Females 42 7 (6;9)
Males 36 10 (8.5; 11.5) 126.50 -0.99 0.321
MS group
Females 9 10 (8; 10)
Males 28 8 (6; 10) 171.00 -0.81 0.416
CMS group
Females 16 8(6;9)
Males 22 7(7; 8) 105.50 -2.29 0.022
FCA group
Females 17 6 (6;7)

Analysis of temporal indices of HRV of
male and female swimmers in the general group
showed no differences in AMo — 31.514 (24.335;
43.206) vs. 29.657 (25.723; 37.949) %, p=0.470,
AMo/D — 69.327 (41.952; 145.885) vs. 78.044
(42.900; 113.607) %/s, p=0.986, ARP — 35.317
(25.826; 45.575) vs. 34.020 (27.053; 51.247) %ls,
p=0.810, SI — 36.565 (23.633; 64.306) vs. 45.192
(23.991; 76.750) r.u., p=0.603, D —0.467 (0.333;
0.579) vs. 0.377 (0.319; 0.542) s, p=0.314, and ARI
—2.406 (1.906; 3.867) vs 2.990 (2.252; 4.239) 1/s?,
p=0.143. Analysis of the spectral indices of heart
rate variability also showed no differences in LF —
384.000 (254.000; 528.000) vs. 296.500 (195.000;
451.000) ms?, p=0.132, VLF — 1024.000 (398.000;
2231.000) vs. 845.500 (369.000; 1470.000) ms?,
p=0.270, LF/HF ratio — 1.500 (0.770; 2.120) vs.
1.135(0.360; 1.870) r.u., p=0.096, and HF —258.500
(215.000; 342.000) vs. 336.000 (219.000; 446.000)
ms?, p=0.107 in males and females.

In male and female swimmers of the MS
group, temporal HRV indices were: AMo — 33.549
(25.169; 43.900) vs. 28.306 (25.129; 38.484) %,
p=0.580, AMo/D — 73.352 (49.831; 145.531) vs.
75.897 (42.468; 114.357) %/s, p=0.898, ARP —
36.153 (25.169; 46.087) vs. 38.066 (23.639; 50.368)

%/s, p=0.996), D — 0.443 (0.345; 0.543) vs. 0.365
(0.337; 0.544) s, p=0.630. The stress index (SI)
of regulatory systems, which reflects the degree
of centralization of heart rhythm control, also
didn’t differ between males and females and was,
respectively 36.715 (26.014; 62.932) and 49.571
(19.836; 76.805) ru., p=0.987. The following
results were obtained for spectral HRV indices: LF
—388.500 (252.000; 526.500) vs. 332.500 (204.000;
487.500) ms?, p=0.262, VLF — 1031.000 (413.500;
2588.500) vs. 928.000 (383.500; 2003.000) ms?,
p=0.274, LF/HF ratio — 1.460 (0.685; 2.035) vs.
1.740 (0.380; 2.555) r.u., p=0.182, and HF —284.000
(212.000; 435.000) vs. 244.500 (204.500; 435.500)
ms?, p=0.182.

There were no differences in the studied HRV
indices among the swimmers of the CMS group.
Thus, temporal HRV indices in males and females
were: AMo — 30.373 (23.586; 43.752) vs. 28.306
(25.129; 38.484) %, p=0.724, AMo/D — 71.885
(37.861; 164.710) vs. 75.897 (42.468; 114.357)
%/s, p=0.798, ARI — 2.845 (1.570; 4.468) vs. 3.213
(2.047; 4.112) 1/8%, p=0.990, ARP — 35.108 (23.991;
46.514) vs. 38.066 (23.639; 50.368) %/s, p=0.767,
and SI—38.871 (22.194; 87.550) vs. 49.571 (19.836;
76.805) r.u., p=0.990. The following results were
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obtained for spectral HRV indices: LF — 435.000
(299.000; 585.000) vs. 332.500 (204.000; 487.500)
ms?, p=0,184, LF/HF ratio — 1.730 (1.110; 2.400)
vs. 1.740 (0.380; 2.555) r.u., p=0.479, HF — 248.000
(210.500; 275.500) vs. 244.500 (204.500; 435.500)
ms?, p=0.855, and VLF (1221.500 (304.500;
2563.000) vs. 928.000 (383.500; 2003.000) ms?,
p=0.817.

Similarly to the results above, we also didn"t
find any gender differences in HRV parameters in
the swimmers of the FCA group. Thus, temporal
HRYV indices in them were: AMo — 29.717 (23.295;
39.444) vs. 30.464 (25.962; 36.658) %, p=0.989,
AMo/D — 52.172 (34.140; 76.740) vs. 79.868
(54.227; 102.491) %l/s, p=0.251, and SI — 30.139
(23.307; 47.963) vs. 45.550 (36.152; 76.750)
ru., p=0.198. The spectral indices of HRV were,
respectively: LF — 313.500 (222.000; 400.000) vs.
302.000 (214.000; 446.000) ms?, p=1.000, LF/HF
ratio — 1.135 (0.670; 2.140) vs. 1.260 (0.390; 1.690)
ru., p=0.581, VLF — 669.500 (491.000; 1974.000)
vs. 718.000 (379.000; 1459.000) ms?, p=0.681, HF
—270.000 (222.000; 339.000) vs. 328.000 (241.000;
453.000) ms?, p=0.165.

As to the central hemodynamics in male
and female swimmers in the general group, SVR
was 1210.750 (1109.200; 1351.500) vs. 1293.450
(1173,200; 1464,600) dn-s-'sm~, p=0.045, and SVRI
was greater in males — 29.595 (25.850; 31.880) vs.
26.470 (23.710; 30.480) r.u., p=0.014. There were
no differences in SVI — 48.265 (45.590; 53.270) vs.
48.010 (45.650; 54.110 ml'm?, p=0.758 and CI —
2.802 (2.606; 3.050) vs. 3.007 (2.699; 3.336) I'min’
'm?, p=0.05, which corresponded to a eukinetic
type of hemodynamics (TH). The distribution by TH
in males was as follows: 41.86 %:51.16%:6.98 %,
and in females 30.95%:61.90%:7.15%, hypokinetic,
eukinetic, and hyperkinetic TH, respectively.
However, only in males a significant prevalence
of eukinetic TH over hyperkinetic TH was found
(p=0.041), confirming the mean CI values.

A comparison of the number of swimmers
and the ratio between males and females showed
the following: 41.86 % (n=36) vs. 30.95 % (n=13)
p=0.489 — with hypokinetic TH, 51.16 % (n=44)
vs. 61.9 % (n=26) p=0.382 — with eukinetic TH and
6.98 % (n=6) vs. 7.15 % (n=3) — with hyperkinetic
TH, p=0.992 i.e. the number of athletes of both
genders in this group was comparable.

The following results were obtained for
central hemodynamic parameters in athletes of

the MS group: CI — 2.751 (2.564; 2.905) vs. 2.997
(2.668; 3.413) I'min""m?, p=0.115, with both values
corresponding to the eukinetic TH. Males had a
greater value of SVRI — 30.240 (27.075; 33.760)
vs. 26.420 (23.145; 28.980) r.u., p=0.036, but no
gender differences in SVR were found (1206.400
(1108.850; 1331.550) vs. 1298,600 (1156,450;
1513,850) dn's-cm?, p=0.523).

The distribution by TH in males
was 41,7 %:52,8 %:5,5 %, and in females
- 33,3 %:66,7 %:0%, hypokinetic, eu- and
hyperkinetic TH, respectively. However, there were
no statistically significant differences between the
ratio of TH in both males and females. It should
also be noted that there were no female athletes with
hyperkinetic TH.

A comparison of the number of athletes with
hypo- and eu- TH between males and females showed
no significant differences: 41.7 % (n=15) vs. 33.3 %
(n=3) p=0.786 and 52.8 % (n=19) vs. 66.7 % (n=6)
p=0.549, respectively, i.e., the number of swimmers
in the compared groups with hypo- and eukinetic TH
was comparable and had no differences.

There were no gender differences in
central hemodynamic parameters in swimmers of
the CMS group. Thus, SVI in males and females
was 49.035 (44.535; 53.305) vs. 48.070 (44.880;
53.605) p=0.855 ml'm?, p=0,855, CI —2.862 (2.585;
3.045) vs. 2.997 (2.668-3.413) I'min"-m?, p=0,257,
corresponding to eukinetic TH, SVR —1251.950
(1093.050; 1394.900) vs. 1298.600 (1156.450;
1513.850) dn's.cm®, p=0,289 and SVRI — 29.205
(25.495; 31.850) vs. 26.420 (23.1451; 28.980) r.u.,
p=0,116.

The distribution of THs in males was
42.8%:53.6%:3.6% and in females it was
25.0%:62.5%:12.5%,  hypokinetic, eu-, and
hyperkinetic TH, respectively. Significant prevalence
of eukinetic TH over hyperkinetic TH (p=0.005)
and hypokinetic TH over hyperkinetic TH (p=0.02)
was found in males, and there were no significant
differences between THs ratios in females. The
obtained data confirm the mean CI values for the
prevalence of eukinetic and hypokinetic TH over
hyperkinetic TH in males.

A direct comparison of the number of
swimmers and the ratio of TH between males and
females revealed the following: 42.80 % (n=12) vs.
25.0 % (n=4), p=0.526 for hypokinetic TH, 53.6%
(n=15) vs. 62.5 % (n=10), p=0.659 for eukinetic
TH and 3.6 % (n=1) vs. 12.5 % (n=2), p=0.574 for
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hyperkinetic TH, meaning the number of athletes of
both genders was comparable.

The analysis of central hemodynamic
parameters in swimmers of the FCA group also
showed no gender differences. Thus, SVI in males
and females was 49,035 (44,535; 53,305) vs.
48,070 (44,880; 53,605) ml-m?, p=0,855, CI — 2,862
(2,585; 3,045) vs. 2,997 (2,668; 3,413) I'min"''m?,
p=0,257, which corresponds to the eukinetic TH,
SVR —1251,950 (1093,050; 1394,900) vs. 1298,600
(1156,450; 1513,850) dn-s-.cm?, p=0,289, SVRI —
29,205 (25,495; 31,850) vs. 26,420 (23,145; 28,980)
r.u., p=0,116.

The distribution of males by TH
was 36.4%:50.0%:13.6%, and for females -
35.3%:58.8%:5.9%, respectively hypokinetic, eu-
and hyperkinetic TH. There were no significant
differences between THs ratios in males, while a

The obtained data confirm the mean CI values about
the prevalence of eukinetic TH in females.

A direct comparison of the number of
swimmers and the ratio of THs between males and
females showed the following: 36.4 % (n=8) vs.
35.3 % (n=6) p=0.966 with hypokinetic TH, 50.0 %
(n=11) vs. 58.8 % (n=10) p=0.686 for eukinetic TH,
13.6 % (n=3) vs. 5.9 % (n=1) — with hyperkinetic
TH, i.e. the number of male and female swimmers in
the group with different THs was comparable.

The relative value of physical working
capacity (table 3) in male swimmers in the general
group was 12.64 % (p<0.001) higher than in female
swimmers. PWC,.. in males and females of the
MS group didn’t differ.

In males of the CMS group, the PWC
., Was 16.52+0.51 kgm-min'kg"' which 11.27 %
greater than in females (p=0.034). In male swimmers

significant prevalence of eukinetic TH compared to of the FCA group, the mean value of PWC | ke didn't
hyperkinetic TH was found in females (p=0,035). differ from that of females.
Table 3
PWC,_, 1 ICasurements
Group Gender n PWC, 0k t statistic p value
Males 86 17.17+2.857
General group t(126)=-3.96 <0.001
Females 42 15.01+2.994
Males 36 18.37+2.251
MS group t(43)=-1.45 0.153
Females 9 16.9813.670
Males 28 16.52+2.704
CMS group t(42)=-2.19 0.034
Females 16 14.66+2.733
Males 22 16.0213.284
FCA group t(37)=-1.81 0.079
Females 17 14.28+2.522
Discussion swimmers, also showed no difference among the CI

In the available sports medicine literature,
we did not find research devoted to gender differences
in heart rate variability and central hemodynamics
in swimmers, except for our previously published
works [17, 6]. Comparisons of the studied
parameters, in which 12 male and 18 female
international and national champion swimmers
participated, showed no significant differences in
the values of HRV, CI, types of hemodynamics and
PWClm(g, while swimmers of both genders in 2004
had hypokinetic TH, and at present — eukinetic TH
[6]. An early study in 2004, which involved 33 male
and 9 female international and national champion

values [17].

Comparison of the studied indicators of 13
male and 13 female nationally ranked swimmers
showed the prevalence of parasympathetic effects
of ANS in females and the absence of significant
differences in CI, TH and PWCm/kg [6]. The
participants of the present study also did not
have significant differences in the HRV and CH
parameters, except for PWC g which was greater
inmales by 11.27 % (p = 0.036). A 2004 study, when
comparing 14 male and 8 female nationally ranked
swimmers, also showed insignificant differences in
the HRV and CH parameters [17].

Thus, a comparison of the studied indicators
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characterizing the autonomic nervous system and
central hemodynamics in international and national
champion as well as in nationally ranked swimmers
indicates insignificant differences between male and
female athletes.

Some recent research provides information
on gender differences in maximum oxygen uptake
(MOU) in swimmers. It should be noted that the
results of the submaximal PWC,  test are often
used as a marker of maximal oxygen uptake. Back
in 1988, Karpman et al. showed a high positive
correlation (r=0.905) between PWC = values and
MOU in athletes, which allows us to discuss the
obtained results of gender differences in physical
performance indicators using MOU values [16].

Thus, a comparison of MOU values in 20
elite badminton players and 16 female badminton
players of the same age showed a significantly
higher aerobic capacity in men with no significant
differences in HRV indices [18]. Surveys conducted
in the strongest cross-country skiers from Norway,
Russia and Switzerland with comparable volume of
training loads in males and females (p<0.05) also
testify to the prevalence of MOU values in males
and higher markers of sympathetic activity due to
significantly higher sympatho-vagal index (p=0.015)
[19]. Similar results were obtained by E. Ramalho et
al., which showed a higher LF/HF ratio in 22 males
and 27 females (p<0.05) engaged in power sports
[20].

As for swimmers, according to Reis et al.,
comparison of 8 female (mean age 17.9+£3.5 years)
and 11 male (mean age 21.9+2.8 years) well-trained
swimmers showed a significant prevalence of MOU/
kg in males (4.49+£0.585 I'min' vs 2.75+0.187
I'min”!, p<0.001) [21]. A similar comparison of low-
skill swimmers from 8 to 16 years old also showed
the prevalence of the VO, max value in boys,
respectively 2.91+£0.08 I'min™! vs 2.25+0.07 I'min’!

[11].

In our work, when comparing the data
obtained from 86 male (average age 16.96+0.27
years) and 42 female (average age 15.14+0.35
years, p<0.001) holding ranks from regional to
international champion a prevalence of PWC, ..
by 12.64% (p<0. 001) in males was shown. Separate
comparison of swimmers taking into account their
ranks showed significantly greater values of PWC _ |
s in nationally ranked male swimmers only (average
age 16.35+0.51 years and 15.12+0.39 years) by
11.27% (p=0.034).

Our earlier studies also showed that

the PWC”O/kg in male international and national

swimming champions was greater than in female
swimmers with similar ranks by 15.6% (p<0.05),
and in male nationally ranked swimmers by 17.3%
(p=0.001) respectively [17].

Thus, available sporadic research devoted to
gender differences in swimmers indicate the higher
levels of haematological parameters, VO, max, peak
anaerobic power, as well as systolic and diastolic
blood pressure in men and boys, complement the

idea of gender differences in a particular contingent
of athletes [22, 12].

Conclusions

A comparison of 86 male and 42 female
swimmers with sports qualifications from first-class
athlete to Master of Sports International Class, who
differed by age and training experience, showed
no significant differences in HRV and central
hemodynamic parameters except for PWC, 1700
which was 12.64 % higher in males (p<0.001). There
were no significant differences between all studied
indices in 38 male and 9 female swimmers with
sports qualifications Master of Sports and Master
of Sports International Class, with no differences in
age or training experience. Comparison of 28 male
and 16 female swimmers with sports qualification
Candidate for Master of Sports, not differing by
age and training experience showed no significant
differences in HRV and central hemodynamic
parameters, except for PWC, which was greater
in males by 11.27 % (p=0. 034) In 22 male and 17
female swimmers with sports qualification first-class
athlete, not differing by age (males have greater
training experience) there were no differences
between all studied indices.

We once again show that in athletes, in
the presence of strictly homogeneous comparison
groups, taking into account the type of sport, sport
qualification, competitive distance (in swimming,
athletics, rowing, etc.), age, and training experience
there are no differences in parameters of heart rate
variability and central hemodynamics.
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