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Examining the autonomic support of muscular activity in athletes enables an assessment of the ANS impact on achieving a
high-level of sports performance at different ages, an identification of interaction patterns between the ANS divisions in the process
of short-term and long-term adaptation to muscular load, identifying the features of the cardiovascular system autonomic regulation
in athletes training different physical performance

Aim. To examine heart rate variability (HRV) changes in athletes depending on the training session mode.

Material and methods. A total of 104 athletes (84 men and 20 women) were enrolled in the study: 63 — endurance-trained
athletes, 31 — strength-trained and 10 — speed-trained athletes. The mean age of the athletes was 21.75 = 3.32 years. Among
them, there were Masters of Sports of International Class (MSIC) - 2 athletes, Masters of Sports (MS) — 25, Candidates Master
of Sports (CMS) —48, First-Class athletes —29. All the athletes underwent HRV analysis on the device “Cardio+” (NPP “Metekol”,
Nizhyn, Ukraine).

Results. HRV in the endurance and strength athletes indicated a predominance of heart rate (HR) by 11.4 % (61.03 = 10.19
vs. 68.00 + 7.72 bpm, P = 0.004), Mode (Mo) value (954 (860; 1103) vs. 868 (798; 954) ms) by 9.0 % (P = 0.004) and
shorter mean RR interval duration (Mean) by 11.7 % (1002.45 + 168.59vs. 885.22 + 98.98 ms, P = 0.002) in comparison with
the strength athletes. The endurance athletes had significantly lower values of SDNN by 7.6 % (P = 0.048), RMSSD by 35.5 %
(P = 0.029), SDANN by 26.4 %, and the predominance of Mo by 4.1 % (P = 0.016) in contrast to the speed athletes. There
was no statistically significant difference between other HRV parameters between the endurance and speed athletes. Comparison
of HRV between the strength and speed athletes revealed that the strength athletes had significantly 8.8 % (P = 0.042) higher
HR (68.00 + 7.72vs.62.00 + 7.14 bpm). Compared with the speed athletes, the strength athletes had significantly shorter RR
interval duration (885.22 + 98.98vs.969.56 + 112.28 ms)by 9.5 % (P = 0.046), higher values of SDNN by 9.5 % (P = 0.017),
RMSSD by 68.9 % (P = 0.012), SDANN by 71.8 % (P = 0.015), CVr, % by 15.0 % (P = 0.045), Mo by 5.4 % (P = 0.029)
that was indicative of sympathetic hyperactivity in the strength athletes.

Conclusions. The endurance and speed athletes did not differ from each other in all the spectral and the vast majority of
time-domain HRV parameters, except for SDNN, RMSSD, SDANN and Mo. The strength athletes differed from the endurance
athletes by higher tone of the sympathetic arm of the ANS, as evidenced by significantly 11.4 % higher heart rate, 11.7 %
shorter RR interval duration and 9.0 % lower Mo value. The speed and endurance athletes differed from the strength ath-
letes by higher parasympathetic tone as evidenced by significantly 8.8 % (P = 0.042) lower heartrate, 9.5 % (P = 0.046),
higher RR interval duration, values of SDNN by 9.5 % (P = 0.017), RMSSD by 68.9 % (P = 0.012), SDANN by 71.8 %
(P = 0.015), CVr, % by 15.0 % (P = 0.045), Mo by 5.4 % (P = 0.029).

BeretatuBHe 3a6e3neyeHHA Gpi3MUHUX AKOCTEH BUTPUBANOCTI, CUAH, LLIBUAKOCTI
y cnopTcMeHiB

C. M. KanwuriHa, B. B. CuBonan, M. C. lotaneHko

BuBYEHHS BereTaTMBHOMO 3abe3neyeHHst M'i30BOi AisiNbHOCTI Y CMOPTCMEHIB A€ MOXIMUBICTb OLIHATM BHECOK BETETaTUBHOI
HEPBOBOI CUCTEMU B AOCATHEHHS BUCOKMX CIOPTUBHWX Pe3ynbTaTiB y Pi3Hi BiKOBI Nepioay, BUSBUTU 3aKOHOMIPHOCTI B3aeMOfii
BiZZiNiB BErETAaTUBHOI HEPBOBOI CUCTEMM Y NPOLIECI KOPOTKOTPMBAIIOI Ta AOBrOTPMBANOI afanTalii 40 M'S30BUX HaBaHTaXeHb,
BCTAHOBMTW OCOBNMBOCTI BEreTaTuBHOI perynsvjii cepLeBo-CyaNHHOI CUCTEMM Y CMIOPTCMEHIB, SIKi TPEHYHOTb PiaHi (i3nyHi SKOCTi.

MeTa po6otn — pgocnigunti 3miHn BapiabenbHocTi cepuesoro putmy (BCP) y CnopTCMEHIB 3anexHo Bif, CNpsiIMOBAHOCTi TPEHy-
BarlbHOMO MPOLIECY.

Marepianu Ta MmeToau. Y gocnigxeHHi B3sanm yyactb 104 cnopremen (84 vonosiku Ta 20 xiHOK): 63 — atneTu, ki po3srBanu
nepeBaxHo sKiCTb BUTpMBanocTi, 31 — skictb cunmn,10 — skicTb wenakocTi. CepeaHit Bik obetexennx — 21,75 + 3,32 poky.
Cepen Hux mancTpis cnopTy MixHapogHoro knacy (MCMK) — 2 cnoptcmenu, mavicTpis cnopty (MC) — 25, kaHauaartie y Manctpu
cnopty —48, cnoptcmeHis 1 po3psigy —29. Ycim cnoptcMmeHam BukoHanu aHania BCP Ha anapari «Kapgio+y (HMM «Metekon»,
M. HixuH, YkpaiHa).

Pesyniratu. MNopiBHAHHS NOKa3HUKIB BapiabenbHOCT CepLEBOro pUTMY y COPTCMEHIB, Siki PO3BUBanM SKiCTb BUTPMBANOCTi abo
CWnK, CBiAYNTb NPO NepeBaxaHHs YacToTh cepuesmx ckopodeHb (UCC) Ha 11,4 % (61,03 + 10,19 ya/xe npotv 68,00 + 7,72
ya/xs, p = 0,004), nokasHuka mogm (954 (860; 1103) mc npotu 868 (798; 954) mc) Ha 9,0 % (P = 0,004) Ta MeHLLy cepeaHto
TpuBanicTb iHTepsany R-R (Mean) Ha 11,7 % (1002,45 + 168,59 mc npotn 885,22 + 98,98 mc, p = 0,002) y cnopTcmeiB, siki
po3BMBanu SKICTb CUMK. Y CNOPTCMEHIB, ki PO3BMBaNM AKICTb BUTPUBANIOCTI, BUHAYMMM BIPOTiAHO MEHLLI 3Ha4YEHHS NOKa3HUKIB
SDNN Ha 7,6 % (p = 0,048), RMSSD Ha 35,5 % (p = 0,029), SDSD Ha 26,4 %, nepeBaxaHHsi nokasHuka moau Ha 4,1 %,
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(p = 0,016), Ha BigMiHy Bif CMOPTCMEHIB, ki PO3BMBaNK AKICTb LWBMAKOCTI. CTAaTUCTUYHO BIPOTiAHOI Pi3HML HLLMX NOKa3HUKIB
BPC y cnoptcmeHis, siki po3BuBanu SKoCTi BATPKUBANOCTi abo WBMAKOCTi, He BcTaHoBMNW. [MopiBHsHHS noka3sHukis BPC y cnoprc-
MEHIB, SIKi pO3BMBaNM SIKOCTI CMK abo LIBMAKOCTI, AOBOAWTL: Y CUNOBWX aTneTiB BiporigHo binbla Ha 8,8 % (p = 0,042) YCC
(68,00 + 7,72 yn/x npotn 62,00 + 7,14 ya/xs). MOpiBHIOOYM 3i CNOPTCMEHaMM, SKi PO3BMBaNK SIKICTb LUBWUAKOCTI, aTneTu, ki
pO3BMBanM SKICTb CUNK, Manu BiporigHO MeHLLY TpuBanicTb iHTepany R-R (Mean) (885,22 + 98,98 mc npotn 969,56 + 112,28
mc) Ha 9,5 % (p = 0,046), Bermumny nokasHuka SDNN Ha 9,5 % (p = 0,017), RMSSD Ha 68,9 % (p = 0,012), SDSD Ha
71,8 % (p = 0,015), CVr, % Ha 15,0 % (p = 0,045), mogn Ha 5,4 % (p = 0,029); Le cBiQUMTb NPO NEpeBaXKaHHS B CUNOBNX
aTneTiB akTUBHOCTI cumnaTu4Hoi naxkm BHC.

BucHoBku. CnoptcMeHu, siki po3BMBany SKOCTi BUTPMBANOCTi abo LWBUAKOCTI, HE BiApi3HANMCS 3a BciMa cnekTpanbHUMn
Ta BinbLuicTio YacoBux nokasHukis BCP, kpim nokasHukis SDNN, RMSSD, SDSD i mogu. CnopTcMeHu, siki po3B1Bani sIKicTb
CUNK, BiAPI3HANMCS Bif CNOPTCMEHIB, siKi pO3BMBaNM SKICTb BUTPUBANOCTI, GinbLUMM TOHYCOM cumnaTuyHoi naHku BHC, npo
LLIO CBiAYNTb BiporigHo BinbLua Ha 11,4 % YCC, meHwwa TpusanicTb inTepsany R-RHa 11,7 % Ta MeHLLa Benn4mMHa nokasHuka
mogm Ha 9,0 %. CnopTcmeHu, siki po3BMBaMu SKICTb LUBUAKOCTI, SIK i SKICTb BUTPUBANOCTI, BIAPI3HANNCA Big CNOPTCMEHIB,
AKi po3BMBanM sKicTb cunu, GinblwmmM ToHycoM napacumnatuyHoi HC. Mpo ue ceigunTb BiporigHo MeHwa YCC Ha 8,8 %
(p = 0,042), 6inblua TpusanicTb iHTepsany R-R Ha 9,5 % (p = 0,046), 6inbLui 3Ha4eHHs SDNN Ha 9,5 % (p = 0,017),
RMSSDHa 68,9 % (p = 0,012),SDSDHa71,8 % (p = 0,015),CVr, %Ha 15,0 % (p = 0,045),moonHa54 % (p = 0,029).

BereTtaTuBHOE 06ecneueHne pU3NYECKUX KauecTB BbIHOCAUBOCTH, CHUABI, CKOPOCTH
Yy CNOPTCMEHOB

C. H. KaHbiruHa, B. B. CeiBonan, M. C. MotaneHko

/3y4eHue BeretaTMBHOTO 0BecredeHs MbILLEYHON AeSTENbHOCTH Y CMOPTCMEHOB AAET BO3MOXHOCTb OLIEHUTL BKITaZ BEreTaTMBHOM
HEPBHOWN CUCTEMbI B JOCTVXXEHME BbICOKUX CIOPTUBHbIX PE3YNLTAaTOB B Pa3fMyHble BO3PACTHbIE NepUozbl, NO3BOMSET BbISBUTL
3aKOHOMEPHOCTY B3aVMOAENCTBYS OTAENOB BEreTaTMBHON HEPBHOWM CUCTEMBI B MPOLIECCE KPATKOBPEMEHHOMN M [ONTOBPEMEHHON
afanTaumn K MbILLEYHBIM HarpyskaM, YCTaHOBWUTb OCOBEHHOCTU BEreTaTyBHOWM Perynsumy CepaeqHo-COCYANCTON CUCTEMBI Y
CMOPTCMEHOB, TPEHVPYIOLLMX pasnnyHble (u3nyeckue kavecTsa.

Llenb paboTtbl — n3yunTtb U3MeHeHNs BapuabenbHocTh cepgedHoro putMa (BCP) y cnopTcMeHoB B 3aBMCMMOCTY OT Harnpas-
NEHHOCTY TPEHMPOBOYHOTO NpoLecca.

Matepumanbl n metogbl. Obcnegosanu 104 cnoptcMeHoB (84 MyxumHbl, 20 KeHLWMH): 63 — atneTbl, KOTopble pa3suBany
MPEUMYLLECTBEHHO Ka4ECTBO BBIHOCIMBOCTH, 31 — kavecTBo curnbl, 10 — kavecTBo ckopocTu. CpeaHuii BospacT obcnenosaH-
Hbix —21,75 + 3,32 roga. Cpeau H1x MacTepoB crnopTa MexayHapogHoro knacca (MCMK) — 2 cnoptcMeHa, MacTepoB crnopTa
(MC) - 25, kaHgupaTos B MacTepa cnopta — 48, cnoptcmeHos 1 paspsiga — 29. Bcem cnoptcmeHam BeinonHeH aHanua BCP Ha
annaparte «Kapgno+» (HMM «Metekon», r. HexwH, YkpauHa).

Pesyneratbl. CpaBHeHe nokasartenei BapnabenbHOCTV CepaeyHOro putMa y CopTCMEHOB, KOTOpbIe pa3ByBasi Ka4ecTBo Bbl-
HOCIMBOCTM UM CUbl, CBUAETENBCTBYET O NpeobnafaHnm YacToTbl cepaeqHbIx cokpalleHnit (YCC) Ha 11,4 % (61,03 + 10,19
ya/MuH npotve 68,00 + 7,72 yo/mun, p = 0,004), nokasarens mogbl (954 (860; 1103) mc npotus 868 (798; 954) mc) Ha 9,0 %
(p = 0,004) 1 MeHbLLYt0 CpeaHtol NpofomkMTensHOCTb MHTepBana RR (Mean) Ha 11,7 % (1002,45 + 168,59 mc npotus
885,22 + 98,98 mc, p = 0,002) y cnopTCMEHOB, pa3B1BatoLLMX Ka4eCTBO CUIbl. Y COPTCMEHOB, KOTOPbIE pa3BuBani Ka4ecTBo
BbIHOCIMBOCTU, JOCTOBEPHO MeHbLLe 3HayeHns nokasateneit SDNN Ha 7,6 % (p = 0,048), RMSSD Ha 35,5 % (p = 0,029),
SDSD Ha 26,4 %, v npeobnagaHue nokasatens mogel Ha 4,1 % (p = 0,016), B oTnMumMe OT CMOPTCMEHOB, Pa3BUBAOLLMX
kayecTBo ckopocTn. CTaTncTuieckn [OCTOBepHast pasHuua Apyrux nokasareneit BCP y cnopTcmeHoB, KoTopble passuBany
ka4eCTBa BbIHOCIIMBOCTM MM CKOPOCTH, He ycTaHoBneHa. CpaBHeHne nokasatenent BCP y cnopTcMeHoB, pa3BuBaroLLnX Kaye-
CTBa CWMbI MAM CKOPOCTY, AOKa3bIBAET: Y aTNeToB-CUIOBUKOB A0CTOBEpHO Gorblue Ha 8,8 % (p = 0,042) YCC (68,00 + 7,72
ya/MuH npoTus 62,00 £ 7,14 ya/MuH). o CpaBHEHMIO CO CMOPTCMEHaMK, KOTOPblE Pa3BMBani KaYecTBO CKOPOCTH, atneThl,
pa3ByMBatOLLVE KQ4ECTBO Curlbl, IMENW JOCTOBEPHO MEHbLLYIO MPOAOMKUTENbHOCTL MHTepBana RR (Mean) (885,22 + 98,98 mc
npoTue 969,56 + 112,28 mc)Ha 9,5 % (p = 0,046), BenuunHy nokasatens SDNN Ha 9,5 % (p = 0,017), RMSSD Ha 68,9 %
(p = 0,012),SDSDHa 71,8 % (p = 0,015),CVr, %Ha15,0 % (p = 0,045), mogbiHa 5,4 % (p = 0,029), yto cBUOETENLCTBYET
0 npeobragaHum y aTneToB-CUMOBKKOB aKTUBHOCTM CUMNaTUyeckoro 3BeHa BHC.

BbiBogbl. CriopTCMeHbI, KOTOpble pa3BMBanu Ka4ecTa BbIHOCTIMBOCTY MM CKOPOCTM, He OTNIMYaNNCh MO BCEM CreKTpanbHbIM
1 BonbLUMHCTBY BpeMeHHbIX nokasateneit BCP, 3a ucknioyennem nokasateneit SDNN, RMSSD, SDSD v mogpl. CnopTcMeHbl,
pasBKBaloOLLME KA4eCTBO CUMbl, OTAIMYANMChL OT CMOPTCMEHOB, PA3BUBAOLMX KAYECTBO BbIHOCIMBOCTH, BOMbLIMM TOHYCOM
cumnatnyeckoro 3seHa BHC, o yem cBuaeTenbcTByeT goctoBepHo 6onbluas Ha 11,4 % YCC, MeHbLIas NpojomKUTENbHOCTL
nHTepeana RR Ha 11,7 % 1 MeHbLUas BenuymHa nokasatens Mogpl Ha 9,0 %. CnopTcMeHbl, pa3BuBatoLLmMe Ka4eCTBO CKOPOCTH,
KaK 1 Ka4eCTBO BbIHOCTIMBOCTM, OTNNYANMCh OT CMIOPTCMEHOB, Pa3BMBAIOLLMX KAYECTBO CUMbl, BOMbLUMM TOHYCOM napacuM-
natuyeckoit HC, o yem cBuaeTenscTByeT LoCTOBEPHO MeHbLast UCC Ha 8,8 % (p = 0,042), 6onbLuas NpogormKUTENBHOCTL
nHTepeana RRHa 9,5 % (p = 0,046), Gonblume 3HaveHns SDNN Ha 9,5 % (p = 0,017), RMSSD Ha 68,9 % (p = 0,012),
SDSDHa 71,8 % (p = 0,015), CVr,% 150 % (p = 0,045), mogbl Ha 5,4 % (p = 0,029).

Heart rate variability (HRV) is an integral indicator of the car- helps to design a more rational program of training sessions
diovascular system and human body functional state as itis [13]. HRV in athletes depends on an experience and class
related to a present functional state and adaptive reserves [3], anthropometric characteristics [5,10], age and sex [6,9],
of an athlete’s body assessment, identification of a malad- atraining session regimen [13], interhemispheric asymmetry
aptation and overtraining at the early stages, as well as it of the brain [12], psychophysiological characteristics [14],
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an initial state of the autonomic nervous system (ANS) [17],
and a biological type of athletes [15].

Examining the autonomic support of muscular activity
in athletes enables an assessment of the ANS impact on
achieving a high-level of sports performance at different
ages, an identification of interaction patterns between
the ANS divisions in the process of short-term and long-
term adaptation to muscular load, identifying the features of
the cardiovascular system autonomic regulation in athletes
training different physical performance [9].

There are specific features of autonomic support in ath-
letes with different modes of the training session, aerobic or
speed-strength exercises, indicating a presence of specific
“autonomic portraits” for certain sports. This characteristic
should be taken into account when managing the training
session and evaluating results in athletes, emphasizing not
only the initial parameters, but also the autonomic response
pattern, which determines the value of physiological activity
in respect of proposed load [13].

However, there is an opposing opinion that the process
of adaptation to muscular activity is determined not by
sports specialization, but rather links to particular type of
autonomic regulation [8].

A violation of autonomic regulation is also one of
the causes of cardiovascular system pathology and sud-
den cardiac death in athletes [9] presenting an important
challenge to examine changes in the autonomic regulation
of the cardiovascular system and the energy supply of
muscular activity in the process of adaptation to exercise in
endurance-, strength-, and speed- trained athletes as well
as determining the urgency of this issue.

Aim
To examine HRV changes in athletes depending on
the training session mode.

Material and methods

After signing an informed consent, 104 athletes (84 men
and 20 women) were enrolled in the study: 63 — endu-
rance-trained athletes, 31 — strength-trained and 10 —
speed-trained athletes. The mean age of the athletes was
21.75 t 3.32 years. Among them, there were Masters of
Sports of International Class (MSIC) -2 athletes, Masters
of Sports (MS) —25, Candidates Master of Sports (CMS) —
48, First-Class athletes — 29.

The study was performed on the device “Cardio+” (NPP
“Metekol”, Nizhyn). Mathematical methods of HRV analysis
were used to analyze the autonomic regulation of the cardiac
activity. The following parameters were evaluated: heart rate
(HR), mean cardiocycle duration (mean, ms), mode (Mo,
ms), amplitude mode (Amo,%), variational range (X, s) and
its analogue - triangular interpolation of NN intervals (TINN),
triangular index (HRV triangular index), standard deviation
of all 5-min average NN intervals (SDANN, ms), standard
deviation of NN interval (SDNN, ms), square root of mean
of the sum of squares of successive NN interval differences
(RMSSD, ms), the number of successive NN interval differing
by>50 ms divided by the total number of successive NN inter-
vals (pPNN50, mc), the coefficient of variation CVr,% —SDNN
normalized to the average rhythm value, the coefficients of
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asymmetry (As) and kurtosis of the distribution (E). Anumber
of derived indicators were calculated: autonomic equilibrium
index (AEI = Amo/X,%ls), autonomic rhythm index (ARI,
1/s?), regulatory process stability index (RPSI,%/s), stress
index (SI, r. u.). Analysis and evaluation of HR frequency com-
ponents was performed by assessing the spectral indicators
of autocorrelation functions: total power spectrum (TP, ms?),
very low frequency power (VLF, ms?), low (LF, ms?) and high
(HF, ms?) frequency power, LF and HF in normalized units
(LFn, %, HFn, %), the ratio of LF/HF (r. u.).

Statistical processing of the study results was per-
formed using the software package Statistica for Windows
13 (StatSoft Inc., Ne JPZ8041382130ARCN10-J). The
Shapiro-Wilk test was used to determine the normality
of quantitative indicators distribution. Quantitative indica-
tors were presented in the form of arithmetic mean and
standard deviation, as well as medians and indicators of
the 25" and 75" percentiles based on the normality of
the data distribution. Comparison of quantitative indicators
in independent groups was determined by the method of
parametric statistics using the two-sample Student’s t-test
with a two-sided test index for a statistical significance
value and by the method of nonparametric statistics using
the Mann—-Whitney U-test. The differences were considered
statistically significant at a level of P < 0.05.

Results

Comparison of HRV between the endurance- and strength-
trained athletes indicated a predominance of HR by
114 %(61.03 + 10.19vs.68.00 + 7.72bpm, P =0.004)
and a shorter mean duration of RR interval by 11.7 %
(1002.45 + 168.59 vs. 885.22 + 98.98 ms, P = 0.002)
in the strength athletes (Table 1).

Apart from that, the endurance athletes showed signifi-
cantly higher indicators of cardiac interval duration that was
more frequently found in the given dynamic series (Mo) (954
(860; 1103) vs. 868 (798; 954) ms) by 9.0 % (P = 0.004)
when compared with the strength-trained athletes.

The endurance-trained athlete also tended to prevail
in relation to RMSSD, P = 0.066; SDNN, P = 0.093, and
SDANN, P = 0.063, over these indicators in the strength
athletes.

Thus, the endurance athletes differed by higher para-
sympathetic tone of the ANS from the strength athletes, as
evidenced by a significantly lower HR by 11.4 %, prolonged
RR interval by 11.7 % and larger Mo value by 9.0 %.

Analysis of HRV between the endurance and speed
athletes (Table 2) revealed significantly lower values
of SDNN by 7.6 % (P = 0.048), RMSSD by 35.5 %
(P = 0.029), SDANN by 26.4 %, and larger Mo value by
4.1 % (P = 0.016) in the former.

There was no statistically significant difference between
other HRV indicators in the endurance and speed athletes.

So, the endurance and speed athletes did not differ in
all the frequency domain parameters and most of the time
domain parameters of HRV, except for SDNN, RMSSD,
SDANN and Mo.

Comparison of HRV parameters between the strength
and speed athletes (Table 3) showed, that the strength ath-
letes were more likely to have a significantly higher HR by
8.8 % (P = 0.042),(68.00 + 7.72vs.62.00 + 7.14 bpm).
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Table 1. Parameters of heart rate variability in the endurance and strength athletes,
M + SD, Me (Q25; Q75)

Parameter,

units of measure

HR, bpm
Mean, ms
SDNN, ms
RMSSD, ms
SDANN, ms
pNN50, ms
CVr, %

As

E

TP, ms?
VLF, ms?
LF, ms?
LFn, %
HF, ms?
HFn, %
LF/HF
Mode, ms
AMo, %

X, ms

HRV Triangular Index
TINN, ms
AEIl, %ls
ARI, 1/s2
RPSI, %/s
S, %ls2

Performance

61.03 + 10.19
100245 + 168.59
79 (54; 105)

76 (43; 113)

53 (29; 71)

51 (25; 65)

7.8 (6.0;10.3)
0.04 (:0.55; 0.36)
0.29 (-0.26; 1.42)
1795 (1337; 2872)
774 (410; 2037)
337 (245; 443)

56 (35; 64)

304 (212; 443)

44 (36; 64)

1.30 (0.56; 1.79)
954 (860; 1103)
6.80 (5.25; 10.20)
461 (308; 588)

15 (9; 19)

30 (19; 38)

66 (45; 127)

227 (1.60; 3.59)
31(23; 50)

33 (20; 69)

Endurance
(n = 60)

68.00 + 7.72
885.22 + 98.98
71 (56; 81)

61 (44; 70)
39 (32; 55)

39 (15; 51)
8.0(5.9;9.7)

0.10 (-0.36; 0.49)
0.34 (-0.29; 0.69)
1728 (1319; 2299)
998 (472; 1696)
336 (252; 577)

57 (46; 70)

273 (216; 362)

43 (29; 53)

1.19 (0.84; 2.06)
868 (798; 954)
6.10 (5.60; 7.90)
464 (330; 497)

16 (12;17)

32 (25, 35)

66 (46; 99)

2.53 (2.26; 3.46)
35 (28; 42)

44 (26; 55)

0.004
0.002
0.093
0.066
0.063
0.168
0.639
0.927
0.120
0.952
0.335
0.911
0.349
0.108
0.349
0.828
0.004
0.083
0.647
0.339
0.308
0.376
0.777
0.810
0.615

H

114 %
+11.7 %

+9.0 %

Table 2. Parameters of heart rate variability in the endurance and speed athletes,
M + SD, Me (Q25; Q75)

Parameter,

units of measure

Performance

Endurance Speed
(n = 60) (n = 10)

HR, bpm 61.03 + 10.19 62.00 + 7.14 0.682

Mean, ms 1002.45 + 168.59 969.56 + 112.28 0.586

SDNN, ms 79 (54; 105) 85 (58; 109) 0.048 16 %
RMSSD, ms 76 (43; 113) 103 (46; 120) 0029  -355 %
SDANN, ms 53 (29; 71) 67 (33; 76) 0.027 264 %
pNN50, ms 51 (25; 65) 61 (22; 67) 0.260

CVr, % 7.8 (6.0; 10.3) 9.2(6.4;,11.7) 0.070

As 0.04 (-0.55; 0.36) 0.50 (-0.40; 0.76) 0.270

E 0.29 (-0.26; 1.42) 052 (0.28; 2.10) 0.238

TP, ms? 1795 (1337; 2872) 1112 (886; 2042) 0.531

VLF, ms? 774 (410; 2037) 732 (357; 1455) 0.558

LF, ms? 337 (245; 443) 258 (176; 368) 0.570

LFn, % 56 (35; 64) 46 (27; 64) 0.479

HF, ms? 304 (212; 443) 311 (204; 458) 0.233

HFn, % 44 (36; 64) 54 (35; 72) 0.479

LF/HF 1.30 (0.56; 1.79) 0.86 (0.38; 1.80) 0.926

Mode, ms 954 (860; 1103) 915 (892; 1032) 0.016 +41 %
AMo, % 6.80 (5.25; 10.20) 6.10 (4.20; 8.20 0.134

X, ms 461 (308; 588) 544 (362; 706) 0.061

HRV Triangular Index 15 (9; 19) 16 (12; 23) 0.253

TINN, ms 30 (19; 38) 33 (24; 47) 0.246

AEI, %ls 66 (45; 127) 42 (26; 108) 0.316

ARI, 1/s2 2.27 (1.60; 3.59) 2.00 (1.53; 2.76) 0.481

RPSI, %ls 31(23; 50) 29 (20; 39) 0.422

SI, %/s2 33 (20; 69) 25 (14; 54) 0.460
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Compared to the speed athletes, the strength athletes
had a significantly shortened RR interval (885.22 + 98.98
vs. 969.56 + 112.28 ms) by 9.5 % (P = 0.046), lower
values of SDNN by 9.5 % (P = 0.017),RMSSD by 68.9 %
(P = 0.012), SDDNN by 71.8 % (P = 0.015), CVr, % by
15.0 % (P = 0.045), Mo by 5.4 % (P = 0.029), which
pointed to sympathetic arm of the ANS overactivity in
the strength athletes.

Thus, the speed-trained athletes and endurance-trained
athletes differed from the strength-trained athletes by a
higher parasympathetic tone as evidenced by a significantly
lower HR by 8.8 % (P = 0.042), prolonged RR interval
by 9.5 % (P = 0.046), higher values of SDNN by 9.5 %
(P = 0.017),RMSSD by 68.9 % (P = 0.012), SDDNN by
71.8 % (P = 0.015),CVr, %by15.0 % (P = 0.045), Mo
by 5.4 % (P = 0.029).

Discussion

Physiological parameters of autonomic cardiac regulation
are objective criteria for assessing the functional state,
adaptive and reserve capabilities, and fitness level in
athletes [11].

The state of the organism can be described by three
parameters: the level of a system functioning, the functional
reserve, the degree of tension in regulatory mechanisms.
Mathematically, the level of functioning in the organism,
or the level of adaptation as a system, is determined by
the Mo value. Mo is the value that appears most often in a
set of 100-200 cardiac intervals studied. It characterizes
the activity of the endocrine regulatory “channel”. Amo
reflects the sympathetic activity, and the cardiac intervals
variability — the parasympathetic arm of the ANS activity.
The resting HR is closely related to the Mo — the higher
the Mo value, the lower is the resting HR. With increasing in
training status from stage to stage, the Mo value increases
and the resting HR decreases [2].

In our study, the endurance and speed athletes had
significantly higher Mo values than the strength athletes.
The data obtained indicated suppression of sympathetic
activity of the ANS, decreased activity of the subcortical
centers, confirming the high efficiency of autonomous regu-
lation and the absence of centralization function control in
the endurance-trained athletes and suggesting a high level
of physical training in these athletes.

According to F. A. lordanskaya, systematic training
mediates reconstruction of the HR regulatory mechanisms,
improving the quality of vascular tone regulation, increasing
the efficiency and effectiveness of the system at rest and
during exercise [5].

Parameters of HRV also reflect the reserves of the car-
diovascular system adaptive reorganization. HRV allows
determining the state of autonomic homeostasis based on
the degree of predominant activity of the sympathetic arm of
the ANS and assessing the tension of regulatory systems by
the activity level of the subcortical nerve centers. Measure-
ment of the parameters can be performed both at the initial
state of rest and during exercise or recovery period. Well-
trained athletes demonstrated increased vagus nerve tone
and reduced activity of the subcortical centers at rest, which
points to a high efficiency of autonomous regulation and
the absence of centralization function control. The ampli-
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tude of LF HR oscillation increased while the amplitude of
respiratory oscillation reduced as an athlete’s training status
decreased. This is indicative of the subcortical nerve cen-
ters activation, strengthened centralization function control
and increased tension of the regulatory mechanisms. The
amplitude of HF HR oscillation increased and the amplitude
of LF component decreased when the tension of adaptive
processes decreased [2].

The literature data show the profiles of autonomic HR
support in athletes depending on a biological type (sprin-
ter-stayer) and sports qualification as well as on the mode
of the training session and athletic discipline.

Kudrya O. M. reported improvements in the training
status accompanied by elevated cholinergic effects on HR
and changes in bio-energetics (increased oxidative and
anaerobic-glycolytic capacity of the body) in representatives
of cyclic (short-track) and team sports (handball) during
the annual cycle. A decrease in performance was asso-
ciated with increased centralization of HR control at rest
and decreased functional activity of the sympathetic arm
of the ANS when performing functional tests [9].

As shown by F. A. lordanskaya, the parasympathetic
type of the cardiovascular system autonomic regulation is
prevailing in the process of long-term adaptation in elite
rowers that follows from bradycardia at rest in the supine
position (HR 60 to 40 bpm) and autonomic index more than
11 units, or normotony (autonomic index £10 units) [6].

The spectral analysis of the slow-wave component
revealed differences in the mechanisms of cardiovascular
system regulation in swimmers during the preparatory
and competitive periods. The sprinter swimmers exhibited
the central mechanisms predominance, namely supraseg-
mental level (VLF) and sympathetic arm of the ANS (LF),
while the stayer swimmers appeared to have predominantly
HF component in the cardiac rhythm regulation [4,15].

In order to clarify the differences between the autonomic
support of heart rhythm in endurance-trained and speed-
strength-trained athletes, O. M. Kudrya examined 69 elite
athletes at the pre-competition period. The first group included
30 athletes, who trained mainly aerobic endurance perfor-
mance (track and field, cycling and swimming). The second
group consisted of 39 individuals focused on the speed and
power component (ball hockey, boxing, tennis). There were
no significant differences in the percentage of spectrum com-
ponents and physical performance according to the PWC, |
test results between the groups at baseline. However,
the absolute values of HF power were significantly higher in
endurance-trained athletes. Noticeable differences between
the two groups were found after exposure to submaximal
load PWC,,,. The author underlined the “economic” type of
response, typical for the 1st group athletes with a smaller in-
crementin HR after exercise, almost unchanged values of S,
total power spectrum and its constituent components, except
for a significant reduction in VLF values (i.e. a reduction in
the share of the central control loop influence). This type of
autonomic response was accompanied by a rapid recovery
of HR after exercise. A type of response to the submaximal
load can be characterized as more demanding in speed
and endurance athletes in terms of the energy metabolism,
when the functional system must be put into functioning
immediately. Athletes of this group showed a noticeable in-
crease in HR and S|, significantly lower rate of pulse recovery
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Table 3. Parameters of heart rate variability in the strength and speed athletes,

M + SD, Me (Q25; Q75)

Parameter,

units of measure

Performance

Strength Speed
(n = 31) (n = 10)

HR, bpm 68.00 + 7.72 62.00 + 7.14
Mean, ms 885.22 + 98.98 969.56 + 112.28
SDNN, ms 71 (56; 81) 85 (58; 109)
RMSSD, ms 61 (44; 70) 103 (46; 120)
SDANN, ms 39 (32; 55) 67 (33; 76)
pNN50, ms 39 (15; 51) 61 (22; 67)

cVr, % 8.0(5.9;9.7) 9.2(6.4;11.7)
As 0.10 (-0.36; 0.49) 0.50 (-0.40; 0.76)
E 0.34 (-0.29; 0.69) 052 (0.28; 2.10)
TP, ms? 1728 (1319; 2299) 1112 (886; 2042)
VLF, ms? 998 (472; 1696) 732 (357 1455)
LF, ms? 336 (252; 577) 258 (176; 368)
LFn, % 57 (46; 70) 46 (27; 64)

HF, ms? 273 (216; 362) 311 (204; 458)
HFn, % 43(29; 53) 54 (35, 72)
LF/HF 1.19 (0.84; 2.06) 0.86 (0.38; 1.80)
Mode, ms 868 (798; 954) 915 (892; 1032)
AMo, % 6.10 (5.60; 7.90) 6.10 (4.20;8.20
X, ms 464 (330; 497) 544 (362; 706)

HRV Triangular Index 16 (12; 17) 16 (12; 23)
TINN, ms 32 (25; 35) 33 (24; 47)
AEI, %ls 66 (46; 99) 42 (26; 108)
ARI, 1/s2 2.53 (2.26; 3.46) 2.00 (1.53; 2.76)
RPSI, %ls 35 (28; 42) 29 (20; 39)
Sl, %l/s2 44 (26; 55) 25 (14; 54)

P-level

0.042
0.046
0.017
0.012
0.015
0.121
0.045
0.241
0.937
0.304
0.478
0.249
0.233
0.558
0.233
0.818
0.029
0.896
0.069
0.348
0.379
0.250
0.114
0.164
0.213

A%

+8.8 %
-9.5 %
-19.7 %
-68.9 %
-711.8 %

-15.0 %

54 %

after the test, there was a decrease in autonomic reactivity
in all the frequency spectrums, and structural analysis
demonstrated a clear increase in control centralization with
increasing vector VLF % and regressive vector HF % after
muscle loading. In this case, the cost of physical activity was
higher in the 2nd group of athletes, than that in the aerobic
endurance athletes [9].

Mykhaliuk Ye. L. and co-authors showed a significant
difference in autonomic support depending on the sport
class of swimmers. It has been proved, that the MS-MSIC
swimmers, unlike the CMS-First-Class swimmers, were
significantly older, had a greater experience in swimming,
and body length and weight as well as relative physical
performance, lower HR; they tended to have predominantly
hypokinetic type of blood circulation, and there were mainly
athletes with vagotonia among them [18].

Changes in HRV in sprinters, obtained by M. V. Diden-
ko and co-authors, testify to the parasympathetic arm
of the ANS prevalence associated with hypokinetic type
of blood circulation and a greater physical performance.
The researchers linked these changes to the specifics
of physical activity in short-distance runners — the work
of maximum intensity (80-90 % from a maximum) and
minimum duration (5-20 seconds) provided by the creatine
phosphate system. The training session performed was
accompanied by increased HR and placed heavy demands
on the cardiovascular system state in the sprinters. Such
physical activity is often the cause of an athlete’s adaptive
potential depletion and maladaptation affecting the auto-
nomic support of heart rhythm, central hemodynamics, as
well as physical performance [3].
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We obtained unidirectional shifts in autonomic
balance towards increased parasympathetic effects in
the endurance- and speed-trained athletes compared with
the strength-trained athletes, as evidenced by the pre-
dominance of RMSSD, SDANN, Mo, RR interval duration
and significantly lower resting HR that is consistent with
the previous literature.

In the opinion of V. V. Erlikh, competition load in
weightliting does not cause maximum increases in HR and
stroke volume. Baseline values of resting HR exceed these
indicators in cyclic athletes. Weightlifters do not have brady-
cardia, but on the contrary, show hypertensive reactions of
blood pressure, HR, especially in heavyweight athletes [16].

According to O. V. Calabin, HRV parameters (SDNN,
rMSSD, pNN50, TP, HF) in powerlifters were significantly
lower, but LF/HF were higher than those in healthy untrained
people, indicating increased sympathetic effects and cen-
tralized HR control. Differential characteristic of HR in elite
athletes were: reduced HRV (low values of IMSSD, pNN50)
with a predominance of sympathetic activity in the autono-
mic balance (high values of Amo, Sl), as well as a significant
decrease in spectral power within all the frequency ranges
as compared to competitive athletes [7].

The results of our study have demonstrated no signifi-
cant differences in spectral HRV parameters in the strength
and endurance/speed athletes. Meanwhile, the strength
athletes had the highest HR at rest and the lowest Mo value,
which indicated the predominant activity of the sympathetic
arm of the ANS.

Lingard’s phenomenon should also be taken into ac-
count when assessing the HRV in the strength athletes —
autonomic support of static activity is characterized by
delayed autonomic shifts with the maximum in the first
minutes of the recovery period rather than in isometric
exercise [1].

Today, there is convincing evidence about HRV pa-
rameters changes mediated by regular physical activity
depending on height, age, sex, baseline state of the au-
tonomic balance, psychophysiological status in athletes.

So, 0. M. Kudrya has revealed the features of the car-
diac activity autonomic support depending on anthropo-
metric profiles in team-sport athletes aged 15-16 years.
Regulatory mechanisms tension at rest has been found in
tall young males as well as a decrease in the sympathetic
arm of the ANS functioning during an active orthostatic test
in athletes of both sexes. The urgent adaptation of the car-
diovascular system to external factors in tall athletes, in
the author’s opinion, was associated with suprasegmental
effects of the ANS and sympathetic hyperactivity enabling
ineffective adaptation [10].

In a study [14] of the relationship between the autono-
mic regulation type and psychophysiological characteristics,
atotal of 77 male wrestling athletes aged 18-21 years were
enrolled. The authors have found the following relationships:
1) athletes-vagotonics were characterized mainly by choleric
temperament, moderate extraversion, unstable multidirec-
tional emotional resilience, medium-level of state and trait
anxiety; 2) eutonic athletes were characterized by sanguine
temperament, moderate extraversion, medium emotional re-
silience and mood swings in equal measure (50 %/50 %),
medium-level of state and trait anxiety; 3) sympathicotonic
athletes were characterized by a strong type of nervous

system (67 % choleric and 33 % sanguine), moderate
extroversion, high-level of state and trait anxiety.

The researchers hypothesized, that in the eutonic group
with the lowest number of correlations between indicators,
the functional system was more stable and less vulnerable
to environmental influences. In the groups with a large
number of correlations (sympathicotonics, vagotonics),
the functional system was in the process of stability adjust-
ment, the relationships were more likely to be affected by
environmental factors and plastic. Thus, the greater number
of correlations reflected an insufficient maturity of functional
systems attuning of new links to support the activity [14].

lordanskaya F. A. and co-authors have found an associ-
ation between the level of orthostatic autonomic stability and
both a higher stature and in-game role in volleyball players
as well as between the effect of speed-strength load on
blood pressure and ECG indicators and both age and sex
parameters in rowers. An assessment of the response to
orthostasis being compared to the criteria for elite athletes
allowed researchers to diagnose reduced indicators and
low orthostatic stability in individual athletes, which pointed
to symptoms of the cardiovascular system maladaptation.
The presence of maladaptation symptoms related to an
athletic performance has been confirmed when compared
with results of exercise tests. The authors concluded, that
reduced and low levels of the ANS response to orthostasis
(tachycardia AHR +36 bpm and more, symptoms of myo-
cardial repolarization violation, signs of the left ventricle
systolic overload, prolonged QT, hypertension, extrasystole)
should be considered as early signs of the cardiovascular
system overload, which necessitate urgent measures to
correct training load and rehabilitation plan for athletes [5].

Age peculiarities of HRV were demonstrated in a
study [9]. The author has proved that the baseline activity
of the ANS arms determines the mechanisms of long-term
adaptation to muscular load. A predominance of the sym-
pathetic arm of the ANS baseline activity ensures a high
level of performance in submaximal mode in child and
adolescent athletes while in adult athletes, the baseline
activity of the sympathetic arm seems to be limiting fac-
tor when performing physical exercise. On the contrary,
the baseline predominance of the parasympathetic arm of
the ANS activity reduces the level of physical performance
in the submaximal mode in young athletes, but vagotonics
develop increased body adaptation and exercise capacity
with increasing age and sports experience [9].

It has been proved that the character of changes in
the autonomic balance depends not only on the mode
of training session, but also on the baseline autonomic
tone. According to S. V. Yakhontov, asanas had the most
beneficial effects in sympathicotonics and hypersympathico-
tonics, increasing parasympathetic activity by 85 % while
reducing sympathetic activity by 28 %. Besides, there was
adecrease in SIby 41 % and HR by 13 %. Aless notice-
able effect was observed when using dynamic exercises.
In vagotonics, the most apparent effect was caused by
endurance exercises with a 67.5 % increase in Sl. Artistic
gymnastics caused a similar, but less persuasive effect [17].

Nowadays, one of the factors for reaching the maximum
sports performance is the brain functional asymmetry in
athletes, as a basis of individual motor activity is the lateral
phenotype which regulates the age and gender specifics of
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its organization and management. It has been shown, that
sporting success in specific sports, as well as the optimal
adaptation to maximum permissible (extreme) physical and
mental loads in elite sports, is determined by the lateral
phenotype. M. V. Maler has revealed an optimal autonomic
regulation of the cardiovascular system in young men with
the left lateral phenotype, as well as in athletes with predom-
inantly left lateral phenotypes and right sensory prevalence.
In female athletes, the optimal autonomic regulation in con-
ditions of relative rest was observed in the group of girls with
a predominantly right-handed phenotype with a left leading
ear. It has been demonstrated, that in the aerobic energy
metabolism mode, athletes of both sexes with different
lateral phenotypes were able to demonstrate the same
physical performance. In persons with lateral phenotypes
of the cardiovascular system activity, the author has found
differences in energy supply of the muscular activity in
anaerobic conditions. So, female athletes of mainly right
lateral phenotype with the left leading ear reached a higher
physical capacity at loading via the most economic way in
the lack of oxygen conditions. Young athletes with different
lateral phenotypes did not show differences in physical
performance in the aerobic energy supply [12].

HRV and central hemodynamics in elite athletes with
different activity of autonomic regulation were studied [8].
Based on the values of SI, VLF power and the classification
of N. I. Shlyk (1992), the athletes were divided into four
groups of autonomic regulation. The study reported that
athletes with different activity of the body regulatory sys-
tems had a different correlation between HRV parameters
and central hemodynamic parameters: in group | athletes,
HRV parameters correlated with those hemodynamic
parameters which mainly reflect the heart hemodynamic
performance (HR, CO, SO, Cl, SI, COI, SOI, TPVR), and
in group Ill athletes — with indicators, which reflect heart
pump function (HR, CO, SO, Cl, SI, COI, SOI, TPVR), and
hemodynamics (systolic blood pressure, diastolic blood
pressure, average blood pressure) indicating differences
in the adaptive mechanisms between group | and group Il
athletes, as the author noted.

Different variants of HRV and central hemodynamic
response to the Martinet's test in group | and group IlI
athletes were also identified, reflecting the different reserve
capabilities of the circulatory system. Athletes with hyper-
activity of the parasympathetic arm of the ANS and central
mechanisms of regulation (group Ill) during Martinet's test
exhibited an increase in adrenergic effects on HR (autonom-
ic-central response) accompanied by an increase in systolic
blood pressure, diastolic blood pressure and mean blood
pressure. Athletes with hyperactivity of the sympathetic
arm of the ANS and central regulatory mechanisms (group
) during the test showed an increase in adrenergic effects
on HR amid dysregulatory manifestations of both the sym-
pathetic and parasympathetic arms of the ANS (central
variant of the reaction), that was evident as increased HR,
cardiac output, cardiac index). All this indicated a more
pronounced reserve capacity of the circulatory system in
group I athletes in comparison with group | athletes. In
volleyball players, biathletes, gymnasts, football players
and swimmers, who belonged to group Il of autonomic
regulation, the values of HRV and hemodynamics were
similar. Therefore, it was concluded, that the adaptive pro-
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cess to muscular activity is determined by the belonging
to a particular group of autonomic regulation rather than
sports specialization [8].

Our study has revealed the presence of autonomic
supply specifics in the athletes with different mode of
the training session.

Conclusions

1. The endurance and speed athletes did not differ
from each other in all spectral and the vast majority of
time domain HRV parameters, except for SDNN, RMSSD,
SDANN and Mo.

2. The strength athletes differed from the endurance
athletes by higher tone of the sympathetic arm of the ANS,
as evidenced by significantly 11.4 % higher heart rate,
11.7 % shorter RR interval duration and 9.0 % lower Mo
value.

3. The speed and endurance athletes differed from
the strength athletes by higher parasympathetic tone as
evidenced by significantly 8.8 % (P = 0.042) lower heart
rate, 9.5 % (P = 0.046) higher R-R interval duration, val-
ues of SDNN by 9.5 % (P = 0.017), RMSSD by 68.9 %
(P = 0.012), SDANN by 71.8 % (P = 0.015), CVr, % by
15.0 % (P = 0.045), Moby 54 % (P = 0.029).
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