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The vast majority of researches have focused on the study of an association between the body physical capabilities and quantitative,
qualitative indicators and the rheological properties of blood depending on the level of physical activity or physical performance.
However, the influence of performance (strength, endurance, speed), which is mainly trained by athletes, on the quantitative and
qualitative blood indicators have not been studied enough.

The aim of the work — to study the association between the quantitative and qualitative blood indicators with the characteristics
of strength, endurance or speed, that are mainly trained by athletes in different sports.

Materials and methods. Atotal of 72 athletes (52 men and 20 women) qualified from Candidate Master of Sports (CMS) to Master
of Sports of International Class (MSIC) (mean age 21.75 + 3.32 years) were examined. Depending on the physical performance
mainly trained by athletes, three groups were formed: the first group — 48 athletes who mainly trained endurance performance
(triathlon, swimming, long-distance running, rowing), the second group — 16 athletes who mainly trained speed performance (sprint
running), the third group — 8 athletes who mainly trained strength performance (weightlifting, powerlifting, kettlebell lifting). Among
them, there were MSIC - 2, masters of sports (MS) — 25, CMS — 45. Blood parameters were determined in the capillary blood of
the athletes, using an automatic hematology analyzer “Abacus junior” (Diatron Messtechnik GmbH, Austria).

Results. Groups of athletes who mainly trained endurance or strength performance did not differ from each other in many blood
indicators. However, athletes who mainly trained strength performance had a more pronounced anisocytosis, as evidenced by
a 5.8 % (P =0.008) increase in erythrocyte distribution width (RDWc, %), than athletes who trained endurance performance, as
well as by a 15.4 % (P = 0.033) higher mean platelet volume.

Athletes who predominantly trained speed performance had an increased erythrocyte mean corpuscular volume (MCV) by 4.6 %
(P =0.0082), absolute (MID) and relative (MI) mixed number of monocytes, eosinophils and basophils by 172.9 % (P = 0.0004)
and 158.3 % (P = 0.0002), respectively, than athletes who trained endurance performance. In athletes who trained strength
performance, in contrast to athletes who trained speed performance, significantly higher red blood cell indicators were detected:
absolute number of erythrocytes by 7.6 % (P = 0.040); haemoglobin content by 8.0 % (P = 0.032); mean corpuscular hemoglobin
concentration by 6.4 % (P = 0.025); RDWc by 5.7 % (P = 0.006) with a decrease of 5.9 % (P = 0.001) in MCV.

Conclusions. Mobilization of the blood oxygen transport function in response to physical activity in athletes, who mainly trained
strength performance, was accomplished through the increasing erythrocyte count, hemoglobin content and mean corpuscular
hemoglobin concentration with the decreasing erythrocyte mean corpuscular volume. Athletes who predominantly trained
speed performance showed the downward changes in erythrocyte count, hemoglobin content, mean corpuscular hemoglobin
concentration (within the reference values) and increased erythrocyte mean corpuscular volume. In athletes who mainly trained
endurance performance, the erythrocyte population was medium- sized with medium level of mean corpuscular hemoglobin.

3MiHU KiAbKICHUX Ta AKICHMX NOKa3HUKIB KPOBi Y CNOPTCMEHIB,
AKi PO3BUBAIOTb AKOCTi LUBUAKOCTI, BATPUBAAOCTi 260 cuAU

C. M. Manaxoga, B. B. Cusonan, M. C. lMotaneHko

Y chokyci nepeBaxHoi 6inbLIOCTI AOCNimKEHb — BUBYEHHS acoLjiaLii i3nyHUX MOXITMBOCTEN OpraHiamMy 3 KinbKiCHUMM, SKICHUMU
MoKasH1KaMM Ta PeorioriYHMMU BNacTUBOCTAMU KPOBi 3aneXHO Bif, PiBHS PYXOBOi akTUBHOCTI abo hianyHOi npaLe3aaTHoCTi.
[MpoTe BNAMB sIKOCTEN (CUNW, BUTPUBANOCTI, LUBWUAKOCT), LLO NEPEBaHO PO3BMBAOTL aTNeTH, Ha KiNbKIiCHI Ta SIKICHI NOKa3HUKK
KPOBi BUBYEHUI HEAOCTATHBO.

MeTa po60oTH — BUBYMTM acoLliallii KiflbKiCHWX Ta SIKICHUX NOKA3HWKIB KPOBI 3 IKOCTAIMM CUMKW, BUTpUBANocTi abo LBMAKOCTI, LLIO
nepeBaxHO PO3BMBAIOTb CMOPTCMEHH Pi3HUX BUAIB CMIOPTY.

Marepianu Ta Mmetoamn. O6¢cTexuni 72 cnoptecMenn (52 vonosiku Ta 20 iHok) pisHs MaiictepHocTi Big KMC no MCMK, cepenHiit
Bik — 21,75 t 3,32 poky. 3anexHo Big i3nyHMX SKOCTeN, KOTpi 30e6inbLIOr0 po3BMBaNKM CNOPTCMEHU, CHOPMYBAI TPU TPYMN:
nepLua — 48 crnopTCMEHIB, siki NepeBaHO PO3BMBANY SIKICTb BUTPMUBASOCTI (TPiaToH, NaBaHHs, Bir Ha JOBri AuCTaHLi, akagemiuHa
rpebns), Apyra rpyna — 16 cropTCMeHiB, siki nepeayciM po3ByBank SKICTb LWBWMAKOCTI (CNPUHTEPCHKN Bir), TpeTs rpyna — 8 cnopte-
MEHIB, SIKi NepeBaXHO PO3BMBANK AKICTb CUINK (BaXkka aTneTuka, naBepnidpTuHN, rpboBuiA cnopT). MarcTpiB CnopTy MiXkHapoaHOro
knacy (MCMK) -2, mainctpie cnopty (MC) — 25, kaHauaartiB y MaicTpy cnopTy — 45. [Moka3HWK1 KpOBi BU3HaYanu B KaninsipHili KpoBi
CrMOPTCMEHIB 3@ AOMOMOTO0 aBTOMATUYHOIO reMaTonoriYHoro aHanisatopa «Abacus junior» (Diatron Messtechnik GmbH, AcTpis).

PesynktaTu. [pynu CnopTCMeHiB, siki NepeBaxHO po3BMBanu SKOCTI BUTPUBANOCTI abo cunu, He BifgpisHAnMcs Mix coboto 3a ba-
raTbMa MnokasHuKamm KpoBi. Ane CopTCMeHM, siki NepeBaXKHO PO3BMBANM SKICTb CUMNKM, Manu GinbLL BUPaXKEHWUI aHi3oLUTO3 (Mpo
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Lo cBigumTh Binblua Ha 5,8 % (p = 0,008) BennunHa posnoginy eputpoumtis (RDWc, %), Hix cCnopTcMeHm, siki po3BuBani sikicTb
BUTPUBANOCTI, a Takox BinbLunii Ha 15,4 % (p = 0,033) 06’eM KpOBI, LLO CTAHOBMATL TPOMOOLIUTH.

CnopTcMen, siki nepeBaxHO Po3BMBanK SKICTb WBMAKOCTI, Manu Ginbwni Ha 4,6 % (p = 0,0082) cepepnitt 06’'em epuTpoumTia
(MCV), Ha 172,9 % (p = 0,0004) — abcontoTHuii (MID) Ta Ha 158,3 % (p = 0,0002) — BigHoCHWiA (MI) BMICT CymiLLi MOHOLMTIB,
6a3ochinis, €031HOMDINIB, HiXX CMOPTCMEHM, SiKi PO3BMBANM AKICTb BUTPUBANOCTI. Y CMOPTCMEHIB, ki pO3BMBANM SKICTb CUNU Ha
BiZMiHY BiZ CIOPTCMEHIB, IKi pO3BMBasny SKICTb LLIBUMAKOCTI, 3achikCoBaHi BiporigHo GinbLLi MOKa3HWKM YePBOHOI KPOBI: abCOMOTHOI
KinbkocTi eputpouuTie Ha 7,6 % (p = 0,040); koHUeHTpaLii remornobiHy B LinbHil kposi Ha 8,0 % (p = 0,032); cepeaHbOi KOHLEH-
Tpauii remornobiHy B epuTpoumTapHii Maci Ha 6,4 % (p = 0,025); BIGHOCHOI LMPUHK PO3NOAINEHHS epUTPOLNTIB Mo 06’'eMy Ha
5,7 % (p = 0,006) 3a ymoB MeHLLOro cepeaHboro 06’emy eputpounTie Ha 5,9 % (p = 0,001).

BucHoBku. MobinisaList kucHeBOTpaHCNOPTHOI PyHKLT KPOBI 10 (Pi3NUHIX HABAHTaXeHb Y CNIOPTCMEHIB, IKi NEPEBAXXHO PO3-
BUBANM AKICTb CUIN, JOCArAETLCS LUMSAXOM 30iMbLUEHHS KiflbKOCTi epUTPOLMTIB, BMICTY reMornobiHy, cepeaHboi KOHLeHTpaLlii
remorno6iHy B epUTPOLMTAPHI Maci 3a YMOB 3MEHLLEHHS! cepeHboro 06’eMy epUTPOLMTIB. Y aTneTis, siki nepeBaxHo po3-
BUBANM SKiCTb LUBWAKOCTI, 3MiHM NOKa3HUKIB YEPBOHOI KPOBI CPSIMOBAHI B Oik 3MEHLLEHHS (B MexaXx pedhepeHTHUX 3HaYeHb)
KinbKOCTi €pUTPOLMTIB, BMICTY reMornobiHy, cepeHbOi KOHUEHTpaLii remornobiHy B epuTpoumMTapHi maci Ta 36inbLueHHs
cepefHboro 06’eMy epUTPOLMTIB. Y CMOPTCMEHIB, Siki NEPEBaXHO PO3BMBANM SIKICTb BUTPUBANOCTI, MONYMALSt €pUTPOLMTIB
XapakTepu3ayBanacsi cepeaHiMu poamipamy Ta cepefHim piBHEM BHYTPILLHBOKITITUHHOI KOHLEHTPALi reMornobiHy.

W3MeHeHUA KOAMUECTBEHHbIX U KaueCTBEHHbIX NoKa3aTeneH KpoBH Y CNOPTCMEHOB,
pa3BUBaOLUX KayecTBa 6bICTp0TbI, BbIHOCAUBOCTU UAU CUADI

C. H. ManaxoBa, B. B. CbiBonaan, M. C. lotaneHko

B dhokyce BoMbLUMHCTBA UCCTIENOBAHNI BbINIO N3yYeHNe accoLmaumy BO3MOXHOCTEN OpraHnuama C KOMMYEeCTBEHHBIMM, kaue-
CTBEHHbIMW NOKa3aTensmMmn 1 Peorior4YeckMMM CBOCTBAMU KPOBU B 3aBUCUMOCTU OT YPOBHS [IBUraTenbHOM akTUBHOCTY UN
chuanyeckolt pabotocnocobHocTh. OfHako BNMSIHUE KayecTB (CUIbl, BBIHOCTIMBOCTH, CKOPOCTM), KOTOPbIE MPENMYLLECTBEHHO
Pa3BMBAIOT aTNEThI, Ha KONMYECTBEHHBIE M KAYECTBEHHBIE MOKA3ATENM KPOBM U3y4EHO HELOCTATO4HO.

Lenb paGOTbI — U3y4eHne accounaum KonM4eCTBEHHbIX U Ka4ECTBEHHbIX nokasarenen KpOBU C Ka4eCTBamu Cinnbl, BbIHOCIIMBOCTN
W CKOPOCTU, KOTOPbIE NPENMYLLIECTBEHHO Pa3BMBAKOT CMOPTCMEHbI PA3HbIX BUAOB CropTa.

Marepuansi u metogbl. O6cnenoBaHbl 72 cnopteMeHa (52 myxumnHbl u 20 xeHLwmH) yposHa Mactepctea o KMC go MCMK,
cpenHuit BospacT — 21,75 + 3,32 roga. B 3aBUCHMOCTY OT (PU3NHECKUX KaYECTB, KOTOPbIE NPEUMYLLIECTBEHHO pasBuBanu crnop-
TCMeHbI, CPOPMUPOBAHBI TPU FPyNMbl: NepBas rpynna — 48 CnopTCMEHOB, KOTOPbIe pa3BuBani MPEMMYLLECTBEHHO KayecTBo
BbIHOCIMBOCTU (TPWATIIOH, NnasaHue, 6er Ha ANWHHbIE AUCTaHLMK, akagemnyeckas rpebns), BTopas rpynna — 16 cropTcMeHoB,
KoTOpble pa3BuBany MPENMYLLECTBEHHO Ka4yeCTBO CKOPOCTU (CMpuHTepckuid Ber), TpeTbsi rpynna — 8 CrnopTCMEHOB, KOTOpbIe
pa3BMBanu NpevMyLLECTBEHHO Ka4YeCTBO CUrlbl (TSKenas atneTuka, nayapnndTiHK, rupesoit cnopT). MacTepos cnopta MexayHa-
pogHoro knacca (MCMK) — 2, mactepos cnopta (MC) — 25, kaHamaaToB B MacTepa criopta — 45. [okasatenu kposum onpeaensnm
B KanunnspHon KPoBM CIOPTCMEHOB C MOMOLLIbI0 aBTOMATUYECKOTO remMaTornornieckoro aHanmaatopa «Abacus junior» (Diatron
Messtechnik GmbH, Asctpus).

Pe3ynkrartbl. [pynnbl CNOPTCMEHOB, KOTOPbIE NPEVMYLLECTBEHHO Pa3BUBarNv Ka4eCTBa BbIHOCIIMBOCTM UM CUMbI, HE OTNIMYANUCh
mexay cobo No MHOMM nokasatensm kposu. OfHaKO COPTCMEHbI, Pa3BUBatOLLME NPEUMYLLECTBEHHO Ka4eCTBO CUMbl, UIMENN
60onee BbIpaxeHHbIA aHN30LMTO3 (0 YeM ceiaeTensCTByeT GonbLuas Ha 5,8 % (p = 0,008) BenuunHa pacnpeseneHns apuTpoLToB
(RDWec, %), 4em criopTCMEHbI, pa3BMBaloLLVe Ka4ECTBO BbIHOCAMBOCTH, a Takke Gonblunii Ha 15,4 % (p = 0,033) o6bem kposy,
3aH1MaeMbIi TpomboLmTamu.

CropTcMeHbl, MPenMyLLECTBEHHO Pa3BMBaIOLLME Ka4eCcTBO CKOPOCTH, MMenn Gonblumii Ha 4,6 % (p = 0,0082) cpeaHuit obbem
aputpountos (MCV), Ha 172,9 % (p = 0,0004) — abcontotHoe (MID) 1 Ha 158,3 % (p = 0,0002) — otHocuTenbHoe (MI) conepxarme
CMECU MOHOLMTOB, 6a30h1NOB, 303MHOMUIOB, YEM CIOPTCMEHBI, PA3BMBAIOLLME KAYECTBO BbIHOCIMBOCTH. Y CMOPTCMEHOB, KO-
TOpble pa3BMBanM kKa4yeCTBO CUbl, B OTAINYME OT CMIOPTCMEHOB, Pa3BMBAIOLLMX Ka4eCTBO CKOPOCTH, 3adhKCMPOBaHbI AOCTOBEPHO
6onbLLmMe noKasaTeny KpacHoi KpoBm: abCOMTHOTO KonMyecTBa apnuTpounToB Ha 7,6 % (p = 0,040), KoHUEeHTpaLuW remornobuHa
B LienbHow kposu Ha 8,0 % (p = 0,032), cpeaHeli KOHLEHTpaLun remornobuHa B apuTpoLlmTapHoi macce Ha 6,4 % (p = 0,025),
OTHOCUTENbHOM LLIMPUHBI pacnpeaeneHuns apuTpoLmTos no obbemy Ha 5,7 % (p = 0,006) B ycrnoBusix MeHbLLEro cpeaHero obbema
aputpountoB Ha 5,9 % (p = 0,001).

BiiBoAbI. MOGMNM3aLMs KMCOPOATPaHCTOPTHON (hyHKLMM KPOBM K (OU3MHECKIM Harpy3kaM y CIOPTCMEHOB, MPEUMYLLECTBEH-
HO Pa3BMBAIOLLMX Ka4ECTBO CUSbI, JOCTUIaETCs 3a CYET YBEMMYEHNS KONMYECTBA SPUTPOLIMTOB, COLEPXKaHUs remMornobuHa,
CpefHel KOHLEHTpaLWY reMoriobrHa B 3pUTPOLIMTapHON Macce B YCIOBUSIX yMEHbLLEHUS CPEAHEro 0Gbema 3pUTPOLIUTOB.
Y aTneToB, KOTOpblE B OCHOBHOM pa3sBuBany Ka4eCTBO CKOPOCTH, 3MEHEHUsI NoKasaTeneil KpacHOM KPOBW HanpasrneHb! B
CTOPOHY YMeHbLLUEHUS (B Npeaenax pedepeHTHbIX 3Ha4EHNI) KONMYecTBa 3PUTPOLMTOB, COAEPXKaHIS reMoriobuHa, cpeaHen
KOHLEHTpaLW reMornob1Ha B 3pUTPOLIMTAPHOI Macce 1 YBENUYEHMs CpeaHero oGbema apuTpoLmToB. Y CIOPTCMEHOB, Npe-
VMYLLECTBEHHO Pa3BMBAIOLLMX KAYECTBO BLIHOCTIMBOCTH, MOMYIISLMS SPUTPOLIMTOB XapakTEPU3YeTCsl CPEAHUMM pasMepamu
1 CPEOHUM YPOBHEM BHYTPUKIETOUHON KOHLIEHTPALMM remMornobuHa.

The most important physiological systems that determine physical capabilities and quantitative (erythrocyte number),
body'’s ability to adapt to physical exercises are the cardiore- qualitative indicators (erythrocyte mean corpuscular volume,
spiratory system and red blood cells, which provide oxygen mean corpuscular hemoglobin) and the rheological proper-
transport to tissues [2]. The vast majority of researches have ties of blood depending on the level of physical activity or
focused on the study of an association between the body physical performance [4,8,10,11,16].
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However, the influence of performance (strength, en-
durance, speed) that athletes trained on the quantitative
and qualitative indicators of blood has not been studied
enough.

Aim
Thus, the aim of this work was to study the association
between the quantitative and qualitative indicators of blood

and strength, endurance or speed performance that athletes
train in various kinds of sport.

Materials and methods

After signing an informed consent to participate in
the study, 72 athletes (52 men and 20 women) qualified
from Candidate Master of Sports (CMS) to Master of
Sports of International Class (MSIC) were included. The
mean age of subjects was 21.75 + 3.32 years. Depending
on the physical performance mainly trained by athletes,
three groups were formed. The first group — 48 athletes
who mainly trained endurance performance (triathletes,
swimmers, long distance runners, rowers), the second
group — 16 athletes who mainly trained speed performance
(sprinters), the third group — 8 athletes who mainly trained
strength performance (weightlifters, powerlifters, kettlebell
lifters). Among them, there were MSIC — 2 athletes, mas-
ters of sports (MS) — 25, CMS — 45.

Red blood cell (RBC) number, hematocrit (HCT), mean
corpuscular hemoglobin (Hb) concentration (MCHC),
mean corpuscular hemoglobin (MCH), erythrocyte mean
corpuscular volume (MCV), RBC distribution width
(RDWec, %), white blood cell (WBC) count and differen-
tial counts of three WBC subpopulations — lymphocytes
(LYM), granulocytes (GRA) — eosinophils (EO), basophils
(BA) and mixed number of monocytes, eosinophils and
basophils (MID), monocytes (MO); the percentage of
lymphocytes (LY, %), granulocytes (GR, %), monocytes
and eosinophils (M, %), platelet count (PLT), plateletocrit
(PCT), platelet distribution width (PDWc), mean platelet
volume (MPV), erythrocyte sedimentation rate (ESR) were
determined in the capillary blood of athletes using an
automatic hematology analyzer “Abacus junior” (Diatron
Messtechnik GmbH, Austria).

Statistical analysis of the study results was performed
using a software package Statistica for Windows 13
(StatSoft Inc., Ne JPZ8041382130ARCN10-J). The Sha-
piro-Wilk test was used to determine the normality of
quantitative indicators distribution. Quantitative indicators
were presented in the form of arithmetic mean and standard
deviation taking into account the normality of the data;
qualitative indicators — in the form of absolute and relative
frequency.

Comparison of quantitative indicators in independent
groups was determined by the method of parametric statis-
tics using the two-sample Student’s t-test with the two-sided
test index for a statistical significance value. A difference
in qualitative characteristics between independent groups
was assessed using the Pearson’s chi-square test with
Yates’ correction and Fisher’s exact test. Differences
were considered statistically significant at the level of
P <0.05.
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Table 1. Blood counts in athletes who mainly trained endurance or strength

performance, M £ SD

Value,
units of measure Endurance (n=48) | Strength (n = 16)

WBC, 10 591+1.41 714 £257 0.149

LYM, 109 228+1.42 2.46 £ 1.36 0.889

MID, 10¥ 0.37+0.36 0.57+0.63 0.056 35%
GRA, 109 3.47+1.00 4.11+2.03 0.381

LY, % 3558+7.70 36.66 + 10.79 0.865

MI, % 5.83+4.32 7.68 +6.49 0.306

GR, % 58.60+7.77 57.56 £ 12.21 0.822

RBC, 10"/l 4.38 £ 0.46 450+0.43 0.340

HGB, g/l 148.92 + 11.76 154.38 + 12.44 0.110

HCT, % 38.94+3.74 39.63 £ 3.96 0.466

MCV, fl 89.15+4.49 88.06 + 3.30 0.194

MCH, pg 34.25+3.22 34.44 +£2.22 0.398

MCHC, g/l 383.92 + 28.69 390.75 + 26.05 0.264

RDWc, % 12.70 £ 0.61 13.44 £0.92 0.008 5.8 %
PLT, 10% 170.49 £ 37.70 183.06 +48.54 0.153

PCT, % 0.13+0.03 0.15+0.04 0.033 154 %
MPV, fl 7.87 +0.81 8.12+0.57 0.155

PDWc, % 37.66+2.23 38.58 + 1.55 0.116

ESR, mm/h 6.26 +1.83 7147 £1.94 0.245

Results

Comparison of blood parameters in athletes who mainly
trained endurance or strength performance revealed a sig-
nificant predominance of erythrocyte heterogeneity (RDWc)
(12.70+0.61vs. 13.44 £0.92 %) by 5.8 % (P = 0.008) and
PCT (0.13+0.03vs. 0.15+0.04 %) by 15.4 % (P = 0.033)
in athletes, who trained strength trained (Table 1). That is,
athletes who trained strength performance had a greater
RDWc and MPV.

The MID showed a 35 % (P = 0.056) increasing trend
in athletes who trained strength performance.

Thus, athletes who mainly trained strength performance
had a more pronounced anisocytosis, as evidenced by a
5.8 % (P = 0.008) increase in RDWCc than athletes who
trained endurance performance, as well as by a 15.4 %
(P = 0.033) higher MPV (Table 2). There were no other
differences in blood counts between groups of athletes
who mainly trained endurance or strength performance.

Comparative analysis of blood counts in endurance-
trained and speed-trained athletes found a significant
predominance of the following indicators in the latter: MID
by 172.9 % (0.37 £ 0.36 vs. 1.01 £ 0.40 10%1, P = 0.0004),
Miby 158.3 % (5.83 +4.32 vs. 15.06 £ 5.18 %, P = 0.0002),
MCV by 4.6 % (89.15£4.49vs. 93.25+2.12 ], P=0.0082).

PCT showed a trend of being higher in speed-trained
athletes in contrast to endurance-trained ones (P = 0.0804).

A higher MCHC was noticeable in endurance-trained
athletes in contrast to athletes who trained speed perfor-
mance, but this difference did not have a statistical signifi-
cance (P =0.0810).

Thus, athletes who predominantly trained speed per-
formance had higher MCV by 4.6 % (P = 0.0082), MID - by
172.9 % (P = 0.0004) and MI — by 158.3 % (P = 0.0002)
than endurance-trained athletes.

Comparison of hematological parameters in strength-
trained and speed-trained athletes demonstrates that
the latter had significantly higher MID by 77.2 % (0.57 £ 0.63
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Table 2. Blood counts in athletes who mainly trained endurance or speed

performance, M £ SD

Value,

units of measure

WBC, 10°%/1
LYM, 10%
MID, 10%/
GRA, 10°
LY, %

MI, %

GR, %
RBC, 10'?/|
HGB, g/l
HCT, %
MCV, fl
MCH, pg
MCHC, g/l
RDWec, %
PLT, 10%
PCT, %
MPV, fl
PDWc, %
ESR, mm/h

Performance P-level A%
(n=48) (n=8)

5911141 6.67 £ 1.80 0.2814
2.28+1.42 223+1.18 0.3673
0.37+0.36 1.01£0.40 0.0004 172.9 %
3.47+1.00 34210.76 0.9533

35.58 £7.70 31.88£14.15 0.9813
5.83+£4.32 15.06 +5.18 0.0002 158.3 %
58.60+7.77 53.05 t 11.46 0.1087
4.38+0.46 416023 0.1061
148.92+11.76 142,00 £ 12.80 0.1975

38.94 £3.74 38.73+£2.46 0.9254
89.15+£4.49 9325+2.12 0.0082 4.6 %
34.25+3.22 34.09 £ 1.61 0.8330

383.92 + 28.69 365.88 + 11.41 0.0810

12.70 £ 0.61 12.68 £ 0.44 0.3965

170.49 £ 37.70 188.38 £ 22.58 0.1178
0.13+0.03 0.15+0.02 0.0804

7.87+0.81 7.90£0.81 0.7561

37.66 £2.23 38.16 £2.21 0.4372

6.26 £ 1.83 588+1.25 0.3995

Table 3. Blood counts in athletes, who mainly trained strength or speed performance,

M+ 8D

Value,

units of measure

WBC, 10/l
LYM, 10%
MID, 10%/
GRA, 10%
LY, %

MI, %

GR, %
RBC, 10'%/|
HGB, g/l
HCT, %
MCV, fl
MCH, pg
MCHC, g/l
RDWec, %
PLT, 10%
PCT, %
MPV, fl
PDWec, %
ESR, mm/h

Performance P-level A%
(n=16) (n=8)

714 £2.57 6.67 +1.80 0.903

246 £1.36 2,23+1.18 0.668

0.57+0.63 1.01+£0.40 0.022 77.2%
411+£2.03 3.42+0.76 0.713

36.66 £ 10.79 31.88+14.15 0.854

7.68+6.49 15.06 £ 5.18 0.008 96.1 %
57.56 £ 12.21 53.05 £ 11.46 0.298

4.50+0.43 416023 0.040 76 %
154.38 + 12.44 142.00 £ 12.80 0.032 8.0%
39.63 £ 3.96 38.73 £2.46 0.624

88.06 £ 3.30 93.25+2.12 0.001 5.9 %
34.44£2.22 34.09 £ 1.61 0.540

390.75 + 26.05 365.88 + 11.41 0.025 6.4 %
13.44 £0.92 12.68 + 0.44 0.006 57%
183.06 + 48.54 188.38 £ 22.58 0.806

0.15+0.04 0.15+0.02 0.758

8.12+0.57 7.90£0.81 0.602

38.58 £ 1.55 38.16 £ 2.21 0.783

717+1.94 5.88+1.25 0.144
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vs. 1.01+0.40 10%1, P =0.022), M- by 96.1 % (7.68 £ 6.49
vs. 15.06 £ 5.18 %, P =0.008), MCV by 5.9 % (88.06 + 3.30
vs. 93.25 + 2.12 fl, P = 0 001) in contrast to athletes who
trained strength performance (Table 3).

Nevertheless, strength-trained athletes showed a signifi-
cantly higher RBC by 7.6 % (4.50 £ 0.43 vs.4.16 £ 0.23 10'%/,
P =0.040), HGB — by 8.0 % (154.38 + 12.44 vs. 142.00 +
12.80 g/l, P = 0.032), MCHC - by 6.4 % (390.75 + 26.05
vs. 365.88 + 11.41 g/l, P = 0.025) and RDWc - by 5.7 %
(13.44 £ 0.92 vs. 12.68 + 0.44 %, P = 0.006) as compared
to athletes who trained speed performance.

So, strength-trained athletes, in contrast to speed-
trained athletes, showed significantly higher RBC para-
meters:

— the absolute number of erythrocytes by 7.6 %
(P =0.040);

— hemoglobin content (HGB) by 8.0 % (P = 0.032);

—MCHC by 6.4 % (P = 0.025);

—RDWec by 5.7 % (P = 0.006) with a 5.9 % (P = 0.001)
decrease in MCV.

There was a clear correlation between RBC parameters
and the athletic performance trained (Fig. 7-4). The highest
indicators of RBC count, HGB, MCHC were observed in
strength-trained athletes and the lowest ones in athletes
who trained speed performance.

The values of RBC, HGB, MCHC were intermediate in
endurance-trained athletes.

At the same time, strength-trained athletes had the lo-
west MCV, which was the highest in speed-trained athletes.
The mean RBC was intermediate in athletes who trained
endurance performance.

Discussion

According to |. Z. Khazipova and V. G. Shamratova (2012),
the heart functional reserve is mainly responsible to ensure
the endurance, while the state of microcirculation influ-
ence is less relevant [15]. Meanwhile, it is well known that
the body’s oxygen transport capacity depends on the blood
volume and the HGB in it. Decrease in the quantitative
and qualitative parameters of red blood cells in anemia
conditions significantly reduces the adaptive capacity of
the cardiovascular system and whole human body. Mobili-
zation of the oxygen transport function of blood is provided
through, first of all, augmenting the total oxygen-carrying
capacity of RBC, that is by increase in number and/or size
of erythrocytes.

Herewith, the quantitative pattern contributes to
the development of adverse hemorheological shifts [7],
such as reduced whole blood flow with increasing HCT,
which causes a resistance to blood flow, that in its turn,
reduces the oxygen transport capacity of blood [14]. Under
such conditions, the self-regulation mechanism is activated,
namely RBCs display a less aggregation activity, aimed
at improving the microreological properties along with
the negative changes in the macroreological indicators
and vice versa [9].

The study results of V. G. Shamratova and |. R. Kha-
zipova (2011) indicated that the adrenaline-induced
rheological response of RBC is influenced by their MCV
and cytoplasmic viscosity, the change in cell size in the ery-
throcyte population and the severity of anisocytosis [16].
The correlations were complex and nonlinear. Thus, with
an increase in proportion of microcytes or macrocytes in
the erythrocyte population, the authors reported a decrease
in erythrocyte adrenoreactivity and altered blood rheological
properties [16]. The best rheological properties of blood,
according to V. G. Shamratova and I. R. Khazipova coin-
cided with the maximum adrenoreactivity of RBCs being
consistent with average values of HCT and MCV (44.5 %
and 88 fl, respectively); while the physiological optimum
was in the range of RBC size predominantly represented
by mature cells [16].
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It has been proved, that adrenergic aggregation activity
is enhanced by a significant decrease or increase in erythro- RBC, 10'2/L
cyte volume and intracellular viscosity. The MCH determines 46
cytoplasmic viscosity and depends on erythrocyte life span

>

[12]. Optimal rheological parameters are typical predomi- = 4 45
nantly for mature erythrocytes [16]. S 44 e

The study results of G.-F. von Tempelhoff et al. (2016), g 43 .
based on an examination of 286 healthy women (age g 42
46.5 £ 17.6 years; BMI 25.5 + 5.2 kg/m?), showed an 8 416
association between erythrocyte deformability, MCV and - 41
MCHC depending on age but not on BMI in middle-aged ¢ 40
women with normal weight or moderately overweight. The 3.9
authors found that erythrocyte aging was accompanied Speed Endurance Strenght

by a decrease in MCV and an increase in their stiffness.
The significant influence of MCV and MCHC on the RBC

Fig. 1. Correlation between RBC count and speed, endurance or strength performance in trained

deformability in apparently healthy middle-aged women athletes.
was revealed, namely low MCHC and high MCV were
associated with increased deformability, and high MCHC HGB, giL
and low MCV correlated with increased RBC stiffness 156 15438
[5]. Bosch F. H. et al. [1] also observed a decreased RBC 154 '
deformability with an increased MCHC and a decreased 12(2) 148,92
MCV. Rheological changes in the blood showed an in- 148
crease in blood viscosity in women with age. Nevertheless, 146
MCV, MCHC or MCH did not affect RBC aggregation in 144
middle-aged women [1]. 142 142
However, the works of V. G. Shamratova and |. R. Kha- 1‘3‘2
zipova (2011) concluded that the blood rheological prop- 136
erties (viscosity) were largely dependent on HCT values. 134
Anincrease in HCT, especially exceeding the mean value, Speed Endurance Strenght
was matched by a drop in erythrocyte adrenoreactivity and
resulted in altered rheological properties not only of whole Fig. 2. Correlation between HGB and speed, endurance or strength performance in trained athletes.
blood, but also RBCs. In contrast, a decrease in blood
viscosity due to a decrease in HCT was associated with MCHC, g/L
an increase in adrenaline-induced RBC aggregation [16]. 395
An increase in the proportion of circulating macrocytes 390 390.75
also worsened the rheological properties of blood [16]. 385
That is, an increase in the number of RBC and HGB is 380 383.92
an extremely important pre— condition forimproving oxygen 375
transport function of blood, especially when adapting to 370
significant physical activity, although it is associated with 365
alterations in the rheological properties of blood. 360 365.88
Kostova V. et al. (2012) found a linear correlation 355
between dynamic viscosity and hematocrit in patients with 350
type 2 diabetes mellitus. The relationship demonstrated an Speed Endurance Strenght
increase in viscosity causing an increase in hemorheological
parameters (HCT, RBC count and fibrinogen) [3]. Fig. 3. Correlation between MCHC and speed, endurance or strength performance in trained athletes.
The data obtained suggested that people, who practice
sports professionally and train certain physical performan- MCV, fL
ces, may have changes in the quantitative and qualitative 94
parameters of red blood, which simultaneously support an 93 33.25
enhancement of oxygen transport function and improve- 92
ments in the rheological properties of blood by reducing 91
the MCV. According to our data, such changes occurred in 90
strength-trained athletes. 89 89.15
Kovelska A. V. and co-authors (2017) found a link 88
between basic indicators of physical performance and 87 88.06
some hematological parameters, including HGB and MCV. 36
The authors revealed a statistically significant correlation 85
(r=-0.27, P < 0.05) between training experience and Speed Endurance Strenght
MCV [10]. Decreased MCV is known to be an indicator of
increased body adaptability to exercise, as it is inversely Fig. 4. Correlation between MCV and speed, endurance or strength performance in trained athletes.

related to tissue oxygen supply [6].
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Ole r’MMHaAbHbl€e UCCAEAOBAHNA

Our data indicated that the athletes who mainly trained
endurance performance had medium-sized RBC and ave-
rage MCH that may have promoted athletic excellence
in such sports as triathlon, marathon running and others.

Athletes should have a higher level of aerobic capacity
during long- term training, which requires general endu-
rance. Blood volume and RBC count are important factors
for maximum aerobic capacity and physical performance.
Regular physical exercise increases blood volume on
the sidelines of improvements in maximum aerobic capacity
and physical performance owing to RBC count. In analyzing
the relationship between the main indicators of physical
performance and hematological parameters in athletes,
Kovelska A. V. and co-authors revealed a direct correlation
between VO,max mi/min-' and both HGB (r = 032; P < 0.05)
and MCH (r = 0.37; P < 0.05) [10].

Our findings demonstrate a need for further study of
the changes in blood parameters in athletes who mainly
trained speed performance. The advantages of increased
MCV along with reduced MCH in order to train high-speed
sports performance are not well understood. Perhaps
the changes in RBC size towards its increase were caused
by cell swelling due to ionic imbalance.

The decrease in HCT, in the minds of Kovelska A. V.,
may be favorable for physical performance through the in-
fluence on circulation, which can be seen in reducing pe-
ripheral vascular resistance and increasing blood volume.
With increasing training experience, there was a downward
trend (P > 0.05) in the levels of HGB and HCT. Based on
the results obtained, the researchers suggested that these
differences were driven by the presence of one possible
mechanism of the blood system adaptation to training loads,
involving increase in the volume of circulating blood mainly
due to its plasma component [10]. The parameters of RBCs
either did not change or showed a tendency to decrease
with an increase in circulating plasma volume [13].

Thus, the data yielded by the study convincingly demon-
strate the correlation between the direction and severity
of changes in qualitative and quantitative blood indicators
and physical performance, which athletes mainly trained
in various sports.

Conclusions

1. Mobilization of the blood oxygen transport function in
response to physical activity in athletes, who mainly trained
strength performance, was accomplished through the in-
creasing erythrocyte count, hemoglobin content and mean
corpuscular hemoglobin concentration with the decreasing
erythrocyte mean corpuscular volume.

2. Athletes who predominantly trained speed perfor-
mance showed the downward changes in erythrocyte
count, hemoglobin content, mean corpuscular hemoglobin
concentration (within the reference values) and increased
erythrocyte mean corpuscular volume.

3. In athletes who mainly trained endurance perfor-
mance, the erythrocyte population was medium-sized with
medium level of mean corpuscular hemoglobin.
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