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Introduction. Assessment of hematological parameters in professional athletes requires a special approach. This includes analysis of hema-
tocrit levels, which can be quite high due to their significant oscillations during intense muscular activity and under conditions of relative rest.
Objective. Study of the additional influence of various hematocrit levels on morphological and biochemical blood parameters, determined
within the framework of the comprehensive medical examination (CME) of athletes.

Materials and methods. A retrospective study was conducted using data from athletes’ medical records. A total of 26,413 hematological
parameters obtained during the CME of athletes from Russian national teams were analyzed. Hematocrit was calculated using an automatic
Mindray BC-6200 analyzer as the ratio of red blood cell volume to total blood volume. Nonparametric reference intervals for hematocrit,
hemoglobin, red blood cell count, and mean corpuscular volume were constructed according to the CLSI EP28-A3c standard. Associations
between hematocrit and blood parameters (lipid and protein profiles, glucose, oxygen transport system, sodium, potassium, magnesium, and
platelets) were assessed using Spearman’s rank correlations within extreme sub-samples (< p25 and = p75 of hematocrit). Only correlations
with Spearman’s coefficient above 0.5 were considered significant. Comparisons of parameter distributions between percentile groups of
hematocrit were performed pairwise using the nonparametric Wilcoxon test with an FDR correction.

Results. Irrespective of sex, within the normal hematocrit range (25-75 percentiles), a strong positive correlation is observed with hemoglobin
levels (r, = 0.836) and red blood cell count (r, = 0.631). For hematocrit values above the 75th percentile, a strong positive correlation is main-
tained with hemoglobin concentration (r, = 0.801) and red blood cell count (r, = 0.603). Regarding hematocrit values below the 25th percentile,
a near-significant correlation was identified with red blood cell count (r, = 0.437), as well as a strong positive correlation with hemoglobin
(r, =0.839).

Conclusions. Across different percentile ranges of hematocrit, significant differences in numerous blood biochemical parameters were identi-
fied. Thus, the higher the hematocrit level, the higher the concentrations of the recorded parameters in the blood serum. This underscores
the importance of taking into account, inter alia, the possible influence of the hematocrit level when evaluating hematological parameters in
athletes.
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AHANN3 NMOKAS3ATENIEN KPOBW Y CIMTOPTCMEHOB C YYETOM YPOBHA FTEMATOKPUTA

XK.B. louwmHa™, H.C. Mappiwes?, TA. Makapoga®, C.O. KntouHukos', V1.E. Byliyesa'

"HaumoHanbHbI LieHTp CROpTUBHOM MeanLnHbl PefepansHoro Meamnko-buonorndeckoro areHTcTaa, Mocksa, Poccus
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3 KybaHCKuI rocyaapCTBEHHbIN YHUBEPCUTET U3MHECKOM KyNLTYPbI, criopTa U Typuama, KpacHogap, Poccust

BeepeHne. OueHka remaTonorm4eckmnx napaMmeTpoB y MPOMeCCUOHaNBHbIX CMOPTCMEHOB TPebyeT 0co60ro NOAXOAa, B TOM YUCHE K aHa-
NIN3Y YPOBHS reMaToKpUTa, KOTOPbIN MOXET ObITb JOCTATOYHO BEICOKMM, C YHETOM €ro OCLMANALMM NPU HANPS>KEHHOM MbILLEYHON AesTenNb-
HOCTU 1 B YCIIOBUSIX OTHOCUTENBHOMO MOKOS.

Llenb. V13y4eHve [OMOAHUTENBHOMO BAVSHNS Pasv4HbIX YPOBHEV remMaTtokputa Ha nokasarenv Mopdonorm4eckoro n BruoxmMm4eckoro
cocTaBa KpoBW, onpeaensieMble B pamkax yriyobneHHoro MmeamumHcekoro oocnenosaHust (YMO) cnopTcMeHoB.

Marepuansl u metoabl. [poBeAeHO PETPOCNEKTVBHOE NCCNe0BanHVe N0 AaHHBIM MEAULIMHCKUX KapT CnopTCcMeHoB. [poaHanvanposaHo
26 413 remaTonOrM4ecKmnx nokasarenen, nonyyYeHHbx npu nposedern YMO cnopTcmeHoB COOpPHbIX koMmarg Poccun. femaTokpuT pac-
cUMTbIBasiCA Ha aBTOMaTM4eckoM aHanusatope Mindray BC-6200 kak OTHOLLEHME obbema apUTPOLUTOB K 06bemMy KpoBu. [na remato-
KpuTa, reMorfiobrHa, Konn4ecTsa apuTPOLIMTOB U CpeaHero obbema SpUTPOLMTOB BblIN MOCTPOEHbI HenapaMeTpuyieckre pedepeHcHble
nHTepBanbl Mo ctangapTy CLSI EP28-A3c. Accoumaumm mexay reMaToKpUTOM 1 MoKa3aTenaMmn KPoBW (MMAVAHbBIN 1 6eNKOoBbI NpOodusb,
FNIOKO3a, KMCMOPOATPAHCNOPTHAA CUCTeMa, HATPWI, Kanui, MarHui, TPOMOOLMTBI) OLIEHMBANINCE PaHroBbiMK Koppenaumamm Crmpme-
Ha B KpanHux noapblbopkax (<p25 1 =p75 remaTokpuTa). SHa4MMbIMU CHATANMNCH TOBKO KOPPENALMN MPpK 3Ha4YeHUSX KosdduLmeHTa
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Cnnpmena Bbiwe 0,5. CpaBHeHME pacnpeaeneHnii nokasaTenen Mexxay LEeHTUbHbIMY Fpynnammn reMaTtokputa npoBoAMAOCE NONapHo He-
napameTpuyeckmM Kputeprem BunkokcoHa ¢ FDR-nonpaskoi.

PesynbraTthl. HesaB1CMMO OT Mona B HOPMasbHOM AMana3oHe nokasartens remaTokputa (25—75 npoueHTunelt) HabnogaeTcs ero TecHas
NOJIOXNTE/bHAA B3AVMOCBA3b C nokasartensamu remornobrHa (1, = 0,836) 1 KONM4eCTBOM 8pUTPOLMTOB (1, = 0,631). Mpn 3Ha4eHUAX rema-
TOKpYTa BbllE 75 NPOLEHTUIA TECHYIO MOSIOXMTESbHYIO B3aIMOCBASb C HAM MPOSABNAET KOHUEHTPaLsa remornobuHa (r, = 0,801) n Konm-
4EeCTBO IPUTPOUNTOB (1, = 0,603). 4TO e KacaeTcs 3Ha4eHMIN NoKasaTens reMaTokpuTa Hke 25 NPOLEHTUIS, TO 3eCh Obia BbisBneHa
ero 651M3Kas K [IOCTOBEPHOW B3aMMOCBSA3b C KOIMHECTBOM 3pUTPOLMTOB (1, = 0,437), a TakXXe CuibHas MojoXMTeNbHas B3aMMOCBA3h
C remorno6uHoM (r, = 0,839).

BbiBoAbl. B pasHbix MPOLEHTUABHBIX Anana3oHax reMaTokpuTa BbisiBieHbl 4OCTOBEPHbIE PA3IMNHMSA MHOMX BUOXMMNYECKMX MoKa3aTenemn
KPOBU: YeM BbILLIE FTEMATOKPUT, TEM BbilLie KOHLIEHTPALMM PErNCTPUPYEMbBIX MapaMeTPOB B CbIBOPOTKE KPOBU. OTO 06YCNOBMBAET HEOO-
XOOVMMOCTb MPU aHanm3e 1 OLEeHKe reMaTonorn4ecknx nokasarene y CnopTCMEHOB y41TbIBaTb, MOMUMO LIENIOrO psiga Apyrux (pakTopos,
BO3MOYKHOE AOMOMHUTENBHOE BANSHUE BEIMYMHBI FEMaToKpUTa.

KntoueBble cnoBa: npodeccrnoHasnbHble CnopTCMeHbl; MOPMOIOrMHECKUn 1 BUOXMMNYECKMIA COCTaB KPOBU; MPOLEHTUbHbIE rpadaumn;
remMaToKpUT; yrnybneHHoe MeauLIMHCKOe 06CneoBanHne; CNOPT BbICLLUMX JOCTUXKEHWNIA
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CMEHOB C Y4ETOM YPOBHS reMaToKpuTa. SKCcTpemasibHas buomeauimHa. 2026;28(2):234-241. hitps:/doi.org/10.47183/mes.2025-432
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INTRODUCTION

The issues concerning the necessity of a special ap-
proach to the analysis and evaluation of hematological
parameters in professional athletes, in particular with
additional consideration of the hematocrit level, remain
poorly studied [1-5]. The values of the vast majority of
hematological parameters reflect their concentration in
blood serum, the volume of which decreases during
hypohydration. As a result, the concentration of sub-
stances contained therein increases accordingly [1, 6].
Hypohydration in athletes can arise from unreplenished
fluid deficiency, hyponatremia, or hypoalbuminemia,
which determine the osmotic and oncotic pressure of
the blood [1].

According to Petibois et al. [7], when analyzing bio-
chemical parameters in athletes, the phenomenon of
plasma volume changes induced by physical exercise
should be taken into account. Cooling, psychological
stress, nutrition, hydration, as well as prolonged and
intense exercise can significantly alter hemoconcentra-
tion during physical exertion, challenging comparison of
data obtained by different studies. In order to address
this problem in the future, the factor of hemoconcen-
tration must be taking into account. Indeed, substantial
biochemical shifts may be observed after correction for
exercise-induced plasma volume changes.

Baranovskaya et al. demonstrated that in a homoge-
neous group of male athletes during a delayed post-ex-
ercise period, specifically 40 h after the last training ses-
sion, distinct differences in the values of certain blood
biochemical parameters were established, which were
significantly associated with different levels of hemato-
crit [8]. In a study by Jacob et al., an attempt was made
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to analyze the influence of the hematocrit parameter on

biochemical and morphological blood parameters [9].
Currently, there exist at least four methods for de-

termining hematocrit in laboratory settings, each with
its own advantages and disadvantages [10]. This must
be taken into account when conducting a comparative
analysis of research results, especially when different
methods for determining hematocrit are used (in venous
or capillary blood, under conditions of relative rest or
during intense muscular activity, etc.).

In this study, our aim was to investigate the influence
of various hematocrit levels on the parameters of mor-
phological and biochemical blood composition deter-
mined within the framework of the comprehensive medi-
cal examination (CME) of athletes.

To achieve this aim, the following tasks were set:

e to calculate percentile gradations of the hematocrit
parameter in male and female athletes and to identify
the relationship of its various percentile ranges with
parameters of the morphological and biochemical
blood composition;

e to determine the significance of differences in the
analyzed set of parameters of morphological and
biochemical blood composition across different per-
centile ranges of the hematocrit parameter.

MATERIALS AND METHODS

A retrospective study of medical record data of athletes
was conducted. A total of 26,413 hematological results
from the CME of athletes from Russian national teams
were analyzed (49% female, 51% male; mean age —
20 + 3 years). The following parameters were taken into
account: hematological (hemoglobin, hematocrit, mean
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corpuscular volume, red blood cell count, mean cor-
puscular hemoglobin, mean corpuscular hemoglobin
concentration, platelets, mean platelet volume) and bio-
chemical (levels of sodium, potassium, magnesium, iron
in blood serum; concentrations of cholesterol, high-den-
sity and low-density lipoproteins, albumin, total protein,
glucose, total cholesterol).

Descriptive characteristics were presented as me-
dian and interquartile range. Non-parametric reference
intervals (2.5-97.5 percentile) for hematocrit, hemoglo-
bin, red blood cell count, and mean corpuscular vol-
ume were constructed according to the CLSI EP28-A3c
standard, with preliminary diagnostics and exclusion of
outliers based on Cook’s distance (using the reference
intervals package) [11, 12].

The threshold values of the 25th and 75th percentiles
of hematocrit were used to stratify the sample into three
groups: < p25, p25-p75, and = p75. All calculations
were performed in R 4.x using dplyr, tidyr, broom, purrt,
ggplot2, and flextable. The statistical significance level
was two-sided (a = 0.05). Multiple testing was controlled
using the Benjamini-Hochberg method within each test
family. Missing values were handled on a complete-case
basis in each specific model/comparison; variables with
zero variability were excluded.

Associations between hematocrit and blood param-
eters were assessed using Spearman’s rank correlations
in the extreme subsamples (< p25 and > p75 of hemato-
crit) between hematocrit and each quantitative indicator
(separately in each subsample). The calculation required

at least three observations and non-zero variance for
both variables; in cases where these conditions were
not met, the correlation for that pair was not calculated.
Only correlation coefficients with a critical Spearman’s
rank correlation coefficient (r) value of above 0.5 were
considered significant [13].

Comparison of parameter distributions between he-
matocrit groups (< p25, p25-p75, = p75) was performed
pairwise using the nonparametric Wilcoxon test with a
FDR correction within the panel of biochemical/hema-
tological markers [14]. Correlations for the central range
(p25-p75) and the results of one-factor models on the
full sample were used as a reference for comparison
with estimates in the extreme quartiles and for calculat-
ing standardization coefficients.

RESULTS AND DISCUSSION

At the first stage, percentile gradations of red blood cell
parameters were calculated. The data obtained are pre-
sented in Table 1. The interrelationships of hematocrit
within its different percentile ranges with the other stud-
ied morphological and biochemical blood parameters
were identified (Table 2).

Borderline health conditions in athletes begin to de-
velop before the onset of clinical manifestations and
before blood parameters begin to exceed the refer-
ence interval [6, 15, 16]. This explains the currency of
the percentile approach to the analysis and assessment
of blood parameters in professional athletes in sports

Table 1. Percentile gradations of hematocrit, hemoglobin, mean corpuscular volume, and red blood cell count

in professional athletes

Percentiles
Parameter n Sex
pP5 p10 p25 p50 p75 p85 p90 P95
8757 F 3574 | 3865 | 39.47 | 4025 | 4115 | 43.01 | 43.86 | 44.0
Hematocrit, %
10,410 M 4129 | 41.84 | 4290 | 4420 | 4590 | 4668 | 4764 | 486
8757 F 115.00 | 118.80 | 125.0 | 130.8 | 136.40 | 139.3 | 141.5 | 144.30
Hemoglobin, g/L
10,410 M 133.00 | 137.00 | 143.0 | 149.0 | 155.00 | 158.7 | 160.7 | 164.30
Red blood cell 8757 F 3.99 410 4.27 4.47 4.68 4.80 4.88 5.00
count, x10"%/L 10,410 M 454 | 466 | 485 | 506 | 528 | 540 | 549 | 562
Mean corpuscular 8757 F 80.70 | 82.80 | 8556 | 88.32 | 90.92 | 92.30 | 93.20 | 94.50
volume, fL 10,410 M 81.29 | 83.07 | 8540 | 8778 | 90.03 | 91.39 | 92.20 | 93.50
Mean corpuscular 8757 F 26.01 | 27.00 | 28.20 | 29.30 | 30.30 | 30.80 | 3115 | 31.65
HGB, pg 10,410 M 2700 | 2770 | 28.60 | 29.50 | 3040 | 30.84 | 3118 | 31.64
Mean corpuscular 8757 F 3150 | 31.80 | 3250 | 3319 | 3373 | 34.03 | 34.24 | 34.51
HGB concentration,
g/dL 10,410 M 3220 | 3250 | 33.04 | 3360 | 3411 | 34.40 | 3460 | 34.90

Table compiled by the authors based on their own data

Note: n — number of athletes; F — females; M — males; HGB — hemoglobin.
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Table 2. Correlative relationships of the hematocrit parameter in different percentile ranges with the studied

morphological and biochemical blood parameters

Hematocrit values below | Hematocrit values within | Hematocrit values above
Parameter the 25th percentile 25-75 percentiles the 75th percentile
n r, p n r, p n r, p

Sodium, mmol/L 4653 | 0.044 | 0.003 | 9483 | 0.054 | 0.000 | 4735 | -0.004 | 0.794
Hemoglobin, g/L 4788 0.839 | 0.000 9591 0.836 | 0.000 4788 0.801 0.000

HDL cholesterol, mmol/L 4651 0.046 | 0.002 | 9472 | -0.154 | 0.000 | 4731 | -0.069 | 0.000
Red blood cell count, x102/L 4788 | 0.437 | 0.000 | 9591 0.631 | 0.000 | 4788 | 0.603 | 0.000
Mean corpuscular volume, fL 4788 0.270 | 0.000 9591 -0.007 | 0.514 4788 0.076 | 0.000
Mean corpuscular HGB, pg 4798 0.179 0.000 9572 0.061 0.000 4797 0.041 0.005
Mii:gg;ﬁ:ﬁgﬁ'aé /ng 4798 | 0078 | 0000 | 9572 | 0137 | 0.000 | 4797 | -0.040 | 0.005
Potassium, mmol/L 4656 0.089 | 0.000 9486 0.089 | 0.000 4737 | -0.008 | 0.596
Magnesium, mmol/L 4652 | 0.080 | 0.000 | 9475 | 0.039 | 0.000 | 4729 | 0.004 | 0.769
Albumin, g/L 4648 0.076 | 0.000 9474 0.099 | 0.000 4731 0.001 0.962

Total protein, g/L 4665 | 0104 | 0.000 | 9488 | 0.061 | 0.000 | 4740 | 0.048 | 0.001
Glucose, mmol/L 4658 0.026 | 0.077 9492 0.082 | 0.000 4743 | -0.032 | 0.028

Total cholesterol, mmol/L 4652 | 0.112 | 0.000 | 9473 | -0.093 | 0.000 | 4735 | 0.046 | 0.002
LDL cholesterol, mmol/L 4650 0.092 | 0.000 9471 0.000 | 0.985 4731 0.066 | 0.000
Iron, umol/L 4727 | 0.216 | 0.000 | 9512 | 0.109 | 0.000 | 4747 | 0.084 | 0.000
Platelets, x10%/L 4788 | -0.095 | 0.000 | 9591 | -0.132 | 0.000 | 4788 | -0.004 | 0.800
Mean platelet volume, fL 4787 | 0.015 | 0.308 | 9589 | 0.016 | 0.107 | 4788 | 0.053 | 0.000

Table compiled by the authors based on their own data

Note: n — number of athletes; r,— Spearman’s correlation coefficient; HGB — hemoglobin; HDL — high-density lipoproteins.; LDL — low-

density lipoproteins.; p — statistical significance level (p < 0.05).

medicine [6, 15, 16]. It is assumed that the optimal val-
ues of blood parameters in athletes, ensuring their opti-
mal performance, fall within the 25-75 percentile range
(Table 1) [15, 16].

During the research, statistically significant cor-
relations were obtained between different percentile
ranges of hematocrit and the blood parameters stud-
ied (Table 2). Independent of sex and under the normal
hematocrit range (25-75 percentiles), a strong positive
direct correlation was found with hemoglobin levels
(r, = 0.836; p = 0.000) and a moderate correlation with
red blood cell count (r, = 0.631; p = 0.000). For hema-
tocrit values above the 75th percentile, a strong positive
direct correlation was noted with hemoglobin concen-
tration (r, = 0.801; p = 0.000) and a moderate correla-
tion with red blood cell count (r, = 0.603; p = 0.000).
Regarding hematocrit values below the 25th percentile, a
statistically significant moderate positive correlation was
found with red blood cell count (r, = 0.437; p = 0.000),
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as well as a strong positive correlation with hemoglobin

(r. = 0.839; p = 0.000).

The strong association of hematocrit values across

all its percentile ranges with hemoglobin concentration
and red blood cell count indicates that these parame-
ters should always be recorded together. When distinct
discrepancies arise between the percentile intervals
of hematocrit, hemoglobin, and red blood cell count,
blood tests should be rechecked. In this regard, the
World Anti-Doping Agency includes both hemoglobin
concentration and hematocrit level among other in-
direct parameters of erythropoiesis in doping control
screening procedures, without attempting to separate
these parameters [17].

Interpretation of red blood cell parameters, particu-
larly hematocrit, in athletes requires consideration of
dynamic shifts in plasma volume. Two opposing pro-
cesses — hemoconcentration and hemodilution — sig-
nificantly influence blood rheology and oxygen transport
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Table 3. Pairwise comparisons of the studied blood parameters between groups of athletes with hematocrit
values below the 25™ percentile, within 25!"-75t" percentiles, and above the 75" percentile

Percentiles Statistical significance
Parameter <25 25-75 >75 level
n M n M n M p p p
[95% Cl] (95% Cl) (95% Cl) 1 2 5
Albumin, g/L | 4648 [42'3322.19] 9474 [4&;‘;’;'%3'04] 6719 [44545‘;'33.79] <0.001 | 0.001 | <0.001
Total protein, g/L | 4665 [69.32'2399] 9488 [70.;2'97?.05] 6731 [71.;;'079219] <0.001 | <0.001 | <0.001
Hemoglobin, g/L | 4788 [123_:3%‘;"?294.29] 9591 |, 40.1545?'?20_82 4797 [156.123?'14;6.59] <0.001 | 0.001 | <0.001
@ggnﬁfoxﬁg1§fg' 4788 [455233] 9591 [4'7‘5';7280] 4797 [5.258';259.30] <0.001 | <0.001 | <0.001
ron, pmoiL  [4727 | 4.23;'6114.82] 9512 [17.;57;51%_73] 6846 [19.;;"%67] <0.001 | <0.001 | <0.001
Meav%ﬁ%%,u?fwar 4788 [86.3(6)3;%4%.08] 9591 [87.3?;%?3.12] 4797 [88.?78;'52.37] <0.001| 04 <0001
'\/lheean:;g?I(rJ%Tr?,Cgtlga " | 4708 [28.7218;22.83] 9572 [29.5%2%.43] arer [29.5?;'2%.64] <0.001 | <0.001 | <0.001
“ﬂiﬁl@%&ﬁsﬁf 4798 [33_825%%11] 9572 [33.32{43%. i |49 [33_223;'2‘556] <0.001 | <0.001 | <0.001
centration, g/dL
Potassiam. | 4656 [4.0‘;';0209] 9486 [4.1‘&12_17] 6730 [4.1;}';1217] <0.001 | <0001 | 04
Magneslim. | 4650 [0.8%;8383] 9475 [0.8%;85‘. eu |67 [0.8%;85‘. g5 | <0001 <0001 | <0.001
Sodium, mmol/L | 4653 [139.2)%?129.18] 9483 [139_1%??;9.51] 6725 [139_13?'14369.501 <0.001 | <0001 | 0.8
Glucose, mmol/L | 4658 [4.8‘;?291] 9492 [4.5‘7';9299 6753 [4.92';9196] <0.001 | <0.001 | <0.001
Mf;ﬂﬂf';tftet 4787 [8.8%?88.91] 9589 [8.887';8391] 4797 [8_9%;9301] <0.001 | <0.001 | <0.001
Platelets, x10%/L | 4788 [256.28566;32549.88] 9591 [246.%4;;7.34(?8.43] arar [236.2239;7?;,8.92] <0.001 | <0.001 | <0.001
HDLnﬁ*r‘T?('Dle/SLterO" 4651 [1.712';7175] 9472 [1.519';6361] 6718 [1_018';1?_11] <0.001 | <0.001 | <0.001
LDLgr‘r?c')eVSLterO" 4650 [2_13';221.23] 9471 [2.227';25_30] 6717 [2.327';33 4o | <0001 | <0.001 | <0001
Cr;g'rflztlf[o' 4652 [4.31';31.39] 9473 [4.3‘2;32.36 6730 [4.233;.33] <0.001 | 0.034 | 0.005

Table compiled by the authors based on their own data

Note: n — number of athletes; Cl — confidence interval of the mean; p — significance of differences in blood parameters depending on hema-
tocrit percentiles (o, — <25, >75; p,— <25, 25-75; p,— 25-75, >75).
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function and must be considered key factors in evaluat-
ing data from laboratory monitoring.

Hemoconcentration is characterized by an increased
concentration of cellular elements per unit volume of
blood due to a decrease in plasma volume. This leads to
an apparent or false elevation of hematocrit and hemo-
globin concentrations. The main mechanisms underly-
ing this phenomenon in athletes are dehydration due to
sweating [18]; fluid shift into the interstitial space; “stress”
hemoconcentration involving the release of catechola-
mines and cortisol in response to physical exertion that
causes a transient reduction in plasma volume, possibly
due to increased vascular tone and changes in perme-
ability.

At the same time, hemodilution is the process of in-
creasing blood plasma volume, leading to a decrease in
the relative concentration of red blood cells and hemo-
globin. This is the process of physiological adaptation,
particularly pronounced in endurance-training athletes.
The main mechanisms include adaptive hypervolemia
(athletic hypervolemia), where the key roles are played by
the activation of the renin—angiotensin—aldosterone sys-
tem and increased vasopressin secretion in response to
exercise [19]; expansion of plasma volume after a single
bout of exercise.

Hemodilution improves the rheological properties
of blood (reduces viscosity), facilitates cardiac output,
and enhances cutaneous blood flow for thermoregula-
tion. However, this underlies the phenomenon of “sports
pseudoaemia”, when an adapted athlete with a normal
total red blood cell mass and absolute hemoglobin con-
tent shows hematocrit and hemoglobin values per unit
volume of blood at the lower limit of norm or slightly
below. This condition is adaptive and does not require
treatment [20]. It is critically important to differentiate this
condition from true iron deficiency states.

The second stage of the work involved pairwise com-
parisons of the studied blood parameters among groups
of athletes with hematocrit values below the 25th per-
centile, between the 25th—75th percentiles, and above
the 75th percentile (Table 3). According to the obtained
results, the parameters of protein, lipid, and carbohy-
drate metabolism differ statistically significantly across
different percentile ranges of hematocrit. This illustrates
the necessity of additionally considering the influence of
hematocrit on biochemical blood parameters when car-
rying out their assessment in athletes.

Only the differences in mean corpuscular volume
and mean platelet volume were found to be non-signif-
icant in the hematocrit range below the 25th percentile
and between the 25th—75th percentiles. For hematocrit
values between the 25th—75th percentiles and above the
75th percentile, the differences in blood sodium and po-
tassium content parameters were non-significant.

During the differential analysis of the influence of
hematocrit values on the biochemical composition of
blood (Table 3), significant differences were established
in the designated ranges of the hematocrit parameter,
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as well as in hemoglobin and red blood cell concentra-
tions. At the same time, an increase in serum iron lev-
els in the setting of consistently high hematocrit has an
important differential diagnostic significance. The most
probable cause of such a combination is polycythemia
vera, where clonal proliferation of erythroid cells is ac-
companied by ineffective erythropoiesis, altered hep-
cidin regulation, and intense iron turnover. This distin-
guishes polycythemia vera from secondary hypoxic
erythrocytoses, which are characterized by normal or
decreased iron levels due to its active utilization [21].

Furthermore, in cases of blood thickening due to de-
hydration, a simultaneous increase in the concentration
of all plasma components, including iron, occurs. This
is the state of relative hyperferremia, rather than a true
increase in the total amount of iron in the body.

In addition, a small but statistically significant increase
in total protein and albumin content at a hematocrit level
above the 75th percentile is most likely associated with
a decrease in the volume of the blood’s liquid part.
However, it cannot be ruled out that this also confirms
the influence of the body’s protein potential on hemat-
opoiesis [1, 22]. A combined increase in hematocrit, total
protein, and albumin under a normal or elevated sodium
level is a classic sign of dehydration.

In our opinion, it is interesting that hemoconcentra-
tion is accompanied by worsening of lipid metabolism
indicators (increased LDL levels and decreased HDL lev-
els), while simultaneously showing a tendency to reduce
the risk of thrombus formation due to decreased platelet
content in the blood. During dehydration, plasma vol-
ume decreases, leading to a false (relative) increase in
the concentration of all plasma components, including
LDL. HDL levels may also falsely increase, although this
effect is less pronounced. The combined alteration of
the lipid profile (increase in low-density lipoproteins —
LDL and decrease in high-density lipoproteins — HDL)
and a reduction in platelet count (thrombocytopenia) in
the setting of elevated hematocrit is a complex patho-
physiological phenomenon characteristic of a number
of conditions, primarily associated with chronic hypoxia
(23, 24].

Thus, when analyzing and assessing the concentra-
tion of key biochemical blood composition indicators in
athletes, it is necessary to additionally account for the
hematocrit level and the possibility of associated shifts
in the analyzed parameters, even within their normal
ranges.

CONCLUSION

Interpretation of red blood cell parameters, particularly
hematocrit, in athletes requires consideration of dynam-
ic shifts in plasma volume. Two opposing processes —
hemoconcentration and hemodilution — significantly af-
fect blood rheology and oxygen transport function and
should be considered key factors in evaluating labora-
tory monitoring data.
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In professional athletes aged 17-23 years under
relative rest conditions, the hematocrit level of venous
blood, when measured using a Mindray BC-6200
analyzer, shows a strong positive correlation primar-
ily with hemoglobin concentration and red blood cell
count, regardless of sex. To avoid measurement er-
rors, these indicators should be determined simul-
taneously. In cases where distinct discrepancies are
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