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Lienb uccnepoBaHua: aHanvs GyHKLMOHUPOBAHUA MOYEBbILENUTENBHON CUCTEMDI Yy CMOPTCMeHOB KaparaHauHcKoi obnactv KasaxctaHa ¢ yyétom
reHeTU4YecKMx noaMmopdU3mMos.

Matepuan n metogbl: 66110 06cnenoBaHo 103 cnopTcMeHa My¥KCKOro nona B Bospacte oT 18 1o 45 net (raHgbonucTbl, GyTOOAUCTbI, XOKKEUCTbI U
efmMHobopubl. ObcnegoBaHne BKAOYANO B ceba: reHeTUYECKUiA aHanu3 noanmopdusamos reHos ACE rs4341, ADRB2 rs1042713 v rs1042714, AGT
rs699, NOS3 rs2070744, AQP rs1049305; 6MOXMMUYECKMIA aHaIM3 KPOBU, BUOMMNELAHCOMETPHIO U OLLEHKY BapuabenbHOCTU cepaeyHoro putma.
Pesynbratbl: y 14,6% cnopTcMeHOB puCK 06e3BOXMBaHWMA Mpu GuU3MYecKoW Harpyske 6bin Bbille CpesHero (romo3wrotbl No nonanmopdHomy
(rs1049305) annento C/C reHa AQP). Y 22,3% cropTcMeHOB ypoBeHb KpeaTUHWHa bl Bbilue BEpXHEN rpaHuubl pedepeHTHoro ananasona. Y 30,1%
CMOPTCMEHOB CKOPOCTb Kyb6oukoBo punbtpaumm (CKP) cooTBeTCTBOBANA YPOBHIO NIETKOTO CHUMKEHUS GyHKLUMM nodek. [ons vy, ¢ yposHem CKO,
XapaKTepPHbIM 1 NEFKOro CHUKeHUA GyHKLMM Noyek, Bbina Bbile y eAMHobopLEeB. MakcMManbHble 3HAYeHUA MHAEKCA rMapaTaLmm, XapakTepHble
NS YMePEHHOM OTEYHOCTU, BbINN BbIABNEHDI HA HOrax. [lons roMo3uMroT no noanmopdusamam ans reHos ACE, ADRB2, AGT u NOS3 ¢ puckom noBbl-
LIeHUA JasneHus coctasnana ot 7,7 go 36,9%.

3aKntoueHue: y paga CnopTCMeHOB 3aperucTpupoBaHo HapylleHue QyHKLMKU NoYeK C BbIABEHHBIMU PUCKAMMU B UX TEHOTUME, YTO npearnonaraet
HeobX0AMMOCTb aHaNN3a BO3MOMKHbIX MPUUMH AUCHYHKLMM U NPODUNAKTUHECKUX MEPONPUATUIA.

KnioueBble cnoBa: moyesblOenumesnbHas cUCMeEMA, KpeamuHUH, MOYeBUHd, CKOpocme Kayboukoseoli ¢unempayuu, buoumnedaHcomempus,
CropmueHaa 2eHOMUKA.
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URINARY SYSTEM STATUS IN ATHLETES ACCORDING TO THEIR GENETIC
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Objective: To analyze urinary system function in athletes from the Karaganda Region of Kazakhstan, considering genetic polymorphisms.

Methods: A total of 103 male athletes aged 18-45 years were examined, including handball, football, hockey, and combat sports athletes. The examination
included genetic analysis of polymorphisms in the ACE rs4341, ADRB2 rs1042713 and rs1042714, AGT rs699, NOS3 rs2070744, and AQP rs1049305 genes;
biochemical blood tests; bioimpedance analysis; and heart rate variability assessment.

Results: In 14.6% of athletes, the risk of dehydration during physical exertion was above average (homozygous carriers of the AQP rs1049305 C/C
genotype). In 22.3% of the athletes, creatinine levels exceeded the upper limit of the reference range. In 30.1% of the athletes, the glomerular filtration
rate (GFR) corresponded to mildly decreased kidney function. The proportion of individuals with GFR values characteristic of mildly decreased kidney
function was higher among combat sports athletes. The highest hydration index values, indicative of moderate edema, were detected in the legs. The
proportion of homozygous carriers of polymorphisms in the ACE, ADRB2, AGT, and NOS3 genes associated with increased blood pressure risk ranged from
7.7% to 36.9%.

Conclusion: Renal dysfunction was identified in several athletes, along with genotype-associated risks, suggesting the need to investigate possible causes
and implement preventive measures.
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BBEAEHMUE

Y CNopTCMEHOB CYLLECTBYHOT PUCKM ANCHYHKLMM MOYEBbIAENN-
TenbHoi cuctembl (MBC), cBA3aHHOW C GM3MYECKUMM HarpysKamu,
[METO M UCTIONb3YEMbBIMM UMM IEKAPCTBEHHBIMM NpenapaTamu, 4to
TpebyeT MOHUTOPUHIA MeTO4AaMW PaHHEro BbiBNEHUA Npobaem u
HeobXxoAMMOCTU NPOPUNAKTUYECKUX MEPOTNPUATUIA. CNOPTCMEHbI He-
PELKO WCMO/b3YIOT BblICOKOBENKOBYIO AneTy (cBbiwe 1,5 r/Kr B AeHb)
ANs onTMmMmsaumm 6anaHca MblleyHoro 6enka, yBeMUYeHUs CyXom
Maccbl Te/la U NOBbILUEHUA NPOU3BOAUTENBHOCTH, YTO NPU ANUTENb-
HOM NPUMEHEHUM MOKET NPUBOAMUTD K ANCOYHKLMM noyek [1].

HapyweHue B paboTe noyek, a TakKe AUcObanaHc aNeKTPONUTOB
OTHOCUTE/IbHO PAcnpOCTpaHeHbl cpean MapadoHLUEB, Tak Kak Mo-
cne mapadoHa YacTo MOXKHO HabnoaaTb U3MeHEHNS BUOMaPKEPOB,
YKa3blBaloLWMX Ha naTtonormyeckme cobbitna 8 MBC. JanTensHble 1
MHTEHCUBHbIE a3pO6HbIE YMPAKHEHWUS BbI3bIBAKOT IHAOTENMNA/IBHYIO
AMCHYHKLMIO, KOTOPAsA MOKET CPOBOLMPOBATbL M3SMEHEHMA B NOYKaX,
Habnogaemble nocne MapadoHCKOro bera, M XapaKTepusyeTca CHU-
YKEHMEeM PacyETHOM CKOPOCTU KNyBoUKoBoM dunbtpaumm (CKP) n/mam
NOBbILIEHNEM YPOBHA CbIBOPOTOYHOMO KpeaTUHWUHA. ITV napameTpbl
06bI4HO BO3BPALLAIOTCA K PU3MONOTMYECKUM 3HAUEHMAM Yepes 24-48
yacoB nocne 3abera [2, 3].

Y CNOpTCMEHOB C BUAAMM CNOpPTa Ha BbIHOC/AMBOCTb Habtogan-
cA 6onee BbICOKMIA YpOBEHb KpeaTUHMHA CbIBOPOTKM MPY CPaBHEHWM
C ApyrMmu Bugamu cnopra (0,91+0,14 mr/an npotvs 0,88+0,13 mr/
an, p=0,014) [4]. CnopTcmeHbl, Yba NpodeccMoHanbHan 4eaTeNbHOCTb
CBA3aHa C OrpaHMYEHMEM AOCTyMa K MKUAKOCTU W TyaneTy, MmetoT
6onbliee noTooTaeneHne Npu GU3NYECKUX Harpy3Kax, Yto NpPUBOAUT
K 60/1ee KOHLEHTPMPOBAHHOM MOYe U, KaK CeACTBue, K bonee BbiCo-
KOM pacnpocTpaHEHHOCTU MOYeKamMeHHOM 6onesHu [5].

Harpy3ouHblii pabaomuonus ABASETCA OLHWMM W3 OCIOXKHE-
HWI, CBA3AHHbIX C A/IMTE/IbHBIMM U NOBTOPAOLLMMMCA MbILLIEYHBIMU
YNpaXKHEeHUAMM, W Yalle BCEro BCTPEYAETCA Y INNUTHbIX CIOPTCMEHOB.
Mpu 3TOM OCTpas NoYeyHas HeJOCTaTOYHOCTb Yalle (p=0,063) BcTpe-
yaetca y Hocuteneit annensa T (MT+TT) reHa AGT rs699. 3Haumntensb-
HOE MOBbILIEHWE YPOBHA KpeaTMHUHA CbIBOPOTKM NOCAE YNPaXKHEHWI
Habntoganock y Hocuteneit anneneii | (11+1D) reHa ACE rs1799752 w
T (MT+TT) reHa AGT rs699 (p=0,008 1 p=0,028 cooTBeTCTBEHHO) [6].

PerynupoBaHue NOTOKa BOAbl Yepe3 KeTOoYHble MembpaHbl
HeobX0AVMO A/1A NOALEPKAHUA MEXK- U BHYTPUKNETOYHOTO banaHca
MOKOCTH, YTO MMEeT peluatoLlee 3HadeHne Ana 340p0BbA M pabo-
TOCnocobHoCcTU. TpaHCMeMBpaHHBbIV BOAHbIN KaHan AQP1 BaeH ana
KapAMopecnvpaTopHOI BbIHOC/IMBOCTH, MOCKO/IbKY OH BUSET Ha ne-
PEHOC KUAKOCTU B IPUTPOLMTAX, SHAOTENMNANbHBIX N KNETKAX NErKMX
M KM3HEHHO BaKEH ANA TpaHCMopTa aMMOHKMA, bukapboHarTa, yrie-
KWCI0rO rasa, MULepuHa, OKCMAQ a30Ta, MOHA Kasus, BOAbI M TPAHC3-
nuTEAUaNbHOM M NoveyHol soapl [7].

B 0gHOM U3 MUCCNea0BaHMiA NOKasaHa CTaTUCTUYECKM 3HaYMMasn
(p<0,05) cBa3b mexkay rs1049305 (C>G) reHa AQPI v ypoBHEM Npo-
M3BOAMTEIbHOCTU MapadOHCKOro 6era cpeam MyX4YmnH naTrHoamepu-
KaHCKOro NponcxoxaeHus [8].

/13BECTHbI NOTEHLMaNbHbIE PUCKM UCMOb30BaHWA KpeaTuHa B
BbICOKMX [,03aX Y MOAPOCTKOB, M 3TO NOAYEPKMUBAET BAKHOCTb MOHM-
TOPUHIA GYHKLMM NOYeK Yy CNOPTCMEHOB, MUCMOAbL3YIOLMX CMOPTUB-
Hble #o06aBku [9]. 3noynoTpebaeHne aHAPOreHHbIMK CTepouaamu
cpean MOOAbIX CMOPTCMEHOB MMEET A0/IrOCPOYHble MOCNEACTBUA
[NA 3[0POBbA, Bbi3blBaA CEPbE3HbIE NMOBPEKAEHNUSA HMU3HEHHO BaK-
HbIX OPraHoB, B TOM YMC/IE M MOYEK. B MouKax cTeponabl NPUBOAAT K
MOBbILIEHNIO YPOBHS BOCMANUTE/bHBIX LUMTOKMHOB, GpMbpPO3y, runep-
TPOGMM NOYEUHbIX KaHA/MbLIEB, M3MEHEHUAM K/yBOUKOB U CTPYKTYp-
HbIM MOBPEXAEHUAM, @ TaKKe K MOBbILWEHMIO YPOBHA KPEaTUHMHA B
CbIBOPOTKe, benka B Moye v umuctatnHa C [10].
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INTRODUCTION

Athletes are at risk of urinary system dysfunction associated
with physical exertion, diet, and medications, necessitating mon-
itoring with methods aimed at early detection of abnormalities
and the implementation of preventive measures. Athletes often
consume high-protein diets (>1.5 g/kg/day) to optimize muscle
protein balance, increase lean body mass, and improve perfor-
mance; however, prolonged use of such diets may lead to renal
dysfunction [1].

Renal dysfunction and electrolyte imbalance are relatively
common among marathon runners, as post-marathon changes
in urinary biomarkers indicative of pathological processes are
frequently observed. Prolonged, intense aerobic exercise causes
endothelial dysfunction, which may trigger the renal changes ob-
served after marathon running and is characterized by a decrease
in estimated glomerular filtration rate (GFR) and/or an increase in
serum creatinine levels. These parameters usually return to phys-
iological values within 24-48 hours after the race [2, 3].

Endurance athletes were found to have higher serum cre-
atinine levels compared with athletes in other sports (0.91+0.14
mg/dL vs 0.88%0.13 mg/dL, p=0.014) [4]. Athletes whose profes-
sional activities involve restricted access to fluids and toilet facil-
ities lose more fluid through sweating during physical exertion,
resulting in more concentrated urine and, consequently, a higher
prevalence of urolithiasis [5].

Exertional rhabdomyolysis is a complication of prolonged
and repeated muscular exercise and is most commonly ob-
served in elite athletes. Acute renal failure was more frequent
(p=0.063) in carriers of the T allele (MT+TT) of the AGT rs699
gene. Carriers of the | allele (11+ID) of the ACE rs1799752 gene
and the T allele (MT+TT) of AGT rs699 showed a significant in-
crease in serum creatinine after exercise (p=0.008 and p=0.028,
respectively) [6].

Regulating water flow across cell membranes is necessary
to maintain extracellular and intracellular fluid balance, which is
crucial for health and physical performance. The transmembrane
water channel AQP1 supports cardiorespiratory endurance be-
cause it influences fluid transport in erythrocytes, endothelial
cells, and pulmonary cells and is essential for transporting am-
monium, bicarbonate, carbon dioxide, glycerol, nitric oxide, po-
tassium ions, and water, as well as transepithelial and renal water
transport [7].

One study demonstrated a statistically significant associa-
tion (p<0.05) between the AQP1 rs1049305 (C>G) polymorphism
and marathon running performance in men of Hispanic origin [8].

Potential risks associated with the use of high-dose cre-
atine in adolescents are known, underscoring the importance of
monitoring renal function in athletes using sports supplements
[9]. Abuse of androgenic steroids among young athletes has
long-term health consequences, causing serious damage to vital
organs, including the kidneys. In the kidneys, steroids increase
inflammatory cytokines, fibrosis, renal tubule hypertrophy, glo-
merular changes, and structural damage, as well as serum creati-
nine, urinary protein, and cystatin C levels [10].

In most studies included in a review conducted by Europe-
an researchers, creatinine, blood urea nitrogen, and urine specif-
ic gravity increased significantly after rapid weight loss in com-
bat sports athletes. This review indicates that rapid weight loss
caused dehydration and subsequent kidney injury despite differ-
ences in the degree of weight reduction [11].
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B 60/1bLIMHCTBE MCCNeA0BaHUIM, BKIOYEHHbIX B 0630p, Npose-
[EHHbIN nccneposaTensmu 13 EBponbl, 3HaYeHWA KpeaTUHKHA, a3oTa
MOYEBMHbI KPOBU W YAEbHOTO BECA MOYM 3HAUMTENBHO YBEAUYMANCD
nocne 6bICTPOI NOTEPM BeCa Y CNOPTCMEHOB, 3aHUMAIOLLMXCA eANHO-
6opcTBamu. ITo UCCNeA0BaHME YKa3biBAET Ha TO, YTO BbicTpas noTeps
Beca Bbi3blBasia 06€3B0XKMBaHME U NOC/ELyOLLIEE NOBPEXKAEHNE MO-
yek, HECMOTPA Ha Pa3/INYHYIO CTeneHb noTepw Beca [11].

Cpeay 340pOBbIX NHOAEN CYLLECTBYHOT 3HAUUTENbHbIE PA3NNYMA
B peakuuu apTepuanbHoro aasnenuns (AL) Ha ynpaxHeHus. Hecmo-
TpA Ha HopmanbHoe ALl B COCTOAHUM NMOKOSA, MOXKET ObITb HEaZeKBaT-
Han peakuma ALL Bo Bpems GU3MUECKOW aKTUBHOCTH. [Mpu 3TOM Ntoam
4acTo He 3HatoT, YTo WX Afl CTaHOBUTCA YPE3MEPHO MOBbILIEHHBIM BO
Bpems GKU3MYECKO aKTMBHOCTU. [OBTOPHOE BO3AEWCTBME ITUX NaTo-
nornyeckmx peakuunii AL npu perynapHoi Gusnyeckoin Harpyske mo-
KET YBEJIMUUTb LONITOCPOUHbIN PUCK CEPAEYHO-COCYANCTbIX 3ab0N1eBa-
HWIA, KOTOpPble MOTYT CHOPMMPOBATL KapAMO-PEHA/BbHBIN KOHTUHYYM.
Jtoay ¢ cemenHbIM aHaAMHE30M TUMEPTOHUM MOTYT UCMbITbIBATL 3TO
ABNIEHME AaXKe B A€TCKOM W NMOAPOCTKOBOM Bo3pacTax [12].

LLENb UCCNEAOBAHUA

AHanus pyHKumMoHMpoBaHua MBC y cnoptcmeHoB KaparaHauH-
CKoW 06n1acTu KasaxcTaHa ¢ y4ETOM reHeTUYeCKMX NoIMMOPdU3MOB.

MATEPUAN U METOAbI

Bbino nposeaeHo obcnenosaHme 103 CNOPTCMEHOB MYMKCKOTO
rona B Bospacte oT 18 fo0 45 neT KaparaHamHcKoi obnactu LieHTpanb-
Horo KasaxctaHa (Tabn. 1). MonoBuHa U3 nccieayemblx NpUHaAIEKa-
/13 K MOHTO/IOWAHOM Y eBPONEOUIHON pacam.

06cnepoBaHve BKAOYANO B cebs reHeTUyeckoe MccnenoBa-
HWe NoAMMOPOU3MOB FEHOB, CBA3AHHbIX C MPEAPACMONOKEHHO-
CTblO K 3aboneBaHuam opraHos MBC: ACE (Angiotensin Converting
Enzyme, aHrMoTeHsMHNpespalaowmini depment) (rs4341); ADRB2
(Beta-2 Adrenergic Receptor, 6eTa-2-afpeHepruyeckuin peuentop)
(rs1042713,rs1042714); AGT (Angiotensin, aHrMoTeH3nHoreH) (rs699);
NOS3 (Nitric Oxide Synthase, sHZOTeNMaNbHaA CMHTa3a OKCMAA a30-
Ta 3-ro ™1na) (rs2070744); AQP (Aquaporin, 6esK1-akBoONopuHbI ANs
TpaHcnopTa Bogbl) (rs1049305).

BUOXMMWMYECKMIA aHanM3 KPOBU BK/IKOYAN OMpefeneHne Mmo-
ueBmHbl (pedepeHcHbIt ananasoH 2,8-7,2 MMO/b/A) U KpeaTUHUHA
(pedepeHcHbI ananasoH 59-104 MKMO/b/A) ¢ pacyéTom CKOPOCTU
Knyboukosoit punbtpauum (CKP).

BvovmnesaHcomeTpua nposegeHa Ha annapate InBody 770
(Inbody Co., Ltd., South Korea) ¢ cermeHTapHOW OLEHKOM (pyKK, HOTH,
TE/0) U UHAMBUAYA/bHBIM PaHKMPOBaHWEM pedepeHCcHoro Avana-
30Ha M aHanM30M nokasateneit: SMM (Skeletal Muscle Mass, macca
cKkenetHbiX mbliw), ECW (Extracellular Water, BHekneTouHas Boaa),
ICW (Intracellular Water, BHyTpuKkneTouHas Boga), TBW (Total Body
Water, obLiee KonM4ecTBO BOAbI B OpPraHU3Me) U MHAEKCa Aeruapa-

Tabauya 1 [lemozpachuyeckue Xapakmepucmuru
uccnedyemblix CnopmcmeHos

raHa6onuctbl/Handball players
dyTt60nmcTbl/Football players

Xokkenctbl/Hockey players

EpmHo6opubl/Combat sports athletes
Bce cnopTtcmenbl/All athletes

Among healthy individuals, blood pressure (BP) responses
to exercise vary substantially. Despite normal resting BP, an ex-
aggerated BP response may occur during physical activity. Indi-
viduals are often unaware that their BP becomes excessively
elevated during exercise. Repeated exposure to such abnormal
BP responses during regular physical activity may increase the
long-term risk of cardiovascular disease, which may contribute to
the development of the cardiorenal continuum. Individuals with
a family history of hypertension may exhibit this phenomenon
even during childhood and adolescence [12].

PURPOSE OF THE STUDY

To analyze urinary system function in athletes from the
Karaganda Region of Kazakhstan, considering genetic polymor-
phisms.

METHODS

A total of 103 male athletes aged 18-45 years from the Kara-
ganda Region of Central Kazakhstan were examined (Table 1).
Half of the participants belonged to the Mongoloid and Cauca-
sian racial groups.

The examination included genetic testing for polymor-
phisms in genes associated with predisposition to urinary system
disorders: ACE (angiotensin-converting enzyme) (rs4341); ADRB2
(beta-2 adrenergic receptor) (rs1042713, rs1042714); AGT (an-
giotensinogen) (rs699); NOS3 (nitric oxide synthase 3, endothe-
lial nitric oxide synthase) (rs2070744); and AQP (aquaporin, wa-
ter-transporting proteins) (rs1049305).

Biochemical blood analysis included urea (reference range,
2.8-7.2 mmol/L) and creatinine (reference range, 59-104 umol/L)
measurements, with calculation of the glomerular filtration rate
(GFR).

Bioimpedance analysis was performed using the InBody 770
device (InBody Co., Ltd., South Korea), with segmental assess-
ment of the arms, legs, and trunk and individualized ranking of
reference ranges. The following parameters were analyzed: SMM
(skeletal muscle mass), ECW (extracellular water), ICW (intracel-
lular water), TBW (total body water), and the hydration index
(ECW/TBW); index values of 0.390-0.399 corresponded to mod-
erate edema.

Several studies have shown bioimpedance analysis is a valid
tool for assessing TBW and its components in elite athletes during
periods of stable body weight [13]. The CKD-EPI (Chronic Kidney
Disease Epidemiology Collaboration) and MCQE (modified ver-
sion) equations for calculating GFR have shown better stability
and reliability, making them the most suitable for assessing renal
function in athletes [4].

Table 1 Demographic characteristics of the athletes studied

CpepHuii Bo3pacT, et
Mean age, years
19.8+1.2
19.740.5
20.5+0.8
31.7+2.2
25.7+0.9
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Tauum (ECW/TBW, 3HauyeHua uHaekca 0,390-0,399 cooTBeTCTBOBANO
COCTOAIHMIO YMEPEHHOTO OTEKa).

Paa vccnefoBaHWi nokasan adPpeKTMBHOCTb BUOMMNEAAHCHOMO
aHanM3a, Kak BaNMAHOMO MHCTPYMeHTa A1s oueHku TBW u ero Kom-
MOHEHTOB Y 3MUTHbIX CMOPTCMEHOB B Nepuog cTabunbHocTy Beca [13].
®opmynbl CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration)
n MCQE (mogmdunumposaHHas Bepcua) ansa pacyéra CKO nokasanu
JIYULLYIO CTabUNbHOCTb M HAAEKHOCTb, YTO AENAET UX Hambonee Noaxo-
AALYMM N5 OLEHKM GYHKLIMM NOYEK y CnopTCcMeHoB [4].

[InA OLEeHKM YacTOTbl CEPAEYHbIX COKPALLEHMI U MOKA3aTeNA aK-
TUBHOCTYM perynatopHbIx cuctem (MAPC) ncnonb3oBaH annapat Bapua-
6enbHoCTN cepaeyHoro putma (BCP) «Bapukapag MM» (Poccus).

Mpw aHanuze nonnmopdusmos reHa AQP rs1049305 Hopmasb-
Hblii reHoTMN G/G WMHTEPNpPeTMPOBaCA Kak PUCK 06E3BONMBAHUA
opraHMsma npu GU3NYeCcKoit Harpyske Huxe cpeaHero; reHotun G/C
— Kak cpeaHuii n C/C — Bbllle cpeaHero.

Tnyeckoe 3aasneHune. Komutet no 61oatmke KaparaHamHCKo-
ro MegULMHCKOTO YHUBepcUTeTa 0406pua uccnepoBaHune (MPOTOKON
Ne 15, ot 17.11.2023). Y4acTHMKamu UccnegoBaHMs 6b110 NognmMcaHo
MHGOPMMPOBAHHOE CornacKe Ha NPoBEeAEHWe KOMMIEKCHoro obcne-
[0BaHUA. TIPOTOKON WCCNeA0BaHMA CMNOPTCMEHOB COOTBETCTBOBA/
3TUYECKMM CTaHAAPTaM XeNbCUHKCKON AeKnapaumn.

CraTUCTUUECKuiA aHanu3. MpoBepKa Ha HOPMasIbHOCTb pacnpe-
ZeneHuna nposeseHa no Kputeputo LLannpo-Yunka, KoTopbli nokasan
HopManbHoe pacnpegenenve. KonnyectBeHHble MokasaTenu 6blau
npeacTaBneHbl B BUAE CPEAHEr0 3HAaYeHWA U CTaHAAPTHOM OLWKOKMK, a
KayecTBeHHble — B BuAe gonen (%). CpaBHEHME KOMMYECTBEHHbIX NO-
Ka3aTenein BbiNoAHeHO Mo t-Kputeputo CTblogeHTa ANA HE3aBUCUMMBbIX
BbIOOPOK. KoppenaumoHHblii aHanus 6bin NpoBeaéH No Kputeputo
MupcoHa. Pasnnumnsa 1 Koppenauum 6biam CTaTUCTUYECKU 3HAUMMbIMM
npu p<0,05.

PE3YNbTATbI

CBA3b MOBbLILWEHUA YPOBHA KpeaTMHMHA Yy CNOPTCMEHOB C
noBbILEeHUEM MbIlIeYHOW Maccbl Tena. CpeaHuii YpoBeHb KpeaTu-
HUHa KPOBM B MOKOE CMOPTCMeHOB 6bii paseH 95,2+1,4 mmonb/a ¢
MaKCMa bHbIM YpoBHeM 146,7 Mmosb/n. Y 22,3% CnopTCMEHOB Ypo-
BEHb KPEATMHMHA ObliN BbiLe BEPXHEW rpaHuLLbl pepepeHTHOro Anana-
30HA. 3HAYMMble Pa3NNYMA N0 YPOBHIO KPeaTUHMHA BbIABNEHbI MEX-
Zly raHaboamMcTamm 1 Xokkenctamu (85,9+3,0 n 97,542,5, p=0,003), a
TaKKe y raHa6011cToB ¢ eamHobopuamu (96,5+2,1, p=0,008). Y 70,1%
CNOPTCMEHOB NoKa3aTeNb SMM 6bin Bblwe MHAMBUAYaANbHBIX pede-
PEHTHbIX 3HayeHuit ot 0,1 go 10,1 Kr, HeAOCTATOYHOCTM BbIABNEHO
He 6b110. 3HaYMMble PA3IMYMA MO UHAMBMAYANbHBIM OTKAOHEHMAM
OT pedepeHTHbIX 3HaYeHM SMM BbISBNEHbI MEXKAY XOKKEMCTAMU U
eanHobopuamu (p=0,026).

CpepHan pacyéTtHaa CKP ¢ yyuétom Bo3pacTa y CNOPTCMEHOB CO-
crasuna 97,3+1,8 mn/mun/1,73 M2 Y 30,1% CnopTcMEHOB ypOBEHb
CK® cootBeTcTBOBAN NMOKa3aTento, onpeaenaeMomy npu NErKOM CHu-
KeHun GyHKUMM novek, cornacHo Kidney Disease: Improving Global
Outcomes (KDIGO, 60<CK®<90 mn/mun/1,73 m2). Y 1% nccnemyembix
BbliBNEH ypoBeHb CK®, xapaKTepHblli ANA YMEPEHHOTO CHUMKEHWA
GYyHKUMM nodeK (45-59 mn/muH/1,73 m?). B 3aBUCMMOCTM OT BMAA
cnopta fona AL, ¢ yposHem CK®, xapakTepHbIM ANA NEFKOTO CHUXKe-
HUA GYHKLMM noyek, bbina Bbile y eAMHOBOPLEB U MUHMMA/bHAA — Y
raHa6onucTos (puc. 1, 2).

CpepHee 3HayeHne CKD y eanHOBOPLEB M XOKKEWUCTOB Obina
CTAaTUCTUYECKM 3HAYMMO HUKe, Yem Yy raHabonucros (90,912,4 mn/
MUH/1,73 M2, 96,52+2,80 mn/mun/1,73 m?, 1 111,846,0 ma/muH/1,73
M2, COOTBETCTBEHHO, p=0,002).
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Heart rate and the activity index of regulatory systems were
assessed using the “Varicard MP” heart rate variability (HRV) de-
vice (Russia).

When analyzing the AQP rs1049305 polymorphism, the nor-
mal G/G genotype was interpreted as indicating a below-average
risk of dehydration during physical exertion, the G/C genotype as
an average risk, and the C/C genotype as an above-average risk.

Ethical statement. The Bioethics Committee of Karaganda
Medical University approved the study (Protocol No. 15, dated
November 17, 2023). All participants provided written informed
consent for the comprehensive examination. The study protocol
complied with the ethical standards of the Declaration of Helsinki.

Statistical analysis. Data normality was assessed using the
Shapiro-Wilk test, which showed a normal distribution. Quantita-
tive variables were presented as means and standard errors, and
qualitative variables as proportions (%). Quantitative variables
were analyzed using Student’s t-test for independent samples.
We used Pearson’s correlation coefficient for correlation analysis.
We considered differences and correlations statistically signifi-
cant at p<0.05.

RESULTS

Elevated creatinine levels in athletes with increased skel-
etal muscle mass. The mean resting blood creatinine level in the
athletes was 95.2+1.4 pumol/L, with a maximum value of 146.7
umol/L. In 22.3% of the athletes, creatinine levels exceeded the
upper limit of the reference range. Creatinine levels differed sig-
nificantly between handball players and hockey players (85.9+3.0
vs 97.5+2.5, p=0.003), as well as between handball players and
combat sports athletes (96.5+2.1, p=0.008). In 70.1% of the ath-
letes, SMM exceeded individual reference values by 0.1 to 10.1
kg; no SMM deficiency was detected. Significant differences in
individual deviations from reference SMM values were found be-
tween hockey players and combat sports athletes (p=0.026).

The mean estimated GFR, adjusted for age, was 97.3+1.8
mL/min/1.73 m2 In 30.1% of the athletes, GFR values corre-
sponded to mildly decreased kidney function according to the
Kidney Disease: Improving Global Outcomes (KDIGO) classifi-
cation (60<GFR<90 mL/min/1.73 m?). In 1% of the participants,
GFR values were consistent with moderately decreased kidney
function (45-59 mL/min/1.73 m?). Depending on the sport, the
proportion of individuals with GFR values characteristic of mildly
decreased kidney function was highest among combat sports ath-
letes and lowest among handball players (Figs. 1, 2).

The mean GFR in combat sports athletes and hockey play-
ers was statistically significantly lower than that in handball play-
ers (90.942.4 mL/min/1.73 m?, 96.52+2.80 mL/min/1.73 m?, and
111.8+6.0 mL/min/1.73 m?, respectively; p=0.002).

The mean urea level in the athletes was 5.3£0.2 mmol/L,
with a maximum value of 10.1 mmol/L. In 9.7% of the athletes,
urea levels exceeded the upper limit of the reference range. Cor-
relations between creatinine and urea, and between GFR and
urea, were moderately positive (r=0.40; p<0.001) and moderately
negative (r=-0.35; p<0.001), respectively. Correlations between
creatinine and GFR values and individual deviations from refer-
ence SMM values were weak positive and moderate negative, re-
spectively (r=0.27; p=0.007; r=-0.37; p<0.001).

Risk of dehydration in athletes and imbalance of body wa-
ter compartments. The observed differences were probably also
related to minimal fluid losses through sweating and respiration
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CpeaHuit ypoBeHb MOYEBMHbI Yy CMOPTCMEHOB cocTaBuA 5,310,2
MMOAb/N C MaKCMMabHbIM rokasaTtenem 8 10,1 mmons/n. Y 9,7%
CMOPTCMEHOB YPOBEHb MOYEBUHBI b/l BbilE BEPXHEN rPaHuLbl pe-
depeHTHOrO AmManasoHa. Koppenauum mexzy B3aMMOCBA3AHHBIMM
NoKa3saTenAmu KpeaTuHWHa Y MOYEBMHbI, a TakKe CKP 1 mouyeBuHbI
6biM ymepeHHble npaman (r=0,40; p<0,001) u obpatHas (r=-0,35;
p<0,001). Koppenaumm meay nokasatensmmu KpeatuHuHa v CKO u
VHAMBUAYANbHBIMU OTKIOHEHWAMM OT pedepeHTHbIX 3HaueHnn SMM
6bln npamas cnabas u obpatHas ymepeHHas (r=0,27; p=0,007; r=-
0,37; p<0,001).

Puck 06e3B0XKMBaHMA Y CMOPTCMEHOB M AucbanaHc BOAHbIX
KOMMNapTMEHTOB B OpraHusme. BbiABNEeHHble pa3/inyna, BEPOATHO,
TaKe 00yc/0BNEHbl MUHUMANbHBIMK MOTEPAMM KUAKOCTU B raHA-
6one Yepes NoT 1 ApixaHue (KpbiTas, KOPOTKaA N/IOLALK]); B XOKKee
— 6onee 60bLUMMM NOTEPAMM KUAKOCTM Yepes MOT M3-3a 3aKPbITOM
amyHuuum; B dytbone — ewwé 6onee 06LEMHBIMU NOTEPAMM KUAKO-
CTV Ha OTKPbITOM NOAE C YCUAEHHbIM NOTOOTAENEHUEM U AblXaHUEM
(33 opHy urpy ot 3 10 5 Kr 3a CYET 06e3BOXKMBaHMA); ¥ eAMHO60pLEB —
€ MaKCMMasibHbIMK NOTEPAMM NPU 06E3BOKMBAHMM B NPOLIECCE «CYLL-
KV OpraHvM3ma» [/17 BECOBOW KaTeropuu.

CneslyeT OTMETUTb, YTO BO BPEMS TPEHUPOBOK U COPEBHOBAHMIA
CMOPTCMEHbI, HAXOAALLMECA B PABHbIX YC/I0BUAX, MOTYT TEPATb pa3Hoe
KO/IMYECTBO BOZbI, YTO CBA3AHO C paboToit reHa AQP1, KOTOPbIN Koau-
pyeT 6€/10K aKBanopuH-1 — NepeHOCUMK MOJIEKYN BOAbI YEPES KNETOY-
Hble MembpaHbl. CnopTcMeHbl ¢ MyTaumei B reHe AQP1 npu dpusmye-
CKOM Harpyske MoryT TepATb B [iBa pa3a b0/bLue KUAKOCTH, @ C Hell U
nonesHble BELLeCTBa, YeM MHAMBUAbLI C HOPMA/IbHBIM FEHOTUMOM. Y
14,6% cnopTcMeHOB PUCK 06e3BOXKMBAHMA NPK GU3NYECKON Harpys-
Ke 6bln1 Bbile cpesHero. MOMUMO HEraTMBHOIO BAUAHMA 06e3BOXKMU-
BaHWA Ha PpU3MYECKyto PaboTOCNOCOBHOCTL OHO TaKMKe CYLLECTBEHHO
BAUAET Ha 3[0pOBbe, Hanpumep, yBENWYMBAA PUCK 0Opa3oBaHMA
KaMHeli B MoyKax. Y 48,5% cnopTcMeHoB pUCK 06€3BOXKMBaHNSA Obin
cpesHuUM. Y 36,9% CnopTCMeHOB PUCK 06€3BOXKMBAHMA Oblal HUSKUM.

Y 54,4% cnopTcMeHOB nokasaTesb TBW 6bin Bbille MHAUBUAY-
anbHbIX pedepeHTHbIX 3HayeHui oT 0,2 Ao 11,2 Kr, HeAOCTaTOYHOCTH
BbIAB/IEHO He ObINI0. AHAI0MMYHAA TEHAEHLMA OTMEYanach U No noka-
3atento ICW —y 56,3% cnopTcmMeHOB OH 6bln Bblle MHAUBUAYANbHbIX
pedepeHTHbIX 3HaveHuin oT 0,1 fo 7,5 Kr, HEAOCTAaTOYHOCTU TaKKe
BbIABNEHO He 6bln0. Y 42,72% cnopTcmeHoB nokasatenb ECW 6bin
Bbille MHAMBUAYaNbHbIX pedepeHTHbIX 3HaveHuin ot 0,1 go 3,6 Kr,
HeJ0CTaTOUHOCTM TaKKe BbIABNEHO He Bblno. XoTA cpesiHee MHAEKCaA
Jernapataumu, onpesenéHHoe npu broMmneaaHCOMeTpUK y crnop-
TCMeHOB, bb110 HopmasibHbIM 0,37310,001 ¢ MaKCMMabHbIM 3Haye-
Huem B 0,385, cermeHTapHO A4/1A NPaBOM U NEBOW PYK, Tena, NPaBow 1
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Puc. 1 [lona cnopmcmeHos ¢ yposHem CK®D, onpedensemoli npu née-
KOM CHUX(eHUU hyHKUUU NoYeK

Fig. 1 Proportion of athletes with GFR levels corresponding to mildly
decreased kidney function

in handball (played indoors on a relatively small court); greater
fluid losses through sweating in hockey due to enclosed protec-
tive equipment; even greater fluid losses in football played out-
doors, with increased sweating and respiration (3-5 kg per game
due to dehydration); and the greatest fluid losses among com-
bat sports athletes during intentional “weight cutting” to meet
weight-category requirements.

During training and competition, athletes exposed to similar
conditions may lose different amounts of water, which is associ-
ated with the AQP1 gene, which encodes aquaporin-1, a protein
that transports water molecules across cell membranes. Athletes
with a mutation in the AQP1 gene may lose twice as much flu-
id during physical exertion, together with beneficial substances,
compared with individuals with the normal genotype. In 14.6%
of the athletes, the risk of dehydration during physical exertion
was above average. In addition to its negative effect on physical
performance, dehydration may also substantially affect health,
for example by increasing the risk of kidney stone formation. In
48.5% of the athletes, the risk of dehydration was average, while
in 36.9% it was low.

In 54.4% of the athletes, TBW exceeded individual reference
values by 0.2 to 11.2 kg; no deficiency was detected. A similar
trend was observed for ICW: in 56.3% of the athletes, ICW ex-
ceeded individual reference values by 0.1 to 7.5 kg, with no de-
ficiency detected. In 42.72% of the athletes, ECW exceeded in-
dividual reference values by 0.1 to 3.6 kg, and no deficiency was
detected. Although the mean hydration index determined by bio-
impedance analysis in the athletes was within the normal range
(0.373£0.001), with a maximum value of 0.385, segmental values
for the right and left arms, trunk, and right and left legs were sim-
ilar (0.372+0.0005, 0.374+0.0005, 0.371+0.001, 0.374+0.001, and
0.376%0.001, respectively). The maximum segmental values were
observed in the legs and were consistent with moderate edema
(0.383, 0.384, 0.383, 0.390, and 0.393, respectively).

No significant correlations were found between creatinine,
urea, GFR, and the presence of the AQP rs1049305 polymorphism
in the overall athlete sample. In the hockey-player group, creati-
nine and GFR were moderately associated with the presence of
the AQP rs1049305 polymorphism, showing inverse and positive
correlations, respectively (r=-0.38; p<0.022 and r=0.40; p<0.016).
Correlations between creatinine and GFR values and individual
deviations from reference TBW, ICW, and ECW values were weak
to moderate, positive and negative, respectively (for all parame-
ters, r=0.27; p<0.005 and r=-0.38; p<0.001).
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Fig. 2 Mean GFR levels by sport
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NeBol Hor aHanornyHbim (0,372+0,0005; 0,374+0,0005; 0,371+0,001;
374+0,001 1 0,37610,001 cOOTBETCTBEHHO) C MaKCMMaslbHbIM 3Ha-
YeHMeM Ha HOrax, XapaKTepHbIM A/ ymepeHHoi oTéyHocTu (0,383;
0,384; 0,383; 0,390 1 0,393 COOTBETCTBEHHO).

Mexay YpOBHAMM KpeaTUHMHA, MOYEBMHbI, NoKazaTenem CKP
1 Hannunem nonumopdusma reHa AQP rs1049305 ania Bceit BbIGOPKU
CMOPTCMEHOB 3HAUMMBbIX KOPPENALMIA He BbiiBNEHO. B rpynne xokkeu-
CTOB MEXAY YPOBHAMM KpeaTHWHa, nokasatenamm CKP u Hannumem
nonnmopomama reHa AQP rs1049305 BbISiBAEHbI YMEPEHHas obpat-
Has 1 NpAMasn B3aMmocssasb (r=-0,38; p<0,022 v r=0,40; p<0,016). Kop-
penauuu Mexay nokasatenamu KkpeatHuHa u CK® u nHamsunayans-
HbIMM OTKNOHEHMAMM OT pedepeHTHbIX 3HaveHun TBW, ICW n ECW
6blnm cnabas u ymepeHHas, npamas 1 obpaTtHas (No Bcem noKasare-
nam r=0,27; p<0,005 v r=-0,38; p<0,001).

PUCK noBbIEHUA apTepuanbHOro AaBNEHUA Y CMOPTCMEHOB €
HapylleHnem ¢GUALTPALMOHHON CNOCOBHOCTU MOYeK. PeHWH-aHrv-
OTEH3MHOBAA CUCTEMA MOYEK, Peryavpylowas apTepuanbHoe aasne-
Hue (Al) v BogHO-coNeBoOV BanaHC B OpPraHU3ME, UFPAET HKU3HEHHO
BaXKHYIO POJIb B NOYEYHOMN GYHKLMM M NaTonornu. [OMO3MroT No BCem
naTv «npeakosbim» annenam (C, A, C, C v T) paccmMaTpuBaeMbIX reHOB,
CBA3aHHbIX C ypoBHeM aAaBneHus (ACE, ADRB2 no 2 nonumopdusmam,
AGT 1 NOS3) He BbIIBNIEHO, TAK¥KeE KaK 1 FOMO3WTOT MO NOJMMOPPHO-
My annento (G B Tpéx rexax, T v C). [lonv reHOTUNOB NOMMOPHU3MOB
reHoB ACE rs4341; ADRB2 rs1042713, rs1042714; AGT rs699, NOS3
rs2070744 y cnOPTCMEHOB OTPAKEHbI B Tab. 2.

Mpv aHann3e reHOTUNOB CKAOHHOCTb K NOBbileHHoMy Af] no-
CNle TPEHUPOBOK Bbille cpefHero BbiABaeHa Y 29,1% cnopTcMeHoB,
HUKe cpeaHero —y 27,2%. CpeaHas YCC y cnopTcmeHoB bbina paBHa
72,841,17 ya. B MMH C MaKCMMa/ibHbIM MOKasatenem B 99 1 MUHK-
MasbHbIM — 50 ya. B MuH. Cpeanuii MAPC cocTasun 3,9210,22 6annos,
YTO COOTBETCTBOBA/IO COCTOAHUIO YMEPEHHOIO HaNPAXEHUA peryna-
TOPHbIX CUCTEM, C MaKCMManbHbIM B 10 6ani0B U MUHUMANbHBIM B
1 6ann, B3anmocsssb mexay YCC n MAPC 6bina Npamoit, ymepeHHoW
(r=0,34; p<0,001).

Koppenaummn mexay nokasatenamu KpeaTMHUHA WM Hainmdvem
nonnmopdmama ADRB2 rs1042713 n mexay nokasaTesieM MOYEBU-

Tabnauya 2 [Jonu 2eHoMuNo8 2eHo8, 83aUMOCBA3AHHbIX C
yposHem ALl y cnopmcmeHos

FeHoTun
Genotype
ACErs4341
c/C
C/G
G/G
ADRB2rs1042713
G/G
G/A
A/A
ADRB2rs1042714
c/C
C/G
G/G
AGTrs699
c/C
Cc/T
T/T
NOS3rs2070744
T/T
c/T
c/C
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Risk of elevated blood pressure in athletes with impaired
renal filtration capacity. The renal renin-angiotensin system,
which regulates blood pressure (BP) and water-electrolyte bal-
ance, plays a vital role in renal function and pathology. No indi-
viduals homozygous for all five ancestral alleles (C, A, C, C, and
T) of the genes associated with BP (ACE, ADRB2 for two polymor-
phisms, AGT, and NOS3) were identified, nor were any individu-
als homozygous for all polymorphic alleles (G in three genes, T,
and C). Table 2 presents the distribution of genotypes for the ACE
rs4341, ADRB2 rs1042713 and rs1042714, AGT rs699, and NOS3
rs2070744 polymorphisms among the athletes.

Genotype analysis showed that 29.1% of athletes had an
above-average predisposition to elevated BP after training,
while 27.2% had a below-average predisposition. The mean
heart rate (HR) was 72.8+1.17 beats/min, with a maximum of
99 and a minimum of 50 beats/min. The mean activity index
of regulatory systems was 3.92+0.22 points, corresponding
to moderate regulatory system strain, with a maximum of 10
points and a minimum of 1 point. The association between HR
and the regulatory systems activity index was positive and mod-
erate (r=0.34; p<0.001).

Correlations between creatinine levels and the ADRB2
rs1042713 polymorphism and between urea levels and the
NOS3 rs2070744 polymorphism were weak and inverse (r=-0.19;
p<0.05). A weak positive correlation was found between the com-
bined presence of the ACE rs4341 and AGT rs699 polymorphisms
and creatinine levels (r=0.20; p<0.044). Correlations between HR
and the ACE rs4341, ADRB2 rs1042713, and ADRB2 rs1042714
polymorphisms were weak, with inverse and positive associations
(r=-0.22; p=0.043; r=-0.29; p=0.009; and r=0.26; p=0.017, respec-
tively).

The small group sizes may influence these findings; there-
fore, further studies with larger samples are needed. Genetic ef-
fects on a given factor are likely to be polygenic because of inter-
actions among multiple genes and the phenomenon of epistasis
[14].

Table 2 Distribution of genotypes of genes associated with BP in athletes

DOona B %
Share, %

27.2
52.4
20.4

36.9
44.7
18.4

46.6
45.6
7.8

27.2
55.3
17.5

33.0
41.7
25.2
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Hbl U NOS3 rs2070744 6binn cnabble u obpatHble (r=-0,19; p<0,05),
MeXy COYeTaHHbIM HasnMuMem noanmopduamos reHos ACE rs4341
1 AGT rs699 v nokasatensamu KpeaTuHuHa — cnabas npamas (r=0,20;
p<0,044). Koppenauun mexay YCC n nonmmopdusmamm reHos ACE
rs4341, ADRB2 rs1042713 v ADRB2 rs1042714 6binu cnabeble, 0bpat-
Hble ¥ npamble (r=-0,22; p=0,043; r=-0,29; p=0,009 n r=0,26; p=0,017
COOTBETCTBEHHO).

CnepyeT y4yecTb, YTO pe3yabTaT MOXET BbiTb 06yC/I0BAEH Orpa-
HWYEHHbIM 06BEMOM rpynn, NO3ITOMY HEOBXOAMMbI AasibHeWLLNE UC-
CNnepoBaHuA Ha bonee KpyrHbiX BbIGOpKax. BepoaTHo, reHeTUYeckoe
BAUAHME Ha KaKoM-NMbo GaKTop ABNAETCA MOJUIEHHbIM U3-3a B3au-
MOZENCTBUA HECKO/IbKUX FTEHOB, C ABIEHWEM 3MM1CTa3oB [14].

OBCYXOEHUE

B Hawem uccnefoBaHuK y eamHobopues BbissneHa 6onee Bbi-
cokas gona aucdyHkumm MBC, yem y Apyrux cnopTcMeHoB. M3BecTHO,
yto 6oambunaepsl 13 BennmkobputaHum u KaHaabl perynsapHo npak-
TUKYIOT MHOMECTBO MULLIEBbIX U HEMULLEBbIX NPAKTUK, NOTEHLIMANBHO
BpefHbIX AnA noyeK. CyLLecTBYHOT BECKMe AOKa3aTeNbCTBA Bpeaa, Ha-
HOCMMOTO aHaboNMYECKMMM aHAPOrEHHBIMM CTEPOMAAMMU, BbICOKMMM
[03amu BUTaMuHOB A, D 1 E. O6e3B0KMBatOLLME NPAKTUKK, BK/IKOYAS
3noynotpebneHve AuypeTMKamuM U UCMONb30BaHUE HeCTepPOUAHbIX
NPOTMBOBOCMANIUTENbHBIX NPENAPATOB, TaKKe HECYT NOTeHLMabHbIe
pUCKK. A COYETaHMA 3TUX MPAKTUK ABAAIOTCA OObIYHBIM ABAEHUEM U
MOTYT Pa3/IM4aTbCsA B 3aBUCMMOCTM OT Gasbl TPEHUPOBKK [15].

B Hawem wnccnenosaHum 6bin nposeséH aHanns CKP y cnop-
TCMEHOB B COCTOSHWM MOKOA, B Aa/bHEMLIEM MAaHWUpPyeTca uccne-
[loBaHMe BMOXMMMYECKUX MOKasaTenei KpoBW NPWU Harpyskax, uto,
BO3MOXXHO, 0BHAPYKUT boslee 3HaUMMble NPObAEMbI Y UCCIeLyeMbiX
C YK€ BblABNEHHbIMU HapyLweHUAMK GYHKLMKM noyek. UccnepoBate-
NAMK BbIN0 0B6HAPYIKEHO, YTO OBBEM U CPEAHNAS CKOPOCTb e34bl Ha
BeNOCMNee MEOT YMEPeHHYI0 Koppenauuio ¢ uameHeHuamu CKO.
B nonosnHeHue K 3TUM pesynibTatam, y 7 13 8 ucnbityembix CK® 6bina
HUKe HOPMasbHbIX GU3MONOMMYECKMX 3HAUEHWUIA B KAKON-TO MOMEHT
aKcnepumeHTa. NMpPoaO/KUTENBHOCTb, MHTEHCUBHOCTb M 06BEM €37bl
Ha Besnocuneae, No-BUAMMOMY, OKa3blBatOT BUAHKE Ha QYHKLMIO Mo-
4eK. 3TO BAMAHME BbIPaXKEHO B NEPUOAbI, KOrga CopPTCMEHbI He npu-
BbIKAM K TPEHUPOBOYHOM Harpyske [16].

Y NONOBWHbI MCCNELOBAHHbBIX HAaMW CMOPTCMEHOB OTMEYaNoCh
yBennyeHue nokasatenent TBW, ICW n ECW Bbiwe UMHAMBUAYAbHbIX
pedepeHTHbIX 3HaueHuii ot 0,1 go 11,2 kr. B ogHOM M3 UccnepoBaHui
6bIM BbIABNEHbI YMepeHHble CBA3WM Mexay noTpebneHvem Boapl U
COCTaBOM Tenla CMOPTCMEHOB-MYKUMH. Viccnegyemble, KoTopble npu-
[ep1BaNNCb PeKoMeHZaLui No NoTpebaeHno BoApl, UMeNN nyyllee
pacnpegeneHune coctaBa Tena, Yem UxX Konnerun. YCTaHoBEHO, YTO Npu-
BblYHOe NoTpebneHue BoAbl, a He CTaTyC rapaTaLmm, BAAET Ha COCTaB
Tesa y CrOPTCMEHOB B YC/IOBUAX BHE TPEHUPOBOYHOrO npotecca [17].
Mocne wecTvHeaenbHOro Nepuosa AeTPeHNpPOBaHHOCTY Yy GyTboNN-
cToB UcnaHum 6biin 0BHapy»KeHbl 3HauuTebHble MpUpocTbl B TBW
(35,55,2 npotus 36,7+4,9 Kr; p<0,001), ICW (14,2+1,8 npotvis 14,8+1,6
Kr; p<0,001) n ECW (21,5+3,6 npotus 22,0+3,4 kr; p<0,001) [18].

Ecnm y nccnesyembix Hamu CMOPTCMEHOB TOMO3MIOT MO BCEM
nat1 «npeakosbim» annenam (C, A, C, Cu T) paccmaTpuBaeMblx reHOB,
CBA3AHHbIX C NPEPACrON0KEHHOCTBIO K NOBbILIEHWIO AaBneHus (ACE,
ADRB2 no 2 nonumopousmam, AGT u NOS3) He BbIfBNEHO, TO ANA
BCEX CMOPTCMEHOB Ke/naTeNeH MOHUTOPUHT AeATeNbHOCTU cepaey-
HO-COCYZIMCTON CUCTEMbBI BO BPEMA TPEHMPOBOYHOIO MpoLiecca, He-
CMOTpA Ha HopmanbHoe ALl B nokoe. Tak, Npu U3y4YeHnn CBA3M MeXKaY
asymsa nonumopdusmamm ADRB2 (rs1042713, Gly16Arg v rs1042714,
Glu27GIn) n nsmeHeHuamu ALl BO Bpema Harpy3o4yHoro Tecta y mo-

DiscusSION

In our study, combat sports athletes had a higher propor-
tion of urinary system dysfunction than athletes participating in
other sports. Bodybuilders in the United Kingdom and Canada
are known to regularly engage in numerous dietary and non-di-
etary practices that may potentially be harmful to the kidneys.
There is strong evidence of adverse effects associated with an-
abolic androgenic steroids and high doses of vitamins A, D, and
E. Dehydration practices, including misuse of diuretics, as well as
the use of nonsteroidal anti-inflammatory drugs, also pose poten-
tial risks. These practices often overlap and may vary by training
phase [15].

In our study, GFR was assessed in athletes at rest. In the fu-
ture, we plan to investigate blood biochemical parameters during
exercise, which may reveal more pronounced abnormalities in
participants with already identified renal dysfunction. Research-
ers have found that cycling volume and mean cycling speed show
moderate correlations with changes in GFR. In addition, GFR
values fell below the normal physiological range at some point
during the experiment in 7 of 8 participants. Cycling duration, in-
tensity, and volume appear to affect renal function. This effect is
particularly pronounced during periods when athletes are not ac-
customed to the training load [16].

In half of the athletes examined in our study, TBW, ICW, and
ECW values exceeded individual reference values by 0.1 to 11.2
kg. One study found moderate associations between water in-
take and body composition in male athletes. Participants who fol-
lowed water intake recommendations had a more favorable body
composition distribution than their counterparts. Habitual water
intake, rather than hydration status, influenced body composi-
tion in athletes outside the training process [17]. After a six-week
detraining period, Spanish football players showed significant in-
creases in TBW (35.545.2 vs 36.7+4.9 kg; p<0.001), ICW (14.2+1.8
vs 14.8+1.6 kg; p<0.001), and ECW (21.543.6 vs 22.0+3.4 kg;
p<0.001) [18].

Although no athletes in our study were homozygous for all
five ancestral alleles (C, A, C, C, and T) of the genes associated
with a predisposition to elevated blood pressure (ACE, ADRB2 for
two polymorphisms, AGT, and NOS3), monitoring of cardiovas-
cular system function during training is advisable for all athletes
despite normal resting BP. Thus, a study investigating the associ-
ation between two ADRB2 polymorphisms (rs1042713, Gly16Arg,
and rs1042714, Glu27GIn) and changes in BP during an exercise
test in young healthy men, including non-athlete students and
combat sports athletes, found that athletes had higher systol-
ic and diastolic BP values than students. Both values increased
during the exercise test compared with resting levels. Differences
in BP responses during exercise depended on genotype. Athletes
carrying the Glu27 allele demonstrated higher systolic BP than
27GIn homozygotes [19].

Given current technological availability, integrating smart
technologies to assess cardiovascular system parameters into
the health-monitoring system for professional athletes should
be considered [20]. In the future, this could include develop-
ing an artificial intelligence-based algorithm to monitor po-
tential abnormalities in cardiovascular function resulting from
training-related strain, with the aim of preventing overtraining
syndrome and planning preventive measures to preserve ath-
letes’ health.
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NOAbIX 340POBbIX MY}KUMH, CTYAEHTOB, HE 3aHUMAIOLLMXCA CMIOPTOM
U CNOpTCMeHOB-eAMHOBOPLEB BbIIO BbIABAEHO, YTO Y CMOPTCMEHOB
6b1211 6oNee BbICOKME NOKA3aTENMN CUCTONUYECKOTO U AUACTONIMYECKO-
ro ALl, 4yem y ctyaeHToB. Mpun 3ToM, 06a 3HaYEHNUA YBENNYMBAUCH BO
BPEMSA HArpy304YHOTo TecTa B CPaBHEHWM C COCTOSHUEM MOKos. Pa3nu-
yuna B oTBeTax A/l BO Bpema Harpy304HOro Tecta 3aBMUCe/n OT reHoTu-
na. CnopTcmeHbl ¢ annenem Glu27 4eMoHCTpUpoBanm 6onee BbICOKoe
cuctonunyeckoe A1, 4em romosnrotbl 27Gln [19].

YunTbIBas COBPEMEHHDBIN YPOBEHb TEXHWUYECKOW [AOCTYMHOCTY,
HeobXxoa¥MO PaccMOTPeTb BHEPEHUE B CUCTEMY MOHWUTOPMHTA 34,0-
poBbA NPODECCUOHANBHBIX CMOPTCMEHOB CMAPT-TEXHOIOTUM C OLeH-
KOV NapameTpoB GYHKLMOHMPOBAHUA CepAeyHO-COCYAUCTON cucTe-
Mbl [20] ¢ pa3paboTKoM Ha NepcrneKkTMBY anropuTMa OTCAEKMBAHUSA
CUCTEMAMM WCKYCCTBEHHOTO WHTENIEKTa BO3MOXHbIX HapyLIEHWi
HOPMaNbHOTo GYHKLMOHUPOBAHUA CEPAEUYHO-COCYANCTON CUCTEMDI B
pesynbTaTe HaMpAXeHWA B TPEHUPOBOYHOM MpPOLIeCCe C Lenblo npe-
[l0TBPALLEHUA CMHAPOMA NEPETPEHNPOBAHHOCTM U NAAHUPOBAHUEM
NPOPUNAKTUYECKUX MEPONPUATUIA, HaNpPaBNEHHbIX HA COXPaHeHWe
3/10POBbA CMOPTCMEHOB.

lMpu cBOEBPEMEHHO AMArHOCTVKe COBPEMEHHbIe HedponpoTeK-
TUBHblE CTpaTernn U 3 EKTUBHbIE MePbl NPODUNAKTUKM MOMOratoT
COXPaHWTb 3[10POBbE MOYEK B YC/I0BMAX MOBBILLEHHbIX PUCKOB Yy CMOP-
TCMeHOB. /13BeCTHO, YTo AneTonornyeckmne noaxoabl (4R — Rehydration,
Refuel, Repair, Rest) nomoratoT CHM3UTL Harpysky Ha MOYKM y Crop-
TcMeHOB [21]. PaclumMpeHHbI CKPUHUHT GaKTOPOB PUCKa CEpAEYHO-CO-
cyamcToro-noyeyHo-metabonmnueckoro  (CKM, Cardiovascular-Kidney-
Metabolic) cuHapoma B pamkax PyTUHHOMO CKPUHUHIA CMOPTCMEHOB
obecneuvBaeT 6osiee KOMMEKCHDIV NOAXos, K obecrnevyeHuto besonac-
HOCTM CMOPTCMEHOB U LO/ITOCPOYHOTO 340p0BbA [22].

Mpu MHTepnpeTaLumn nokasatenei CKP HeobxoaMMO yunTbIBATL
MbILLIEYHYIO Maccy ¥ aHTPOMOMETPUUECKMit Npoduab uccneayembix. Y
CMOPTCMEHOB C BbIPaXKEHHOM rMnepTpodUeit MbILLEYHOWM MYCKynaTy-
pbl YPOBEHb KPeaTUHWHA B KPOBM YacTo Bbllle, YeM Yy Ntofel ¢ 0bbly-
HbIM TENOCNONKEeHUEeM. ITO CBA3AHO C TeM, YTO KPeaTUHWH ABNAETCA
KOHEUYHbIM MPOAYKTOM 3HEpreTyeckoro obmeHa, B TOM YMCe B Mbl-
LeyHoM TKaHu. CnefoBaTtenbHo, pacyétHble dopmynbl CKP, ocHoBaH-
Hble Ha NOKa3aTensx KpeaTMHMHA KPOBM, MOTYT 3aHUKaTb UCTUHHbI
ypoBeHb CK®. Takum obpasom, cresyeT NpeanonoxuTb, YTO faxe
npu pacyétHoi CK®, pasHoi 90 mn/muH/1,73 M2, y CNOPTCMEHOB C
60/bLLION MbILEYHOW MACcCOM 3TO 3HAYEHUE MOMKET CBUAETENbCTBO-
BaTb 00 OTHOCMTENIbHO CHUMKEHHOW GWUALTPALMOHHOM GYHKLUMM MNo-
uek. CnepgosaTensHo, npu aHanmse CKP y cnopTcmeHoB Heobxoaumo
YYWTbIBATb HE TO/IbKO abCONOTHOE 3HAaUYEHWE JaHHOrO NOoKa3aTesNs, Ho
1 aHTPOMOMETPUYECKME OCOBEHHOCTH, U CONOCTABAATD C APYMVMU Ma-
pamMeTpamm U KIMHUYECKON KapTUHOMN. XpoHUYecKas 60n1e3Hb noyek
4acTo NpoTEKaeT HECCMMNTOMHO Jake Ha MO3AHUX CTaAMAX, MO3TOMY
CKPUHUWHIOBbIE TECTbl Ha [JaHHYIO NATONOMMI0 CreayeT NPOBOAUTL B
6eccvMNTOMHOW Nony ALK, YTobbl BbIABUTL 3ab0NeBaHWE Ha paH-
Hel ctaguu. CyluecTByeT BEPOATHOCTb, YTO GaKTUYecKas U pacyéTHas
CK® pasnmyatotes, ecnm SMM BbIXOAWT 33 Npesaesbl HopMbl [23].

3AK/TIOYEHUE

Y pAga cnopTcMeHOB 3aperucTpupoBaHo HapylueHue QyHKLuUK
MoYeK C BbIABAEHHbIMM PUCKamu B UX reHoTune. Y 14,6% v 48,5% 06-
CNefoBaHHbIX Ha noaumopdusm reHa AQP rs1049305 cnopTcMeHoB
pUCK 06€3BOXKMBaHUA NPU PU3MYECKON Harpyske Obin Bblwe Cpes-
Hero 1 cpegHUM COOTBETCTBEHHO. CpeaHAs v Bblle CPeSHEro CKNOH-
HOCTb K noBblweHHoMy ALl nocne TPEHMPOBOK BbiABAeHA Y 43,7%
29,1% CNOPTCMEHOB COOTBETCTBEHHO. BblfiBNEHHblE 0COBEHHOCTM
reHOTUMNOB CMOPTCMEHOB MNpeanonaraloT HeobxoAMMOCTb aHanu3a
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With timely diagnosis, modern nephroprotective strate-
gies and effective preventive measures can help preserve kidney
health in athletes at increased risk. Nutritional approaches based
on the 4R principles (Rehydration, Refuel, Repair, Rest) are known
to help reduce renal stress in athletes [21]. Expanded screening
for risk factors of cardiovascular-kidney-metabolic (CKM) syn-
drome as part of routine athlete screening provides a more com-
prehensive approach to ensuring athlete safety and long-term
health [22].

When interpreting GFR values, consider the muscle mass
and anthropometric profile of the individuals examined. In
athletes with marked skeletal muscle hypertrophy, blood cre-
atinine levels are often higher than in individuals with a nor-
mal body build. This is because creatinine is an end product of
energy metabolism, including that occurring in muscle tissue.
Consequently, creatinine-based equations for estimating GFR
may underestimate the true GFR. Thus, even an estimated GFR
of 90 mL/min/1.73 m? in athletes with high muscle mass may
indicate relatively reduced renal filtration capacity. Therefore,
when assessing GFR in athletes, consider not only the absolute
value of this parameter but also anthropometric characteristics,
and interpret the findings alongside other parameters and the
clinical presentation. Chronic kidney disease often remains as-
ymptomatic even at advanced stages; therefore, screening tests
should be performed in asymptomatic populations to detect the
disease early. There is a possibility that measured and estimat-
ed GFR values may differ when SMM is outside the normal range
[23].

CONCLUSION

Renal dysfunction was identified in several athletes, along
with genotype-associated risks. Among athletes tested for
the AQP rs1049305 polymorphism, 14.6% and 48.5% had an
above-average and average risk of dehydration during physical
exertion, respectively. An average and above-average predispo-
sition to elevated BP after training was identified in 43.7% and
29.1% of athletes, respectively. The identified genotype charac-
teristics suggest the need to analyze possible triggers of renal
dysfunction and implement preventive measures.

Based on the findings of the present study and published
data, screening programs aimed at diagnosing and preventing ad-
verse outcomes in athletes at risk within the cardiovascular-kid-
ney-metabolic continuum should include bioimpedance analysis
for body composition assessment and evaluation of GFR, BP, and
HRV.



Puibarxuna AX ¢ coaem. MoueBblgeanTeAbHasI CUCTeMa y CIIOPTCMEHOB

BECTHMK ABMILIEHHEBI
Tom 28 * No 3 * 2026

BO3MOMKHbIX TPUITEPOB ANUCHYHKLMMU NOYEK U MPODUNAKTUYECKMX Me-
PONPUATUNA.

B CKPWMHUMHI-MPOrpammbl, KOTOpble MOTYT 6bITb MCMONb30BaHbI
O1A ANArHOCTUKN W NpefynpexaeHna HeraTMBHbIX NOCAEACTBUN Y
CMNOPTCMEHOB, BXOAALMX B TPYNMbl PUCKA, PAaCCMATPMBAEMOro Kap-

[IMO-BaCKYNAPHO-NOYEYHO-METabONNYECKOTO KOHTUHYYMA, COMacHO
npoBesEHHOMY UCCEA0BaHUIO U IUTEPATYPHbIM JaHHbIM, Npeana-
raeTcs BK/OYaTb BUOMMNEAAHCOMETPUIO A8 aHaM3a CocTaBa Tena,
oueHky CK®, A, n BCP.
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