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ÑÏÎÐÒÑÌÅÍ²Â

Íàö³îíàëüíèé óí³âåðñèòåò ô³çè÷íîãî âèõîâàííÿ ³ ñïîðòó Óêðà¿íè

(ì. Êè¿â)

Ì³æíàðîäíèé öåíòð àñòðîíîì³÷íèõ òà ìåäèêî-åêîëîã³÷íèõ äîñë³äæåíü ÍÀÍÓ 

(ì. Êè¿â)

Çâ’ÿçîê ðîáîòè ç íàóêîâèìè ïðîãðàìàìè, 
ïëàíàìè, òåìàìè. Ðîáîòà âèêîíóâàëàñÿ çã³äíî òåìè 
2.22 «Ðîçðîáêà êîìïëåêñíî¿ ñèñòåìè âèçíà÷åííÿ ³í-
äèâ³äóàëüíî-òèïîëîã³÷íèõ âëàñòèâîñòåé ñïîðòñìåí³â 
íà îñíîâ³ ïðîÿâó ãåíîìó» (¹ äåðæàâíî¿ ðåºñòðàö³¿ 
0111U001729) òà äåðæáþäæåòíî¿ íàóêîâî-äîñë³äíî¿ 
òåìè «Ìîí³òîðèíã ïðîöåñó àäàïòàö³¿ êâàë³ô³êîâàíèõ 
ñïîðòñìåí³â ç óðàõóâàííÿì ¿õ ³íäèâ³äóàëüíèõ îñî-
áëèâîñòåé» (¹ äåðæàâíî¿ ðåºñòðàö³¿ 0111U001732) 
çâåäåíîãî ïëàíó íàóêîâî-äîñë³äíî¿ ðîáîòè ó ñôåð³ ô³-
çè÷íî¿ êóëüòóðè ³ ñïîðòó íà 2011 – 2015 ðð. 

Âñòóï. Ñòàí öåíòðàëüíîãî ³ ïåðèôåðè÷íîãî êðî-
âîîá³ãó º âàæëèâèì ÷èííèêîì ôóíêö³îíàëüíî¿ ï³ä-
ãîòîâëåíîñò³ ñïîðòñìåí³â. Íåçâàæàþ÷è íà òå, ùî 
àäàïòàö³ÿ îðãàí³çìó ñïîðòñìåíà äî òðåíóâàëüíèõ 
òà çìàãàëüíèõ íàâàíòàæåíü º ÷è íå íàéãîëîâí³øèì 
ôàêòîðîì, ùî îáóìîâëþº ïðîãðåñ ó ï³äãîòîâö³ 
ñïîðòñìåíà, ñàìå ñåðöåâî-ñóäèííà ñèñòåìà ë³ì³òóº 
ìîæëèâîñò³ ïîñòóïîâîãî çá³ëüøåííÿ òðåíóâàëüíèõ 
íàâàíòàæåíü [1, 4, 6, 8]. 

Äîòåïåð õàðàêòåð àäàïòèâíèõ çðóøåíü ó ñèñòåì³ 
ïåðèôåð³éíîãî êðîâîîá³ãó ï³ä âïëèâîì òðåíóâàëü-
íèõ íàâàíòàæåíü çàëåæíî â³ä ïåð³îäó ï³äãîòîâêè òà 
âèäó ñïîðòó âèâ÷åíèé íåäîñòàòíüî ³ ºäèíî¿ äóìêè 
ïðî ìåõàí³çìè àäàïòàòèâíèõ ïåðåáóäîâ ó ñóäèíàõ 
ê³íö³âîê âèñîêîêâàë³ô³êîâàíèõ ñïîðòñìåí³â íå ³ñíóº. 
Â ð³çíèõ âèäàõ ñïîðòó ñêëàäàþòüñÿ îñîáëèâ³ óìîâè 
êðîâîïîñòà÷àííÿ ñóäèí ê³íö³âîê [3, 8]. ²ñíóþòü äåÿê³ 
ñòàòåâ³ â³äì³ííîñò³ ðåã³îíàëüíîãî êðîâîîá³ãó òà 
íàñîñíî¿ ôóíêö³¿ ñåðöÿ ó ñïîðòñìåí³â ïåâíèõ âèä³â 
ñïîðòó [7, 9]. 

Âèêîíàííÿ ô³çè÷íèõ íàâàíòàæåíü, â çàëåæíîñ-
ò³ â³ä âèäó òà ³íòåíñèâíîñò³, ìîæå ñïðè÷èíÿòè ï³ä-
âèùåííÿ àáî çíèæåííÿ òîíóñó àðòåð³îë, âåí, çì³íó 
âåíîçíîãî â³äòîêó. Íàéõàðàêòåðí³øèìè îçíàêàìè 
íàïðóæåííÿ àäàïòàö³¿ ñåðöÿ ñïîðòñìåíà äî òðå-
íóâàëüíèõ òà çìàãàëüíèõ íàâàíòàæåíü, à òàêîæ 
îçíàêàìè íåäîâ³äíîâëåííÿ, º çíà÷íå çìåíøåííÿ 
âåëè÷èíè óäàðíîãî îá’ºìó êðîâ³, çðîñòàííÿ «ö³íè» 

Á²ÎËÎÃ²ß

ä³ÿëüíîñò³ ñåðöÿ àáî çìåíøåííÿ åêîíîì³÷íîñò³ éîãî 
ôóíêö³îíóâàííÿ [8]. 

Î÷åâèäíî, ïîë³ìîðô³çìè ãåí³â, ùî êîäóþòü ñèí-
òåç á³ëê³â, ÿê³ ïðèéìàþòü ó÷àñòü ó ðîáîò³ ñåðöåâî-
ñóäèííî¿ ñèñòåìè, áóäóòü çä³éñíþâàòè âïëèâ íà ïå-
ðåá³ã àäàïòàö³éíèõ ðåàêö³é îðãàí³çìó äî ô³çè÷íèõ 
íàâàíòàæåíü âèñîêî¿ ³íòåíñèâíîñò³. Îñîáëèâîñò³ 
àäàïòàö³éíèõ ðåàêö³é ñåðöåâî-ñóäèííî¿ ñèñòåìè äî 
ô³çè÷íèõ íàâàíòàæåíü ó ñïîðòñìåí³â ç ð³çíèìè ãåíî-
òèïàìè äîòåïåð äîñë³äæåí³ ëèøå ÷àñòêîâî. 

Ìåòà äîñë³äæåííÿ – âèâ÷åííÿ îñîáëèâîñòåé 
àäàïòàö³¿ êðîâîîá³ãó äî ô³çè÷íèõ íàâàíòàæåíü ó 
ñïîðòñìåí³â – âåñëóâàëüíèê³â ç ð³çíèìè ïîë³ìîðô-
íèìè âàð³àíòàìè ãåí³â 

Îá’ºêò ³ ìåòîäè äîñë³äæåííÿ. Â ðîáîò³ áóëî 
îáñòåæåíî 30 âèñîêîêâàë³ô³êîâàíèõ ñïîðòñìåí³â, 
ÿê³ çàéìàþòüñÿ àêàäåì³÷íèì âåñëóâàííÿì (14 ÷îëî-
â³ê³â, 16 æ³íîê) ³ 20 îñ³á, ÿê³ íå çàéìàþòüñÿ ñïîðòîì 
(êîíòðîëüíà ãðóïà) (6 ÷îëîâ³ê³â, 14 æ³íîê). Âèçíà÷à-
ëèñÿ ïîêàçíèêè öåíòðàëüíî¿ ãåìîäèíàì³êè (ìåòî-
äîì òåòðàïîëÿðíî¿ òðàíñòîðàêàëüíî¿ ðåîãðàô³¿) òà 
ïàðàìåòðè êðîâîîá³ãó ó âåðõí³õ òà íèæí³õ ê³íö³âêàõ 
çà äîïîìîãîþ ïðèëàäó ReoCom-Professional ó ñòàí³ 
â³äíîñíîãî ñïîêîþ ó ïîëîæåíí³ ëåæà÷è. 

Ìåòîäîì ÏËÐ ç íàñòóïíîþ ðåñòðèêö³ºþ áóëî 
ïðîâåäåíî äåòåêö³þ 9 ïîë³ìîðô³çì³â: Ò-786®Ñ ïî-
ë³ìîðô³çì ïðîìîòîðó ãåíà eNOS (åíäîòåë³àëüíî¿ 
NO-ñèíòàçè), C-1306→T ïîë³ìîðô³çì ãåíà MMP2 (ìà-
òðèêñíî¿ ìåòàëîïðîòå¿íàçè 2-ãî òèïó), I/D ïîë³ìîð-
ô³çì ãåíà ÀÑÅ (àíã³îòåíçèíïåðåòâîðþþ÷îãî ôåð-
ìåíòó), G1355→A ïîë³ìîðô³çì ãåíà ELN(åëàñòèíó), 
Ñ1744 →Ò HIF1A (ã³ïîêñ³ÿ³íäóöèáåëüíîãî ôàêòîðó α), 
Pro

12
→Ala PPARG (γ- ðåöåïòîðà, ùî àêòèâóºòüñÿ 

ïðîë³ôåðàòîðàìè ïåðîêñèñîì), G2528®C PPARA (α 
– ðåöåïòîðà, ùî àêòèâóºòüñÿ ïðîë³ôåðàòîðàìè ïå-
ðîêñèñîì), Ala

203
→Pro PPARGC1B (β-êîàêòèâàòîðà 

γ –ðåöåïòîðà, ùî àêòèâóºòüñÿ ïðîë³ôåðàòîðàìè 
ïåðîêñèñîì) ,R/ x ACTN3 (α-àêòèí³íó 3). Äëÿ àíàë³çó 
ìîæëèâèõ àñîö³àö³é ïîë³ìîðô³çì³â ³ç ïîêàçíèêàìè 
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ãåìîäèíàì³êè, íàìè áóâ çàñòîñîâàíèé ìåòîä ë³í³é-
íî¿ ðåãðåñ³¿. 

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ. Ïî-
êàçíèêè öåíòðàëüíî¿ ãåìîäèíàì³êè ó ñïîðòñìåí³â òà 
â êîíòðîëüí³é ãðóï³ ñòàòèñòè÷íî â³ðîã³äíî íå â³äð³ç-
íÿëèñÿ, ùî î÷åâèäíî ïîâ’ÿçàíî ç åòàïîì, ïåð³îäîì ³ 
íàâ³òü òèïîì ì³êðîöèêëà ï³äãîòîâêè ñïîðòñìåí³â. ßê 
ïðàâèëî, àäàïòàö³éí³ ïåðåáóäîâè ñèñòåìíî¿ ãåìî-
äèíàì³êè ó êâàë³ô³êîâàíèõ ñïîðòñìåí³â õàðàêòåðè-
çóþòüñÿ çá³ëüøåííÿì Ó², Ñ² òà çìåíøåííÿì çàãàëü-
íîãî ïåðèôåð³éíîãî îïîðó ñóäèí òîêó êðîâ³ (ÇÏÎÑ)
[5]. Íàøå òåñòóâàííÿ ñïîðòñìåí³â â³äáóâàëîñü ó 
ï³äãîòîâ÷îìó ïåð³îä³ ð³÷íî¿ ï³äãîòîâêè. Â³äîìî, ùî 
ó ð³çí³ ïåð³îäè ï³äãîòîâêè ñïîðòñìåí³â ñïîñòåð³ãà-
ºòüñÿ ïåâíà ì³íëèâ³ñòü òåðì³íîâèõ àäàïòàö³éíèõ ïå-
ðåáóäîâ ñåðöåâî-ñóäèííî¿ ñèñòåìè. Ó çìàãàëüíèé 
ïåð³îä áóëî çàô³êñîâàíî îïòèì³çàö³þ òåðì³íîâèõ 
àäàïòàö³éíèõ ðåàêö³é êðîâîòîêó ñïîðòñìåí³â, òîä³ ÿê 
ó ï³äãîòîâ÷èé ïåð³îä õàðàêòåðíèì º äåÿêå çíèæåííÿ 
ðåçåðâíèõ ìîæëèâîñòåé òà àäàïòàö³éíîãî ïîòåíö³-
àëó ñåðöåâî-ñóäèííî¿ ñèñòåìè, ùî ïðîÿâëÿºòüñÿ 
â çìåíøåíí³ Ó² òà Ñ², òåíäåíö³¿ äî ï³äâèùåííÿ çà-
ãàëüíîãî ïåðèôåð³éíîãî îïîðó ñóäèí òîêó êðîâ³ [5]. 
Ïîêàçíèêè ðåã³îíàëüíî¿ ãåìîäèíàì³êè ìîæóòü çì³-
íþâàòèñÿ ï³ä âïëèâîì íàâàíòàæåíü â ð³çíèõ òèïàõ 
ì³êðîöèêë³â [7]. Êð³ì òîãî, ó ìàéñòð³â ñïîðòó 16-21 
â³êó, òàê ÿê â íàøîìó âèïàäêó, ð³äøå ñïîñòåð³ãàþòüñÿ 
îçíàêè íàïðóæåííÿ àäàïòàö³¿ ñåðöåâî-ñóäèííî¿ ñèñ-
òåìè äî òðåíóâàëüíèõ òà çìàãàëüíèõ íàâàíòàæåíü, 
í³æ ó ìîëîäèõ ñïîðòñìåí³â. 

Ïîîäèíîêîãî â³ðîã³äíîãî âïëèâó îäíîãî ç ïîë³-
ìîðô³çì³â ãåí³â íà ïîêàçíèêè ãåìîäèíàì³êè ïðè ïî-
îäèíîêîìó àíàë³ç³ ãðóïè ñïîðòñìåí³â ³ êîíòðîëüíî¿ 
ãðóïè íå áóëî âñòàíîâëåíî. 

Ó õîä³ ðîáîòè ñòâîðåí³ ìîäåë³ çàëåæíîñò³ ïàðà-
ìåòð³â ãåìîäèíàì³êè â³ä ïîë³ìîðô³çì³ ãåí³â. Âèá³ð-
êîâ³ ðåçóëüòàòè ñòâîðåíèõ ìîäåëåé ç íàâåäåíèìè 
ò³ëüêè ñòàòèñòè÷íî çíà÷óùèìè ôàêòîðàìè ïðåä-
ñòàâëåí³ ó òàáëèö³ 1. Ñåðåä âñ³õ âèâ÷åíèõ íàìè 
ïîë³ìîðô³çì³â íàéá³ëüøèì âïëèâîì íà ïîêàçíèêè 

ãåìîäèíàì³êè õàðàêòåðèçóþòüñÿ ïîë³ìîðô³çì ãåíà 
HIF1A, ïîë³ìîðô³çì ãåíà ÀÑÅ òà PPARG. Íàéìåíøèé 
âïëèâ âèÿâèëè ïîë³ìîðô³çìè ãåí³â PPARA, ACTN3, 
ELN. 

Íàéá³ëüø çàëåæíèìè â³ä ïîë³ìîðô³çì³â ãåí³â 
âèÿâèëèñÿ ïîêàçíèêè âì³ñòó ð³äèíè ó ãðóäí³é êë³òè-
í³, áàçîâîãî ³ìïåäàíñó, òîíóñó ñåðåäí³õ òà äð³áíèõ 
àðòåð³é íèæí³õ ê³íö³âîê, ïóëüñ. îá. êð. íèæí³õ ê³íö³-
âîê (íà êîæíèé ç öèõ ïîêàçíèê³â â³ðîã³äíî ç÷èíÿþòü 
âïëèâ 4 ïîë³ìîðô³çìè ç 9 âèâ÷åíèõ). Ñåðåä 5 ïîë³-
ìîðô³çì³â, àñîö³éîâàíèõ ç âì³ñòîì ð³äèíè â ãðóä-
í³é êë³òèí³, íàéñèëüí³øèé âïëèâ çä³éñíþþòü ïîë³-
ìîðô³çìè ãåí³â MMP2 (êîåô³ö³ºíò ðåãðåñ³¿ = 78) òà 
PPARG (êîåô³ö³ºíò ðåãðåñ³¿ = 67). 

Â³äîìî, ùî ïðèíöèïîâîþ îñíîâîþ ìåòîäà ðåî-
ãðàô³¿ º çàëåæí³ñòü çì³íè îïîðó â³ä çì³íè êðîâîíà-
ïîâíåííÿ âèâ÷åíî¿ ä³ëÿíêè, à ïîâíèé îï³ð (³ìïåäàíñ) 
ñêëàäàºòüñÿ ç áàçîâîãî ³ìïåäàíñó (ïîñò³éíîãî) òà 
ïóëüñîâîãî ³ìïåäàíñó, âèêëèêàíîãî êîëèâàííÿìè 
êðîâîíàïîâíåííÿ ï³ä ÷àñ ñåðöåâîãî öèêëó, òîìó 
âïëèâ íà òàêèé âàæëèâèé ïàðàìåòð ìîæå áóòè îïî-
ñåðåäêîâàíèì ðåçóëüòàòîì âïëèâó íà ³íø³ ïîêàç-
íèêè. Áàçîâèé ³ìïåäàíñ çàëåæèòü â³ä îá’ºìó çîíè ³ 
¿¿ ïèòîìîãî îïîðó. ×èì ìåíøèé ³ìïåäàíñ, òèì á³ëü-
øèì º êðîâîíàïîâíåííÿ ä³ëÿíêè. 

Ïîë³ìîðô³çì ãåíà HIF1A âïëèâàº íà ïîêàçíè-
êè ãåìîäèíàì³êè (3 ïàðàìåòðè). Ó ñòàí³ â³äíîñíîãî 
ì’ÿçîâîãî ñïîêîþ â³í çä³éñíþº âïëèâ íà íàñòóïí³ 
ïàðàìåòðè: âì³ñò ð³äèíè ó ãðóäí³é êë³òèí³ (ð = 0,024), 
³íäåêñ âì³ñòó ð³äèíè (ð = 0,039), áàçîâèé ³ìïåäàíñ 
(ð = 0,029), òîáòî íà ïîêàçíèêè êðîâîíàïîâíåííÿ. 

Ïîáóäîâà ðåãðåñ³éíèõ ìîäåëåé ïîîäèíîêîãî 
âïëèâó ïîë³ìîðô³çì³â äîçâîëèëà âñòàíîâèòè, ùî ïî-
ë³ìîðô³çì ãåíà HIF1A â³ðîã³äíî âïëèâàº íà ïîêàçíè-
êè êðîâîíàïîâíåííÿ òà ïåðèôåð³éíîãî îïîðó ñóäèí 
ÿê åëàñòè÷íîãî òàê ³ ì’ÿçîâîãî òèïó. Òàê, íàïðèêëàä, 
ó îñ³á ç Ñ/Ñ – ãåíîòèïîì â³ðîã³äíî âèù³, ó ïîð³âíÿí-
í³ ç îñîáàìè ç Ñ/Ò – ãåíîòèïîì, ïóëüñîâèé îá’ºì 
êðîâ³ (8,34 ± 0,54 vs 6,45 ± 0,45 ìì3; ð = 0,03), õâè-
ëèííèé îá’ºì êðîâ³ íèæí³õ ê³íö³âîê (438,29 ± 16,83 

Òàáëèöÿ 1

Àñîö³àö³ÿ ïîë³ìîðô³çì³â ãåí³â ç ïàðàìåòðàìè öåíòðàëüíî¿ ãåìîäèíàì³êè

Ïàðà-
ìåòð

Ïîë³ìîðô³çìè

ÀÑÅ eNOS PPARG PPARA PPARGC1B HIF1A ELN MMP2 ACTN3

Cof Sig Cof Sig Cof Sig Cof Sig Cof Sig Cof Sig Cof Sig Cof Sig Cof Sig

ÕÎÊ, 
ë•õâ-1 ÖÃ -1,131 0,048

²ÂÐ, % ÖÃ -40,63 0,035 -42,37 0,039 83,98 0,013

ÇÏÎÑ, 
äèí• 
ñ•ñì-5

ÖÃ 751,827 0,016

ÏÏÎÑ, 
äèí• 
ñ•ì2•ñì-5

ÖÃ -1081,87 0,047 1276,7 0,01

ÊÁ ÖÃ 0,778 0,027

Á², Îì ÖÃ -3,56 0,029 -9,086 0,036 6,376 0,038 7,228 0,029

Ïðèì³òêà: ÖÃ – ïàðàìåòðè öåíòðàëüíî¿ ãåìîäèíàì³êè, ÕÎÊ– õâèëèííèé îá’ºì êðîâîá³ãó, ÇÏÎÑ – çàãàëüíèé ïåðèôåð³éíèé îï³ð ñóäèí; 

ÏÏÎÑ – ïèòîìèé ïåðèôåð³éíèé îï³ð ñóäèí; ÒÀ – ïîêàçíèê òîíóñó àðòåð³é; ÊÁ – êîåô³ö³ºíò Áëþìáåðãà; ÒÑÖ– òðèâàë³ñòü ñåðöåâîãî öèêëó, 

Á² – áàçîâèé ³ìïåäàíñ, ²ÂÐ – ³íäåêñ âì³ñòó ð³äèíè. 
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vs 390,57 ± 35,42 ìì2; ð = 0,01), ð³çíèöÿ ïëîù³ ïåðå-
ð³çó àðòåð³é âåðõí³õ ê³íö³âîê ïðè ìàêñèìàëüíîìó 
òà ì³í³ìàëüíîìó êðîâîíàïîâíåíí³ (11,59 ± 1,36 vs 
9,59 ± 1,78; ð = 0,03), àëå ìåíøèé êîåô³ö³ºíò îïîðó 
âåðõí³õ ê³íö³âîê (90,83 ± 2,92 vs 129,63 ± 28,03; 
ð = 0,01). Òàêèì ÷èíîì, Ñ/Ñ – ãåíîòèï çà ãåíîì HIF1A 
ó ñòàí³ â³äíîñíîãî ì’ÿçîâîãî ñïîêîþ ñïðèÿº çá³ëü-
øåííþ êðîâîòîêó ÿê â öåíòðàëüíèõ òà ïåðèôåð³éíèõ 
ñóäèíàõ òà çìåíøåííþ ïåðèôåð³éíîãî îïîðó ñóäèí. 
Öåé ôàêò º çíà÷óùèì, âðàõîâóþ÷è, ùî åëàñòè÷íèé 
òà ïåðèôåð³éíèé îï³ð ñóäèí º îäíèìè ç îñíîâíèõ 
ôàêòîð³â, ùî âèçíà÷àþòü íàâàíòàæåííÿ íà ñåðöå 
[1]. 

Â³äîìî, ùî çá³ëüøåííÿ åêñïðåñ³¿ HIF1A ïðèçâî-
äèòü äî àêòèâàö³¿ ãåí³â, ùî çàáåçïå÷óþòü àäàïòà-
ö³þ êë³òèí äî ã³ïîêñ³¿ ³ ñòèìóëþþòü àíã³îãåíåç (EPO, 
VEGF, VEGFR-1 òà ³íø.) [14, 16]. Ìîæëèâî ñàìå òîìó, 
âïëèâ öüîãî ïîë³ìîðô³çìó íà ïàðàìåòðè ãåìîäèíà-
ì³êè òàêèé çíà÷íèé. 

Ïîë³ìîðô³çì ãåíà ÀÑÅ ó ñòàí³ â³äíîñíîãî 
ì’ÿçîâîãî ñïîêîþ âïëèâàº íà ïàðàìåòðè ïèòîìîãî 
ïåðèôåð³éíîãî îïîðó ñóäèí (ð = 0,047) òà êîåô³ö³-
ºíò Áëþìáåðãà (íåïðÿìèé ïîêàçíèê ñêîðîòëèâîñò³ 
ì³îêàðäà, ùî ïðåäñòàâëÿº ñîáîþ â³äíîøåííÿ òðè-
âàëîñò³ ïåð³îäó âèãíàííÿ (áåç ïðîòîäèàñòîëè÷åñ-
êîãî ïåð³îäó) äî òðèâàëîñò³ ïåð³îäó íàïðóæåííÿ) 
(ð = 0,027). Ó ÷îëîâ³ê³â ç ãåíîòèïîì ²/² ñïîñòåð³ãàëàñü 

òåíäåíö³ÿ äî á³ëüø âèñîêîãî ÓÎ, í³æ ç ãåíîòèïîì 
D/D (òàáë. 2), àëå á³ëüø íèçüêîãî Ó², ÕÎÊ, ùî ñâ³ä-
÷èòü ïðî åêîíîì³çàö³þ ôóíêö³é ó öèõ îñ³á. 

Ó ÷îëîâ³ê³â ãåíîòèï D/D ïðèçâîäèòü äî á³ëüø âè-
ñîêîãî çàãàëüíîãî òà ïåðèôåð³éíîãî îïîðó ñóäèí, 
ßê ó ÷îëîâ³ê³â, òàê ³ ó æ³íîê, ãåíîòèï D/D ñïðèÿº âè-
ùîìó êîåô³ö³ºíòó ïåðèôåð³éíîãî îïîðó (ÊÏÎ), àëå 
íèæ÷îìó òîíóñó âåëèêèõ àðòåð³é íèæí³õ ê³íö³âîê 
(ÒÂÀÍÊ) (ð < 0,05). Òîíóñ ñåðåäí³õ òà äð³áíèõ àð-
òåð³é íèæí³õ ê³íö³âîê (ÒÑÄÍÊ) âèùèé ó æ³íîê ç ²/²-
ãåíîòèïîì (ð < 0,05). Íàø³ ðåçóëüòàòè ï³äòâåðäæó-
þòüñÿ âèñíîâêàìè, îòðèìàíèìè â õîä³ äîñë³äæåííÿ 
ãåìîäèíàì³êè ñïîðòñìåí³â ìåòîäîì òåòðàïîëÿðíî¿ 
³ìïåäàíñîìåòð³¿ ðîñ³éñüêèìè äîñë³äíèêàìè [5]. 
Çã³äíî ¿õ ðåçóëüòàò³â ïîë³ìîðô³çì ãåíà ÀÑÅ âïëè-
âàº íà ïðîöåñè àäàïòàö³¿ ÑÑÑ äî ô³çè÷íèõ íàâàíòà-
æåíü, ùî âèÿâëÿºòüñÿ ó àñîö³àö³¿ äàíîãî ãåíà ç ïî-
êàçíèêàìè ÓÎ, ×Ä, ÇÏÎÑ, ³íäåêñîì ïåðèôåð³éíî¿ 
ãåìîäèíàì³êè (²ÏÃ). Ó ñïîðòñìåí³â ç ãåíîòèïîì ²/² 
çà ãåíîì ACE, íà â³äì³íó â³ä ñïîðòñìåí³â ç ãåíîòè-
ïîì D/D â³ðîã³äíî íèùèé çàãàëüíèé ïåðèôåð³éíèé 
îï³ð ñóäèí. Ô³ç³îëîã³÷íèé ìåõàí³çì âïëèâó äàí-
íîãî ïîë³ìîðô³çìó íà ñòàí ãåìîäèíàì³êè ö³äêîì 
çðîçóì³ëèé âèõîäÿ÷è ç òîãî, ùî àëåëü D ñïðèÿº 
ï³äâèùåííÿ ð³âíÿ åêñïðåñ³¿ äàííîãî ãåíà ³ ñèíòå-
çó á³ëüøî¿ ê³ëüêîñò³ àíã³îòåíçèíïåðåòâîðþþ÷îãî 
ôåðìåíòó. Ïðè çðîñòàíí³ éîãî ð³âíÿ çá³ëüøóºòüñÿ 

Òàáëèöÿ 2

Ïàðàìåòðè öåíòðàëüíî¿ òà ïåðèôåð³éíî¿ ãåìîäèíàì³êè ó îñ³á ç ²/² ò³ D/D-ãåíîòèïàìè çà 
ãåíîì ÀÑÅ

Ïîêàçíèê
×îëîâ³êè Æ³íêè ×îëîâ³êè Æ³íêè

²/²-ãåíîòèï D/D-ãåíîòèï

ÓÎ, ìë 63,89 ± 5,98 50,77 ± 3,68 60,45 ± 4. 34 50,08 ± 6,91

Ó² 31,71 ± 3,08 30,82 ± 2,16 32,23 ± 2,07 31,74 ± 3,05

ÕÎÊ, ë/õâ 3,88 ± 0,48 3,26 ± 0,32 3,27 ± 0,28 3,35 ± 0,59

ÇÏÎÑ 1904,99 ± 299,71 2065,75 ± 212,55 2136,89 ± 206,22 1993,66 ± 355,99

ÏÏÎÑ, äèí ñ ì2/ñì5 3905,25 ± 660,92 3426,03 ± 389,58 3937,62 ± 298,00 3124,75 ± 608,06

ÊÏÎ 88,10 ± 1,87 83,59 ± 2,62 91,73 ± 3,85 90,14 ± 7,13

ÒÂÀÍÊ 1,10 ± 0,14 0,99 ± 0,07 0,78 ± 0,04* 1,07 ± 0,07

ÒÑÄÍÊ 0,52 ± 0,03 0,61 ± 0,02 0,53 ± 0,03 0,49 ± 0,06*

Ïðèì³òêà: *– â³ðîã³äíî ó ïîð³âíÿíí³ îñ³á ç ²/² òà D/D-ãåíîòèïàìè. 

Òàáëèöÿ 3

Ïàðàìåòðè öåíòðàëüíî¿ ãåìîäèíàì³êè ó îñ³á ç Pro/Pro, Pro/Ala òà Ala/Ala -ãåíîòèïàìè

Ïîêàçíèê
×îëîâ³êè Æ³íêè ×îëîâ³êè Æ³íêè

Pro/Pro -ãåíîòèï Pro/Ala –ãåíîòèï, Ala/Ala -ãåíîòèï

ÓÎ, ìë 68,22 ± 3,79 55,79 ± 2,5 54,46 ± 4. 41 46,10 ± 4,45

Ó² 35,50 ± 2,25 32,94 ± 2,14 29,80 ± 2,41 28,55 ± 1,98

ÕÎÊ, ë/õâ 4,16 ± 0,18 3,53 ± 0,17 3,04 ± 0,30* 2,81 ± 0,30*

ÇÏÎÑ 1619,54 ± 78,11 1829,86 ± 96,81 2388,06 ± 215,04* 2386,18 ± 222,52

ÏÏÎÑ, äèí ñ ì2/ñì5 3177,15 ± 231,28 2987,01 ± 178,06 4379,42 ± 421,94 3765,15 ± 316,18

Ñ² 2,18 ± 0,15 2,19 ± 0,12 1,67 ± 0,17* 1,73 ± 0,18

Åëàñòè÷í³ñòü âåëèêèõ 
àðòåð³é

3,40 ± 0,22 3,36 ± 0,15 2,97 ± 0,16 3,10 ± 0,19

Ïðèì³òêà: *– â³ðîã³äíî ó ïîð³âíÿíí³ îñ³á ç Pro/Pro òà Pro/Ala + Ala/Ala –ãåíîòèïóìè, ð < 0,05. 
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ê³ëüê³ñòü àíã³îòåíçèíó ²² òèïó. Ä³ÿ àíã³îòåíçèíó ²² 
ðåàë³çóºòüñÿ ÷åðåç ñïåöèô³÷í³ àíã³îòåíçèíîâ³ ðå-
öåïòîðè (AGTR). Íà òåïåð³øí³é ÷àñ âèîêðåìëåíî 4 
ï³äòèïè AGTR, àëå íàéá³ëüøå çíà÷åííÿ ìàº AGTR1, 
÷åðåç ñòèìóëÿö³þ ÿêîãî ðåàë³çóºòüñÿ á³ëüø³ñòü 
ÿê ô³ç³îëîã³÷íèõ, òàê ³ ïàòîô³ç³îëîã³÷íèõ åôåêò³â 
àíã³îòåíçèíà ²². Äî íèõ íàëåæàòü âàçîêîíñòð³êö³ÿ, 
ñòèìóëÿö³ÿ êë³òèííîãî ðîñòó òà ïðîë³ôåðàö³¿, çíè-
æåííÿ íèðêîâîãî êðîâîòîêó òà ³íø. [19]. 

Òàêèì ÷èíîì, ïîë³ìîðô³çì ãåíà ÀÑÅ çä³éñíþº 
âïëèâ íà ïåðèôåð³éíèé îï³ð ñóäèí (îäèí ç 
íàéâàæëèâ³øèõ ôàêòîð³â êðîâîíàïîâíåííÿ ñóäèííî-
ãî ðóñëà), òà òîíóñó ñóäèí. ²/²-ãåíîòèï ñïðèÿº á³ëüø 
íèçüêîìó ïåðèôåð³éíîìó îïîðó ñóäèí, ó ïîð³âíÿíí³ 
ç ãåíîòèïîì D/D. 

Ïîë³ìîðô³çì ãåíà PPARG ó ñòàí³ â³äíîñíîãî 
ì’ÿçîâîãî ñïîêîþ âïëèâàº íà ïàðàìåòðè õâèëèí-
íîãî îá’ºìó êðîâ³ (ð = 0,048), çàãàëüíîãî ïåðèôå-
ð³éíîãî îïîðó ñóäèí (ð = 0,016), ïèòîìîãî ïåðèôå-
ð³éíîãî îïîðó ñóäèí (ð = 0,01), áàçîâîãî ³ìïåäàíñó 
(ð = 0,036), åëàñòè÷íîñò³ âåëèêèõ àðòåð³é (ð = 0,043). 
Ó îñ³á ç ãåíîòèïîì Pro/Pro çà ãåíîì PPARG, ÿê ó 
÷îëîâ³ê³â, òàê ³ ó æ³íîê, íà â³äì³íó â³ä ñïîðòñìåí³â ç 
ãåíîòèïàìè Pro/Ala òà Ala/Ala, â³ðîã³äíî âèù³ ïîêàç-
íèêè ÓÎ, Ó², ÕÎÊ, ×ÑÑ, Ñ², ïîêàçíèêè ðîáîòè ë³âîãî 
øëóíî÷êó, åëàñòè÷íîñò³ âåëèêèõ àðòåð³é, àëå íèæ÷³ 
ïîêàçíèêè ÇÏÎÑ òà ÏÏÎÑ. Òîáòî, äàíèé ïîë³ìîðô³çì 
ç÷èíÿº çíà÷íèé âïëèâ íà ðîáîòó ñåðöÿ (òàáë. 3) 

Êð³ì áàãàòüîõ äîâåäåíèõ ôóíêö³é á³ëêó PPARɣ, 
à ñàìå, ó÷àñòü ó àäèïîãåíåç³, ë³ï³äíîìó ìåòàáîë³ç-
ì³, ðåàë³çàö³¿ ä³¿ ³íñóë³íó, âñå ÷àñò³øå çóñòð³÷àþòüñÿ 
ðîáîòè ó ÿêèõ äîñë³äæóºòüñÿ âïëèâ äàíîãî ôàêòîðó 
íà ñòàí ñóäèííîãî ðóñëà. Îäåðæàí³ äîêàçè òîãî, ùî 
PPARɣ º ÷àñòèíîþ á³îëîã³÷íèõ øëÿõ³â ðåãóëÿö³¿ àðòå-
ð³àëüíîãî òèñêó. Âñòàíîâëåíî, ùî àêòèâàö³ÿ PPARɣ 
ïðèçâîäèòü äî çíèæåííÿ àðòåð³àëüíîãî òèñêó ³ ìîæå 
çàõèùàòè ñóäèííå ðóñëî [17]. Ó îñ³á, ùî ñòðàæäàþòü 
íà öóêðîâèé ä³àáåò ²² òèïó Pro12Ala ïîë³ìîðô³çì ãåíà 
àñîö³éîâàíèé ç ã³ïåðòåíç³ºþ [13]. Îäíèì ç éìîâ³ð-
íèõ ìåõàí³çì³â ä³¿ ôàêòîðó PPARɣ íà ñóäèííå ðóñëî 
ââàæàþòü éîãî âçàºìîä³þ ç ðåöåïòîðàìè àíã³îòåí-
çèíó. Òàê, àêòèâàö³ÿ PPARɣ âèêëèêàëà çíèæåííÿ åêñ-
ïðåñ³¿ ãåíà AGT1[18]. Õî÷à PPARɣ åêñïðåñóºòüñÿ ó 
áàãàòüîõ òêàíèíàõ îðãàí³çìó, âèñîêèé ð³âåíü éîãî 
åêñïðåñ³¿ ñïîñòåð³ãàºòüñÿ ó åíäîòåë³¿ ñóäèí, äå â³í 
ðåãóëþº åêñïðåñ³þ ãåí³â, ùî çàëó÷åí³ â òàê³ ïðîöåñè, 
ÿê êë³òèííà àäãåç³ÿ, çàïàëåííÿ, îêñèäàòèâíèé ñòðåñ, 
à òàêîæ âàçîêîíñòð³êö³þ [10, 11, 12, 15]. Êð³ì òîãî, 
PPARɣ åêñïðåñóºòüñÿ ó ãëàäåíüêèõ ì’ÿçàõ ñóäèí, ùî 

òåæ ìîæå ïîÿñíþâàòè éîãî çíà÷íèé âïëèâ íà ïîêàç-
íèêè ãåìîäèíàì³êè. 

Îòðèìàí³ ðåçóëüòàòè ðîçøèðÿþòü óÿâëåííÿ 
ïðî çàëåæí³ñòü ïîêàçíèê³â ôóíêö³îíàëüíîãî ñòàíó 
ñïîðòñìåí³â â³ä êîìïëåêñíîãî âïëèâó ïîë³ìîðô³ç-
ì³â ãåí³â, òà ï³äòâåðäæóþòü ë³òåðàòóðí³ äàí³ ïðî òå, 
ùî àëåëüí³ âàð³àíòè ãåí³â, ÿê³ êîäóþòü á³ëêè, ùî ïðè-
éìàþòü ó÷àñòü ó ñóäèíî-ðóõîâèõ ðåàêö³ÿõ, àñîö³éî-
âàí³ ç³ ñòàíîì ñåðöåâî-ñóäèííî¿ ñèñòåìè. 

Ïîêàçíèêè ãåìîäèíàì³êè ó ñïîðòñìåí³â, ïîðÿä ³ç 
ñåðåäîâèùíèìè ôàêòîðàìè, çàëåæàòü â³ä ãåíåòè÷-
íî äåòåðì³íîâàíèõ âëàñòèâîñòåé, ùî îáóìîâëþþòü-
ñÿ êîìïëåêñîì ãåí³â, òà ¿õ ïîë³ìîðô³çìàìè. Î÷åâèä-
íî, ùî ïðè äîáîð³ äî òèõ âèä³â ñïîðòó, äå ïîêàçíèêè 
êðîâîîá³ãó ç÷èíÿþòü âïëèâ íà ñïîðòèâíó ðîáîòîç-
äàòí³ñòü òà ï³ä ÷àñ òðåíóâàëüíîãî ïðîöåñó ñë³ä âðà-
õîâóâàòè äàí³ îñîáëèâîñò³ ñïîðòñìåí³â. 

Âèñíîâêè. Ïðè äîñë³äæåíí³ âïëèâó ïîë³ìîðô³ç-
ì³â ãåí³â íà ïàðàìåòðè ãåìîäèíàì³êè ó ñòàí³ â³ä-
íîñíîãî ì’ÿçîâîãî ñïîêîþ áóëî âñòàíîâëåíî, ùî 
íàéá³ëüøèì âïëèâîì íà ïîêàçíèêè ãåìîäèíàì³êè 
õàðàêòåðèçóºòüñÿ ïîë³ìîðô³çì ãåíà HIF1A, ïîë³-
ìîðô³çì ãåíà ÀÑÅ òà PPARG. Íàéìåíøèé âïëèâ âè-
ÿâèëè ïîë³ìîðô³çìè ãåí³â PPARA, ACTN3, ELN. Ïîë³-
ìîðô³çì ãåíà HIF1A â³ðîã³äíî âïëèâàº íà ïîêàçíèêè 
êðîâîíàïîâíåííÿ òà ïåðèôåð³éíîãî îïîðó ñóäèí ÿê 
åëàñòè÷íîãî òàê ³ ì’ÿçîâîãî òèïó. Ñ/Ñ – ãåíîòèï çà 
ãåíîì HIF1A ó ñòàí³ â³äíîñíîãî ì’ÿçîâîãî ñïîêîþ 
ñïðèÿº çá³ëüøåííþ êðîâîòîêó ÿê â öåíòðàëüíèõ òà 
ïåðèôåð³éíèõ ñóäèíàõ òà çìåíøåííþ ïåðèôåð³é-
íîãî îïîðó ñóäèí. ÀÑÅ çä³éñíþº âïëèâ íà ïåðèôå-
ð³éíèé îï³ð òà òîíóñ ñóäèí. ²/²-ãåíîòèï ñïðèÿº á³ëüø 
íèçüêîìó ïåðèôåð³éíîìó îïîðó ñóäèí, ó ïîð³âíÿíí³ 
ç ãåíîòèïîì D/D. Ãåíîòèï Pro/Pro çà ãåíîì PPARG, 
ñïðèÿº âèùèì ïîêàçíèêàì ÓÎ, Ó², ÕÎÊ, ×ÑÑ, Ñ², 
ïîêàçíèêàì ðîáîòè ë³âîãî øëóíî÷êó, åëàñòè÷íîñò³ 
âåëèêèõ àðòåð³é, àëå íèæ÷èì ïîêàçíèêàì ÇÏÎÑ òà 
ÏÏÎÑ (ð < 0,05). 

Ïåðñïåêòèâè ïîäàëüøèõ äîñë³äæåíü. Ïîøóê 
ìîëåêóëÿðíî-ãåíåòè÷íèõ ìàðêåð³â, ÿê³ á áóëè 
ïðåäèêòîðàìè ñòàíó ñåðöåâî-ñóäèííî¿ ñèñòå-
ìè òà ô³çè÷íî¿ ðîáîòîçäàòíîñò³ ó ñïîðò³ º îäíèì ç 
íàéïåðñïåêòèâí³øèõ íàïðÿìê³â äîñë³äæåíü ó ñïîð-
òèâí³é ãåíåòèö³. Íåîáõ³äí³ñòü óäîñêîíàëåííÿ ñèñ-
òåìè ñïîðòèâíîãî äîáîðó, çìåíøåííÿ ðèçèê  ó ðîç-
âèòêó ïàòîëîã³÷íèõ òà ïåðåä ïàòîëîã³÷íèõ ñòàí³â 
âèìàãàº íàóêîâî¿ ðîçðîáêè òà ñòâîðåííÿ ñèñòåìè 
ìîëåêóëÿðíî-ãåíåòè÷íîãî àíàë³çó â ñïîðò³. 
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ÀÑÎÖ²ÀÖ²ß ÏÎË²ÌÎÐÔ²ÇÌ²Â ÃÅÍ²Â Ç ÎÑÎÁËÈÂÎÑÒßÌÈ ÃÅÌÎÄÈÍÀÌ²ÊÈ ÑÏÎÐÒÑÌÅÍ²Â
Äðîçäîâñüêà Ñ. Á., Äîñåíêî Â. ª., ªâòóøåíêî Î. Ë., Áàêóíîâñüêèé Î. Ì., ²ëü¿í Â. Ì. 
Ðåçþìå. Â ðîáîò³ äîñë³äæåíî âïëèâ ïîë³ìîðô³çì³ ãåí³â, á³ëêîâ³ ïðîäóêòè ÿêèõ ïðèéìàþòü ó÷àñòü ó ðåãóëÿ-

ö³¿ ðîáîòè ñåðöåâî-ñóäèííî¿ ñèñòåìè, íà ïîêàçíèêè öåíòðàëüíî¿ òà ïåðèôåð³éíî¿ ãåìîäèíàì³êè. Îáñòåæåíî 
30 âèñîêîêâàë³ô³êîâàíèõ ñïîðòñìåí³â, ÿê³ çàéìàþòüñÿ àêàäåì³÷íèì âåñëóâàííÿì ³ 20 îñ³á, ÿê³ íå çàéìàþòüñÿ 
ñïîðòîì. Çà äîïîìîãîþ ìåòîäó ë³í³éíî¿ ðåãðåñ³¿ áóëè ïîáóäîâàí³ ìîäåë³ âïëèâó 9 ïîë³ìîðô³çì³â ãåí³â íà ïî-
êàçíèêè ãåìîäèíàì³êè. Âñòàíîâëåíî, ùî íà ïàðàìåòðè ãåìîäèíàì³êè ó ñòàí³ â³äíîñíîãî ì’ÿçîâîãî ñïîêîþ 
íàéá³ëüøîþ ì³ðîþ âïëèâàþòü ïîë³ìîðô³çìè ãåí³â HIF1A, ÀÑÅ òà PPARG: Ñ/Ñ-ãåíîòèï (HIF1A) àñîö³éîâàíèé 
³ç çá³ëüøåíèì êðîâîòîêîì, ÿê â öåíòðàëüíèõ òà ïåðèôåð³éíèõ ñóäèíàõ òà çìåíøåííÿì ïåðèôåð³éíîãî îïîðó 
ñóäèí; ²/²-ãåíîòèï (ACE) – ³ç çíèæåíèì ïåðèôåð³éíèì îïîðîì ñóäèí; ãåíîòèï Pro/Pro (PPARG) ³ç ï³äâèùåí-
íÿì ïîêàçíèê³â ðîáîòè ë³âîãî øëóíî÷êó, åëàñòè÷íîñò³ âåëèêèõ àðòåð³é. 

Êëþ÷îâ³ ñëîâà: ïîë³ìîðô³çìè ãåí³â, ãåìîäèíàì³êà, ô³çè÷í³ íàâàíòàæåííÿ, ñïîðòèâíèé äîá³ð. 
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ÀÑÑÎÖÈÀÖÈß ÏÎËÈÌÎÐÔÈÇÌÎÂ ÃÅÍÎÂ Ñ ÎÑÎÁÅÍÍÎÑÒßÌÈ ÃÅÌÎÄÈÍÀÌÈÊÈ ÑÏÎÐÒÑÌÅÍÎÂ
Äðîçäîâñêàÿ Ñ. Á., Äîñåíêî Â. Å., Åâòóøåíêî À. Ë., Áàêóíîâñüêèé À. Í., Èëüèí Â. Í. 
Ðåçþìå. Â ðàáîòå èññëåäîâàíî âëèÿíèå ïîëèìîðôèçìà ãåíîâ, áåëêîâûå ïðîäóêòû êîòîðûõ ó÷àñòâóþò â 

ðåãóëÿöèè ðàáîòû ñåðäå÷íî-ñîñóäèñòîé ñèñòåìû, íà ïîêàçàòåëè öåíòðàëüíîé è ïåðèôåðè÷åñêîé ãåìîäè-
íàìèêè. Îáñëåäîâàíî 30 âûñîêîêâàëèôèöèðîâàííûõ ñïîðòñìåíîâ, çàíèìàþùèõñÿ àêàäåìè÷åñêîé ãðåáëåé, 
è 20 ÷åëîâåê íå çàíèìàþùèõñÿ ñïîðòîì. Ñ ïîìîùüþ ìåòîäà ëèíåéíîé ðåãðåññèè áûëè ïîñòðîåíû ìîäåëè 
âëèÿíèÿ 9 ïîëèìîðôèçìîâ ãåíîâ íà ïîêàçàòåëè ãåìîäèíàìèêè. Óñòàíîâëåíî, ÷òî íà ïàðàìåòðû ãåìîäèíà-
ìèêè â ñîñòîÿíèè îòíîñèòåëüíîãî ìûøå÷íîãî ïîêîÿ â íàèáîëüøåé ñòåïåíè âëèÿþò ïîëèìîðôèçìû ãåíîâ 
HIF1A, ÀÑÅ è PPARG: Ñ/Ñ-ãåíîòèï (HIF1A) àññîöèèðîâàí ñ óâåëè÷åííûì êðîâîòîêîì êàê â öåíòðàëüíûõ, òàê 
è ïåðèôåðè÷åñêèõ ñîñóäàõ, è óìåíüøåíèåì ïåðèôåðè÷åñêîãî ñîïðîòèâëåíèÿ ñîñóäîâ; ²/²-ãåíîòèï (ACE) – ñ 
ïîíèæåííûì ïåðèôåðè÷åñêèì ñîïðîòèâëåíèåì ñîñóäîâ; ãåíîòèï Pro/Pro (PPARG) ñ ïîâûøåíèåì ïîêàçàòå-
ëåé ðàáîòû ëåâîãî æåëóäî÷êà, ýëàñòè÷íîñòè êðóïíûõ àðòåðèé. 

Êëþ÷åâûå ñëîâà: ïîëèìîðôèçìû ãåíîâ, ãåìîäèíàìèêà, ôèçè÷åñêèå íàãðóçêè, ñïîðòèâíûé îòáîð. 
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Association of Genes Polymorphisms with Athle tes’ Hemodynamic Features 
Drozdovska S. B., Dosenko V. E., Yevtushenko O. L., Bakunovskiy O. M., Ilyin V. M. 
Abstract. Condition of the central and peripheral blood circulation is an important factor in functional efficiency 

of athletes. Polymorphism  of genes encoding of proteins that are involved in the cardiovascular system regula-
tion, influences the adaptive responses to intense physical activity. But the features of adaptive responses of the 
cardiovascular system to physical exercise in athletes with different genotypes still only partially e x plored. Article 
 is dedicated to the study of the influence of genes polymorphisms that encode proteins that are involved in the 
regulation of the cardiovascular system, on central and peripheral hemodynamics. The  aim of the research is to 
study the circulatory adaptation features to physical stress among athletes – rowers with different polymorphisms 
of genes. The study involved 30 highly skilled athletes engaged in rowing and 20 persons not involved in sports 
(control group). Central and peripheral hemo dynamics indices were determined by ReoCom-Professional. 

DNA was isolated from buccal epithelium. Ò-786®Ñ promoter polymorphi sm (eNOS), C-1306→T (MMP2), I/D 
(ÀÑÅ), G1355→A (ELN), Ñ1744 →Ò (HIF1A), Pro

12
→Ala (PPARG), G2528®C (PPARA), Ala203→Pro (PPARGC1B), 

R/ x (ACTN3) polymorphisms were detected by RealTime PCR. The method of linear regression was applied to ana-
lyze the possible association of polymorphism with  hemodynamic indices. During the work models depending on 
hemodynamic parameters of gene polymorphism were created. 

It was established that gene polymorphisms HIF1A, ACE and PP ARG have the greatest influence on hemody-
namic parameters in a state of relative muscular rest. The smallest effect discovered gene polymorphisms PPARA, 
ACTN3 , ELN. C/C genotype (HIF1A) is associated with increased blood flow in the central and peripheral ves-
sels and decrease peripheral vascular resistance. In patients with C/C – genotype significantly higher compared 
with individuals with C/T – genotyp e minute volume of blood lower limbs (438,29 ± 16,83 vs 390,57 ± 35,42 mm2; 
p = 0,01), the difference sectional area of the arteries of the upper e x tremities at the ma x imum and minimum blood 
supply (11,59 ± 1,36 vs 9,59 ± 1,78; p = 0,03), but lower resistance coefficient of the upper limbs (90,83 ± 2,92 vs 
129,63 ± 28,03; p = 0.01). I/I-genotype (ACE) is associated with reduced peripheral vascular resistance (p = 0,047), 
Pro/Pro (PPARG) is associated with increasing parameters of the left ventricle and the elasticity of large arter-
ies (p < 0.05). Effect of C/C – genotype on gene HIF1A in relative peace on muscle blood flow rates, as in the 
central and peripheral vessels can be related to the fact that increased e x pression of HIF1A leads to activation 
of genes that provide cell adaptation to hypoxia and stimulate angiogenesis (EPO, VEGF, VEGFR-1, etc.). Physi-
ological mechanism of influence of ACE polymorphisms on hemodynamic status can be e x plained by the fact that 
the D – allele contributes to the e x pression level of the given gene synthesis and more angiotensin converting 
enzyme which increases the amount of angiotensin II type. One of possible mechanisms of effect of PPARɣ factor 
on vascular is considered to be its interaction with angiotensin receptors. The results e x tends understanding of the 
dependence of functional state of athletes from the combined effect of gene polymorphisms and confirm literature 
data that allelic variants of genes encoding proteins involved in vasomotor reactions associated with the state of the 
cardiovascular system. 

Keywords: genes polymorphisms, hemodynamics, exercise, sports selection. 
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