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Àêòóàëüí³ñòü. Ïðè öóêðîâîìó ä³àáåò³ (ÖÄ) êàñêàä ïàòîëîã³÷íèõ ðåàêö³é ðîçãîðòàºòüñÿ â åíäîòåë³¿ ñóäèí ç ôîðìóâàííÿì
åíäîòåë³àëüíî¿ äèñôóíêö³¿ (ÅÄÔ). Îñíîâíèìè ¿¿ ÷èííèêàìè º ãîðìîí åíäîòåë³þ – åíäîòåë³í-1 (ÅÒ1), îêèñ àçîòó (NO), åíäî-
òåë³àëüíà NO-ñèíòàçà (eNOS), à òàêîæ ôàêòîð íåêðîçó ïóõëèí-α  (TNFα ). Àëå çàëèøàºòüñÿ íåâèâ÷åíèì ïèòàííÿ, ÷è ìîæíà
âèêîðèñòîâóâàòè ôàêòîðè ÅÄÔ ó ÿêîñò³ ïðîãíîñòè÷íèõ ìàðêåð³â ðîçâèòêó ä³àáåòè÷íî¿ ìàêóëîïàò³¿ (ÄÌ).

Ìåòà: ç’ÿñóâàòè ïðîãíîñòè÷íå çíà÷åííÿ ôàêòîð³â ÅÄÔ ó ðîçâèòêó ä³àáåòè÷íî¿ ìàêóëîïàò³¿  ïðè ÖÄ 2 òèïó.
Ìàòåð³àëè òà ìåòîäè. Äîñë³äæåííÿ âêëþ÷àëî 152 ïàö³ºíòà (304 îêà) ³ç ÖÄ 2 òèïó, ÿêèõ ðîçïîä³ëèëè çà ãðóïàìè çã³äíî

äî ñòóïåíþ ä³àáåòè÷íî¿ ðåòèíîïàò³¿ (ÄÐ): 1-à – ïî÷àòêîâà íåïðîë³ôåðàòèâíà ÄÐ, 2-à – ïîì³ðíà àáî âàæêà íåïðîë³ôåðàòèâíà
ÄÐ òà 3-ÿ – ïðîë³ôåðàòèâíà ÄÐ. ÄÌ âñòàíîâëþâàëè ïðè íàÿâíîñò³ ñïåöèô³÷íèõ ä³àáåòè÷íèõ çì³í ñ³òê³âö³ â ìàêóëÿðí³é îá-
ëàñò³ çã³äíî äî Ì³æíàðîäíî¿ êë³í³÷íî¿ øêàëè òÿæêîñò³ Àìåðèêàíñüêî¿ àêàäåì³¿ îôòàëüìîëîã³¿ (2002). Êîíòðîëüíó ãðóïó ñêëà-
ëè 95 îñ³á. Ó ïëàçì³ êðîâ³ ³ìóíîôåðìåíòíèì ìåòîäîì âèçíà÷àëè âì³ñò ÅÒ1, eNOS ³ TNFα ; ñïåêòðîôîìåòðè÷íî âèçíà÷àëè
âì³ñò ê³íöåâèõ ìåòàáîë³ò³â NO (NOx). Ñòàòèñòè÷íó îáðîáêó ïðîâîäèëè ó ïðîãðàì³ Statistica 10 (StatSoft, Inc., USA).

Ðåçóëüòàòè. Ïðè ïðîãðåñóâàíí³ ÄÐ ìàëî ì³ñöå çá³ëüøåííÿ ÷àñòîòè ³ ð³âíþ òÿæêîñò³ ÄÌ (ð=2,0å-06), ùî ñóïðîâîäæóâà-
ëîñÿ çá³ëüøåííÿì ð³âíÿ ó êðîâ³ ÅÒ1 (ó 3,7-4,7 ðàçè), NOõ (â 1,4-1,5 ðàçè) ³ TNFα  (ó 4,2-6,5 ðàçè), ïðè ïðîãðåñèâíîìó çìåí-
øåíí³ ð³âíþ eNOS (Ð<0,01). Áàãàòîôàêòîðíèé ëîã³ñòè÷íèé ðåãðåñ³éíèé àíàë³ç (ïàêåò GLZ; StatSoft, Inc., USA) ïîêàçàâ, ùî
ïàòîãåíåòè÷íèìè ÷èííèêàìè ðîçâèòêó ÄÌ áóëè áàãàòîðàçîâèé ïðèð³ñò ð³âí³â ó êðîâ³ ÅÒ1 ³ TNFα , ùî ï³äòâåðäæåíî ïîáóäî-
âîþ ëîã³ñòè÷íî¿ ðåãðåñ³éíî¿ ìîäåë³ ³ç çàäîâ³ëüíèìè ðåçóëüòàòè àäåêâàòíîñò³ (ð=0,039).

Âèñíîâêè. Äîñë³äæåííÿ ï³äòâåðäèëî âàãîìó ðîëü ÅÄÔ ïðè ÖÄ 2 òèïó ³ äîâåëî ïðîãíîñòè÷íå çíà÷åííÿ ð³âí³â ó êðîâ³ ÅÒ1
³ TNFα  äëÿ ðîçâèòêó ÄÌ.

Êëþ÷îâ³ ñëîâà: öóêðîâèé ä³àáåò 2 òèïó, ä³àáåòè÷íà ìàêóëîïàò³ÿ, åíäîòåë³í-1, TNFα 

Àêòóàëüí³ñòü. Îñíîâíîþ ïðè÷èíîþ ³íâàë³ä³-
çàö³¿ âíàñë³äîê ä³àáåòè÷íèõ óðàæåíü çîðó ïðè öóê-
ðîâîìó ä³àáåò³ (ÖÄ) º ðîçâèòîê ä³àáåòè÷íî¿ ðåòèíî-
(ÄÐ) òà ìàêóëîïàò³¿ (ÄÌ), à âòðàòà çîðó â³äáóâàºòü-
ñÿ âíàñë³äîê ðîçâèòêó ìàêóëÿðíîãî íàáðÿêó [1, 3].
×åðåç 10-15 ðîê³â ó õâîðèõ íà ÖÄ ç’ÿâëÿþòüñÿ îçíà-
êè ÄÐ, à ïîíàä 30 ðîê³â – 90 % ä³àáåòèê³â ìàþòü
äàíó ïàòîëîã³þ çîðó [1].

Ç’ÿñóâàííÿ ðîë³ ñóäèííîãî åíäîòåë³þ ðîçâèâàëî-
ñÿ ïðîòÿãîì îñòàíí³õ äâîõ äåñÿòèë³òü òà ä³éøëî äî
ðîçóì³ííÿ òîãî, ùî â³í º äèíàì³÷íîþ ðåãóëþþ÷îþ
ñèñòåìîþ òà â³ä³ãðàº êëþ÷îâó ðîëü ÿê ó ô³ç³îëîã³÷-
íèõ, òàê ³ ïðè ïàòîëîã³÷íèõ ïðîöåñàõ [5, 15]. Ïðè
ÖÄ ö³ëèé êàñêàä ïàòîëîã³÷íèõ ðåàêö³é ðîçãîðòàºòü-
ñÿ â åíäîòåë³¿ ñóäèí, ÿê³ ïîòåðïàþòü â³ä ãëþêîçî-
òîêñè÷íîñò³, íàäì³ðíî¿ ä³¿ ñòèìóëþþ÷èõ ã³ïåð-
òåíçèâíèõ òà çàïàëüíèõ ôàêòîð³â, àêòèâàòîð³â
òðîìáîóòâîðåííÿ, ³íòåíñèô³êàö³¿ îêèñíîãî ñòðåñó
[4, 10]. Ïîøêîäæåíèé åíäîòåë³é âêëþ÷àºòüñÿ â ïà-

òîãåíåç ÖÄ ³ îáóìîâëþº ðîçâèòîê ïîäàëüøèõ ïîðó-
øåíü [15]. Îñíîâíèìè ÷èííèêàìè åíäîòåë³àëüíî¿
äèñôóíêö³¿ (ÅÄÔ) º ãîðìîí åíäîòåë³þ – åíäîòåë³í
(ÅÒ1), îêèñ àçîòó (NO), åíäîòåë³àëüíà NO-ñèíòàçà
(eNOS), à òàêîæ ôàêòîð íåêðîçó ïóõëèí (TNFα ) [4,
15, 16].

Ìåòà äîñë³äæåííÿ – ç’ÿñóâàòè ïðîãíîñòè÷íå
çíà÷åííÿ ôàêòîð³â ÅÄÔ ó ðîçâèòêó ÄÌ ïðè ÖÄ 2
òèïó.

ÌÀÒÅÐ²ÀËÈ ÒÀ ÌÅÒÎÄÈ
Äîñë³äæåííÿ âêëþ÷àëî 152 ïàö³ºíòà (304 îêà) ³ç

ÖÄ 2 òèïó, ó ÿêèõ çà ðåçóëüòàòàìè îôòàëüìîëîã³÷-
íîãî îáñòåæåííÿ âèÿâëåíî ïî÷àòêîâó íåïðîë³ôåðà-
òèâíó ÄÐ (1-à ãðóïà), ïîì³ðíó àáî âàæêó íåïðîë³ôå-
ðàòèâíó ÄÐ (2-à ãðóïà) òà ïðîë³ôåðàòèâíó ÄÐ (3-ÿ
ãðóïà). ÄÌ âñòàíîâëþâàëè ïðè íàÿâíîñò³ ñïåöèô³÷-
íèõ ä³àáåòè÷íèõ çì³í ñ³òê³âö³ â ìàêóëÿðí³é îáëàñò³:
ìèêðîàíåâðèçì, ãåìîðàã³é, ³íòðàðåòèíàëüíèõ ì³êðî-
ñóäèííèõ àíîìàë³é, òâåðäèõ åêñóäàò³â, ³øåì³¿,
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â³äøàðóâàííÿ çàäíüî¿ ã³àëî³äíî¿ ìåìáðàíè, à òàêîæ
ìàêóëÿðíîãî íàáðÿêó [3]. Ð³âåíü òÿæêîñò³ ÄÐ ³ ÄÌ
âñòàíîâëþâàëè â³äïîâ³äíî äî Ì³æíàðîäíî¿
êë³í³÷íî¿ øêàëè òÿæêîñò³ ÄÐ ³ ÄÌ Àìåðèêàíñüêî¿
àêàäåì³¿ îôòàëüìîëîã³¿ (2002 ð.). Äî êîíòðîëüíî¿
ãðóïè áóëî çàëó÷åíî 95 ïðàêòè÷íî çäîðîâèõ îñ³á,
ÿê³ íå ìàë³ ïîðóøåíü âóãëåâîäíîãî îáì³íó ³
êë³í³÷íî¿ ìàí³ôåñòàö³¿ â³äïîâ³äíèõ ñèìïòîì³â, ñõî-
æèõ ç ì³êðî- ³ ìàêðîñóäèííèìè óñêëàäíåííÿìè.

Óñ³ì õâîðèì ïðîâåäåíî îôòàëüìîëîã³÷í³ äîñë³ä-
æåííÿ, ùî âêëþ÷àëè â³çîìåòð³þ, ñòàòè÷íó ïåðèìåò-
ð³þ Humphrey, ðåôðàêòîìåòð³þ, òîíîìåòð³þ, á³îì³-
êðîñêîï³þ, ãîí³îñêîï³þ, îôòàëüìîñêîï³þ çà
äîïîìîãîþ àñôåðè÷íî¿ ë³íçè Volk Super / Field (NC
USA) ³ êîíòàêòíî¿ òðèäçåðêàëüíî¿ ë³íçè Ãîëüäìàíà
(Volk USA). Õâîðèì âèêîíóâàëè ñïåêòðàëüíîäîìå-
íó îïòè÷íó êîãåðåíòíó òîìîãðàô³þ (ÎÑÒ) íà ïðè-
ëàä³ Optopoltechnology, SOCT, Copernicus REVO
(Optopol Technology Sp, zo.o, Zawiercie, Poland (ïðî-
òîêîë Retina3D, RetinaRaster)) ³ ÎÑÒ â ðåæèì³ «Àí-
ã³î» (ïðîòîêîë RetinaAngio). Âèçíà÷àëè íàÿâí³ñòü
³ñòèííîãî (ñóäèííîãî) äåêîðåëÿö³éíîãî ñèãíàëó ó
ïðåðåòèíàëüíèõ â³ää³ëàõ ñêëîâèäíîãî ò³ëà äëÿ ³äåí-
òèô³êàö³¿ ïî÷àòêîâèõ ïðîöåñ³â ðåòèíîâ³òðåàëüíî¿
íåîâàñêóëÿðèçàö³¿, à òàêîæ çîí êàï³ëÿðíî¿ îêëþç³¿
(³øåì³¿) ïîâåðõíåâîãî òà ãëèáîêîãî ñóäèííîãî ñïëå-
ò³ííÿ ñ³òê³âêè. Òàêîæ âèêîíóâàëè äîñë³äæåííÿ î÷-
íîãî äíà íà ôóíäóñ-êàìåð³ ç éîãî ôîòîãðàôóâàííÿì
â 7 ñòàíäàðòíèõ ïîëÿõ â³äïîâ³äíî äî ìîäèô³êîâàíî¿
ETDRS ñèñòåìè êë³í³÷íèõ îçíàê AirlieHouse.
Ôëóîðåñöåíòíó àíã³îãðàô³þ (ÔÀÃ) âèêîíóâàëè çà
ïîêàçàìè íà ïðèëàä³ TOPCON TRS-NW7SF (ó ðàç³
ï³äîçðè íà ïî÷àòêîâó ðåòèíîâ³òðåàëüíó íåîâàñêóëÿ-
ðèçàö³þ àáî ïðîë³ôåðàö³þ, ÿêó íå áóëî ³äåíòèô³êî-
âàíî îôòàëüìîñêîï³÷íî ³ íà ôîòîãðàô³ÿõ î÷íîãî
äíà, à òàêîæ ó ðàç³ íåâ³äïîâ³äíîñò³ çîðîâèõ ôóíêö³é
îôòàëüìîñêîï³÷íèì çì³íàì â ìàêóëÿðí³é îáëàñò³
àáî äàíèì ÎÑÒ).

Ó ïëàçì³ êðîâ³ ³ìóíîôåðìåíòíèì ìåòîäîì âèç-
íà÷àëè âì³ñò ÷èííèê³â ÅÄÔ: ÅÒ1 (Biomedica
Immunoassays, Àâñòð³ÿ), eNOS (BCM Diagnostics,
ÑØÀ) ³ TNFα  (Bender Medsystems, Àâñòð³ÿ). ²íòåí-
ñèâí³ñòü çàáàðâëåííÿ ïðîäóêòó ôåðìåíòàòèâíî¿ ðå-
àêö³¿ ê³ëüê³ñíî âèì³ðþâàëè íà ôîòîìåòð³ PR2100
SANOFI DIAGNOSTIC PASTEUR (Ôðàíö³ÿ). Ð³âåíü
ó êðîâ³ NO âèçíà÷àëè çà éîãî ê³íöåâèìè ìåòàáîë³-
òàìè (í³òðèò³â ³ í³òðàò³â – NOx) ó ðåàêö³¿ Ãðèñà
ñïåêòðîôîìåòðè÷íî ïðè äîâæèí³ õâèë³ 546 íì.

Äëÿ ñòàòèñòè÷íî¿ îáðîáêè îòðèìàíèõ äàíèõ âè-
êîðèñòîâóâàëè ïðîãðàìó Statistica 10 (StatSoft, Inc.,
USA). Ï³ñëÿ ïðîâåäåííÿ òåñò³â Êîëìîãîðîâà-
Ñì³ðíîâà, Àíäåðñîíà-Äàðë³íãà ³    -êâàäðàò áóâ
âñòàíîâëåíèé â³äì³ííèé â³ä íîðìàëüíîãî õàðàêòåð
ðîçïîä³ëó âàð³àö³éíèõ ðÿä³â (p<0,05). Ó çâ’ÿçêó ç
öèì äëÿ îïèñîâî¿ ñòàòèñòèêè ê³ëüê³ñíèõ äàíèõ âè-
êîðèñòîâóâàëè ìåä³àíó (Me) òà ïåðøèé ³ òðåò³é
êâàðò³ë³ (Q1; Q3) âàð³àö³éíèõ ðÿä³â. Äëÿ ïîð³âíÿííÿ

êàòåãîð³àëüíèõ çì³ííèõ âèêîðèñòîâóâàëè òàáëèö³
ñïîëó÷åííÿ ³ íåïàðàìåòðè÷íèé êðèòåð³é    2 Ï³ðñîíà.
Ó âñ³õ âèïàäêàõ ñòàòèñòè÷íîãî îö³íþâàííÿ çíà÷åí-
íÿ ð<0,05 ââàæàëè â³ðîã³äíèìè.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ó òàáëèö³ 1 íàâåäåí³ äàí³ ïî ðîçïîä³ëó ÷àñòîòè
ÄÌ ïî ãðóïàì õâîðèõ òà ðåçóëüòàòè ïîð³âíÿíü çà ¿¿
íàÿâí³ñòþ àáî â³äñóòí³ñòþ. Ñòàòèñòè÷íî çíà÷óùèìè
âèÿâèëèñÿ ð³çíèö³ çà ðîçïîä³ëîì ÷àñòîòè ÄÌ ÿê äëÿ
âñ³õ õâîðèõ, òàê ³ çà ãðóïîâèì ðîçïîä³ëîì.

×àñòîòà ÄÌ çà ð³âíåì òÿæêîñò³ ó õâîðèõ ïî ãðó-
ïàõ íàâåäåíà ó òàáëèö³ 2

Ó õâîðèõ 1-¿ ãðóïè áóëà ò³ëüêè ïî÷àòêîâà ÄÌ
(64,9 %), ó 2-é ãðóï³ – ïî÷àòêîâà òà ïîì³ðíà (ðàçîì
77,8 %). Ó 3-é ãðóï³ – âñ³ õâîð³ ìàëè ÄÌ, ó òîìó
÷èñë³ ÷åòâåðî (12,5) – òÿæêó ÄÌ. Îòæå, ïî ãðóïàõ
ìàëà ì³ñöå ïðîãðåñ³ÿ ÷àñòîòè ³ òÿæêîñò³ ÄÌ
(ð=2,0å-06).

Óçàãàëüíåí³ äàí³ ïîêàçíèê³â ÅÄÔ ïî ãðóïàõ õâî-
ðèõ â³äîáðàæåíî íà ðèñóíêó 1. Ç ðîçâèòêîì ÄÐ,
áóëà â³äì³÷åíà ÷³òêà òåíäåíö³ÿ äî ïîñòóïîâîãî
çá³ëüøåííÿ ÅÒ1, ð³âåíü ÿêîãî ñòàòèñòè÷íî çíà÷óùå
ïåðåâèùóâàâ êîíòðîëü ó ãðóïàõ õâîðèõ (ó 3,7-4,7
ðàçè). Ð³âåíü NOõ òàêîæ çíà÷óùå çá³ëüøóâàâñÿ (â
1,4-1,5 ðàçè), ùî, îäíàê, íå çàëåæàëî â³ä òÿæêîñò³
çàõâîðþâàííÿ.

Íàÿâí³ñòü ñòàòèñòè÷íî çíà÷óùî¿ ð³çíèö³ ì³æ
âñ³ìà ãðóïàìè ï³äòâåðäèëî çâ’ÿçîê ì³æ ðîçâèòêîì
ÄÐ ³ âì³ñòîì ó êðîâ³ eNOS. Âî÷åâèäü, ùî ³ç
çá³ëüøåííÿì òÿæêîñò³ ÄÐ â³äáóâàëîñÿ íàðîñòàþ÷å
ãàëüìóâàííÿ åêñïðåñ³¿ eNOS òà ïðîãðåñèâíå çíè-
æåííÿ ¿¿ ð³âíÿ ó êðîâ³, ùî ñï³âïàäàëî ç äàíèìè [13].
Ïðè öüîìó çàãàëüíå íàêîïè÷åííÿ ó êðîâ³ NOõ, íà
íàøó äóìêó, â³äîáðàæàëî çíà÷íó àêòèâàö³þ ³íäóöè-
áåëüíî¿ NO-ñèíòàçè âíàñë³äîê îêèñíîãî ñòðåñó, ðîç-
âèòêó ã³ïîêñ³¿ ³ ³íøèõ ïàòîãåíåòè÷íèõ ôàêòîð³â ÖÄ
[4, 15].

Âì³ñò TNFá ïåðåâèùàâ êîíòðîëü ó 1-é ³ 2-é ãðó-
ïàõ, â³äïîâ³äíî, ó 4,2 ³ 5,1 ðàçè. Íàäâèñîê³ çíà÷åííÿ
TNFα  çãðóïóâàëèñÿ ó 3-é ãðóï³, ùî ïîêàçóâàëî çà-
ëåæí³ñòü àêòèâàö³¿ öèòîê³íîâîãî êàñêàäó â³ä òÿæ-
êîñò³ ÄÐ ïðè ÖÄ 2 òèïó, òà óçãîäæóâàëîñÿ ç ë³òåðà-
òóðíèìè äàíèìè [5, 11].

Íåîáõ³äíî çàçíà÷èòè, ùî êîíêðåòí³ ìåõàí³çìè
ðîçâèòêó ñóäèííèõ óñêëàäíåíü òà ¿õ ïàòîãåíåòè÷í³
÷èííèêè íà äàíèé ìîìåíò âèñâ³òëåíî íåäîñòàòíüî,
íå ÿñíî, ÷îìó ó îäíîìó âèïàäêó ó õâîðîãî ïðîãðå-
ñóº ÄÐ ³ ÄÌ, à ó ³íøîìó âèïàäêó, ó òàêîãî æ, çà
êë³í³êî-ëàáîðàòîðíèìè ïîêàçíèêàìè, õâîðîãî, ïðî-
ãðåñóº íåôðîïàò³ÿ [4, 16].

Îòæå, ñàìå äëÿ ç’ÿñóâàííÿ ïàòîãåíåòè÷íî¿ ðîë³
îñíîâíèõ ÷èííèê³â ÅÄÔ áóëà çðîáëåíà ñïðîáà ó
ðàìêàõ îäíîãî äîñë³äæåííÿ ðîçðàõóâàòè ¿õ âïëèâ íà
ðîçâèòîê ÄÌ. Äëÿ âèð³øåííÿ öüîãî çàâäàííÿ áóëà
âèêîíàíà ñåð³ÿ áàãàòîôàêòîðíèõ ëîã³ñòè÷íèõ ðåãðå-
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Òàáëèöÿ 1
Ðîçïîä³ë ÷àñòîòè ÄÌ   

  -/+    (n=152) 
-/+ 

n (f) 2  1-  
n (f) 

2-  
n (f) 

3-  
n (f) 

2  

- 33 
(0,217) 

20 
(0,132) 

13 
(0,085) 

0 
(0,000) 

+ 119 
(0,783) 

95,1 0,0 -01 
37 

(0,243) 
50 

(0,329) 
32 

(0,211) 

14,9 5,8 -04 

 

         
  

  
1- , n (f) 2- ,n (f) 3- ,n (f) ( 2) 

 20 (0,351) 13 (0,263) 0 (0,000) 
 37 (0,649) 33 (0,524) 21 (0,656) 

 0 (0,000) 16 (0,254) 7 (0,219) 
 0 (0,000) 1 (0,016) 4 (0,125) 

2,0 -06 

 

Ïðèì³òêè: -/+ – â³äñóòí³ñòü àáî íàÿâí³ñòü óñêëàäíåííÿ; n (f) – ê³ëüê³ñòü ³ ÷àñòîòà ðîçïîä³ëó óñêëàäíåíü;    2 – êðèòåð³é Chisquare Yates
corrected; ð – ñòàòèñòè÷íà çíà÷óù³ñòü â³äì³ííîñòåé ì³æ ãðóïàìè ïîð³âíÿíü

Òàáëèöÿ 2
Ê³ëüê³ñòü ³ ÷àñòîòè ÄÌ ð³çíî¿ òÿæêîñò³ ó ãðóïàõ õâîðèõ

Ðèñ. 1. Âì³ñò ÷èííèê³â ÅÄÔ ó ãðóïàõ õâîðèõ. Ñòàòèñòè÷íà çíà÷óù³ñòü ðîçá³æíîñòåé ì³æ ãðóïàìè çà êðèòåð³ºì Í
(Kruskal-Wallis ANOVA by Ranks test) P(H) < 0,001

ñ³éíèõ îá÷èñëåíü ç âèêîðèñòàííÿì ïàêåòà GLZ. Â
ÿêîñò³ çàëåæíî¿ çì³ííî¿ áóâ âèêîðèñòàíèé á³íîì³-
íàëüíèé ïîêàçíèê, ÿêèé âèçíà÷àâ íàÿâí³ñòü àáî
â³äñóòí³ñòü ÄÌ, à â ÿêîñò³ íåçàëåæíèõ (ïðåäèê-
òîð³â) – áåçïåðåðâí³ ê³ëüê³ñí³ çíà÷åííÿ ð³âí³â ó
êðîâ³ ìàðêåð³â ÅÄÔ: ÅÒ1, NO, eNOS ³ TNFα . Äëÿ
êîæíî¿ çàëåæíî¿ çì³ííî¿ ïðîâîäèëè â³äá³ð ïðåäèê-
òîð³â, âïëèâ ÿêèõ íà ðîçâèòîê óñêëàäíåíü ñòàòèñ-
òè÷íî â³äð³çíÿâñÿ â³ä íóëüîâî¿ ã³ïîòåçè, ³ ïðîâîäè-

ëè îö³íêó àäåêâàòíîñò³ ìîäåë³ çà ðåçóëüòàòàìè ïî-
áóäîâè êðèâèõ îïåðàö³éíî¿ õàðàêòåðèñòèêè (ROC).

Ó òàáëèö³ 3 íàâåäåí³ â³ä³áðàí³ êîåô³ö³ºíòè ðåã-
ðåñ³¿ ³ â³ëüíèé ïîêàçíèê òà ¿õ ñòàòèñòè÷íà çíà-
÷óù³ñòü, ÿê³ áóëè âèêîðèñòàí³ äëÿ ïîáóäîâè ðåãðåñ-
³éíîãî ð³âíÿííÿ ïðîãíîçó ðîçâèòêó ÄÌ. Âèçíà÷åíî,
ùî íà íàÿâí³ñòü ÄÌ ñèëüíî âïëèâàëè ð³âí³ ó êðîâ³ ³
TNFα . ²íø³ ÷èííèêè ÅÄÔ íà ÄÌ íå âïëèâàëè
(p>0,05).

œ‡Ì˜ÂÌÍÓ fi.Œ., ÃÓ„≥ÎÂ‚Ò¸ÍËÈ —.fi., «ˇ·Î≥̂ Â‚ —.¬., ◊ÂÌÓ·Ë‚ˆÂ‚ Œ.œ.
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Òàáëèöÿ 3
Ðåçóëüòàòè ðîçðàõóíêó β 

 
-êîåô³ö³ºíò³â ðåãðåñ³éíîãî ð³âíÿííÿ

äëÿ â³ä³áðàíèõ ïðåäèêòîð³â òà â³ëüíîãî ïîêàçíèêà

  
  

±SE Wald p 

1 2,711±0,657 17,022 3,7 -05 
TNF  0,012±0,005 4,339 0,037  

 
  -5,873±1,536 0,181 1,30 -04 

Ïðèì³òêè: β 
 

 – êîåô³ö³ºíò ðåãðåñ³¿; ±SE – ñòàíäàðòíà ïîõèáêà β 
 

-êîåô³ö³ºíò³â; Wald – ïîêàçíèê Wald-ñòàòèñòèêè; ð – çíà÷óù³ñòü
â³äì³ííîñò³ â³ä íóëüîâî¿ ã³ïîòåçè

       
 AUC -2*Log 2 p 

( ) 0,785 152,56 6,50 0,039 

 

Ð(ÄÌ) = 1/(1+                                 )                  (1),e(5,873–2,711∗ET1–0,012∗TNFα) 

Òàêèì ÷èíîì, ëîã³ñòè÷íà ðåãðåñ³éíà ìîäåëü ïðî-
ãíîçóâàííÿ ðîçâèòêó ÄÌ ìàëà òàêèé âèãëÿä:

äå: Ð(ÄÌ) – éìîâ³ðí³ñòü ðîçâèòêó ÄÌ; ÅÒ1 – âì³ñò
â êðîâ³ åíäîòåë³íó-1 (ôìîëü/ìë); TNFα  – âì³ñò â
êðîâ³ ôàêòîðà íåêðîçó ïóõëèí (ïã/ìë).

Ðåçóëüòàòè îö³íêè àäåêâàòíîñò³ ðîçðîáëåíî¿ ìî-
äåë³ ïðåäñòàâëåí³ â òàáëèö³ 4. Äîñèòü âèñîê³ çíà÷åí-
íÿ ÀUC òà ïîêàçíèê³â ïðàâäîïîä³áíîñò³ ïðè
ð=0,039 âêàçóâàëî íà àäåêâàòí³ñòü ïîáóäîâàíî¿ ìî-
äåë³.

Îòæå, áàãàòîðàçîâèé ïðèð³ñò ð³âí³â ó êðîâ³ ÅÒ1 ³
TNFα  ìîæíà ââàæàòè ïàòîãåíåòè÷íèì ÷èííèêîì
ðîçâèòêó ÄÌ. Ó ïîðÿäêó îáãîâîðåííÿ îòðèìàíèõ
ðåçóëüòàò³â ìîæíà çàçíà÷èòè, ùî äëÿ ôîðìóâàííÿ
ñóäèííèõ ïîðóøåíü ïðè ÖÄ 2 òèïó êëþ÷îâèì º ïî-
íÿòòÿ ðîë³ åíäîòåë³þ [15]. Îñíîâíèì ãîðìîíîì åí-
äîòåë³þ º åíäîòåë³í, ÿêèé ìàº âàçîàêòèâíèé, íà-
òð³éóðåòè÷íèé, ïðîë³ôåðàòèâíèé òà ãåìîñòàòè÷íèé
åôåêòè [18]. Ïðè öüîìó, ô³ç³îëîã³÷í³ êîíöåíòðàö³¿
ÅÒ1 àêòèâóþòü ðåöåïòîðè òèïó Â (EDNRB) òà ìà-
þòü ã³ïîòåíçèâíèé åôåêò, òîä³ ÿê âèñîê³, íàâïàêè –
ã³ïåðòåíçèâíèé – ÷åðåç àêòèâàö³þ ðåöåïòîð³â òèïó
À (EDNRA ). Ðåçóëüòàòè ñó÷àñíèõ (2018) äîñë³ä-
æåíü [12] ïåðåêîíëèâî ïîêàçàëè, ùî ÅÄÔ òà ñèñòå-
ìà ÅÒ1 ³ éîãî ðåöåïòîð³â áåðå àêòèâíó ó÷àñòü ó ðîç-
âèòêó ä³àáåòè÷íèõ ñóäèííèõ óñêëàäíåíü. Ïðè ÖÄ 2
òèïó âèçíà÷åíà ï³äâèùåíà åêñïðåñ³ÿ ÅÒ1 ³ ðåöåï-
òîð³â EDNRA, ùî â³äïîâ³äàëî òÿæêîñò³ íåôðîïàò³¿
[18]. Ó ðîáîò³ ñëîâåíñüêèõ â÷åíèõ äîâåäåíà íà-
ÿâí³ñòü çâ’ÿçêó ïîë³ìîðô³çì³â ãåíà EDNRB ç ðîçâèò-
êîì ä³àáåòè÷íî¿ ðåòèíîïàò³¿ [6]. Òàê³ äàí³ äàëè çìî-
ãó ðåêîìåíäóâàòè âèêîðèñòàííÿ àíòàãîí³ñò³â ÅÒ1
äëÿ ë³êóâàííÿ ä³àáåòè÷íî¿ õâîðîáè íèðîê [8]. Îòðè-

Òàáëèöÿ 4
Îö³íî÷í³ ïîêàçíèêè àäåêâàòíîñò³ ìàòåìàòè÷íèõ ìîäåëåé ïðîãíîçóâàííÿ

Ïðèì³òêè: AUC – ïëîùà ï³ä ROC-ä³àãðàìîþ; -2*Log – ïîêàçíèê ïðàâäîïîä³áíîñò³;    2 – êñ³-êâàäðàò, êðèòåð³é â³äì³ííîñò³ â³ä íóëüîâî¿
ã³ïîòåçè; ð – ñòàòèñòè÷íà çíà÷óù³ñòü â³äì³ííîñò³ â³ä íóëüîâî¿ ã³ïîòåçè

ìàí³ ó äàíîìó äîñë³äæåíí³ äàí³ ïîêàçóþòü ïðèíöè-
ïîâó ìîæëèâ³ñòü âèêîðèñòàííÿ öèõ àíòàãîí³ñò³â ³
äëÿ ë³êóâàííÿ ÄÌ.

Ìîëåêóëÿðíîþ îñíîâîþ çíà÷èìîñò³ TNFα  ó ìå-
õàí³çìàõ ðîçâèòêó ÖÄ 2 òèïó º ðîëü öèòîê³íó ó ïå-
ðåäà÷³ ñèãíàëó ç ³íñóë³íîâîãî ðåöåïòîðó [14]: TNF-
α  ³íäóêóº ôîñôîðèëþâàííÿ ñóáñòðàòó ³íñóë³íîâîãî
ðåöåïòîðó (IRS-1) [9] çà ñåðèíîâèìè çàëèøêàìè
636/639 ³ ³íã³áóº ôîñôîðèëþâàííÿ òèðîçèíó, ùî çà-
ïîá³ãàº ïîäàëüø³é àêòèâàö³¿ øëÿõ³â PI3K/Akt- ³ Erk/
MAP-ê³íàç òà ïîãëèíàííþ ãëþêîçè [17]. Òàêå àëü-
òåðíàòèâíå ôîñôîðèëþâàííÿ ñåðèíó/òèðîçèíó IRS-
1 â íîðì³ ðåãóëþº åôåêòèâí³ñòü ïåðåäà÷³ ñèãíàë³â
³íñóë³íó, òîä³ ÿê ïðè ä³¿ TNFα  ìóëüò³ñàéòîâå ñåðèí/
òèðîçèíîâå ôîñôîðèëèðîâàííÿ ïðèçâîäå äî áëîêó-
âàííÿ âçàºìîä³¿ IRS-1 ³ ïåïòèäó þêñòàìåìáðàííîãî
äîìåíó, ùî ïåðåâîäèòü IRS-1 â íåàêòèâíèé ñòàí ³
âèêëèêàº ðåçèñòåíòí³ñòü äî ³íñóë³íó [7]. Âñòàíîâëå-
íèé ôàêò âïëèâó ï³äâèùåíîãî âì³ñòó TNFα  íà ðîç-
âèòîê ÄÌ, âî÷åâèäü, ïîÿñíþºòüñÿ ñàìå òàêèì ìîëå-
êóëÿðíèì åôåêòîì öüîãî öèòîê³íó íà
ïîñòðåöåïòîðíîìó ð³âí³. Êð³ì òîãî, çíà÷åííÿ öüîãî
ôàêòîðó äëÿ ðîçâèòêó ³íøèõ ä³àáåòè÷íèõ óñêëàä-
íåíü ïîêàçàíî íàìè ðàí³øå äëÿ íåôðîïàò³¿ [2].

ÂÈÑÍÎÂÊÈ

1. Ïðè ïðîãðåñóâàíí³ ÄÐ ìàëî ì³ñöå çá³ëüøåííÿ
÷àñòîòè ³ ð³âíÿ òÿæêîñò³ ÄÌ (ð=2,0å-06).

2. Ïðîãðåñóâàííÿ ÄÐ ñóïðîâîäæóâàëîñÿ
çá³ëüøåííÿì ð³âíÿ ó êðîâ³ òàêèõ ÷èííèê³â ÅÄÔ, ÿê
ÅÒ1, NOõ ³ TNFα , ïðè çìåíøåíí³ eNOS.

3. Ïàòîãåíåòè÷íèìè ÷èííèêàìè ðîçâèòêó ÄÌ
áóëè áàãàòîðàçîâèé ïðèð³ñò ð³âí³â ó êðîâ³ ÅÒ1 ³
TNFα , ùî ï³äòâåðäæåíî ïîáóäîâîþ ëîã³ñòè÷íî¿
ðåãðåñ³éíî¿ ìîäåë³ ³ç çàäîâ³ëüíèìè ðåçóëüòàòè àäåê-
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âàòíîñò³ (ïîêàçíèê ïðàâäîïîä³áíîñò³ -
2*Log=152,56; ð=0,039).

Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàÿâëÿþòü, ùî íå
ìàþòü êîíôë³êòó ³íòåðåñ³â.

Äæåðåëà ô³íàíñóâàííÿ. Ðîáîòà âèêîíàíà ó ðàì-
êàõ äåðæáþäæåòíî¿ ÍÄÐ Íàóêîâî-äîñë³äíîãî ³íñòè-
òóòó Åêñïåðèìåíòàëüíî¿ òà êë³í³÷íî¿ ìåäèöèíè òà
êàôåäðè ïàòîô³ç³îëîã³¿ Íàö³îíàëüíîãî ìåäè÷íîãî
óí³âåðñèòåòó ³ìåí³ Î.Î. Áîãîìîëüöÿ «Âèâ÷èòè çíà-
÷åííÿ ãåíåòè÷íèõ ÷èííèê³â òà çîâí³øí³õ âïëèâ³â ó
ðîçâèòêó ³ ïðîãðåñóâàíí³ ì³êðîöèðêóëÿòîðíèõ óñê-
ëàäíåíü ïðè öóêðîâîìó ä³àáåò³ 2 òèïó», ¹ äåðæðåº-
ñòðàö³¿ 0118U001214.
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1 Íàöèîíàëüíàÿ ìåäèöèíñêàÿ àêàäåìèÿ ïîñëåäèïëîìíîãî îáðàçîâàíèÿ èìåíè Ï.Ë. Øóïèêà, Êèåâ, Óêðàèíà
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Àêòóàëüíîñòü. Ïðè ñàõàðíîì äèàáåòå (ÑÄ) êàñêàä ïàòîëîãè÷åñêèõ ðåàêöèé ðàçâîðà÷èâàåòñÿ â ýíäîòåëèè ñîñóäîâ ñ ôîð-

ìèðîâàíèåì ýíäîòåëèàëüíîé äèñôóíêöèè (ÝÄÔ). Îñíîâíûìè åå ôàêòîðàìè ÿâëÿþòñÿ ãîðìîí ýíäîòåëèÿ – ýíäîòåëèí-1 (ÝÒ1),
îêñèä àçîòà (NO), ýíäîòåëèàëüíàÿ NO-ñèíòàçà (eNOS), à òàêæå ôàêòîð íåêðîçà îïóõîëåé-α  (TNFα ). Íî îñòàåòñÿ íåèçó÷åííûì
âîïðîñ, ìîæíî ëè èñïîëüçîâàòü ôàêòîðû ÝÄÔ â êà÷åñòâå ïðîãíîñòè÷åñêèõ ìàðêåðîâ ðàçâèòèÿ äèàáåòè÷åñêîé ìàêóëîïàòèè.

Öåëü: âûÿñíèòü ïðîãíîñòè÷åñêîå çíà÷åíèå ôàêòîðîâ ÝÄÔ â ðàçâèòèè äèàáåòè÷åñêîé ìàêóëîïàòèè (ÄÌ) ïðè ÑÄ 2 òèïà.
Ìàòåðèàë è ìåòîäû. Èññëåäîâàíèå âêëþ÷àëî 152 ïàöèåíòà (304 ãëàçà) ñ ÑÄ 2 òèïà, êîòîðûõ ðàñïðåäåëèëè ïî ãðóïïàì

ñîãëàñíî ñòåïåíè äèàáåòè÷åñêîé ðåòèíîïàòèè (ÄÐ): 1-ÿ – íà÷àëüíàÿ íåïðîëèôåðàòèâíàÿ ÄÐ, 2-ÿ – óìåðåííàÿ èëè òÿæåëàÿ
íåïðîëèôåðàòèâíàÿ ÄÐ è 3-ÿ – ïðîëèôåðàòèâíàÿ ÄÐ. ÄÌ óñòàíàâëèâàëè ïî íàëè÷èþ ñïåöèôè÷åñêèõ äèàáåòè÷åñêèõ èçìåíå-
íèé ñåò÷àòêè â ìàêóëÿðíîé îáëàñòè ñîãëàñíî Ìåæäóíàðîäíîé êëèíè÷åñêîé øêàëå òÿæåñòè Àìåðèêàíñêîé àêàäåìèè îôòàëü-
ìîëîãèè (2002). Êîíòðîëüíóþ ãðóïïó ñîñòàâèëè 95 ÷åëîâåê. Â ïëàçìå êðîâè èììóíîôåðìåíòíûì ìåòîäîì îïðåäåëÿëè ñîäåð-
æàíèå ÝÒ1, eNOS è TNFα ; ñïåêòðîôîìåòðè÷åñêè îïðåäåëÿëè ñîäåðæàíèå êîíå÷íûõ ìåòàáîëèòîâ NO (NOx). Ñòàòèñòè÷åñêóþ
îáðàáîòêó äàííûõ ïðîâîäèëè â ïðîãðàììå Statistica 10 (StatSoft, Inc., USA).

Ðåçóëüòàòû. Ïðè ïðîãðåññèðîâàíèè ÄÐ èìåëî ìåñòî óâåëè÷åíèå ÷àñòîòû è óðîâíþ òÿæåñòè ÄÌ (ð=2,0å-06), ÷òî ñîïðî-
âîæäàëîñü óâåëè÷åíèåì óðîâíÿ â êðîâè ÝÒ1 (â 3,7-4,7 ðàçà), NOõ (â 1,4-1,5 ðàçà) è TNFα  (â 4,2-6,5 ðàçà), ïðè ïðîãðåññèâíîì
ñíèæåíèè óðîâíÿ eNOS (Ð<0,01). Ìíîãîôàêòîðíûé ëîãèñòè÷åñêèé ðåãðåññèîííûé àíàëèç (ïàêåò GLZ; StatSoft, Inc., USA)
ïîêàçàë, ÷òî ïàòîãåíåòè÷åñêèìè ôàêòîðàìè ðàçâèòèÿ ÄÌ áûëè ìíîãîêðàòíûé ïðèðîñò óðîâíåé â êðîâè ÝÒ1 è TNFα , ÷òî
áûëî ïîäòâåðæäåíî ïîñòðîåíèåì ëîãèñòè÷åñêîé ðåãðåññèîííîé ìîäåëè ñ óäîâëåòâîðèòåëüíûìè ðåçóëüòàòàìè àäåêâàòíîñòè
(ð=0,039).

Âûâîäû. Èññëåäîâàíèå ïîäòâåðäèëî âåñîìóþ ðîëü ÝÄÔ ïðè ÑÄ 2 òèïà è äîêàçàëî ïðîãíîñòè÷åñêîå çíà÷åíèå óðîâíåé â
êðîâè ÝÒ1 è TNFα  äëÿ ðàçâèòèÿ ÄÌ.

Êëþ÷åâûå ñëîâà: ñàõàðíûé äèàáåò 2 òèïà, äèàáåòè÷åñêàÿ ìàêóëîïàòèÿ, ýíäîòåëèí-1, TNFα 
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Relevance. In diabetes mellitus (DM), a cascade of pathological reactions unfolds in the vascular endothelium with the formation
of endothelial dysfunction (EDF). Its main factors are endothelium hormone – endothelin-1 (ET1), nitric oxide (NO), endothelial NO-
synthase (eNOS), and also tumor necrosis factor-α  (TNFα ). But the unexplored question remains whether EDFs can be used as
prognostic markers for the development of diabetic maculopathy.

Objective: to find out the prognostic value of EDF factors in the development of diabetic maculopathy (DM) in type 2 diabetes.
Material and methods. This study included 152 patients (304 eyes) with type 2 diabetes, which were divided into groups

according to the degree of diabetic retinopathy (DR): 1st – initial non-proliferative DR, 2nd – moderate or severe non-proliferative DR
and 3rd – proliferative DR. DM was determined by the presence of specific diabetic retinal changes in the macular area according to
the International Clinical Gravity Scale of the American Academy of Ophthalmology (2002). The control group consisted of 95
people. The content of ET1, eNOS and TNFα  was determined by ELISA; the content of the final NO metabolites (NOx) was
determined spectrophotometrically. Statistical data processing was performed using Statistica 10 (StatSoft, Inc., USA).

Results. With the progression of DR, there was an increase in the frequency and severity level of DM (p=2.0e-06), which was
accompanied by an increase in the blood levels ET1 (3.7-4.7 times), NOx (1.4-1.5  times) and TNFα  (4.2-6.5 times), with a
progressive decrease in the level of eNOS (P<0.01). Multifactorial logistic regression analysis (GLZ package; StatSoft, Inc., USA)
showed that pathogenetic factors for the DM development were multiple increase in blood levels of ET1 and TNFα , which was
confirmed by building a logistic regression model with satisfactory results of adequacy (p=0.039).

Conclusions. This study confirmed the significant role of EDF in type 2 diabetes and proved the prognostic value of ET1 and
TNFα  blood levels for the development of DM.

Key words: diabetes mellitus type 2, diabetic maculopathy, endothelin-1, TNFα .
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