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²íôåêö³ÿ COVID-19 ïîâ’ÿçàíà ç äèñë³ï³äåì³ºþ òà ñåð-
öåâî-ñóäèííèìè óñêëàäíåííÿìè. Ìåòîþ ðîáîòè áóëî 
âèçíà÷åííÿ âì³ñòó ApoÀ1, ApoB òà îêèñëåíèõ ë³ïîïðî-
òå¿ä³â íèçüêî¿ ù³ëüíîñò³ (oxLDL) ó ïëàçì³ êðîâ³ õâî-
ðèõ (n = 81) íà COVID-19, ä³àáåò òà ñåðöåâî-ñóäèíí³ 
çàõâîðþâàííÿ (ÑÑÇ). ApoÀ1, ApoB òà oxLDL âèçíà-
÷àëè çà äîïîìîãîþ íàáîð³â äëÿ ³ìóíîôåðìåíòíîãî àíà-
ë³çó (Elabscience, ÑØÀ). Âèì³ðþâàííÿ ïðîâîäèëè ïðè 
îï-òè÷í³é äîâæèí³ õâèë³ 450 íì. Ïîêàçàíî, ùî ð³âåíü 
ApoA1 ó êðîâ³ õâîðèõ íà öóêðîâèé ä³àáåò 2 òèïó ³, îñî-
áëèâî, ç COVID-19 áóâ çíà÷íî íèæ÷èì, í³æ ó êðîâ³ çäî-
ðîâèõ ëþäåé. Ð³âåíü ApoA1 ó êðîâ³ íå äåìîíñòðóº ïîäàëü-
øîãî çíèæåííÿ ó ïàö³ºíò³â ÿê ç COVID-19, òàê ³ ç ä³à-
áåòîì àáî ÑÑÇ ó ïîð³âíÿíí³ ç ïàö³ºíòàìè ç COVID-19 
áåç ñóïóòí³õ çàõâîðþâàíü. Âñòàíîâëåíî, ùî ð³âåíü ApoÂ 
òà oxLDL ó êðîâ³ õâîðèõ íà ÖÄ ³, îñîáëèâî, ç COVID-19 
ñóòòºâî âèùèé, í³æ ó êðîâ³ çäîðîâèõ ëþäåé. Ð³âåíü 
ApoÂ òà oxLDL ó êðîâ³ âèùå ó ïàö³ºíò³â ³ ç COVID-19 
³ ç ä³àáåòîì àáî ÑÑÇ ó ïîð³âíÿíí³ ç ïàö³ºíòàìè ç CO-
VID-19 áåç ñóïóòí³õ çàõâîðþâàíü. Òàêèì ÷èíîì, ð³âí³ 
ApoÀ1, ApoÂ òà oxLDL ìîæóòü áóòè ïåðñïåêòèâíèìè 
ìàðêåðàìè COVID-19.

Êëþ÷îâ³ ñëîâà: COVID-19, öóêðîâèé ä³àáåò, ñåðöåâî-
ñóäèíí³ çàõâîðþâàííÿ, àïîë³ïîïðîòå¿í À1, àïîë³ïîïðî-
òå¿í Â, oxLDL.

Âñòóï. Ã³äðîôîáí³ ë³ï³äè íå ðîç÷èíÿþòüñÿ â 
ïëàçì³ êðîâ³ ³ äëÿ äîñòàâêè äî òêàíèí âîíè 
óïàêîâóþòüñÿ â ë³ïîïðîòå¿íè ç åô³ðàìè õîëåñ-
òåðèíó òà òðèãë³öåðèäàìè â ñåðöåâèí³ òà ôîñ-
ôîë³ï³äàìè, â³ëüíèì õîëåñòåðèíîì ³ àïîë³ïî-
ïðîòå¿íàìè íà ïîâåðõí³. Âñòàíîâëåíî, ùî ï³ä-
âèùåíèé ð³âåíü õîëåñòåðèíó ë³ïîïðîòå¿í³â âè-
ñîêî¿ ù³ëüíîñò³ (HDL-C) òà àïîë³ïîïðîòå¿íó
À1 (ApoA1) ó ïëàçì³ àñîö³éîâàíèé ³ç çíèæåíèì 
ðèçèêîì ðîçâèòêó ñåðöåâî-ñóäèííèõ çàõâîðþ-
âàíü (ÑÑÇ). Îêð³ì ïîòåíö³éíî¿ êàðä³îïðîòåê-

òîðíî¿ ôóíêö³¿, HDL òà ÀpîÀ1, îñíîâí³ àïîë³-
ïîïðîòå¿íè HDL, òàêîæ õàðàêòåðèçóþòüñÿ ïðî-
òèä³àáåòè÷íèìè âëàñòèâîñòÿìè. Ï³äâèùåííÿ ð³â-
íÿ HDL òà ÀpîÀI ó ïëàçì³ ïîêðàùóº ãë³êåì³÷-
íèé êîíòðîëü ó ïàö³ºíò³â ³ç öóêðîâèì ä³àáåòîì
2 òèïó (ÖÄ2) çà ðàõóíîê ïîñèëåííÿ ôóíêö³¿ 
�-êë³òèí ï³äøëóíêîâî¿ çàëîçè òà ï³äâèùåííÿ 
÷óòëèâîñò³ äî ³íñóë³íó [Rye, 2016]. ApoA1 òà-
êîæ ñòèìóëþº ïîãëèíàííÿ ãëþêîçè in vivo â 
ñêåëåòíèõ òà ñåðöåâèõ ì’ÿçàõ (Fritzen, 2020). 
Ã³äðîôîáíå ÿäðî ë³ïîïðîòå¿ä³â íèçüêî¿ ù³ëü-
íîñò³ (LDL) ñêëàäàºòüñÿ ç ïðèáëèçíî 170 òðè-
ãë³öåðèä³â, 1500 ñêëàäíèõ åô³ð³â õîëåñòåðèíó, 
ã³äðîô³ëüíî¿ îáîëîíêè, ùî ñêëàäàºòüñÿ ç 700 
ìîëåêóë ôîñôîë³ï³ä³â, áëèçüêî 500 ìîëåêóë 
íåñòåðèô³êîâàíîãî õîëåñòåðèíó òà îäí³º¿ âåëè-
êî¿ êîï³¿ ApoB ç ìîëåêóëÿðíîþ ìàññîþ 500 êÄà
[Khatana, 2020]. ApoB º îñíîâíèì àïîë³ïî-
ïðîòå¿íîì ³ º íîñ³ºì äëÿ íàñòóïíèõ ë³ï³ä³â: 
õ³ëîì³êðîí³â, LDL, ë³ïîïðîòå¿í³â äóæå íèçü-
êî¿ ù³ëüíîñò³ (VLDL), ë³ïîïðîòå¿í³â ñåðåäíüî¿ 
ù³ëüíîñò³ (IDL) òà ë³ïîïðîòå¿í³â (à). ApoB íå 
ì³ñòèòüñÿ â ë³ïîïðîòå¿íàõ âèñîêî¿ ù³ëüíîñò³ 
(HDL), îñòàíí³ â³äíîâëþþòüñÿ äî ë³ïîïðîòå-
¿í³â ç ApoA. Ïå÷³íêîâèé ApoB ìàº ìîëåêóëÿð-
íó ìàñó 540000 Da. Â öèðêóëÿö³¿ º äâ³ ôîðìè 
ApoB – ApoB48 (³ç òîíêî¿ êèøêè) òà ApoB100 
(³ç ïå÷³íêè) [Devaraj, 2021].

Â óìîâàõ îêèñíîãî ñòðåñó îêèñëåííÿ LDL 
â³äáóâàºòüñÿ â ïðîöåñ³ ïåðåêèñíîãî îêèñëåí-
íÿ ë³ï³ä³â, â îñíîâíîìó çà ó÷àñòþ ìîëåêóë
ôîñôîë³ï³ä³â. Ïðè ïàòîëîã³÷íèõ ñòàíàõ ë³ïî-
ïðîòå¿íè ïëàçìè, ùî ì³ñòÿòü ApoB ïðîíèêà-
þòü ÷åðåç ïîøêîäæåíèé åíäîòåë³é ó ñóáåí-
äîòåë³àëüíó ³íòèìó ñóäèí, îêèñëþþ÷èñü ROS 
(reactive oxygen species). Òàêèì ÷èíîì, LDL 
ìîäèô³êóºòüñÿ äî oxLDL (Khatana, 2020).

Âñòàíîâëåíî, ùî ï³äâèùåíèé ð³âåíü õîëåñ-
òåðèíó ë³ïîïðîòå¿í³â íèçüêî¿ ù³ëüíîñò³ (LDL-
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Ð³âí³ àïîë³ïîïðîòå¿í³â A1/B òà oxLDL ó ïëàçì³ êðîâ³ ó õâîðèõ íà COVID-19

C), àïîë³ïîïðîòå¿íó B ³, îñîáëèâî, oxLDL ó 
ïëàçì³ êðîâ³ ïîâ’ÿçàíå ç ï³äâèùåíèì ðèçèêîì
ðîçâèòêó ÑÑÇ. Ñï³ââ³äíîøåííÿ ApoB/ApoA1 
àñîö³éîâàíå ç ÖÄ2 ³ ïðîïîíóºòüñÿ ÿê ïåðñ-
ïåêòèâíèé á³îìàðêåð äëÿ ïðîãíîçóâàííÿ ÑÑÇ 
(Mao, 2017). Ìåòààíàë³ç òàêîæ ïîêàçóº, ùî 
ï³äâèùåíèé ð³âåíü ApoB òà çíèæåííÿ ð³âíÿ 
ApoA1, à òàêîæ ñï³ââ³äíîøåííÿ ApoB/A1 º 
ôàêòîðàìè ðèçèêó ïåðøîãî ³øåì³÷íîãî ³íñóëü-
òó (Dong, 2015).

Îñê³ëüêè ³íôåêö³ÿ COVID-19 ïîâ’ÿçàíà ç 
äèñë³ï³äåì³ºþ òà ñåðöåâî-ñóäèííèìè óñêëàä-
íåííÿìè (Zamanian, 2020; Begue, 2021; Fein-
gold, 2021; Ko�ar, 2021), ìåòîþ ðîáîòè áóëî
âèçíà÷åííÿ âì³ñòó ApoÀ1, ApoB òà oxLDL ó 
ïëàçì³ êðîâ³ õâîðèõ íà COVID-19, ä³àáåò òà 
ÑÑÇ.

Ìàòåð³àëè ³ ìåòîäè. Äîñë³äæåííÿ ïðîâîäè-
ëîñü ó â³ää³ë³ ä³àáåòîëîã³¿ ²íñòèòóòó. Ïðîòîêîë 
äîñë³äæåííÿ áóâ çàòâåðäæåíèé Êîì³òåòîì ç 
åòèêè ²íñòèòóòó. Óñ³ ïàö³ºíòè ï³äïèñàëè ³í-
ôîðìîâàíó çãîäó íà ïðîâåäåííÿ ïîäàëüøîãî 
ä³àãíîñòè÷íîãî òà íàóêîâîãî äîñë³äæåííÿ.

Êðîâ îòðèìóâàëè çà äîïîìîãîþ ñòàíäàðòíî¿ 
âåíåïóíêö³¿ òà çáåð³ãàëè ó ïðîá³ðêàõ ç ÅÄÒÀ. 
Ïëàçìó â³äîêðåìëþâàëè öåíòðèôóãóâàííÿì 
âïðîäîâæ 10 õâ ï³ñëÿ çàáîðó êðîâ³. Çðàçêè çáå-
ð³ãàëè ïðè –80 °C äî âèêîðèñòàííÿ. Ê³ëüê³ñòü 
ApoA1, ApoB òà oxLDL âèçíà÷àëè (n = 81) çà äî-
ïîìîãîþ íàáîðó äëÿ ³ìóíîôåðìåíòíîãî àíàë³-
çó (ELISA) («Elabscience», ÑØÀ). Âèì³ðþâàííÿ 
ïðîâîäèëè ïðè îïòè÷í³é äîâæèí³ õâèë³ 450 íì 
íà ³ìóíîôåðìåíòíîìó ïëàíøåòíîìó àíàë³çàòî-
ð³ Stat Fax 3200 («Awareness Technology», ÑØÀ).

Ãë³êîâàíèé ãåìîãëîá³í âèçíà÷àëè çà äîïî-
ìîãîþ íàáîðó oneHbA1c FS («DiaSys Diagnos-
tic Systems GmbH», Í³ìå÷÷èíà). Âèì³ðþâàííÿ 
ïðîâîäèëè ïðè îïòè÷í³é ù³ëüíîñò³ 660 íì.

Ñòàòèñòè÷íèé àíàë³ç òà ïîäàííÿ äàíèõ 
ïðîâîäèëè çà äîïîìîãîþ ïðîãðàìíîãî çàáåç-
ïå÷åííÿ Origin 7.0. Ðåçóëüòàòè äîñë³äæåííÿ
ïðåäñòàâëåí³ ÿê M ± m. Äëÿ ïîð³âíÿííÿ ãðóï 
äàíèõ áóâ âèêîðèñòàíèé t-òåñò Ñòüþäåíòà. Çíà-
÷åííÿ P � 0,05 ââàæàëè â³ðîã³äíèìè.

Ðåçóëüòàòè ³ îáãîâîðåííÿ. Âèêîðèñòîâóâàëè 
ïëàçìó êðîâ³ 60 õâîðèõ íà ÖÄ (25 ÷îëîâ³ê³â, 35 
æ³íîê) òà 21 õâîðîãî íà ÖÄ, ÑVD òà COVID-19 
(10 ÷îëîâ³ê³â, 11 æ³íîê). Êîíòðîëåì ñëóãóâàëà 
êðîâ çäîðîâèõ ëþäåé (n = 7) áåç ñóïóòí³õ çà-

õâîðþâàíü, ðåïðåçåíòàòèâíèõ çà â³êîì. ×åòâåðî 
ïàö³ºíò³â ìàëè ÑÑÇ â àíàìíåç³. Ð³âåíü Hb1Ac 
ó õâîðèõ íà öóêðîâèé ä³àáåò ñòàíîâèâ 9,62 ±
± 0,27; ²ÌÒ – 30,69 ± 1,06 êã/ì2. Âì³ñò ãëþêîçè 
íàòùå ó êðîâ³ õâîðèõ íà COVID-19 òà öóêðîâèé 
ä³àáåò ñòàíîâèâ 9,6 ± 0,92 ììîëü/ë, íà ìîìåíò 
âèïèñêè – 6,72 ± 0,62 ììîëü/ë. Óñåðåäíåíà ñà-
òóðàö³ÿ O2 ñòàíîâèëà 87,3 ± 0,7 %, ùî ñâ³ä÷èòü 
ïðî âàæêèé ïåðåá³ã çàõâîðþâàííÿ.

Ç ðèñ. 1. âèäíî, ùî ñåðåäí³é ð³âåíü ApoA1 ó 
êðîâ³ çäîðîâèõ ëþäåé çíàõîäèòüñÿ ó âåðõíüîìó 
ä³àïàçîí³ íîðìè (1,88 ã/ë). Ó õâîðèõ íà ÖÄ öåé 
ïîêàçíèê çíà÷íî íèæ÷èé – 1,21 ã/ë, áëèæ÷å 
äî íèæíüî¿ ìåæ³ íîðìè. Ó õâîðèõ íà öóêðî-
âèé ä³àáåò òà COVID-19 âì³ñò ApoA1 ó êðîâ³ 
ñòàíîâèòü ïðèáëèçíî 0,25 ã/ë, ùî á³ëüø í³æ ó 
4 ðàçè íèæ÷å íèæíüî¿ ìåæ³ íîðìè. Ö³êàâî, ùî
íå ³ñíóº â³äì³ííîñòåé ì³æ ïàö³ºíòàìè ç CO-
VID-19 òà ä³àáåòîì, COVID-19 òà ÑÑÇ ³ ïàö³-
ºíòàìè ç COVID-19 áåç ñóïóòí³õ çàõâîðþâàíü 
(ðèñ. 1). Ó êðîâ³ äåÿêèõ ïàö³ºíò³â ç COVID-19 
ð³âåíü ApoA1 çíèçèâñÿ ìàéæå äî íóëüîâèõ çíà-
÷åíü – 0,09 ã/ë.

Òîé ôàêò, ùî ð³âåíü ApoA1 ó êðîâ³ íå çíè-
æóºòüñÿ ó ïàö³ºíò³â ç COVID-19 òà ä³àáåòîì ³ 
ÑÑÇ ó ïîð³âíÿíí³ ç ïàö³ºíòàìè áåç ñóïóòí³õ çà-
õâîðþâàíü, ñâ³ä÷èòü ïðî òå, ùî COVID-19 ôîð-
ìóº êîìïëåêñ çíà÷íî ïîòóæí³øèõ ôàêòîð³â, ÿê³ 
âïëèâàþòü íà âì³ñò ApoA1, ³ òàêå çíèæåííÿ äî-
ñÿãàº íèæíüî¿ ìåæ³.

Çíèæåííÿ ð³âíÿ ApoA1 ó êðîâ³ õâîðèõ íà öó-
êðîâèé ä³àáåò òà çá³ëüøåííÿ ðèçèêó ÑÑÇ áóëè 
â³äçíà÷åí³ â áàãàòüîõ äîñë³äæåííÿõ (Cochran, 
2021; Gao, 2021; Retnakaran, 2019; Sokolova, 
2014). COVID-19 ñóòòºâî âïëèâàâ íà ë³ï³äí³ 
ïðîô³ë³ ³ç çíèæåííÿì çàãàëüíîãî õîëåñòåðè-
íó (ÒÑ), ð³âíÿ HDL-C, LDL-C òà ï³äâèùå-
íîþ êîíöåíòðàö³ºþ òðèãë³öåðèä³â, ïîð³âíÿíî 
ç êîíòðîëüíèìè ñóá’ºêòàìè. Ê³ëüê³ñòü ApoA1 
ó ïëàçì³ ïàö³ºíò³â çìåíøóâàëàñü íà 55 % ïî-
ð³âíÿíî ç êîíòðîëåì (Begue, 2021). Ó ïàö³ºí-
ò³â ³ç COVID-19 ñïîñòåð³ãàëàñÿ ã³ïîë³ï³äåì³ÿ, 
ÿêà ïîçèòèâíî êîðåëþâàëà ç òÿæê³ñòþ çàõâî-
ðþâàííÿ (Wei, 2020). ApoÀ1 õàðàêòåðèçóþòüñÿ 
ïðîòèçàïàëüíèìè âëàñòèâîñòÿìè, ÿê³ ìîæóòü 
ñïðèÿòè ðåãóëÿö³¿ ³ìóííî¿ â³äïîâ³ä³ ³ çíèæåí-
íÿ ê³ëüêîñò³ öüîãî ë³ïîïðîòå¿íó âïëèâàº íà 
òÿæê³ñòü COVID-19. Á³ëüøå òîãî, ïîðóøåííÿ 
ðåãóëÿö³¿ ApoA1 ìîæå ñïðèÿòè ìîæëèâèì ïî-
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á³÷íèì åôåêòàì COVID-19 ùîäî íåðâîâî¿ ñèñ-
òåìè (Yang, 2020; Zamanian, 2020).

Ïðè÷èíîþ çíèæåííÿ ê³ëüêîñò³ ApoA1 â ïëàç-
ì³ ìîæå áóòè ãàëüìóâàííÿ éîãî ñèíòåçó â ïå-
÷³íö³ òà/àáî çàì³ùåííÿ àì³ëî¿äîì À â HDL 
êðîâ³ (Begue, 2021). Êð³ì òîãî, õ³ìàçà, ùî ïðî-
äóêóºòüñÿ òó÷íèìè êë³òèíàìè, ìîæå â³ä³ãðàâàòè 
âàæëèâó ðîëü ó äåãðàäàö³¿ ApoA1 (Inoue, 2020).

Ñåðåäí³é ð³âåíü ApoB ó êðîâ³ çäîðîâèõ ëþ-
äåé ñòàíîâèâ 1,05 ã/ë ó ìåæàõ íîðìè (íîðìà: 
0,55–1,3 ã/ë äëÿ ÷îëîâ³ê³â òà 0,6–1,4 ã/ë äëÿ 
æ³íîê) (ðèñ. 2). Ó õâîðèõ íà öóêðîâèé ä³àáåò 
öåé ïîêàçíèê âèùèé – 1,15 ã/ë – áëèæ÷å äî 
âåðõíüî¿ ìåæ³ íîðìè. Ó ïàö³ºíò³â ç COVID-19 
âì³ñò ApoB ó êðîâ³ çíà÷íî âèùèé, í³æ êîíòð-
îëüí³ òà íîðìàëüí³ çíà÷åííÿ (ðèñ. 2, ñòîâá÷è-
êè 3–6). Ñë³ä çàçíà÷èòè ð³çíèöþ ì³æ ïàö³ºí-
òàìè ç COVID-19 áåç ñóïóòí³õ çàõâîðþâàíü òà 
COVID-19 ç öóêðîâèì ä³àáåòîì òà îñîáëèâî 
ÑÑÇ (ðèñ. 1, ñò. 5 ïðîòè ñò. 4 ³ 6).

Ïîä³áíà êàðòèíà ñïîñòåð³ãàëàñü ³ äëÿ oxLDL 
(ðèñ. 3). Ó õâîðèõ íà öóêðîâèé ä³àáåò ê³ëüê³ñòü 
oxLDL âèùå ð³âíÿ êîíòðîëþ. Ó ïàö³ºíò³â ç 
COVID-19 âì³ñò oxLDL ó êðîâ³ íàáàãàòî âè-
ùèé, í³æ ð³âåíü êîíòðîëþ òà ó õâîðèõ íà ÖÄ 
(ðèñ. 3, ñò. 3–6). ²ñíóº òàêîæ ñóòòºâà ð³çíèöÿ 
ì³æ ïàö³ºíòàìè ç COVID-19 áåç ñóïóòí³õ çàõâî-
ðþâàíü òà COVID-19 ç ä³àáåòîì òà ÑÑÇ (ðèñ. 
3, ñò. 5 ïðîòè ñò. 4 ³ 6). Òàêèì ÷èíîì, ê³ëüê³ñòü 
ApoB òà ïîõ³äíèõ LDL – oxLDL, çì³íþºòüñÿ ó 
êðîâ³ õâîðèõ íà öóêðîâèé ä³àáåò òà õâîðèõ íà 
COVID-19 ìàéæå ñèíõðîííî.

Äîâåäåíî, ùî âèñîêèé âì³ñò LDL ñïðè÷è-
íÿº íàêîïè÷åííÿ õîëåñòåðèíó íà ñò³íêàõ ñó-
äèí, çíà÷íî çá³ëüøóº ðèçèê àòåðîñêëåðîçó (ÀÑ) 
òà ÑÑÇ (Sniderman, 2019; Sokolova, 2017; Yan, 
2020). ×åðåç òå, ùî ApoB º îñíîâíèì á³ëêîì 
LDL, ÿê³ º ãîëîâíèì òðàíñïîðòåðîì õîëåñòå-
ðèíó äî êë³òèí, âèçíà÷åííÿ éîãî êîíöåíòðàö³¿ 
ñâ³ä÷èòü ïðî ñòóï³íü ðèçèêó ðîçâèòêó ³øåì³÷-
íî¿ õâîðîáè ñåðöÿ. Êîíöåíòðàö³ÿ ApoB ó êðîâ³ 
çàðàç ââàæàºòüñÿ á³ëüø íàä³éíèì ïîêàçíèêîì 
ðèçèêó ðîçâèòêó ÀÑ, í³æ çàãàëüíèé õîëåñòåðèí 
(ÒÑ) àáî LDL-õîëåñòåðèí (LDL-Ñ). Ïîðÿä ³ç 
âèçíà÷åííÿì êîíöåíòðàö³¿ ApoB ñë³ä âèçíà÷àòè 
³ âì³ñò àïîë³ïîïðîòå¿íó À1 (ApoA1). ßêùî â³ä-
íîøåííÿ êîíöåíòðàö³¿ ApoB äî ApoA1 á³ëüøå 
1, òî ðèçèê ðîçâèòêó ³øåì³÷íî¿ õâîðîáè ñåðöÿ 
äóæå âèñîêèé. Ïðîïîíóâàëîñÿ âñòàíîâèòè ìå-
æ³ íîðìè äëÿ ApoB ïîíàä 1,2 ã/ë. Äëÿ ãðóï ðè-

Ðèñ. 1. Ð³âåíü ApoA1 ó ïëàçì³ êðîâ³ ó õâîðèõ íà ÖÄ 
òà COVID-19 (ã/ë). 1 – êîíòðîëü (n = 7); 2 – õâîð³ 
íà ÖÄ (n = 60); 3 – õâîð³ íà ÖÄ òà COVID-19 (n = 
16); 4 – ïàö³ºíòè ç COVID-19 (n = 5); 5 – ïàö³ºíòè 
ç COVID-19 òà ÑÑÇ (n = 4); M ± m. * – â³äì³ííîñò³ 
â³ä êîíòðîëþ â³ðîã³äí³, Ð << 0,0001; + – â³äì³ííîñò³ 
â³ä ãðóïè 2 â³ðîã³äí³, Ð << 0,0001

Ðèñ. 2. Ð³âåíü ApoB ó ïëàçì³ õâîðèõ íà ÖÄ, ÑÑÇ òà 
COVID-19. 1 – êîíòðîëü (n = 7); 2 – õâîð³ íà öó-
êðîâèé ä³àáåò 2 òèïó (n = 60); 3 – ñåðåäí³ äàí³ äëÿ 
âñ³õ ïàö³ºíò³â ç COVID-19 (n = 21); 4 – ïàö³ºíòè 
ç COVID-19 òà ä³àáåòîì (n = 16); 5 – ïàö³ºíòè ç 
COVID-19 áåç ñóïóòí³õ çàõâîðþâàíü (n = 5); 6 – ïà-
ö³ºíòè ç COVID-19 òà ÑÑÇ (n = 4); M ± m. Â³ðîã³äí³ 
â³äì³ííîñò³ â³äì³÷åí³ ì³æ êîíòðîëüíîþ òà ³íøèìè 
ãðóïàìè (Ð < 0,05 äëÿ ãðóïè 2 òà Ð << 0,0001 äëÿ ãðóï 
3–6); * – â³äì³ííîñò³ â³ä ãðóï 4, 6 ñóòòºâ³, Ð < 0,05
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çèêó ðåêîìåíäóºòüñÿ ï³äòðèìóâàòè âì³ñò ApoB 
ìåíøå 0,9 ã/ë íåçàëåæíî â³ä ñòàò³. Ùî ñòîñóºòü-
ñÿ ãðàíè÷íèõ çíà÷åíü ñï³ââ³äíîøåííÿ ApoB/
ApoA1, òî éîãî ìîæíà âèêîðèñòîâóâàòè äëÿ âè-
çíà÷åííÿ ð³âíÿ ðèçèêó äëÿ ÷îëîâ³ê³â <0,9, à äëÿ 
æ³íîê <0,8 (Sniderman, 2019; Sokolova, 2014):

 Ãðóïè   ÀpîÂ/ÀpîÀ1
 Êîíòðîëü      0,558
 ÖÄ       0,952
 Covid-19 + ÖÄ     9,041
 Covid-19 + ÑÑÇ     9,993

Â êîíòðîëüí³é ãðóï³ öåé ïîêàçíèê áóâ â
ìåæàõ íîðìè, ïðè ÖÄ – äåùî âèùèé â³ä ãðà-
íè÷íèõ çíà÷åíü, à ïðè ³íôåêö³¿ COVID-19
çðîñòàâ íà ïîðÿäîê ïîð³âíÿíî ç õâîðèìè íà
ÖÄ, ùî ñâ³ä÷èòü ïðî íàäçâè÷àéíî âèñîêèé 
ðèñê ñåðöåâî-ñóäèííèõ óñêëàäíåíü.

ÀÑ õàðàêòåðèçóºòüñÿ ÿê õðîí³÷íà çàïàëüíà 
ðåàêö³ÿ íà â³äêëàäåííÿ õîëåñòåðèíó â àðòåð³ÿõ. 
LDL, îñîáëèâî îêèñëåíà ôîðìà – oxLDL, â³ä³-
ãðàº âèð³øàëüíó ðîëü ó âèíèêíåíí³ òà ðîçâèòêó 
ÀÑ, ³íäóêóþ÷è äèñôóíêö³þ êë³òèí åíäîòåë³þ, 
çàëó÷àþ÷è ìîíîöèòè/ìàêðîôàãè òà ñïðèÿþ÷è 
õðîí³÷íîìó çàïàëåííþ. Ìàêðîôàãè ïîãëèíà-
þòü oxLDL, óòâîðþþ÷è ï³íèñò³ êë³òèíè, ÿê³ 
â ê³íöåâîìó ï³äñóìêó âèâ³ëüíÿþòü ïðîçàïàëü-
í³ öèòîê³íè òà ïîñèëþþòü ì³ñöåâå çàïàëåííÿ 
[Ko�ar, 2021; Yan, 2020].

Ìè ïîêàçàëè, ùî ÿê ð³âåíü ApoB, òàê ³ 
oxLDL ï³äâèùóþòüñÿ ç âèñîêîþ â³ðîã³äí³ñòþ 
(Ð = 5,85 × 10–8 òà 2,46 × 10–11 â³äïîâ³äíî), ùî 
ñâ³ä÷èòü ïðî çðîñòàííÿ ðèçèêó ÑÑÇ.

Äèñë³ï³äåì³ÿ, ïîâ’ÿçàíà ç SARS, ï³äòâåðäæó-
âàëàñü íåîäíîðàçîâî. Îäíàê äåÿê³ àâòîðè âè-
ÿâèëè, ùî ð³âí³ ÒÑ, HDL- òà LDL-õîëåñòåðèíó 
â ñèðîâàòö³ êðîâ³ áóëè çíà÷íî íèæ÷èìè ó ïà-
ö³ºíò³â ³ç COVID-19 ïîð³âíÿíî ç íîðìàëüíèìè 
ñóá’ºêòàìè (Ko�ar, 2021; Wei, 2020). Áóëî çðî-
áëåíî âèñíîâîê, ùî ó ïàö³ºíò³â ç COVID-19 
ã³ïîë³ï³äåì³ÿ ðîçâèâàºòüñÿ, êîëè ñèìïòîìè âè-
ðàæåí³ ñëàáî ³ ïîã³ðøóºòüñÿ ç òÿæê³ñòþ çàõâî-
ðþâàííÿ (Wei, 2020). Àëå àâòîðè âèêîðèñòî-
âóþòü ïîíÿòòÿ «ã³ïîë³ï³äåì³¿» äëÿ ïîçíà÷åííÿ 
ïàö³ºíò³â ³ç çàãàëüíèì õîëåñòåðèíîì <174 ìã/äë.
Öå âèçíà÷åííÿ ã³ïîë³ï³äåì³¿ º íåïðàâèëüíèì
òà ïîìèëêîâèì ïî ñóò³ çà â³äñóòíîñò³ ãåíåòè÷-
íîãî ä³àãíîçó (Fogacci, 2020). Ïîøèðåí³ñòü ïà-
ö³ºíò³â ç âèñîêèì ñåðöåâî-ñóäèííèì ðèçèêîì

ìîæå ïîÿñíèòè ñïîñòåðåæóâàí³ ðåçóëüòàòè ùî-
äî ð³âíÿ LDL. Íèçüêèé ð³âåíü õîëåñòåðèíó 
LDL ó ö³é ãðóï³, éìîâ³ðíî, áóâ îáóìîâëåíèé 
á³ëüø ³íòåíñèâíèì çíèæåííÿì ð³âíÿ ë³ï³ä³â â 
ðåçóëüòàò³ òåðàï³¿. Êð³ì òîãî, ó íàø³é ðîáîò³
âèâ÷àâñÿ âì³ñò ApoB, à íå LDL-C, à âîíè ìî-
æóòü ìàòè ð³çíó äèíàì³êó. Ó íàøèõ çðàçêàõ
êðîâ³ ó õâîðèõ íà COVID-19 çíà÷íî çíèæåíèé 
áóâ ò³ëüêè ð³âåíü ApoA1.

Âèñíîâêè. Ð³âåíü ApoA1 ó êðîâ³ õâîðèõ íà 
öóêðîâèé ä³àáåò ³ îñîáëèâî COVID-19 áóâ çíà-
÷íî íèæ÷èì, í³æ ó êðîâ³ çäîðîâèõ ëþäåé. Ð³-
âåíü ApoB òà oxLDL ó êðîâ³ õâîðèõ íà ä³àáåò 
òà îñîáëèâî COVID-19 áóâ çíà÷íî âèùèì, í³æ 
ó êðîâ³ çäîðîâèõ ëþäåé. Ñïîñòåð³ãàëèñü â³ä-
ì³ííîñò³ ì³æ ïàö³ºíòàìè ç COVID-19 áåç ñó-
ïóòí³õ çàõâîðþâàíü òà COVID-19 ç ä³àáåòîì
àáî ÑÑÇ. Ð³âí³ ApoA1, ApoB òà oxLDL ìîæóòü 
áóòè ïåðñïåêòèâíèìè ìàðêåðàìè COVID-19.

Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Öÿ ðîáîòà 
âèêîíàíà ç äîòðèìàííÿì åòè÷íèõ âèìîã êîæ-

Ðèñ. 3. Ð³âåíü oxLDL ó ïëàçì³ êðîâ³ ó õâîðèõ íà 
öóêðîâèé ä³àáåò, ÑÑÇ òà COVID-19. 1 – êîíòðîëü
(n = 7); 2 – õâîð³ íà öóêðîâèé ä³àáåò 2 òèïó (n = 
60); 3 – ñåðåäí³ äàí³ äëÿ âñ³õ ïàö³ºíò³â ç COVID-19
(n = 21); 4 – ïàö³ºíòè ç COVID-19 òà ä³àáåòîì
(n = 16); 5 – ïàö³ºíòè ç COVID-19 áåç ñóïóòí³õ çà-
õâîðþâàíü (n = 5); 6 – ïàö³ºíòè ç COVID-19 òà ÑÑÇ 
(n = 4). M ± m. Áóëè ³ñòîòí³ â³äì³ííîñò³ ì³æ êîíòð-
îëüíîþ òà ³íøèìè ãðóïàìè (Ð < 0,05 äëÿ ãðóïè 2 òà 
Ð << 0,0001 äëÿ ãðóï 3–6); * – â³äì³ííîñò³ â³ä ãðóï 
4, 6 ñóòòºâ³, Ð < 0,05
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íèì ³ç àâòîð³â òà íå ïåðåäáà÷àº äîñë³äæåíü, ó 
ÿê³ çàëó÷åíî òâàðèí àáî ëþäåé.
Êîíôë³êò ³íòåðåñ³â. Àâòîðè çàäåêëàðóâàëè â³ä-
ñóòí³ñòü êîíôë³êòó ³íòåðåñ³â ³ ô³íàíñîâèõ çî-
áîâ’ÿçàíü.
Ô³íàíñóâàííÿ. Ñòàòòÿ ï³äãîòîâàíà â ðàìêàõ 
áþäæåòíîãî ô³íàíñóâàííÿ ÍÀÌÍ Óêðà¿íè çà 
ïëàíîì íàóêîâî-äîñë³äíèõ ðîá³ò ÄÓ «²íñòèòóò 
åíäîêðèíîëîã³¿ òà îáì³íó ðå÷îâèí ³ì. Â.Ï. Êî-
ì³ñàðåíêà ÍÀÌÍ Óêðà¿íè».

PLASMA APOLIPOPROTEINS A1/B
AND OXLDL LEVELS IN PATIENTS
WITH COVID-19 AS POSSIBLE MARKERS
OF THE DISEASE
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O.I. Kovzun, V.M. Pushkarev, M.D._ Tronko
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COVID-19 infection is associated with dyslipidemia and
cardiovascular complications. The aim of the study was
to determine the content of ApoA1, ApoB and oxidized 
low-density lipoproteins (oxLDL) in the plasma of
patients (n = 81) with COVID-19, diabetes and cardio-
vascular disease (CVD). ApoA1, ApoB and oxLDL 
were determined using enzyme-linked immunosorbent 
assay kits («Elabscience», USA). The measurements 
were performed at an optical wavelength of 450 nm. 
It was shown that the level of ApoA1 in the blood 
of patients with type 2 diabetes and, especially, with 
COVID-19 was significantly lower than in the blood 
of healthy people. Blood ApoA1 levels did not show a 
further decrease in patients with both COVID-19 and 
diabetes or CVD compared to patients with COVID-19 
without concomitant diseases. It was found that the 
level of ApoB in the blood of patients with diabetes 
and, especially, with COVID-19 is significantly higher 
than in the blood of healthy people. Blood levels of 
ApoB and oxLDL are higher in patients with both 
COVID-19 and diabetes or CVD compared to patients 
with COVID-19 without comorbidities. Thus, levels of 
ApoA1, ApoB and oxLDL may be promising markers 
of COVID-19.
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