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COVID-19
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20cyoapcmeenHas MmeouyuHckas akademusy Munucmepcemea 30pagooxpanerus Poccutickoti @edepayuu, 675000,
2. bnazosewenck, yn. 'opvroeo, 95

PE3IOME. Lleab. OueHnTs noka3areny (pyHKINN COCYAUCTOTO YHIOTENHUS y OOTBHBIX XPOHHYECKOH 00CTPYKTHBHOM
6ome3npio erkux (XOBJI) B 3aBUCHMOCTH OT HaIM4YUS KOBHIHOTO aHaMHe3a. MaTtepuaJisl 1 MeToabl. O6cnenoBano 98
narreHToB ¢ XOBJI crabunpHOTO Tewenus, nepenecmx COVID-19, 6e3 yuera cTeneHn TsDKECTH HHGEKITUH depe3 4-8
HEJIeNb TOCJIE BBIMMCKHU U3 CTAIlMOHapa HH(EKITHOHHOTOo ToctuTans (Tpynma 1). B rpynmmy cpaBHeHns BKitoueHs! 50 6071b-
HeIX XOBJI cTabunpHOTO TEUeHNS, He nMeromuX B anamae3e COVID-19 (rpymma 2). [1yist orieHKH (GyHKIUH COCYIHCTOTO
SH/IOTENHS Y BCEX MAIMeHTOB omnpeaeneHsl: saaorenud-1 (ET-1, ¢dmomns/m), obummit romonmctent (Hey, MkMomb/n), aH-
TureH K Qaxropy Bumnebpanma (VWEF, pmons/i), C-peaktuBHeiii 6enox (CPB, mr/m). Metonom cpurmomanomerpun (Tipu-
60p Vasera-1000, SInoHus) 3aperucTpupoOBaHbI TapaMeTPhl apTepHabHOH xKecTKocTH (AXK): CKOPOCTh pacpoCTpaHeHUs
mynbcoBoii BoHEI (CPIIB, M/c), cepredno-IoapbKeIHbIA COCYAUCTHIN nHAeKe crpasa/cieBa (R/L-CAVI, ex.), maaexc ayr-
MeHTanuu Ha paBoM 1uiede (R-Al, ex.) u Ha oOmmeit cornoit aprepuu (C-Al, ex.). PesyabsTarhl. Comepikanue bmomapke-
poB Hcey, ET-1, vWF y mammenTtoB B rpynme | 0b170 mocToBepHO BEIIE, yeM B rpymme 2 (p<0,01, p<0,05 u p<0,05,
COOTBETCTBEHHO). M3ydaembie mapameTpsl AXK y 6ompHbIX XOBJI Op1H 3Ha9MMO BHITIIE peepeHCHBIX 3HAYCHUN BHE 3a-
BHCHMOCTH OT HAJIMYHS KOBHIHOTO aHaMHe3a. Y manueHToB rpynnsl | naaekcsl R-Al u C-Al noctoBepHO mpeBhIIIan
3Ha4eHUs y 60bHBIX Tpymisl 2 (p<0,05). KoppersmuoHHbIH aHamn3 mokas3al Halndne B3anMocBszeid Mexay R-CAVI n
CPB (1=0,513, p<0,001), CPb u ET-1 (1=0,485, p<0,01). 3axarouenne. Y neperecmmx COVID-19 6ompasrx XOBJI mpo-
HCXONAT OoJiee 3HAYMMBIE CIBUTH (DYHKITHOHATBHOW aKTUBHOCTH COCYAVCTOTO SHIOTEHS, YeM IpH m3oaupoBanHoi XOBJI
CTaOMIIBHOTO TEUEHHMS, YTO ACCOIIMUPYETCS C AKTHBHBIM CHCTEMHBIM BOCTIAIEHHEM.

Knrouesvie crnosa: xponuueckas oocmpykmugnasn donesns aezkux, COVID-19, cocyoucmuiil sHO0omenuii, OUc@yHKyus.

THE INDICATORS OF VASCULAR ENDOTHELIUM FUNCTION IN PATIENTS WITH
CHRONIC OBSTRUCTIVE PULMONARY DISEASE AFTER COVID-19

E.G.Kulik, V.I.Pavlenko, S.V.Naryshkina, A.A.Bakina
Amur State Medical Academy, 95 Gor'kogo Str., Blagoveshchensk, 675000, Russian Federation

SUMMARY. Aim. To analyze indicators of the vascular endothelium function in patients with chronic obstructive
pulmonary disease (COPD) depending on the COVID-19 history. Materials and methods. 98 patients with stable COPD
who had COVID-19, regardless of the severity of the infection, were examined 4-8 weeks after discharge from the infec-
tious disease hospital (Group 1). The comparison group included 50 patients with stable COPD without a history of
COVID-19 (Group 2). To assess the vascular endothelium function, in all patients the following were determined: endo-
thelin-1 (ET-1, fmol/L), total homocysteine (Hcy, pmol/L), antigen to von Willebrand factor (vWF, fmol/L), C-reactive
protein (CRP, mg/L). The following parameters of arterial stiffness (AS) were recorded using sphygmomanometry (Vas-
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era-1000, Japan): pulse wave velocity (PWYV, m/s), right/left cardio-ankle vascular index (R/L-CAVI, units), augmentation
index on the right shoulder (R-Al, units), augmentation index on the common carotid artery (C-Al, units). Results. The
concentration of biomarkers Hcy, ET-1, vWF in the 1st group was significantly higher than in the 2nd group (p<0.01,
p<0.05 and p<0.05, respectively). The studied parameters of AS in patients with COPD were significantly higher than the
reference values, regardless of the presence of a COVID-19 history. In patients of the 1st group, the indices R-Al and C-
Al (p<0.05) were significantly higher than in patients of the 2nd group. Correlation analysis showed relationships between
R-CAVI and CRP (r=0.513, p<0.001) and CRP and ET-1 (r=0.485, p<0.01). Conclusion. In patients with COPD, the past
COVID-19 leads to more significant shifts in the functional activity of the vascular endothelium than in isolated COPD
of a stable course and is associated with active systemic inflammation.
Key words: chronic obstructive pulmonary disease, COVID-19, vascular endothelium, dysfunction.

Ha ceropnsamuuii 1eHb SMUAEMUOIOTHYECKAs CUTYa- apTepuanbHyIo JKECTKOCTb, Kak mokasarens JJ1 [6].
st mo COVID-19 (CoronaVirus Disease 2019) ocraercs Bonbuioit uuTepec npeacTaBiIsieT UCCIEIOBAHUE UP-
HaIpsDKEHHOW M 10 o MIMaIbHBIM JTaHHBEIM BeemupHoi JIAHJICKUX YUYEHBIX [7], KOTOpO€E yKa3bIBaeT Ha JUIUTEIBLHO
Opranuzanuu 3npaBooxpanenus Poccuiickas ®enepanus CYIIECTBYIOIIYIO aKTHBAIHIO COCYMCTOTO SHAOTENHS (10
3aHUMaeT BTOpOe MECTO 10 pacnpoctpaneHHoctu COVID- 10 Henmenp) mocie MEepeHECEHHOW OCTpoi HHpeKunu
19 cpenu ctpan mupa [1]. Kpome Toro, no JaHHbIM MeTa- SARS-CoV-2. B npocnekTHBHOM KOTOPTHOM HCCIIEI0BaA-
aHaJM3a aMEPUKAHCKUX YUECHBIX JIOJISt OOJIBHBIX, UMEIOIIHX HUU [8] yCTaHOBIEHO, YTO y MALlUEHTOB, MEPEHECIIUX
1ocJie IEPEHECCHHOW MH(EKIMH TTOCTKOBHUIHBIC CHUMII- COVID-19, uepe3 6 Mecs1eB HAOIIOCHUS COXPAHSIIOTCS
TOMBI, COCTaBIISIET y HETOCIUTAIN3UPOBAHHBIX MTALIUEHTOB IMpU3HAKU ycToiunBoi DI, ¢ yueToM mokasarenei SHa0-
oko0110 34%, a y rocnutanu3upoBaHHbIX — 54%. ¥V 49% pe- TeNN-3aBUCUMOM ANJIaTallUU [JIEYE€BON apTepUU U CKOPO-
xoHBasnecrenToB nocie COVID-19 ycranocts, ofblika, CTH PaclpoCTpaHEHUs TyIbCOBO BOIHEI 8§, 9].
KOTHUTHBHBIE HapyIIEHUs BCTPEUAOTCS Jaxke uepes 4 me- B noctrocnuransusiil nepuon nocae COVID-19 ne-
csitfa mocie Ber3oposieHus [2]. ITo TaHHBIM OTe€4eCTBEH- TaJbHBIN MCXOJ ACCOLMUPYETCS C HAIUYUEM 2-3 COIyT-
HOTO HCCIIC/IOBaHMSl XOTsS OBl OJUH ITOCTKOBHUIHBIN CTBYIOIIMX 3a00JIEBaHUM, TaKkMX Kak apTepuaibHas
CHMIITOM BCTpeuaeTcs y 58% MalueHToB, IepEeHeCIInX 3a- THIEPTEH3MsI, CaXxapHbIH 1ualeT, nieMuieckas 0one3Hb
OoneBanue B popMe OCTPOU PECHUPATOPHON BUPYCHOM cepaua [10]. PaGoTel, m3y4arommue BIUSHUE OPOHXO-
nHpekuum, 1y 82% OOJIBbHBIX — IIPH CPEIHEM U TSHKEIIOM 00CTPYKTHUBHBIX 3200JIeBaHUH Ha TEYECHHE MOCTKOBHIHOTO
teuenun COVID-19 [3]. nepuojia, HaM HAlTH He yAanoch. XpoHUYIeCcKast 00CTPYyK-

[Tannemust HOBOM KOpOHABHPYCHOM MH(pEKINMH 00pa- TUBHas1 OosesHsb serkux (XOBJI) otHOCHTCS K (hakTopam
THJIA IPUCTAIBHOE BHUMAHKUE YYEHBIX HA COCTOSIHUE DH- pucka Tspkenoro TedeHust COVID-19 u orpunarensHoit
JIOTENIUST COCYIUCTON CTeHKH. J{1si 0003HaYeHUsT 3TOTO JUHAMUKH CTENIEHH HACBIIIEHUS KUCIOPOAOM KpoBH [11].
I1aTOJIOTUYECKOI0 COCTOSIHUS UCIOIb3YIOTCA PA3IMYHbIE Taxxe usBectHo, yTo XOBJI 1 COVID-19 umetor odmue
TEPMHHBL: MUKPOTPOMOOBACKYJIUT, SHI0TEINONATHS, H- MaTOreHETUYECKUE MEXAaHU3MBI, TaKUe KaK CHCTEMHOE
JOTEINHT, SHoTennanbHas auchynkust (3/]) ¢ muxpo- Bocnanenue u paspurue D) [12]. Onnako BIusHUE Tepe-
TPOMOO30M. HECCHHON MH(EKINU Ha COCTOSTHIE COCYMCTOTO YHJI0TE-

U3BecTHO, uTo Bupyc SARS-CoV-2 ¢ nomoursto pe- must 'y 6ompHbIX XOBJI ocTaercs HeM3ydeHHBIM, YTO U
LIENTOPOB K aHT'MOTEH3UHIIPEBpAIatomemMy GpepMeHTy-2 OTIPEJIeNINIIO 1IeIb HAIIErO UCCIEI0BaHMUS.

OKCIIPECCUPYCTCA B pa3IMIHLIX OpraHax, B TOM 4YHCJIC B

o MaTepI/laJ'll)I U METOAbI HCCJICA0OBAHUA
OHJAOTCIMAJIBHBIX KJIICTKaX COCYZ0B, KJICTKAaX IMaIKOUu MYC-

Kynatypsl aprepuii. Tak, Z.Varga et al. MeTo0M 2JIEKTPOH- B uccnenosanne srmosero 98 Gompreix XOBJI cra-
HOl MHKPOCKONMM BBISBUIM HANHYME BHUPYCHBIX ounbHOTO TeyeHus, nepenecmux COVID-19, 6e3 yuera
BKJIIOUEHUI! B DHJIOTENINAIbHbIE KJIETKH U pa3BUTHE NEpU- CTICHH TAKCCTH HHOEKIMH, Yepes 4-8 HelleNb [TOCIIe Bbl-
BACKYJISIPHOTO BOCIIAJIEHHS B CEP/ILIE, TOHKON KHIIIKE U JIeT- MHUCKH W3 CTAallMOHApa MHQEKIMOHHOTO rocmuTans (I
KHX, 9TO YCyryOiseT HapylmeHue GpyHKIN dH0Teus [4]. rpynma). CpeJiHuii BO3pacT NalMeHTOB COCTaBUI 67+1,26
Pazsutne D] y mauuentoB ¢ COVID-19 saBnsercs He JIET, Ipeobnanany My )4uHbl (76,9%). Crenenb GpoHXH-
TONBKO CJIEACTBHEM BHPYCHOH WHQHIBTPALMH, HO H anbHOW obcTpykimu B 73,1% citydaeB COOTBETCTBOBAJIA
MOET OBITh CBSI3aHO CO CTUMYJISIIMEH CHCTEMHOTO BOC- GOLD II. Muzekc KypsLIEro YenoBeKa B CPEIHEM ObLI
naneHus [5]. YcuiieHHbl CUHTE3 BOCTIATUTENbHBIX [IUTO- paseH 28,0+1,9 mauka/ner. Jimurensuocts XOBJI cocra-
KUHOB (uHTEpICHKUH- 1,6, dakTop HEKpO3a Buiia 18,2425 net. B rpyniry cpaBHeHHs BKJIIOUSHBI 00JTb-
OITyXOJH-aJb(ha) MPUBOIUT K aKTUBAIMN YHI0TEITHATBHBIX upie XOBJI crabuibHoro TedeHus, He HMEIOHE B
KIJICTOK C BBIPAOOTKOM OmomenuatopoB. X Bo3meicTBHEC anamuese COVID-19 (2 rpynma, n=50). I'pynmst 6611 co-
Ha CreM(UIECKIE PEIIETITOPHI BBI3BIBACT BA30KOHCTPHK- MOCTaBUMBI MO JUINTENBHOCTH 3a00JIEBaHMS, CTEIIEHU
LU0, aKTUBALIMIO CBEPTHIBAIOIICH U (PUOPHHONMNTHYECCKON OpOHXHANBHOI 0OCTPYKIHUH, BO3PACTHOMY H TOJIOBOMY
cucreM kpoBH. Takxe y psaa nauueHtoB ¢ COVID-19 B COCTaBy, HHJCKCY KyPAIIEro 9€JI0BEKa, HATMINIO KOMOP-
YCIOBUSIX IMTOKMHOBOTO IITOPMa PErUCTPUpYeTCs Ie(u- OouaHoi matonoruu. Kpurepriem HEBKIIIOUCHHS OBUIO Ha-
IUT OKCHJIA a30Ta, YTO MOKET OOBSICHITH TOBHIIICHHYIO nuume Gosee JIBYX COMyTCTBYHOUMX 3aboneBannii. Beem
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narenTam 1 rpynmsl auarao3 XOBJI 6611 BBICTaBIIEH 10
HayaJjia BUPYCHOTO 3a00JieBaHMsI, B COOTBETCTBHH C (eje-
paJIbHBIM PErNIaMEHTOM [0 JHAarHOCTUKE W JICYCHHIO
XOBJI [13]. ExxemHeBHYIO T€paIUIoO JUTUTENBHO AEHCTBYIO-
MM OPOHXOAMJIATATOPAMH IOJYYalll TOJIBKO 27% 00-
CJIEZIOBAaHHBIX OONIBHBIX | Tpynmbl, 73% mnpearnouuTanu
CUTYal[IOHHOE TIPUMEHEHHE KOPOTKOJEHCTBYIOIIUX IIpe-
1aparos.

VY BCcex pecIoH/ICHTOB TIOMUMO OOILEKIMHUYECKHX PY-
THHHBIX METO/IOB 00CIIEIOBaHUSI B KPOBU OBbLI ONPE/IEICHBI
cienyronye rnokaszarenu: sunorenus-1 (ET-1, ¢dmons/i),
o6wmuit romonucrent (Hey, MkMonb/it), aHTHreH K (ak-
topy Buineopanma (VWE, ¢dbwmons/n), C-peakTUBHBINM
6enok (CPB, mr/im). Meronom curmomanomerpun (Vasera
VS-1000, SInoHus) miede-I0AbDKEYHBIM CII0CO00M OrIpe-
JIeTICHBI CIIeIYIONINe apaMeTpbl apTepHaIbHON KECTKO-
CTH: CKOPOCTb pAaCIpPOCTPAHEHUS IyJIbCOBOW BOJHBI
(CPIIB, m/c), cepie4HO-JIOIbDKEUHBIH COCYIUCThIN HH-
nekc crpasa/cieBa (R/L-CAVI, en.), uHIEKC ayrMeHTAIH

Ha npasoMm miede (R-Al, en.), nHaekc ayrMmeHTaluu Ha
obmeii connoit aprepun (C-Al, en.).

CraTucTHYECKUE pacdyeTbl NpPOBECACHBI C NMOMOLIBIO
pOrpaMMHOTO IIpUKJIaJAHOTO TakeTa Statistica 10.0. Onu-
CaTCJIbHBIC CTATUCTHUKU MPUBCIACHBI B BUAC MEAWAHBI U
MeKKBapTHILHOTO pasmaxa (Me [Q,; Q,]). CpaBHenue ko-
JMYCCTBCHHBIX JaHHBIX IMPOU3BCACHO METOAOM HEIapa-
METPHYECKOH CTATUCTHUKU C YUETOM COOJIOEHHS 3aKOHA
0 HOPMaJILHOCTH pacmpezaeieHus npusHaka. Koppeis-
LIMOHHBIN aHanu3 rnposeneH metonoM Crupmena (R).

Pe3y.]'lLTaTl)l HCCJICA0BAHUA U UX 06cym11elme

YcTaHOBIIGHO, YTO YPOBEHb M3y4aeMbIX OMOMapKepoOB
OJ1 B KpoBH OONBHBIX | rpymnibl ObUT JOCTOBEPHO BHILIE,
4yeM Bo 2 rpymnmne (tadum. ). Tak, koHuenrpauust Hey 6buia
BhIme Ha 21,7% (p<0,01), ET-1 na 14,0% (p<0,05). ITna3-
MeHHoe cozepkanue VWF CyllecTBeHHO IpeBbIIaio U
pedepencubie 3nadenus (p<0,001), n ypoBeHb Guomap-
Kepa y 6onbHBIX BO 2 Tpyme Ha 12,9% (p<0,05).

Taoauna 1

CpaBHHTeIbHBII aHATN3 MOKa3aTe/Iell IHI0TeTuaNbHOIH AuchyHKuun y 60a6HbIX XOBJI B 3aBHCUMOCTH OT Ha-
JMYHs KOBUIAHOTO anamue3a, Me (Q; Q,)

[Tokazarenu 1 rpymma (n=98) 2 rpymma (n=50) p
CPB, mr/n 47,51 (29,88; 65,15) 10,62 (09,83; 12,78) <0,0001
ET-1, dmonn/n 0,57 (0,48; 0,62) 0,49 (0,37; 0,30) <0,05
Hcy, MxMoib/n 19,40 (17,14; 21,26) 15,19 (13,84; 17,71) <0,01
vWF, ¢mons/n 1,62 (1,43; 1,70) 1,41 (1,36; 1,59) <0,05

MeXTpynmnoBoil cpaBHUTEIBHBIN aHATN3 CPUTMOMa-
HorpamM y 60mbHBIX XOBJI mokasan, 94to mapaMeTpsl ap-
TEpUANbHOM KECTKOCTH OBIIM JOCTOBEPHO BBIIIE

pedepeHCHbIX 3HaYeHHI BHE 3aBUCMOCTH OT HAJTUYHS KO-
BHJIHOTO aHaMHe3a (Tabi. 2).

IlapameTprl apTepuaibHoii skecTkocTd 'y 60abHbIX XOBJL, nepenecunx COVID-19, Me (Q,; 5363““3 ’
ITapameTpsbl 1 rpynmna (n=98) 2 rpynmna (n=50) p

CPIIB, m/c 9,14 (8,46; 9,58) 9,09 (8,38; 9,71) p>0,05

R-CAVL en. 9,15(8,13;9,52) 9,05 (8,22; 9,60) p>0,05

L-CAVI, exn. 8,96 (8,11; 9,72) 8,88 (7,93; 9,90) p>0,05

R-Al en. 1,56 (1,40; 1,70) 1,34 (1,24; 1,39) p<0,05

C-Al en. 1,55 (1,48; 1,62) 1,36 (1,28; 1,41) p<0,05

Tak, B CpaBHEHUH CO 310POBBIMH JIMLIAMH, Y OOJIBHBIX
1 rpynnsr BeisiBieHo yckopenue CPIIB na 65,7%
(p<0,0001), yBesimuenne R-CAVI na 29,1% (p<0,001), L-
CAVI Hna 29,8% (p<0,001). Bo 2 rpynne CPIIB Obina
Bhimie Ha 35,1% (p<0,001), R-CAVI na 37,9% (p<0,001),
L-CAVI na 42,4% (p<0,001). [Tpn 3TOM MEKIpyHIoBOit
aHAJIM3 CTAaTHCTHYECKHUX Pa3JIMyMil 110 JaHHBIM MTOKa3aTe-
JISIM He BbIsIBIIL. Mexay TeM, unjekc R-Al B 1 rpymnme no-
CTOBEPHO IPEBBILIAN 3HAYCHUS NapameTpa BO 2 TpyIIe
(p<0,05). OnHOHanpaBICHHBIE U3MEHEHHS BBISBICHBI H 110
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ypoBHo unzekca C-Al (p<0,05).

Jia ompezeneHuss acCOLUALUN BBIPAXKEHHOCTH CHU-
CTEMHOTr0 BOCHalleHus mokaszareneil D) y manueHToB
orpejesieHo chiBopoTouHoe conepxanne CPB. OOHapy-
XKeHOo, 4To KoHueHTpauus CPb y mauuenros 1 rpynmnsl
Obuta BbIIIE B CpaBHEHMM co 2 rpymnmoid B 4,5 pasa
(p<0,0001). ITpu sToM Komu4ecTBo auil ¢ ypoBHeM CPB
>50 mr/n B 1 rpynme cocrasmio 26,3%. [IpoBeneH koppe-
JIIUOHHBIN aHanu3 Mexay KoHueHtpauueil CPb u noka-
3arensmMu OJ], M OKaszaloch, YTO HMEETCs TeCcHas
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B3anumMocBs3b R-CAVI u CPb (=0,513, p<0,001), u CPb u
ET-1 (=0,485, p<0,01). [Tony4yeHHbIe pe3yJIbTaTbl MOTYT
CBUJICTEIICTBOBATh 00 ycyryonenuu D) Ha GpoHe aKTHB-
HOTO CHCTEMHOTO BOCHAJICHHUS.

3akaouenne

Takum ob6paszom, y 6onpHbIX XOBJI mepeneceHHbIi
COVID-19 npuBogut k 0ojee 3HAYNMBIM CABUTAM (PyHK-
[UOHAJIBHOW aKTUBHOCTH COCYJMCTOTO SHJIOTEJNS, YeM
n3onupoBanHas XOBJI crabuibpHOrO TEUeHwms, 9To acco-
IUHAPYETCS ¢ YCHIICHHEM CHCTEMHOTO BOCTIAJICHHS U, BO3-
MO>KHO, TTOBBIIIAET PUCK PA3BUTHSI CEPJICUHO-COCYINUCTHIX

Konghnuxm unmepecos

Aemopul Oexaapupyon omcymcmeue i6HblX i NOmeH-
YUATbHBIX KOHDIUKIMOE UHMEPECO8, C8A3AHHbIX ¢ NYOIU-
Kayuell Hacmosiueli cmamoi

Conflict of interest

The authors declare no conflict of interest

Hcemounuxu ghunancuposanus

Hccneoosanue svinonneno 3a cuem epanma Poccuii-

CK020 HAYYHO20 gonoa Ne22-25-00592),
https://rscf.ru/project/22-25-00592/
Funding Source

The study was supported by the Russian Science Foun-

COOBITHIA, UTO TpeOyeT MaTbHEHIIEro MPOAOIDKEHUS HCclle-
JIOBaHMSI.

dation (grant Ne22-25-00592), https://rscf.ru/project/22-
25-00592/

JIMTEPATYPA

1. Bcemupnas opranusaiust 3npasooxpanenus. Curyanus ¢ COVID-19 B EBponeiickoM perrose (1o COCTOSIHHIO Ha
09.02.2023). URL: https://who.maps.arcgis.com/apps/dashboards/al19d5d1{86ee4d99b013eed5{637232d

2. Chen C., Haupert S.R., Zimmermann L., Shi X., Fritsche L.G., Mukherjee B. Global Prevalence of Post-Coronavirus
Disease 2019 (COVID-19) Condition or Long COVID: A Meta-Analysis and Systematic Review // J. Infect. Dis. 2022.
Vol.226, Iss.9. P.1593—-1607. https://doi.org/10.1093/infdis/jiac136

3. Acanausposa H.C., ®umunmos E.B., lemuxor B.T., lamkesua O.B., SIky6osckas A.I, Moceituyk K.A., XKypag-
nesa H.C., KynmukoB C.A. KiimHu4eckure nposiBiieHus HOCTKoBUIHOTO cunpoma // PMIK. Menununckoe 0603penue. 2022.
T.6. Nel11. C.612-617. https://doi.org/10.32364/2587-6821-2022-6-11-612-617

4. Varga Z., Flammer A.J., Steiger P., Haberecker M., Andermatt R., Zinkernagel A.S., Mehra M.R., Schuepbach R.A.,
Ruschitzka F., Moch H. Endothelial cell infection and endotheliitis in COVID-19 // Lancet. 2020. Vol.395, Iss.10234.
P.1417-1418. https://doi.org/10.1016/S0140-6736(20)30937-5

5.JinY., JiW., Yang H., Chen S., Zhang W., Duan G. Endothelial activation and dysfunction in COVID-19: from basic
mechanisms to potential therapeutic approaches // Signal Transduct. Target. Ther. 2020. Vol.5, Iss.1. Article number: 293.
https://doi.org/10.1038/s41392-020-00454-7

6. Patel R.S., Al Mheid I., Morris A.A., Ahmed Y., Kavtaradze N., Ali S., Dabhadkar K., Brigham K., Hooper W.C.,
Alexander R.W., Jones D.P, Quyyumi A.A. Oxidative stress is associated with impaired arterial elasticity // Atherosclerosis.
2011. Vol.218, Iss.1. P.90-95. https://doi.org/10.1016/j.atherosclerosis.2011.04.033

7. Fogarty H., Townsend L., Morrin H., Ahmad A., Comerford C., Karampini E., Englert H., Byrne M., Bergin C.,
O'Sullivan J.M., Martin-Loeches I., Nadarajan P., Bannan C., Mallon P.W., Curley G.F., Preston R.J.S., Rehill A.M.,
McGonagle D., Ni Cheallaigh C., Baker R.I., Renné T., Ward S.E., O'Donnell J.S.; Irish COVID-19 Vasculopathy Study
(ICVS) investigators. Persistent endotheliopathy in the pathogenesis of long COVID syndrome // J. Thromb. Haemost.
2021. Vol.19, Iss.10. P.2546-2553. https://doi.org/10.1111/jth.15490

8. Oikonomou E., Souvaliotis N., Lampsas S., Siasos G., Poulakou G., Theofilis P., Papaioannou T.G., Haidich A.B.,
Tsaousi G., Ntousopoulos V., Sakka V., Charalambous G., Rapti V., Raftopoulou S., Syrigos K., Tsioufis C., Tousoulis D.,
Vavuranakis M. Endothelial dysfunction in acute and long standing COVID-19: A prospective cohort study // Vascul.
Pharmacol. 2022. Vol.144. Article number: 106975. https://doi.org/10.1016/j.vph.2022.106975

9. Mavraganis G., Dimopoulou M.A., Delialis D., Bampatsias D., Patras R., Sianis A., Maneta E., Stamatelopoulos
K., Georgiopoulos G. Clinical implications of vascular dysfunction in acute and convalescent COVID-19: A systematic
review // Eur. J. Clin. Invest. 2022. Vol.52, Iss.11: Article number: ¢13859. https://doi.org/10.1111/eci.13859

10. Espinosa O.A., Zanetti A.D.S., Antunes E.F., Longhi F.G., Matos T.A., Battaglini P.F. Prevalence of comorbidities
in patients and mortality cases affected by SARS-CoV2: a systematic review and meta-analysis // Rev. Inst. Med. Trop.
Sao Paulo. 2020. Vol.62. Article number: e43. https://doi.org/10.1590/S1678-9946202062043

11. Lippi G., Henry B.M. Chronic obstructive pulmonary disease is associated with severe coronavirus disease 2019
(COVID-19) // Respir. Med. 2020. Vol.167. Article number: 105941. https://doi.org/10.1016/j.rmed.2020.105941

12. IMaBnenko B.1., Kynuk E.I'., Happimikuna C.B. Xponndeckast o0CTpYKTHBHAs O0JIE3HB JIETKUX Kak KOMOPOHTHOE
cocrosinue mpu COVID-19 // Amypckuit mMexununckuid sxypHan. 2021. Nel(31). C.11-17. EDN: NHRQCQ.
https://doi.org/10.24412/2311-5068-2021-1-11-17

13. depepasbHble KIMHAYECKUE PEKOMCHIAIMH 10 JHUArHOCTHKE U JICUCHUIO XPOHHUYECKON 0OCTPYKTUBHOM 00JIC3HU
nerkux. M.: Poccuiickoe pecrimparopHoe ob6miectBo, 2021. URL: https://spulmo.ru/obrazovatelnye-resursy/federalnye-
klinicheskie-rekomendatsii/

32



FBionnemens pusuonozuu u namonozuu
ovixanus, Buinyck 87, 2023

Bulletin Physiology and Pathology of
Respiration, Issue 87, 2023

REFERENCES

1. COVID-19 Situation with in the WHO European Region (data as of: 09 February 2023). Available at:
https://who.maps.arcgis.com/apps/dashboards/ead3c6475654481ca51c248d52ab9c61

2. Chen C., Haupert S.R., Zimmermann L., Shi X., Fritsche L.G., Mukherjee B. Global Prevalence of Post-Coronavirus
Disease 2019 (COVID-19) Condition or Long COVID: A Meta-Analysis and Systematic Review. J. Infect. Dis. 2022;
226(9):1593-1607. https://doi.org/10.1093/infdis/jiac136

3. Asfandiyarova N.S., Filippov E.V., Demikhov V.G., Dashkevich O.V., Yakubovskaya A.G., Moseychuk K.A., Zhu-
ravleva N.S., Kulikov S.A. [Clinical manifestations of post-COVID-19 syndrome]. Russian Medical Inquiry
2022;6(11):612-617 (in Russian). https://doi.org/10.32364/2587-6821-2022-6-11-612-617

4. Varga Z., Flammer A.J., Steiger P., Haberecker M., Andermatt R., Zinkernagel A.S., Mehra M.R., Schuepbach R.A.,
Ruschitzka F., Moch H. Endothelial cell infection and endotheliitis in COVID-19. Lancet 2020; 395(10234):1417—-1418.
https://doi.org/10.1016/S0140-6736(20)30937-5

5.JinY., JiW., Yang H., Chen S., Zhang W., Duan G. Endothelial activation and dysfunction in COVID-19: from basic
mechanisms to potential therapeutic approaches. Signal Transduct. Target. Ther. 2020; 5(1):293.
https://doi.org/10.1038/s41392-020-00454-7

6. Patel R.S., Al Mheid I., Morris A.A., Ahmed Y., Kavtaradze N., Ali S., Dabhadkar K., Brigham K., Hooper W.C.,
Alexander R.W., Jones D.P, Quyyumi A.A. Oxidative stress is associated with impaired arterial elasticity. Atherosclerosis
2011; 218(1):90-95. https://doi.org/10.1016/j.atherosclerosis.2011.04.033

7. Fogarty H., Townsend L., Morrin H., Ahmad A., Comerford C., Karampini E., Englert H., Byrne M., Bergin C.,
O'Sullivan J.M., Martin-Loeches 1., Nadarajan P., Bannan C., Mallon P.W., Curley G.F., Preston R.J.S., Rehill A.M.,
McGonagle D., Ni Cheallaigh C., Baker R.I., Renné T., Ward S.E., O'Donnell J.S.; Irish COVID-19 Vasculopathy Study
(1ICVY) investigators. Persistent endotheliopathy in the pathogenesis of long COVID syndrome. J. Thromb. Haemost. 202;
19(10):2546-2553. https://doi.org/10.1111/jth.15490

8. Oikonomou E., Souvaliotis N., Lampsas S., Siasos G., Poulakou G., Theofilis P., Papaioannou T.G., Haidich A.B.,
Tsaousi G., Ntousopoulos V., Sakka V., Charalambous G., Rapti V., Raftopoulou S., Syrigos K., Tsioufis C., Tousoulis D.,
Vavuranakis M. Endothelial dysfunction in acute and long standing COVID-19: A prospective cohort study. Vascul. Phar-
macol. 2022; 144:106975. https://doi.org/10.1016/j.vph.2022.106975

9. Mavraganis G., Dimopoulou M.A., Delialis D., Bampatsias D., Patras R., Sianis A., Maneta E., Stamatelopoulos
K., Georgiopoulos G. Clinical implications of vascular dysfunction in acute and convalescent COVID-19: A systematic
review. Eur. J. Clin. Invest. 2022; 52(11):e13859. https://doi.org/10.1111/eci.13859

10. Espinosa O.A., Zanetti A.D.S., Antunes E.F., Longhi F.G., Matos T.A., Battaglini P.F. Prevalence of comorbidities
in patients and mortality cases affected by SARS-CoV2: a systematic review and meta-analysis. Rev. Inst. Med. Trop. Sao
Paulo 2020; 62:e43. https://doi.org/10.1590/S1678-9946202062043

11. Lippi G., Henry B.M. Chronic obstructive pulmonary disease is associated with severe coronavirus disease 2019
(COVID-19). Respir. Med. 2020;167:105941. https://doi.org/10.1016/j.rmed.2020.105941

12. Pavlenko V.I., Kulik E.G., Naryshkina S.V. [Chronic obstructive pulmonary disease as a comorbid state in COVID-
19]. Amur Medical Journal 2021; (1):11-17 (in Russian). https://doi.org/10.24412/2311-5068-2021-1-11-17

13. [Federal clinical guidelines for the diagnosis and treatment of chronic obstructive pulmonary disease]. Moscow:
Russian Respiratory Society; 2021 (in Russian). Available at: https://spulmo.ru/obrazovatelnye-resursy/federalnye-klini-
cheskie-rekomendatsii/

Hugpopmayusn 06 asmopax:

Exarepuna I'ennagbeBna Kyimk, kana. Mea. Hayk, TOUEHT Kadexpbl
(akyIIbTeTCKOI ¥ MONMUKIMHIYEcKol Tepanun, DeepanbHoe rocyrapet-
BEHHOE OIOIKETHOE 00pa30BaTeIbHOE yUPEXkKISHHE BBICIIETO 00pa3oBa-
HHH  «AMypckas TOCYZapCTBEHHAss MEIUIUHCKAas  aKaJIeMIsD)
MunucTepcTBa 3apaBooxpaHeHus Poccuiickoit ®Dexpepanuu; e-mail:
agma.kulik@mail.ru

Banentuna UBanosua IlaBiaenko, 1-p Mex. Hayk, npodeccop kadeapbl
(akyIbTETCKOM U IIONUKINHIYECKOH Tepariy, defiepaabHoe rocyaapeT-
BEHHOE OFOJKETHOE 00pa30BaTE/IbHOE YUPEKACHHE BBICIIETO 00pa3oBa-
HUS  «AMypcKas  TIOCyJapCTBEHHas  MEJULMHCKas  aKaJeMHsD»
MunncrepcTa 3apaBooxpanenus Poccuiickoii @eneparun; e-mail: amur-
vip@front.ru

Author information:

Ekaterina G. Kulik, MD, PhD (Med.), Associate Professor of Depart-
ment of Faculty and Polyclinic Therapy, Amur State Medical Academy;
e-mail: agma.kulik@mail.ru

Valentina I. Pavlenko, MD, PhD, DSc (Med.), Professor of Department
of Faculty and Polyclinic Therapy, Amur State Medical Academy; e-mail:
amurvip@front.ru

33



FBionnemens pusuonozuu u namonozuu
ovixanus, Buinyck 87, 2023

Bulletin Physiology and Pathology of
Respiration, Issue 87, 2023

Cgernana Banagnvunposna Hapeimknna, 1-p Mel. Hayk, npodeccop,
3aB. Ka(eapoil (paKyIbTEeTCKON U MOMUKIMHIIECKOH Tepanuu, Oenepaib-
HOE rOCYJIapCTBEHHOE OIO/DKETHOE 00pa30BaTE/IbHOE YUPEKICHHE BbIC-
mero oOpa3oBaHMH «AMypCKas TOCyIapCTBEHHas MeJIHUI[MHCKas
akazieMus» MUHHCTEpCTBa 3paBooxpaneHus Poccuiickoit denepanum;
e-mail: kaf fakult terapii@amursma.su

Amnacrtacus AslekceeBHa Bakuna, kaH/1. Me/1. HayK, aCCUCTEHT Kadeapbl
(haKyaBTETCKOM M MOIUKIMHIYECKON Tepanuu, DeaepanbHOe rocyaapeT-
BEHHOE OIOIPKETHOE 00pa30BaTEIbHOE YUPEKICHNUE BBICUIIEr0 00pa3oBa-
HHM  «AMypckas TOCyIapCTBEHHAs MEIULUHCKAas  aKaIeMID»
MunucrepcTBa 3apaBooxpanenus Poccuiickoit denepanny; e-mail: anas-
tasia_darchi@mail.ru

Svetlana V. Naryshkina, MD, PhD, DSc (Med.), Professor, Head of De-
partment of Faculty and Polyclinic Therapy, Amur State Medical
Academy, e-mail: kaf fakult terapii@amursma.su

Anastasia A. Bakina, MD, PhD (Med.), Assistant of Department of Fac-
ulty and Polyclinic Therapy, Amur State Medical Academy; e-mail: anas-
tasia_darchi@mail.ru

Iocmynuna 13.02.2023
Ipunsama x newamu 06.03.2023

Received February 13, 2023
Accepted March 06, 2023

34



