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Lienb nccnefoBaHUA: OLEHUTb OCIOKHEHWSA, UCXOAb! M PA3BUTHUE XPOHUYECKUX 3aboneBaHui y 60/1bHbIX Nocae nepeHecéHHoro COVID-19-accoumm-
POBAHHOrO a/IbBEOIAPHONO NOBPENAEHUA PA3/IMYHOM TAKECTU TeueHus 3a60/1eBaHNA Y NALUEHTOB C UCXOAHOM KOMOPOUAHOCTLIO U 6e3 Heé.
Martepuan u metoapbl: NPoBeAEH PETPOCMEKTUBHBIN aHaNN3 METOAOM CNYYaiHOW BbIGOPKM 158 ncTopuit 6onesHn naumeHToB O6AACTHOW KAUHK-
yeckoit 6onbHULbl Ne 3 1. YenabuHcka B Bo3pacte oT 44 fo 75 NeT, HaXOAMBLUMXCA Ha FOCNWUTAZIM3aLMKU C ABYCTOPOHHEN BUPYCHON NMHEBMOHUEN.
KoHTponb — 111 yenosek, He 6oneswmx COVID-19. B 3aBUCMMOCTM OT 06bEMA NopaxkeHUa NErKMX NaumueHTbl 6biau pacnpegeneHbl Ha 2 rpynnbl.
Mepsyto rpynny coctasuan 90 NALMEHTOB C NOpPaXKeHWeM NETKMX meHee 50%, BTOPYIO rpynny cocTaBuin 68 naLMeHToB, Y KOTOPbIX 6b110 NopaKeHo
cBblwe 50% NéroyHon TKaHW. Yepes 36 MecsALEeB Nocae BbIMUCKK U3 CTAaLMOHAPA C NOMOLLbIO MEeAULMHCKOW MHGOPMALMOHHOM cucTembl «BAPC» pe-
TUCTPUPOBANUCH KaK ambynaTOpHbIe, Tak U CTaLMOHapHble 0bpalleHUa 33 MeAULMHCKOM NOMOLLbIO, Kaxable 12 MecALeB CpaBHMBANOCh KONUYECTBO
BbIABNEHHbIX OC/IOKHEHUI BHYTPU FPYNM U MeXAy rpynnamu.

Pe3ynbTatbl: N0 CPAaBHEHMIO C FPYNMON KOHTPOAA Kak B |, Tak 1 Bo |l rpynne 3Hauumo yvaule (p<0,05) BcTpeyanucb 601€3HN HEPBHOM CUCTEMBI, TU-
nepToHuyeckan 6onesHb (B), Mwemmnyeckas 6onesHb cepaua (MBC) u caxapHbii guabet (CA) Il Tuna. Bo Il rpynne Takxe yawe (p<0,05) umenn me-
CTO 3a60N1eBaHMA WMTOBUAHON enesbl. Y 60/bHbIX | Fpynnbl 3aperucTpupoBaHbl OCNOXKHEHUA M UCXOAbl PacCMaTpUBaeMbix 3abonesaHuit 8 38,9%
HabntoaeHuiA, neTanbHbi Ucxos — B 1,1% cnyyaes. Hanbonee yacTo BCTpeYanucb OC0KHEHWUA B NepBblli rog, — 42,9% Bcex ocnosxkHeHwi 16, 61,5%
ocnoxHeHuit UBC, 66,7% ocnoxHennii C Il Tuna, HeBponoruyeckue 3aboseBaHns Yalle BCTpeYannch Bo BTopoi rog — 57,1% cnyyaes. Y 6onbHbix ||
rpynnbl OTMEYEHO BO3HUKHOBEHME OCNOXKHEHMUI U HeBNaronpuATHLIX UCXoZoB B 86,8% HabntoaeHuid. JleTanbHbli Ucxog 3apervcTpuposaH B 10,3%
cnyyaes. MNpeobnaganu nocneactems UBC (30,6% Bcex ocnoxkHeHwi), 16 (23,4%), CA, 1l Tuna (19,4%), 6onesHeii HepsHoM cuctembl (12,9%), 6onesHei
LUTOBMAHOM Xenesbl (6,5%), 3abonesaHuii noyek (1,6%). Hanbonee 4acTo BCTpeYaNUCh OCNOXKHEHMA B NepBbIi rog, — 49,2% Bcex ocnoxHeHuid UBC,
41,4% ocnoxHenul b, 75,0% ocnoxHeHuit CA Il Tuna, 50,0% ocnoKHeHul 3a601eBaHUIN LUMTOBUAHON Kenesbl; HEBPOAOrnyeckne 3abonesaHus
Yalle BCTpeyanuch Bo BTopol rog — 50,0% cnyyaes. Mo cpaBHeHMIO ¢ | rpynnoii YacToTa BCTpeyaemocTu ocnoxkHenuii CA Il Tuna sbiwe Bo Il rpynne
Ha 63,5% (p<0,05), ocnoxHeHuit UBC — Bbiwwe Ha 66,2% (p<0,05), ocnoxHeHuit b — Bbiwe Ha 51,7% (p<0,05), HEBPONOTMYECKMX OC/IOKHEHUI — Bbille
Ha 67,0% (p<0,05), ocnoxHeHuit 3a601eBaHMI WUTOBUAHOM XKenesbl — Bbiwe Ha 87,5% (p<0,05). OcTasnbHble NOKa3aTenu He MMEN CTaTUCTUYECKM
3HAYMMOIA Pa3HULLbI M3-3a HEBO/LLLIOTO KoNMYeCTBa HabatoaeHwiA. JleTanbHbIi ucxoa, 8o Il rpynne umen mecto Ha 85,3% vale (p<0,05), yem B | rpynne.
Kpome Toro, cpeay nauuneHTos Il rpynnbl Yalle Habagannch cydan BOSHUKHOBEHMA ocnokHeHW CLL Il TUna v HacTynaeHus NeTanbHOro Ucxoaa B
nepsble 12 mecaues nocne COVID-19.

3aKntoueHue: Hamy 6bIN0 NPOAEMOHCTPMPOBAHO BAMAHME TAXKECTU TeuyeHns COVID-19 Ha CTPYKTYpY M YacTOTy BCTPEYAEMOCTU OCIOKHEHUN B Te-
YyeHWe TPEXNETHEro nepuosa HabnaeHUa nocae nepeHecéHHoro 3abonesaHus. MpoBeaEéHHOE UCCIEf0BAaHNE MOMKET OKa3aTb BAMAHME HA BblOOp
TaKTUKM BeLEHWA NaLMEHTOB C KOMOPOUAHOCTLIO NPU TAKENOM M cpesHeTaKénon popmax COVID-19.

Kntouesble cnosa: COVID-19, KomopbudHOCMb, OCAOXHEHUS, NPO2HO3, MOOEfTb.
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Objective: To evaluate the complications, outcomes, and development of chronic diseases in patients following COVID-19-related acute respiratory
distress syndrome (ARDS) with diffuse alveolar damage of varying severity in patients with and without initial comorbidities.

Methods: A retrospective analysis was conducted using a random sample of 158 medical records from patients at the Chelyabinsk Regional Clinical
Hospital in Chelyabinsk, Russia. These patients, aged between 44 and 75 years, were hospitalized with bilateral viral pneumonia. The control group
consisted of 111 patients who did not have COVID-19. Based on the extent of lung damage, the patients were divided into two groups: Group 1 included
90 patients with less than 50% involvement of the lung parenchyma. In contrast, Group 2 comprised 68 patients with more than 50% involvement
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of the lung parenchyma. Thirty-six months after their discharge from the hospital, both outpatient and inpatient medical visits were recorded using
the medical information system "BARS. Healthcare". Every 12 months, the rate of complications was compared within and between the two groups.
Results: In comparison with the control group, patients in Group 2 exhibited a significantly higher prevalence of nervous system diseases, hypertension
(HT), coronary artery disease (CAD), and type 2 diabetes mellitus (T2DM) (p<0.05). Thyroid diseases were also notably more common in Group
2 (p<0.05). In Group 1, complications and outcomes of the studied diseases were recorded in 38.9% of cases, with fatalities occurring in 1.1% of
cases. Complications were most prevalent in the first year, with HT, CAD, and T2DM complications observed in 42.9%, 61.5%, and 66.7% cases,
respectively. Nervous system involvement was more frequently observed in the second year, accounting for 57.1% of cases. Conversely, in Group 2,
complications and adverse outcomes were noted in 86.8% of cases, with a death rate of 10.3%. The most common complications included sequelae
of CAD (30.6%), HT (23.4%), T2DM (19.4%), nervous system diseases (12.9%), thyroid diseases (6.5%), and kidney diseases (1.6%). Similar to Group
1, most complications in Group 2 appeared in the first year and included sequelae of CAD (49.2%), HT (41.4%), T2DM (75.0%), and thyroid disease
(50.0%). Neurological diseases were exacerbated in the second year, accounting for 50.0% of cases. Compared with Group 1, the incidence of T2DM
complications was 63.5% higher in Group 2 (p<0.05). In comparison, complications of CAD were 66.2% higher (p<0.05), and complications from HT
increased by 51.7% (p<0.05). Neurological and thyroid disease complications were higher by 67.0% (p<0.05) and 87.5% (p<0.05), respectively. The
remaining indicators did not show statistically significant differences due to the limited number of cases. Additionally, fatal outcomes were significantly
more frequent in Group 2, occurring 85.3% more often (p<0.05) than in Group 1. Moreover, there were more frequent complications from T2DM and
deaths within the first 12 months after COVID-19 among patients in Group 2.

Conclusion: We have observed the effects of COVID-19 severity on the structure and incidence of complications over three years after the event. This
study may influence the management strategies for patients with comorbidities in severe and moderate COVID-19 cases.

Keywords: COVID-19, ARDS, comorbidities, complications, prognosis, model.
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BBEAEHME

KopoHaBupycHasa 6onesHb 2019 roga (COVID-19) u eé nocnea-
CTBUA [0 CUX MOP OKAa3blBatOT BAMAHME Ha bnarononyyne OTAe/bHbIX
nogjen 1 AeATeNbHOCTb CUCTEM 3[PaBOOXPAHEHUs MO BCEMY MUPY,
HecMoTpA Ha odpuuManbHO 06bABAeHHOe BO3 oKoHYaHMe naHaemMum
5 mas 2023 roga. B HacToAwwee BpemA NpeanpUHUMAIOTCA NOMNbITKK
[1aTb XapaKTEPUCTUKY UCXOAAM U OTAANEHHBIM NOCAeACTBUAM UHPEK-
LMK, OAHAKO 3Ta paboTa TpebyeT BpeMeHU W YCUAUI CreLaamcToB B
061acT¥ MeauLMHbI MO BCEMY MUPY.

3abonesaHne COVID-19, BbI3BaHHOe KOpoHaBupycom SARS-
CoV-2, npMBOAWT K AONTOCPOYHBIM NOCNEACTBUAM ANA MHOTUX CU-
CTEM YeNI0BEYECKOro opraHm3ma. MiccnegoBaHuma ¢ yyactem nHGmum-
POBaHHbIX /UL, B TEYEHME ABYX JIET ONUCAAN PUCK PA3BUTUA MHOMMUX
naToNornYecknx coctoaHuii [1]. Yepes 12 mecsues nocne nepeHecéH-
HOM MHEKLMM BEPOATHOCTb BO3HUKHOBEHWA HEKOTOPbIX OC/OMHE-
HWUI HAYMHAET CHUXKATLCA, HO MPY 3TOM AaHHbIV PUCK eLLE COXpaHA-
€TCA Ha NPOTAXeHUU 3 NIET, W, B NMePBYIO OYepesb, 3TO KacaeTca /inL,
nepeHécwmx COVID-19 [2]. UccnenoBaHMsA NOKa3biBalOT, YTO 3HAUW-
TeNbHAA AONA OCNONKHEHUW U CNYYaeB MHBANUAHOCTH, CBA3AHHBIX C
COVID-19, nposBnseTcs B Te4eHMe BTOPOro roga nocse 3abonesaHus.
CornacHo MMELWMMCA AAHHbIM, 3TO KacaeTca NPUMEPHO YETBEPTU
BCEX 3aperncTpuMpoBaHHbIX caydaes [3]. OaHaKo cneayeT OTMETUTD,
YTO MUCCNeA0BaHMA, OXBaTbIBatOWME Bonee NPOAOAKUTENbHBIE NEpPU-
ofbl HabtoAEHNA, NOKa HEMHOTMOYMC/IEHHDI.

COVID-19 moxKeT OKasblBaTb KOMMIEKCHOE BO3AEUCTBME Ha
opraHusm Yyenoseka. Cpeay Hanbonee YacTo 3aTparMBaeMbIX CUCTEM
BbIAENAOT 4bIXaTE/IbHYIO U CEPAEYHO-COCYANCTYIO, XOTA U Apyrue op-
raHbl TaKKe MOryT bbITb NOABEPHKEHbI HEFATUBHOMY BANAHMIO BUPYCA
[3]. Pag HayyHbIX paboT Bbla NOCBALEH M3YYEHUIO CEPAEYHO-COCY-
[AUCTbIX OCNOXHEeHU nocne COVID-19 [4, 5]. Tem He meHee, 60/b-
WMHCTBO 3TMX MCCNEeA0BaHMA MMEEeT CyLLECTBEHHble OrpaHMYeHus.
Bo-nepBbiX, OHW NPeNMyLLECTBEHHO GOKYCMPOBAANUCH HA NaLMEHTaX,
NPOXOAMBLUMX CTALMOHAPHOE NeyeHune. Bo-BTopbIx, nepuog, Habnto-
[EeHUA B 3TMX paboTax He NpeBbiwan ABYX NIET, COCTaBAAA OT 6 go 24
mecaueB [5, 6]. YunTbiBas 3TM orpaHUYeHMs, OCTAETCA OTKPbITbIM BO-
NPOC 0 LONFOCPOYHOM AUHAMMUKE PUCKOB M OC/IOXKHEHUI NOC/e nepe-
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INTRODUCTION

COVID-19 (coronavirus disease 2019) and its consequenc-
es continue to impact individual well-being and health systems
worldwide despite the official end of the pandemic declared by
the WHO on 5 May 2023. Efforts are underway to characterize
the outcomes and long-term consequences of the infection, but
this work requires time and effort from health professionals glob-
ally.

The COVID-19 disease caused by the SARS-CoV-2 coronavi-
rus has long-term consequences for many systems in the human
body. Studies involving infected patients over two years have
described the risk of developing various pathological conditions
[1]. After 12 months from infection, the likelihood of developing
some complications begins to decrease, but this risk persists for
3 years, primarily affecting patients who have had COVID-19 [2].
Studies show that a significant proportion of complications and
disabilities associated with COVID-19 occur during the second
year after the disease. According to available data, this applies to
about a quarter of all registered cases [3]. However, it should be
noted that studies covering more extended follow-up periods are
still limited in number.

COVID-19 can have a complex effect on the human body.
The respiratory and cardiovascular systems are the most fre-
quently affected, although the virus can adversely impact other
organs [3]. Several scientific papers have focused on the study
of cardiovascular complications after COVID-19 [4, 5]. Howev-
er, most of these studies have significant limitations. First, they
mainly concentrated on patients undergoing inpatient treatment.
Second, the follow-up period in these studies did not exceed two
years, ranging from 6 to 24 months [5, 6]. Given these limitations,
the long-term dynamics of risks and complications after COVID-19
remain unresolved. Whether these risks remain at the same level
or change over time is unclear. Further studies with an extended
follow-up period covering diverse groups of patients are neces-
sary to obtain a more complete picture.
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HecéHHoro COVID-19. HeAcHO, COXpaHAKTCA N 3TN PUCKN Ha NpPeX-
HEM YPOBHE WU U3MEHAIOTCA C TEYEHUEM BpeMeHH. [na nonyyeHuns
6onee NOMHOW KapTUHbI HEOOXOAMMbI AabHENLINE UCCIEA0BAHUS C
pacLUMpPeHHbIM NepuoLoM HabNAEHMSA, OXBATbIBAOLLME PA3/IMYHbIE
rpynnbl NauMeHToB.

LLENb NCCNEQOBAHUA

OUEHUTb OC/IOKHEHUA M UCXOAbl Y BONIbHBIX MOC/E NePEHECEH-
Horo COVID-19-accoummpoBaHHOTO anbBEONAPHOrO MOBPEXAEHMA
Pa3/IMYHOMN TAXKECTU TeyeHua 3a60/1eBaHNA Y NALMEHTOB C CXOLHOM
KOMOPOUAHOCTBIO U 6e3 Heé.

MATEPUAN U METOAbI

B pamKax uccnegoBaHms 6bln NPoBeAEH KOMMNIEKCHbIN PeTpo-
CMEKTUBHbIA aHaNU3 MEAMLMHCKUX AaHHbIX. OOBEKTOM M3yyeHus
cTanun uctopum 6onesHn 158 naumeHtoB OBNACTHOW KAMHUYECKOW
601bHMLBI N2 3 (OKB Ne 3, r. YenabuHck) B BospacTe oT 44 ao 75 ner.
Mpu nposeaeHUM MyALTUCNNPANLHON KOMMBIOTEPHOW ToMorpadum
(MCKT) y Bcex 60nbHbIx 6bina AMArHOCTMPOBaHa A4BYCTOPOHHAA BU-
pycHas nHeBmoHusA. C uenbto sepudunraumm COVID-19 bpancs masok
CO C/M3MCTbIX 3€Ba M NONOCTM HOca ana onpeaenexus PHK supyca
SARS-CoV-2. AHanu3 npoBoAn/CA METOLOM NOSMMEPA3HOW LIENHOWM
peakuuu (c ncnonb3oBaHMem Habopa NabopaTopHbIX peareHToB «Pe-
anbect PHK SARS-CoV-2», nponssoactso AO «BekTtop bect»).

B KauecTBe KpuTepua A pasfeneHna NauMeHToB No TAXKECTU
TeyeHMA 3a6071€BaHNA UCMO/b30BANACH CTENEHb NOPAXKEHMA NEMKUX
no AaHHbiIM MCKT rpyZHO KAeTKM Ha MOMEHT noctynnexus. Co-
I1AaCHO BPEMEHHbIM METOAMYECKMM pekomeHaaumam «Mpodunak-
TWKa, OMArHOCTMKA U Jie4eHWe HOBOWM KOPOHABMPYCHOM MHEKLUMM
(COVID-19)», uccnepyeman KoropTa nauueHtos (n=158) 6bina noa-
pasfaeneHa Ha 2 otaenbHble rpynnbl. B | rpynny 6biam BkAtoYeHbl 90
60/1bHbIX C NAOWAAbI0 NOpasKeHUa NErkMx He Bonee 50% (cTeneHb
TAXECTU OLEHMBANACH KaK cpefHeTAXEnan, KT KapTUHa COOTBETCTBO-
Bana KT-1 unum KT-2). Bo Il rpynny 6biam BKAtOYEHbI 68 60/1bHbIX € N10-
Waabto NopasKeHnsa NErkux cablwe 50% (cTeneHb TAMKECTU OLEHMBA-
Nacb Kak Taxénan, KT KapTuHa cooTsetctBoBana KT-3 uaum KT-4) [7]. B
KOHTPOJIbHYIO rpynny MeToAOoM Cy4vaiiHoro nogbopa 6b110 HabpaHo
111 yenoBeK CXOXMX MO BO3PACTY M NOAY C rPynnoit uccnefoBaHus, He
MMEBLLMX 3a Nepuog HabatoaeHus obpalueHuit no nosogy COVID-19.

Yepes 36 mecAues nocie 3aboneBaHUs C NOMOLLbIO MeANLMH-
CKOWM MHPOPMALMOHHOMN cucTembl «BAPC» permcTpmpoBanuch Kak
aMbynaTopHble, TaK U CTaLMOHAPHbIE 0OPALLEHMA 33 MELMLIMHCKOM
NMOMOLLbIO. PErncTpupoBanmnch Kak 060CTPEHUA UMEIOLLMXCA Ha MO-
MEHT BK/IIOYEHMA B UCCNef0BaHWe 3ab01eBaHMIA, TaK 1 PasBUTME HO-
BbIX C/ly4aeB NaToNorMn. MIcxofHbI KOMOPOUAHbIV GOH NpeacTaBaeH
B Tabn. 1.

Mocneacteua COVID-19 noppasaensnmch Ha SHAOKPUHHbIE (Bbi-
asneHue C4 Il Tuna, aMabeTnyeckne aHrMonaTMm M HelponaTum, CTou-
KOe OTCYTCTBME LeNIEBbIX YPOBHEN [IMKEMUM); CEPAEYHO-COCYAMCTbIE
(ocTpbIit KOPOHAPHBIN CUHAPOM, YYalleHMe NPUCTYNOB CTEHOKApAUK,
BOCMA/IMTE/IbHbIE NOPAXKEHNA MMOKApAA M NepuKapaa, aputMuu, ru-
NepTOHUYECKME KPK3bl, NPOrpeccMpoBaHmne CTeNeHN U CTaauu runep-
TEH3UM); HeBposornyeckune (mopaxeHus nepudepuyeckort HepBHoOM
cucTembl, passutve BonesHn Anbureiimepa, ycyrybaeHue xpoHude-
CKMX ULIEMMYECKMX PACCTPOWCTB FONI0OBHOMO MO3ra, BOSHUKHOBEHME
MUrpeHu). 3a NOPaXKeHWe LWUTOBUAHOW Kenesbl NPUHMMANUCL Ha-
NNYMe KAMHUYECKOW CUMNTOMATUKM U AUHAMMKA ypoBHeW T3, T4 1
TUPEOTPONHOro rOPpMOHa Ha npepwectsytowein COVID-19 Tepanuu
NMbo BbIABNEHWME NATONOTMM LLMTOBUAHOM Kenesbl Brnepsble. 3abo-

PURPOSE OF THE STUDY

To assess complications and outcomes in patients with
COVID-19-related ARDS with diffuse alveolar damage of varying
severity, considering those with and without baseline comorbid-
ities.

METHODS

The study included a comprehensive retrospective medical
data analysis, encompassing the records of 158 patients from
the Chelyabinsk Regional Clinical Hospital in Chelyabinsk, Russia,
aged 44 to 75 years. All patients were diagnosed with bilateral
viral pneumonia through multispiral computed tomography
(MSCT). To confirm COVID-19, a swab was taken from the mucous
membranes of the pharynx and nasal cavity to detect the RNA of
the SARS-CoV-2 virus. The samples were PCR tested using a Real-
Best RNA SARS-CoV-2 RT-PCR (Vector-Best JSC, Russia) assay kit.

The extent of lung damage, based on the MSCT of the chest
at admission, was used as a criterion to classify patients based
on disease severity. According to the temporary guidelines, "Pre-
vention, diagnosis, and treatment of a new coronavirus infection
(COVID-19)", the study cohort of patients (n=158) was divided
into two distinct groups based on the volume of these pulmo-
nary lesions induced by SARS-CoV-2 assessed by chest comput-
ed tomography (CT). Group 1 consisted of 90 patients with a
lung lesion area of no more than 50% (severity was assessed as
moderate, corresponding to CT-1 or CT-2). Group 2 comprised
68 patients with a lung lesion area exceeding 50% (severity was
assessed as severe, corresponding to CT-3 or CT-4) [7]. A control
group was randomly selected from 111 patients similar in age
and gender to the control group with no COVID-19-related visits
during the follow-up period.

Thirty-six months after the disease, outpatient and inpatient
medical care visits were documented using the medical informa-
tion system "BARS. Healthcare". Reasons for visits included ex-
acerbations of preexisting conditions and the new-onset disease
at the time of study inclusion. The initial comorbid background is
presented in Table 1.

COVID-19 sequelae are categorized into the involvement of
several bodily systems and organs:

Endocrine: This includes T2DM, diabetic angiopathies and
neuropathies, and poor glycemic control.

CVS: These can manifest as acute coronary syndrome, in-
creased frequency of angina attacks, various forms of myocarditis
and pericarditis, arrhythmias, hypertensive crises, and progres-
sive HT.

Nervous system: This encompasses involvement of the pe-
ripheral nervous system, new onset of Alzheimer's disease, wors-
ening of hypoxic-ischemic encephalopathy, and new-onset head-
aches.

The thyroid: This includes clinical symptoms and alterations
in thyroid hormone levels (T3, T4, and TSH) during previous
COVID-19 treatment or the newly diagnosed thyroid pathology.

Reproductive: This includes infertility, defined as the inabili-
ty to achieve a clinical pregnancy after 12 months of regular sexu-
al activity without contraception.

Kidney: This is indicated by a sustained rise in blood creati-
nine and urea levels, an elevation in plasma creatinine exceeding
26 umol/l from baseline within 48 hours, and a deterioration in
chronic kidney disease relative to the condition before COVID-19.
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Tabauya 1 Hanuyue ucxooHol komopbudHocmu

Table 1 The initial comorbid background of patients
in the control group and Groups 1 and 2

KoHTponb | rpynna Il rpynna
Hanuume ncxopHoi Komop6MAHOCTU Control group Group 1 Group 2
Types of comorbidity M W M W M W

Males Females Males Females Males Females

3§6oneB§Hmn noyek 1 1 0 1 0 0
Kidney diseases
3§6oneBaHMﬂ penpOAyKTV.IBHOVI cucTembl 1 0 0 0 0 0
Diseases of the reproductive system
3360}1'683'HVIH LMTOBUAHOM XKenesbl 0 0 0 0 0 0
Thyroid diseases
5(:)ne3HVI HepBHOI cUCTeMbI 4 7 3 ) 6 6
Diseases of the nervous system
MnepToHWYecKasa 6oa1e3Hb 14 10 9 10 14 1
HT
MBC
CAD 12 6 10 5 17 12
CA Il Tuna
T2DM 9 6 4 3 12 7

NleBaHMEM PenpoayKTUBHOM CUCTEMbI CYMTANOCh becnaoame, To ecTb
HELOCTUKEHWE KNMHUYECKOW BepeMeHHOCTV nocne 12 mecsues pe-
ryNnApHOM NONOBOM U3HM 6e3 KoHTpaLuenuuu. NMopaxeHnem noyek
CYMTaIUCb CTOMKOE MOBbILIEHWE YPOBHEW KpeaTUHWHA KPOBM U MoYe-
BMHbI, NOBbILLEHWE KPeaTUHUHA Naa3mbl Ha Bonee Yem 26 MKMOAb/N
OT WCXOAHOTO YPOBHA 3a mociefHue 48 4acos, yXyAlleHue ctaguu
XPOHWUYECKON 6O0NE3HM MOYEK MO CPABHEHWIO C MPEeALEecTBYOWUM
COVID-19 coctoaHmnem. Kaxaple 12 mecAues, Ha NPOTAXKeHUN 3 neT
HaboAEHMA CPaBHMBANIOCh KOJIMYECTBO BbISBAEHHbIX OC/I0MHEHWI
BHYTPM rpynn v mexay rpynnamu.

MonyyeHHble faHHble NpeACTaBAeHbI B BUAe rpaduKoB, NoCTpo-
€eHHbIx B nporpamme Microsoft Excel 2019 (Microsoft Corp., Redmond,
WA, USA). CtatucTnyeckaa 06paboTKa pesy/nbTaToB BbINOAHANACH C
MOMOLLbIO CTaTUCTUYEecKoro nakeTa SPSS 17.0 (SPSS Inc., Chicago, IL,
USA). CtaTUCTMYecKas 3HaYMMOCTb Pas/iMuMs YacToT onpesdensnach
NpY NOMOLLM TOUHOTO KpuTepua Puiepa. PesynbraTtbl cuMTanuch cTa-
TUCTUYECKM 3HAYMMbIMK Npu p<0,05. MNonyyeHHble AaHHbIE UCMONb-
30Ba/IUCb B CO3A4,aHNM KOMMNbIOTEPHOM MPOrPaMMbl METOAO0M IOTUCTU-
YECKOMN perpeccum Ans NPOrHO3MPOBaHMA OCNOKHEHWUIN U UCXOLOB.

PE3YNbTATbI

B rpynne KOHTPoAA 3a 36 mecALes HabAAEHNUA NeTabHbIN UC-
xoZ, 3apeructpupoBaH B 1 cnyyae (0,9%). 3adukcupoBaHo 22 ciyyas
OCNOXKHeHUA 3abonesaHnit, ny 19 yenosek (17,1%) BbisABAEHbI HOBblE
6onesHu.

Bcero Habntoganock 15 601bHbIX, McxogHo nmeswmx CA | Tuna,
MCXoa0B 3Toro 3abonesaHus 3apernctpuposaHo 3 (13,0% ot Bcex),
BMNepBble BbiABAEHO 3abonesBaHue B 2 ciyyasnx. Bcero Habatoganoch
18 60n1bHbIX € UcxogHoW UBC, BbisBNeHUIA U ocnoxHeHuid UBC 3a Tpu
roza 6110 7, B 3 cnyyasnx MBC BbifasaeHa Brnepsble. ['b ucxogHo bbinay
24 yenoBeK, e€ OCNOKHEHMI 3aperncTpmpoBaHo 8, y 4 yenosek 3abo-
NeBaHuWe BbIABNEHO BMepBble. bonesHel HEPBHOM CUCTEMBI UCXOLHO
66110 11, BNepBsble BbIABAEHHbIX 3ab0NeBaHNM 3a TpU roga — 3 cnyyas
N OCNOXKHEHUIN — 2.

Y 60nbHbIX ¢ COVID-19-accoummnpoBaHHbIM a/IbBEONAPHBIM NO-
BpeXaeHneM 3a 36 mecAueB HabaOAEHWUA NETA/IbHbIA MCXOL 3ape-
TUCTPUPOBAH B 8 cayyasx (5,1%). 3adukcmposaHo 170 oCNOKHEHWI
NCXOAHON KOMOPOMAHOCTU U BbIABNEHO HOBbLIX XPOHWUYECKMX 3abone-
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Over a three-year follow-up period, the number of compli-
cations identified within and between groups was compared ev-
ery 12 months.

The collected data were presented in graphs created using
Microsoft Excel 2019 (Microsoft Corp., Redmond, WA, USA). Sta-
tistical analysis was performed using IBM SPSS Statistics Software
version 17.0 (SPSS Inc., Chicago, IL, USA). The significance of the
frequency differences was assessed using the Fisher exact test,
with results considered statistically significant at p<0.05. This
data was used to develop a logistic regression prediction model
for complications and outcomes.

RESULTS

In the control group, during the 36-month follow-up peri-
od, one fatal outcome (0.9%) was recorded. Twenty-two cases
of complications from preexisting diseases were noted, and 19
new-onset diseases were diagnosed, representing 17.1% of the
group.

Among the participants, 15 had preexisting T2DM. Compli-
cations related to this disease occurred in 3 patients, account-
ing for 13.0% of all diabetes cases, while two cases were newly
onset. Additionally, 18 patients had initial CAD, complicated in 7
cases, and three were newly diagnosed over the three years. HT
was present in 24 patients, with complications occurring in 8, and
4 cases were newly diagnosed. There were 11 patients with pre-
existing diseases of the nervous system, and during the follow-up,
three new cases were diagnosed, along with two complications of
the preexisting disease.

In patients with COVID-19-related ARDS and resultant
diffuse alveolar damage, there were eight recorded fatalities
(5.1%) over the 36-month follow-up. A total of 170 complica-
tions related to preexisting comorbidities were documented.
New onset chronic diseases were identified in 96 patients,
which accounts for 60.8% of the 158 patients studied (see Fig.
1). Complications were observed in varying degrees: 4 patients
(2.5%) experienced three or more complications, 12 patients
(7.6%) had two complications, and 80 patients (50.6%) had at
least one complication.
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BaHWi y 96 uenosek unm 60,8% 13 158 Habntogaembix (puc. 1). Tpu u
6onee ocN0XKHEHUA 0BHapyKeHo y 4 yenosek (2,5%), ABa OCNOKHe-
HuA—y 12 (7,6%) v xoTA 6bl 0AHO ocnoxkHeHWe —y 80 Yenosek (50,6%).

Cpeay 6 yMepLIMX MYXXUYMH B KayecTBE KOMOPOUAHOCTM Yalle
Bcero otmedanca CA Il Tuna: 3 cayyan (50,0%), UBC u b oTmeyeHbl
Kaxkgan B 2 cnyyanx (33,3%). Y 2 ymepLmx KeHLWmH Habaoganmcs no
1 (50,0%) cnyuato MBC M noueyHoW HefOCTaTOUHOCTU. He BbisiBNIEHO
CTaTUCTUYECKM 3HAUMMOTO BAMAHMA NONA Ha KONMYECTBO M pacnpe-
[eneHve OCNOXHEHWN, TaKKe He yAanocb AOoKas3aTb BAUAHWE BO3-
pacTa (cTaple 60 neT) Ha YacTOTy BCTPEYAEMOCTH BCEX OC/IONKHEHUIA
(p=0,064). 3a Tpu roga BbiAsneHo dopm UBC 51 yto coctasuno 30,0%
OT BCeX 0CNOXKHeHui, 43 b — 25,3% ocnoxHenunin, C4 Il Tuna — 33
(19,4%), HeBponoruyecknx nocneactsuii — 23 (13,5%), 3abonesaHuit
WMTOBUAHOI enesbl — 9 (5,3%), 1 cnyuait 6ecnnogusa (0,6%), 3abo-
nesaHui novek — 2 (1,2%).

KonmnuecTBo ocnoHEHWIA 3a NepBblid rof, HabaaeHWs cocTa-
Buno 50,6% ot Bcex, BbiaBneHo 23 dopmbl UBC (13,5% ot Bcex), 18
6 (10,6%), 24 CA, 1l Tna (14,1%), 10 HEBPONOrMYECKMX OCNOKHEHMIA
(5,9%), 5 3aboneBaHuMi WuTOBUAHOMN Kenesbl (2,9%) n 1 3abonesa-
HWe noyek (0,6%). Bo BTOpOW roa 3aperncTpupoBaHo cymmapHo 49
(28,8%) ocnoxHenui, ns Hux 16 UBC (9,4%), 12 Tb (27,9%), 6 CA, I
Tvna (3,5%), 11 HeBponornyecknx 3abonesanuit (6,5%), 2 3abonesa-
HUS LWMTOBUAHOM enesbl (1,2%). B TpeTuit rog BbiseneHo Bcero 35
(20,6%) ocnoxHeHuit, n3 Hux 12 dopm UBC (7,1%), 13 6 (7,6%), 3
CA 1l Tvna (1,8%), no 2 HeBPOAOrMYeCcKUxX 3a601eBaHUA 1 NOPAKEHMUA
LMTOBUAHO Kene3bl (1,2%) n no 1 3a6oneBaHuIo NoYeK U penpoayK-
TMBHOM cucTembl (0,6%).

Y 60nbHbIX | rpynnbl €TaNbHbINA UCXOA 3aperucTpuposaH B 1
cnyyae (1,1%), soiasneHo Bcero 46 ocnoxHeruii COVID-19 y 35 yeno-
BeK (38,9% ot | rpynnbl, puc. 2). MHOTOYMUCAEHHbIE OCNIOXKHEHUA (2 1
60os1ee) B 3TOW rpynne BblABAEHbI Y 6 YeNnoBeK —y 1 ¢ Tpems OCNOXKHe-
HUAMM My 5 ¢ aBymA. Camoe YacToe coueTaHune HebaronpuATHBIX MC-
x0408B — ocnoHeHua UBC u I'6 (4 cnyyas), Habnaoganock 1 codetaHne
ocnoxHenun MBC ¢ CA Il tvna.

Bcero 6b110 7 60nbHbIX, McxogHO umeswmnx CA 1l TMna, ucxo-
[l0B 1 BbiABNEHWI 3TOro 3abosneBaHuA 3apernctpuposaHo 9 (13,0%
OT BCex), 0bLLee KONMYECTBO OCNOXKHeHMIM ucxogHoro CA Il Tvna 3a
3 roga coctasuno 71,4%, Bnepsble BbiaBneHO 3aboneBaHue B 28,6%
cnyyaes. Becero Habntoganu 15 6onbHbIxX ¢ ncxogHon UBC, BbisiBNeHMIA
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Among the six deceased males, the most prevalent comor-
bidity was T2DM, noted in 3 cases (50.0%). CAD and HT were re-
ported in 2 cases each (33.3%). For the two deceased females,
CAD and renal failure were observed in 1 case each (50.0%). No
statistically significant correlation was found between gender
and the number of complications, nor was any significant effect
of age (over 60 years) detected on the incidence of all complica-
tions (p=0.064). Over the three years, 51 cases of CAD were iden-
tified, accounting for 30.0% of all complications; 43 cases of HT,
comprising 25.3% of complications; T2DM accounted for 33 cases
(19.4%); neurological conditions made up 23 cases (13.5%); thy-
roid diseases were noted in 9 cases (5.3%); and there was 1 case
of infertility (0.6%) and 2 cases of kidney disease (1.2%).

During the first year of follow-up, complications constituted
50.6% of all cases. These complications included 23 cases of CAD
(13.5%), 18 cases of HT (10.6%), 24 cases of T2DM (14.1%), 10
neurological complications (5.9%), five thyroid diseases (2.9%),
and 1 case of kidney disease (0.6%). In the second year, 49 com-
plications (28.8%) were registered, including 16 cases of CAD
(9.4%), 12 cases of HT (27.9%), 6 cases of T2DM (3.5%), 11 neu-
rological diseases (6.5%), and two thyroid diseases (1.2%). In the
third year, 35 complications (20.6%) were identified, including
12 cases of CAD (7.1%), 13 cases of HT (7.6%), 3 cases of T2DM
(1.8%), two neurological diseases and thyroid conditions (1.2%),
and 1 case each of kidney disease and reproductive system dis-
ease (0.6%).

In patients of Group 1, a fatal outcome was recorded in one
case (1.1%). Forty-six complications related to COVID-19 were
identified in 35 patients (38.9% of Group 1, see Fig. 2). Multiple
complications (two or more) were noted in six patients: one with
three complications and five with two. The most common com-
bination of adverse outcomes included complications related
to CAD and HT, observed in four cases. One case also involved a
combination of CAD and T2DM.

Seven patients had preexisting T2DM, and nine patients
(13.0% of all) experienced outcomes and diagnoses of this dis-
ease. Overall, the incidence of complications related to initial
T2DM over the three years was 71.4%, with the disease being
newly diagnosed in 28.6% of cases. Additionally, 15 patients were

Puc. 1 OcnoxcHeHus COVID-19

Fig. 1 General distribution of
COVID-19 patients categorized by
fatal outcomes and extrapulmonary
complications observed over a three-
year period in Groups 1 and 2
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1 ocnokHeHuii UBC 3a Tpu roga 610 13 uto coctaBmo 28,3% oT Bcex
ocnokHeHu COVID-19. O6Wwmit NPOUEHT OCNOMKHEHWI WMCXOAHOM
MBC 3a 3 roga coctasun 61,5%, B octanbHbIX ciydasx MBC 6bina Bbise-
NeHa Bnep.ble. b ncxofHo 6bina 'y 19 YenoBeK, BbIABNEHMUIA U OCNOK-
HeHui Tb 3apernctpuposaHo 14 — 30,4% ot Bcex OCNoXKHeHMH. 06-
LM NPOLLEHT OCNOXKHEHMI UcxoHo! I'b 3a 3 roaa coctasun 36,8%, y
OCTa/IbHbIX NaLMEHTOB 3aboneBaHWe BbIABNEHO BrepBble. BonesHein
HEPBHOM CUCTEMbI UCXOAHO OblN0 5, BNepBble BbIABAEHHbIX 3abone-
BaHWI U 0CNOXHeHUM — 7 (15,2%). O6LLMiA NPOLLEHT OCNI0XHUBLLIErOCA
TEUEHUA UCXOLHO MMEBLLMXCA HEBPONOTMYECKUX 3aboneBaHuit 3a 3
roga coctasun 14,3%.

Konm4ecTBo 0CNIOXKHEHWI 33 NepBbIi rog, HabnloaeHUA CocTaBU-
no 24 (52,2% ot Bcex B 3TOW rpynne), U3 HUx BbissneHo 8 popm UBC
(17,4%), 6 C4, Il Tuna (13%), 6 cnyyaes 'b (13,0%), 2 HEBPONOTUYECKUX
3abonesaHun (4,3%), 1 3abonesaHue WUTOBUAHOM Kenesbl (2,1%). 3a
BTOPOM rog, BblABAEHO 13 0cnoHeHwu (28,3% oT Bcex B 3ToW rpynne),
u3 Hux 1 CA 1l Tvna (2,1%), 3 UBC (6,5%), 5 T6 (10,9%), 4 HeBponoru-
yeckunx 3abonesaHun (8,7%). B TpeTuii rog, BbIABNEHO 9 OCNOKHEHU
(19,6% ot Bcex B 3T0¥ rpynne), u3 Hux 2 caydas CA4 Il Tuna (4,3%), 2 —
MBC (4,3%), 3 cnyyasn 6 (6,5%), 1 HeBponornyeckoe 3abonesaxue u 1
cnyyait becnnogus (no 2,1%).

Y 60nbHbIX Il rpynnbl NeTanbHbIA UCXOA 3apPerncTpupoBaH B 7
cnyyaes (10,3%), otmeueHo 124 ocnoxkHeHua COVID-19 y 59 uenosek
nnm 86,8% u3 68 HabntogaemMbix (puc. 3). MHOrOYMCAEHHbIE OCNOKHE-
HuA (2 1 6onee) B 3TOM rpynne BbisBneHbl y 10 yenosek —y 3 ¢ Tpemsa
OCNOXHeHUaMK 1y 7 ¢ agymaA. Camoe Yactoe codeTaHue Hebnaronpu-
ATHBIX MCXo408B — ocnoHeHus MBC u CA, 1l Tuna (8 coueTanmi).

Bcero 6b110 19 60/bHbIX, ncxoaHo UMmesLwnx CA |1, BbiIABAEHWI 1
ocnoxHeHui CA 1l Tuna 3apeructpuposaHo 24 (19,4% ot Bcex 0Cnoxk-
HEeHWM), 0BLWMI NPOLEHT OCNOXHEHMI umesweroca CA Il Tuna 8o Il
rpynne 3a 3 rofa coctasun 68,4%, B ocTasbHbIX Cy4anx 3abonesaHne
6b1/10 BbIABNEHO BRepBble. Bcero Habatoaanm 29 60nbHbIX C UCXOAHOM
MBC, ocnosxkHeHuit (65,5% cnyyaes UBC) u BbissneHns UBC (34,5%)
3a Tpu roga 6110 38 yto coctasuno 30,6% OT BCeX OCNOXKHEHMIA pac-
cmatpusaemoit rpynnbl. I'6 8o Il rpynne ucxoaHo 6bina y 25 yenosek,
BCEro UCXoA0B BbifiBNEHO 29 — 23,4% OT BCEX, OCNI0XKHANACL MUMEBLLA-
Aca 6 3a 3 roga B 64,0% cnyyasx, Bnepsble bbiia BbisBaeHa y 36,0 %.
BonesHu HepBHOM cucTembl BO Il rpynne ncxoaHo boian y 12 yenosek,
NEPBUYHBIX BbIABNEHUI U OCNOXKHEHWIN 0TMeueHo 16 (12,9%). O6Lwimii
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observed to have preexisting CAD, with 13 instances of diagnosis
and complications related to this condition over three years, repre-
senting 28.3% of all COVID-19 complications. The overall percent-
age of complications from preexisting IHD over three years was
61.5%, while in the remaining cases, CAD was newly diagnosed.
Nineteen patients had preexisting HT, with 14 instances of diagno-
sis and complications recorded, accounting for 30.4% of all com-
plications. The overall percentage of complications stemming from
preexisting HT over three years was 36.8%, with the disease being
newly diagnosed in the remaining cases. Five cases of preexisting
neurological diseases were present, and seven (15.2%) were newly
diagnosed. The overall percentage of complications from preexist-
ing neurological conditions over three years was 14.3%.

During the first year of the follow-up period, 24 complica-
tions (52.2% of all complications in this group) were reported, in-
cluding eight cases of CAD (17.4%), six cases of T2DM (13.0%), six
cases of HT (13.0%), two cases of neurological diseases (4.3%),
and one case of thyroid disease (2.1%). In the second year, 13
complications were identified (28.3% of all complications in this
group), comprising one case of T2DM (2.1%), three cases of CAD
(6.5%), five cases of HT (10.9%), and four cases of neurological
diseases (8.7%). In the third year, nine complications were diag-
nosed (19.6% of all complications in this group), including two
cases of T2DM (4.3%), two cases of CAD (4.3%), three cases of HT
(6.5%), one case of neurological disease, and one case of infertil-
ity (2.1% each).

In Group 2, seven patients (10.3%) succumbed to death,
while 124 complications of COVID-19 were recorded among 59
patients, accounting for 86.8% of the 68 patients in the group
(see Fig. 3). Multiple complications (two or more) occurred in 10
patients — 3 had three complications, and 7 had two — the most
common combination of adverse outcomes involved complica-
tions from CAD and T2DM, occurred in 8 cases.

Nineteen patients in this group had preexisting T2DM, re-
sulting in 24 recorded complications related to the condition, rep-
resenting 19.4% of all complications. Over three years, the overall
percentage of complications associated with preexisting T2DM in
Group 2 was 68.4%, with the remaining cases being newly diag-
nosed. Twenty-nine patients had preexisting CAD, CAD compli-

Puc. 2 Vcxo0bl U NPUYUHbLI OC0M(-
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Fig. 2 Distribution of COVID-19
patients categorized by fatal
outcomes and extrapulmonary
complications observed over a
three-year period in Group 1
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NMPOLEHT OC/IOKHMBLUErOCA TEYEHUS] MMEBLLMXCA HEBPOIOTMYECKMX
3abonesaHuii 3a 3 roaa coctasun 50,0%. 3abonesaHnii LWUTOBUAHON
)enesbl Bnepsble 6bl10 BbIABNEHO 8 (6,5% OT BCEX OCNOMHEHWIA).
O6WMiA NPOLEHT OCNOKHMBLLETOCA TEYEHUA UCXOAHBIX 3aboneBaHNM
LUMTOBMAHOM Kenesbl 3a 3 roaa coctasun 37,5%. 3aboneBaHuii noyek
BrepBble H6bi10 BbIABAEHO 2 (1,6% OT BCEX OCNOKHEHWIA).

Konunyectso 0cn10KHEHWIA 3a NePBbIV rog HabatogeHMs cocTasw-
no 61 (49,2% oT Bcex B 3TOV rpynne), U3 Hux BbiasneHo 16 CA Il Tuna
(14,5%), 15 UBC (12,1%), 12 cnyyaes 6 (9,7%), 7 HeBponoruieckux
3abonesaHuii (5,6%), 4 3abonesaHUA WUTOBUAHON enesbl (3,2%) u
1 cnyyait 3abonesaHus nouek (0,8%). 3a BTopoit rog obHapyeHo 37
OC/IOKHeHWI (29,8% oT Bcex B rpynne), u3 Hux 5 cnyyaes CA Il Tuna
(14,5%), 13 cnyyaeB UBC (12,1%), 7 cnyyaes b (9,7%), 8 Hespono-
rMYeckux 3abonesanus (5,6%), 2 3abonesaHUA LWMTOBUAHOM enesbl
(1,6%). B Tpetuit roa BbifBneHo 26 ocnokHeHui (21,0%), 3 Hux 1 cay-
yait C4 Il Tvna (0,8%), 10 cnyyaes UBC (8,1%), 10 cnyyaes 6 (8,1%), 1
HeBposoruyeckoe 3abonesanue (0,8%), 2 3abonesaHMA WUTOBUAHOM
*enesbl (1,6) n 1 3a6onesaHne noyek (0,8%).

Mo cpaBHEHMIO C rPYNNoit KOHTPOAA Kak B |, Tak v Bo Il rpynne
3HaYMMo yauue (p<0,05) BcTpeyanmch 6one3HM HepBHOM cucTembl, B,
MBC n CA Il Tuna. Bo Il rpynne Takxe yalle (p<0,05) umenu mecto 3a-
60N1eBaHNA LWUTOBUAHOM Xenesbl.

Mo cpaBHeHMto ¢ | rpynnolt Yactota BcTpeyaemoctn dopm CL,
Il Tuna 6bina Bbiwe Bo |l rpynne Ha 63,5% (p<0,05), UBC — Ha 66,2%
(p<0,05), Ib — Ha 51,7% (p<0,05), HeBpONOrMYECKMX 3a60NEBAHNI —
Ha 67,0% (p<0,05), 3a601€BaHMIt WMTOBUAHOM Kenesbl bbina Bbille
Ha 87,5% (p<0,05). NeTanbHble ucxoabl Bo Il rpynne umenn mecto Ha
85,3% yvale (p<0,05), yem B | rpynne. Mpu 3TOM YacToTa BCTPEYaEMO-
ctv CA 1l Tvna 8 nepsblit rog, Bo Il rpynne bbina Bblwwe Ha 50,0%, yem B
I rpynne (p<0,05).

Ha ocHOBaHMM NOMYYEHHbIX AaHHbIX C MOMOLLBI0 METOAA 0T~
CTUYECKOW perpeccum nocTpoeHa MOAeNb OLEHKN BEPOATHOCTU BO3-
HWKHOBEHWSA OC/NIOKHEHWI B TEYEHME TPEX NIET NOC/E NEPEHECEHHOTO
COVID-19-accoummnpoBaHHoro anddysHoro abBEONAPHOTO MOBPEK-
OeHUA NErkux, n cosdaHa nporpamma ana 3BM «Mogenb nporHosa
BO3HMKHOBEHMA OCNOXHeHWM npu  COVID-19-accoummpoBaHHOM
AnddY3HOM anbBeONAPHOM NOBPEKAEHWUMN NErKUXY [8]. PaspaboTaH-
HaA nporpamma A1a OLEHKU BEPOATHOCTM Pa3BUTUA OCNOMHEHWUN Y
nauueHToB, nepeHécwmx COVID-19 ¢ nopasKeHWemM NEroYHOM TKaHM,
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cations (65.5%), and newly diagnosed CAD (34.5%) over three
years were 38, accounting for 30.6% of all complications in Group
2. Twenty-five patients had preexisting HT, which resulted in 29
complications, accounting for 23.4% of all complications noted.
Preexisting HT complicated 64.0% of cases over three years, while
in 36.0% of cases, HT was newly diagnosed. Twelve patients had
preexisting nervous system diseases, with 16 cases (12.9%) repre-
senting newly diagnosed conditions and complicated preexisting
diseases. The overall percentage of complicated preexisting neu-
rological diseases over three years was 50.0%. Thyroid diseases
were newly diagnosed in 8 cases (6.5% of all complications), with
the overall percentage of complications from preexisting thyroid
diseases being 37.5%. Kidney diseases were newly diagnosed in 2
cases, accounting for 1.6% of all complications.

Sixty-one complications (49.2% of this group) were reported
during the first year of the follow-up period. These included 16
cases of T2DM (14.5%), 15 cases of CAD (12.1%), 12 cases of HT
(9.7%), 7 cases of neurological diseases (5.6%), 4 cases of thyroid
diseases (3.2%), and 1 case of kidney disease (0.8%).

Thirty-seven complications (29.8% of the group) were new-
ly diagnosed in the second year. These complications included
5 cases of T2DM (14.5%), 13 cases of CAD (12.1%), 7 cases of
HT (9.7%), 8 cases of neurological diseases (5.6%), and 2 cases
of thyroid diseases (1.6%). In the third year, 26 complications
(21.0%) were identified, which included 1 case of T2DM (0.8%),
10 cases of CAD (8.1%), 10 cases of HT (8.1%), 1 case of neurolog-
ical disease (0.8%), 2 cases of thyroid diseases (1.6%), and 1 case
of kidney disease (0.8%).

Compared to the control group, Groups 1 and 2 showed a
significantly higher prevalence of diseases such as nervous sys-
tem disorders, HT, CAD, and T2DM (p<0.05). Group 2 also report-
ed a higher incidence of thyroid diseases (p<0.05). When compar-
ing Group 1 to Group 2, the incidence of T2DM was 63.5% higher
in Group 2 (p<0.05), CAD was 66.2% more prevalent (p<0.05), HT
was 51.7% higher (p<0.05), and neurological diseases were 67.0%
more common (p<0.05). Furthermore, fatal outcomes occurred
85.3% more often in Group 2 than in Group 1 (p<0.05). In the first
year, the incidence of T2DM in Group 2 was 50.0% higher than in
Group 1 (p<0.05).

Puc. 3 Vicxo0bl U npu4uHs! 0CoMHeHuUl
COVID-19 so Il 2pynne

Fig. 3 Distribution of COVID-19 patients
categorized by fatal outcomes and
extrapulmonary complications observed
over a three-year period in Group 2
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yumnTbIBaEeT cneaytome GakTopbl pucka: Haamumne UBC, Hannume CL,
Il TMna, nokasatenun dakTopa BunnebpaHaa B KpoBM, KOHLEHTPaLMA
[-avmepa B KPOBU. 3Ty MOAENb MOXKHO MCNO/b30BaThb NPU eXeroa-
HOM KOHTPO/IbHOM OCMOTpe naumeHTa, nepeHécwero COVID-19 c
nopaxKeHnem NEroYHOMN TKAHW, NOMYYEHHbIM Pe3ynbTaT NPUBOAUTCA
B MPOLLEHTHOM 3HaueHum (Tabn. 2). Habntogaemasn 3aBUCMMOCTb ONK-

CbIBaeTCA cneayrownm ypaBHEHNUEM:
X=-5.23154+(0.02132xfb)+(1.46709xd)+(2.04090xcd)+(2.67248xicd),

rae X — BepPOATHOCTb Pa3BUTUA OCNOXHeHWI (%), fb — akTus-
HocTb pakTopa BunnebpaHaa (%), d — nokasatens D-gumep (mr/n), cd
— Hanunume CA Il Tuna (0 uaum 1), icd — Hannume UBC (0 nan 1).

CornacHo NonyYyeHHbIM AAaHHbIM M NOCTPOEHHOW MOAENM, Ya-
CTble OCNOXKHeHUA 3a Tpu roga nocie COVID-19 Bo3HMKaOT y 60Mb-
HbIx ¢ CA Il Tuna n UBC, BbIcCOKMMM 3HaueHusamm -aumepa (bonee 0,5
Mr/N1) N HWU3KOW aKTMBHOCTbIO dakTopa Bunnebparnaa (meHee 70%).
Banugaumsa Moaenn Ha UCNob30BaHHbIX JAHHbIX NOKa3asna YyBCTBY-
TenbHocTb 70% 1 cneunduyHocTb 75%.

OBCYXAEHUE

YrneBogHblii 06MeH. Ha cerofHsAWHWIA AeHb CyLLecTBYeT He-
CKO/IbKO TMNOTe3 OTHOCWUTENBbHO MPUUMH Gonee TANKENOro TeyeHus
KOPOHaBMpycHOW MHdeKumn y nauveHTos ¢ CA Il Tuna. Ha ¢one CL
HabnofaeTca HapyLweHe UMMYHHOM 3aLumuTbl, 0bycnosneHHoe naTo-
dv3MoNornyeckMmMmn ocobeHHocTaAMM anabeta. Tak, COXpaHeHMe Bbl-
COKOFO YPOBHA [JIMKEMUW B TEUEHWE [/IMTENIbHOTO NepMoaa BpeEMeHU
OKa3blBaeT yrHeTalolLee BO3AENCTBME Ha NpoLecchl GparoumTosa, xe-
MOTaKcKUca HeMTPOPUAOB M Ha MeXaHM3Mbl KNETOYHOTO MMMYHUTETA.
370, B CBOO oUepesb, ocnabnaeT apdekTMBHOCTb 6OpbObLI OpraHM3ma
C MHOEKLMOHHBIMM areHTamu, B Tom yncne SARS-CoV-2. Kpome Toro,
KombuHauus COVID-19 n CAL Il TMna NnpyvBOAMT K HapyLLEeHUIO peryns-
TOPHbIX MEXaHU3MOB MMMYHUTETA, B pe3y/bTaTe Yero BO3HUKaeT 06-
LIMPHOe nopakeHne NEroYHoM napeHxmmsl. Y auu, ctpagatowmx CA,
OTMeYaeTCA NoBbILWEeHHaA YyBCTBUTENIbHOCTb K LIUTOKMHOBOMY LUTOP-
My, KoTopomy cnocobctayeT SARS-CoV-2. 310 06yCNoBAEHO TeM, YTO
amnabet cam no cebe cnocobCTBYET Pa3BUTMIO BOCMAAWUTENbHbIX NMPO-
LLeCCOB, YBE/IMUMBAA KOHLLEHTPALIMIO LIUTOKMHOB B KpoBM [9]. Y nauu-
eHToB ¢ COVID-19 Ha ¢oHe CJ Il Tuna HabnropatoTca 6onee BbicOKME
nokasatenu WUJ1-6, CPB, NpoKasibLIUTOHWHA, a TaKKe HEUTPOGUIbHDBIX
NeVKOLMTOB MO CPAaBHEHWIO C TaKOBbIMM 3HAYEHUAMM Yy NaLMEeHTOB
6e3 C/ [10]. B naHKkpeaTuyeckoi TkaHu y 6onbHbIx ¢ C[ Habntogaetca
NOBbILLEHHAA 3KCMPECCUA PELLenTOPOB aHMMOTEH3MHMPEBPALLAIOLLEro
depmenTa 2 (ANO 2), yuactne KoToporo B natoreHese COVID-19 pa-
Hee onucbiBanacb HeogHoKpaTHO. OTCloAa cnesyeT BblBOZ, YTO AMLA
¢ CQ, umetoT 6onee BbICOKMIA pUCK MHOULMpoBaHus COVID-19. Takske
ycTaHoBneHo, uyto npu CA Il Tuna otmeyaetca 6onee BbiCOKas sKcnpec-

Tabnuya 2 Vicnosnb3yemslie NPU3HAKU 8 MOOEsU NPO2HO3a OCOMHeHUl
npu COVID-19-accoyuupo8aHHOM OU@P@PY3HOM Ar1b8E0APHOM
NoBpeHOeHUU NE2KUX

MpusHak
Parameter

Intercept

AKTUBHOCTb dbaKTopa BunnebpaHaa, %
VWEF activity, %

D-gumep, mr/n

D-dimer, mg/I

Hannume C4 Il Tna

T2DM

Hanunume UBC
CAD
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A model was created to evaluate the likelihood of complica-
tions occurring within three years after COVID-19-related ARDS
accompanied by diffuse alveolar lung injury. This model, devel-
oped using logistic regression, is titled "Model for Predicting the
Occurrence of Complications in COVID-19-Associated Diffuse Al-
veolar Lung Injury" [8]. This program evaluates the likelihood of
complications in patients who have experienced COVID-19 with
lung tissue damage, accounting for the following risk factors: co-
morbidities such as CAD and T2DM, von Willebrand factor (VWF)
activity, and D-dimer levels. This model can be utilized during an-
nual follow-up examinations of patients who have had COVID-19
with lung tissue damage, and the results are expressed as a per-
centage (Table 2).

The following equation describes the relationship between

the variables:
X=-5.23154+(0.02132xfb)+(1.46709xdd)+(2.04090xdm)+(2.67248xcad),

where X represents the probability of developing complica-
tions (%), fb denotes the activity of von Willebrand factor (%), dd
is the D-dimer level (mg/l), dm indicates T2DM (0 or 1), and cad
signifies the presence of CAD (0 or 1).

According to the model, frequent complications three years
after COVID-19 are observed in patients with T2DM, CAD, high
D-dimer levels (greater than 0.5 mg/l), and low von Willebrand
factor activity (less than 70%). The model's validation using the
data showed a sensitivity of 70% and a specificity of 75%.

DISCUSSION

Carbohydrate metabolism. Several hypotheses exist regard-
ing the causes of more severe coronavirus infection in patients
with T2DM. In the context of diabetes, there is a disruption of im-
mune defense caused by the pathophysiological features of the
condition. Thus, high glycemia over an extended period has detri-
mental effects on phagocytosis, neutrophil chemotaxis, and cellu-
lar immunity. Which, in turn, weakens the body's defense against
infectious agents, including SARS-CoV-2. Moreover, the combina-
tion of COVID-19 and T2DM disrupts the regulatory mechanisms
of immunity, leading to extensive damage to the lung parenchy-
ma. Patients with diabetes exhibit increased sensitivity to the
cytokine storm facilitated by SARS-CoV-2 because diabetes pro-
motes inflammatory processes, elevating the concentration of
cytokines in the blood [9]. Patients with COVID-19 and T2DM dis-
play higher levels of IL-6, CRP, procalcitonin, and neutrophils than
those without diabetes [10]. In pancreatic tissue, patients with
diabetes have increased expression of angiotensin-converting en-
zyme 2 (ACE 2) receptors, which have often been described in the

Table 2 Parameters used in the model for predicting
complications in COVID-19-related ARDS

Koadpoduument
Coefficient P
-5.23 0.004
0.02 0.063
1.47 0.01
2.04 0.02
2.67 0.002
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cus ANO 2 B TKaHAX NETKMX, CEPALA U NEYEHU, YTO MOXKET OOBACHUTD
NOAMOpPraHHy ANCHYHKLMIO Y nL, € codeTaHmem CL m COVID-19 [11].

KntoyeBbiM acrektom 6Gonee WMHTEHCMBHOTO  MPOTEKaHUA
COVID-19 y 6onbHbIx ¢ C4 Il TMNa sBAseTcA yBeaudeHne BUMPYCHOM
Harpysku. B nccnenoBaHusAx BbisineHo, Yto AMN® 2 npucytcTeyeT B
6eTa-KNeTKax NoAKeNyA0HHOM Xenesbl, BBuay yero SARS-CoV-2 cno-
cobeH OKasblBaTb BAMAHUE HA UX GYHKLUMOHANbHYIO AEATeNbHOCTb
U NPOAYKLUMIO MHCyuHa [11]. HekoTopble MccnefoBaTeny usyvanu
aHann3 CTeneHW TPONM3Ma BUPYCHOrO areHTa K beTa-knetkam. [aH-
Hble MCCNea0BaHNUA BbINOMHAAMCH B opme ex vivo. [115 3Toro yuéHble
noasepraav MHoMUMpoBaHuto SARS-CoV-2 ocTpoBKM JlaHrepraHca,
BblZleNIEHHbIE OT MPAKTUYECKM 340POBbIX AOHOPOB. [lonyyeHHble 06-
pasLpl aBTOPbI GUKCUMPOBaNM, a 3aTeM NOABEPraaM OKPACKE C UCTONb-
30BaHMEM aHTUTEeN MpOoTMB Hykneokancuga SARS-CoV-2, kotopble
6b1nM cneundunyHbI K 6eTa-, anbda-, AeNbTa-KNETKAM U SHAOTENNOLM-
Tam. Npu 3Tom 6enoK HyKneokancuaa Yalle Bcero obHapy*KmBanca B
6eTa-KNEeTKax, UTO MOMKET YKa3blBaTb Ha UX MPEUMYLLECTBEHHOE Nopa-
KEHME NpU JaHHOW MHdeKumm [12]. Takas e KapTUHa Habnoganach
1 NPU NPUMEHEHUM aHTUTeN NPOTUB S-6eKa SARS-CoV-2, 310 yKa3bl-
BaeT Ha BbICOKMI Tponuam SARS-CoV-2 K beTa-KneTkam, 4To MOMKeT
06BACHWUTL NONYYEHHbIE HAMW LaHHbIE 0 BO3HUKHOBEHWUM C Il Tuna u
yTAKeNeHun ero TedeHus y nepebonesiumx COVID-19.

B pase uccnenosaHuil 6b110 BbIABIEHO Ha/MUME CBA3U MEXAY
SARS-CoV-2 1 paccTpoicTBOM YI1eBOAHOMO MeTabonnsma — BbICOKME
YPOBHM IJIMKEMMUM OTMEYANUCL Y MHOMMX naumeHToB ¢ COVID-19 6e3
CA [13]. TakKe NpOBOAMICA KOMMIEKCHBIN CPAaBHUTENbHbINM aHan3
AByX rpynn 6onbHbIX ¢ COVID-19: nauueHTbl ¢ paHee BbisiBAeHHbIM C/,
1 mua, y Kotopbix CA, 6bin 0bHapykeH Bnepsble B xoge COVID-19.
PesynbtaTbl MCCNegoBaHWMA OKasasUCb BeCbMa MOKa3aTebHbIMMU.
Y nauumeHToB, KOTOpble yxe cTpagann CA no 3apaxenusa COVID-19,
HabnofaNCA CyLLEeCTBEHHO MOBbILIEHHBIN PUCK NETANbHOTO MUCX0Aa.
B yacTHOCTH, B TeYEHME NepBOro MecALLA C MOMEHTa Havana 3abone-
BaHMA COVID-19 BepoATHOCTb CMEPTE/NbHOTO MCXoAa B 3TOM rpynne
Oblna B ABa pasa BbllUe MO CPABHEHWIO C FPYNMOW NaLMEHTOB C Brep-
Bble BblfiBNeHHbIM C[, [14]. TakKe BbIABNEHO Ha/NMYME NPSAMON KOp-
PEeNALMOHHOMN CBA3N MEXAY KONMYECTBOM CNy4aes rocnutanvsalmm
B PEaHMMALMOHHbIE OTAENEHUSA U/UAWN YUCIOM CNYYaeB NIETANIbHOMO
nexofa cpeam 60nbHbIx ¢ COVID-19 1 BnepBble AMArHOCTUPOBAHHBIM
CA [15]. B npoBeaéHHOM Hamu paboTe pesynbTaThl B LLEJIOM COBMa-
[aloT ¢ bonee paHHUMM UccnegoBaHuamm — COVID-19 ysennumnsaet
PUCK Pa3BUTMA OCNOKHEHWI U pa3suTusa CL Bnepsble.

CeppaeyHo-cocyauctaa cuctema. MexaHU3Mbl NMOPaXKeHUs co-
CYZ0B M cepaua MoryT 6biTb CeayoWUMK: NOBPEKAEHUE Kapamo-
MUOLMTOB C UX TMBENbIO MO MPUYMHE UX NPAMOrO MHOULMPOBaHWS,
3HA0TeNUaNbHAA AUCOYHKLMA BCAEACTBME BOCMANEHUA U HAPYLIEHMA
MUKPOLIMPKYNALMK, TPAHCKPUNLMOHHbIE TpaHChOpMaLIMK B Kapamo-
MMOLLMTAX, NPUBOAALLME K FeHETUYECKUM HapYLIEHUAM, fepeKTbl Cu-
CTEMbI FeMOCTa3a (aKTUBaLMA CUCTEMbI KOMIIEMEHTA, KOarysonaTtuy,
nopasKeHne MMKPOCOCYAUCTOrO pycna), AUCPErynauua peHUH-aH-
TMOTEH3WH-aIbA0CTEPOHOBOM CUCTEMbI CO CHUMEHMEM MAOTHOCTU
peuenTopos AMN® 2, BereTaTMBHbIE PACCTPOWCTBA, NOBbILIEHHbIE KOH-
LieHTpaL My NPOBOCNANNTENbHBIX LUTOKUHOB U YCUIEHUE aKTUBHOCTU
nepegayv curHanos nocpeactsom Smad ¢ dopmupoBaHuem ¢pnbposa
cepaeyHon Mbiwupl [16].

[nuTtenbHoe TeyeHMe BOCNANUTENBLHOIO NpoLecca, ayToMMMYyH-
Hble U3MEHEHWA U AAnUTeSbHOe COXPaHeHWe BUpYCa B UMMYHOKOM-
NETEHTHbIX KNETKaX KapAMOBaCKYNAPHOM CUCTEMbBI MOTYT 0OBACHATDL
pa3BuTME BHENErOYHbIX NnocieacTamit COVID-19 [17]. UHTerpauma re-
Homa SARS-CoV-2 B JHK KNeToK x03a1MHa CnocobCTBYeT NPOMU3BOACTBY
XMMEPHbIX TPAHCKPUNTOB, YTO MOMKET BAUATb HA KNETOUHbIE GYHKLMM
1 BbI3bIBATb J0/NTOCPOYHbIE MATONOTMYECKME U3MEHEHUA B OPraHuU3-

pathogenesis of COVID-19. Consequently, patients with diabetes
are at a higher risk of COVID-19 infection. Additionally, in T2DM,
there is an increased expression of ACE 2 in the lung, heart, and
liver, potentially explaining the multiple organ dysfunction ob-
served in patients with diabetes and COVID-19 [11].

An increase in viral load is also noted in T2DM. Studies have
shown that ACE 2 is present in pancreatic beta cells, explaining
why SARS-CoV-2 can impact their functional activity and insulin
production [11]. Some researchers have analyzed the degree of
tropism of the viral agent to beta cells, conducting ex vivo studies.
In these studies, scientists infected the islets of Langerhans isolat-
ed from healthy donors with SARS-CoV-2. The authors preserved
the resulting samples and then stained them using antibodies
against the nucleocapsid of SARS-CoV-2 specific to beta, alpha,
delta, and endothelial cells. The nucleocapsid protein was most
frequently found in beta cells, indicating their predominant infec-
tion in this context [12]. A similar result was seen when utilizing
antibodies against the S-protein of SARS-CoV-2, demonstrating
a high tropism of SARS-CoV-2 for beta cells, which may explain
our findings on the occurrence of T2DM and the worsening of its
course in patients recovering from COVID-19.

Several studies have identified a correlation between SARS-
CoV-2 and carbohydrate metabolism disorders, as elevated gly-
cemia levels were observed in numerous patients with COVID-19
without diabetes [13]. A comprehensive comparative analysis of
two patient groups with COVID-19 was also conducted: patients
with preexisting diabetes and patients who were newly diag-
nosed with diabetes during COVID-19. The study results were
quite revealing. Patients who had diabetes before contracting
COVID-19 had a significantly elevated risk of death. In particular,
during the first month following the onset of COVID-19, the like-
lihood of death in this group was twice as high as in the group
with newly diagnosed diabetes [14]. A direct correlation was also
established between the number of hospitalizations in intensive
care units and/or the number of deaths among COVID-19 pa-
tients with newly diagnosed diabetes [15]. Our study's findings
align with earlier studies, i.e., COVID-19 increases the risk of com-
plications and the new onset of diabetes.

Cardiovascular system. The mechanisms of vascular and
cardiac damage may include the following: damage to cardiomyo-
cytes and their death due to direct invasion of cardiomyocytes by
SARS-CoV-2, endothelial dysfunction caused by inflammation and
microcirculation disorders, transcriptional changes in cardiomy-
ocytes leading to phenotypic/physiological changes, disruption
of hemostatic homeostasis (activation of the complement sys-
tem, coagulopathy, endothelial damage in the microvasculature,
dysregulation of the renin-angiotensin-aldosterone axis follow-
ing ACE2 depletion, autonomic dysfunction, increased levels of
proinflammatory cytokines, and excessive TGF-B/Smad signaling,
leading to cardiac fibrosis [16].

Persistent and uncontrolled inflammation, dysregulated
immune response, and prolonged persistence of the virus in
the immune cells of the cardiovascular system may explain the
development of extrapulmonary sequelae of COVID-19 [17]. In-
tegrating the SARS-CoV-2 genome into host cell DNA generates
viral-host chimeric transcripts, which may cause cellular dysfunc-
tions and long-term pathological changes. These mechanisms
underscore the need for further research to understand and
manage the potential cardiovascular and other systemic compli-
cations of COVID-19 [17]. These mechanisms may underlie sev-
eral cardiovascular sequelae following COVID-19. Although our
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Me. ITU MexaHU3Mbl NOAYEPKMBAOT HEOOXOAMMOCTb AaNbHEMNLLINX
UCCNeA0BaHWMI ANA NYYLWEro NOHMMAHUA U YNpaBAeHUA PUCKaMMU,
CBA3AHHBIMM C KapAMOBACKYNAPHBIMU U APYTMMU CUCTEMHBIMU OC-
noxHeHuamu COVID-19 [17]. 3T mexaHW3Mbl MOTYT O6BACHUTDL pAg,
cepaeyHo-cocyancTbix nocneactsunii nocne COVID-19. XoTa Hawe uc-
cnepoBaHMe NpPoaemMoHCTpupoBano BanaHne COVID-19 Ha passutue
CEPAEYHO-COCYANCTbIX 3a00N1EBaHUI U UX OCNOXKHEHUN, BbIACHEHUE
BeyLMX MEXaHU3MOB MOPaXKEHWUs CepAevHO-COCYAUCTON CUCTEMbI
TpebyeT AanbHENWNX UCCNea0BaAHMUI.

HepBHasa cuctema. NpuBoaATcA pasnnyHble AaHHble OTHOCK-
Te/IbHO BO3HUKHOBEHUA HEBPONOTMYECKMUX NOCAEACTBUIA Y BOBHDBIX C
COVID-19. OCHOBHbIMM M3 HUX CHUTAKOTCA NepcUcTeHLMA Bupyca, PHK
dparmeHTOB MAK 6eNKOB BUPYCHOrO areHTa B HEPBHOW TKaHU, YTO Bbl-
3bIBAET AUTENbHYIO aKTUBALMIO MMMYHHDBIX NPOLLECCOB U NMPUBOAUT
K XPOHMYECKOMY BOCMA/IEHMIO. ITO MOXKET CNOCOBCTBOBATL Aa/bHE-
LeMy yXYALIEHUIO HEBPONOTUYECKOTO COCTOAHMS.

Mpu COVID-19 HabntogaeTca KOMMIEKCHOe B3aMMogencTsue
MEXAY MMMYHHON CUCTEMOM W LEHTPaNbHOW HEPBHOM CUCTEMON.
KntoyeBbiM NPOLLECCOM B 3TOM B3aMMOLENCTBUN ABNAETCA MUTPaLms
T-"MMOLUTOB M KNETOK-KUANEPOB B TKAHW FONOBHOMO MO3ra, YTO
NPMBOAMUT K aKTMBALMM MUKPOIZIMKM U acTpOLMTOB. 3TO, B CBOID Oye-
pefb, MOXKET HapyLUaTb HOPMabHYIO Nepeaady CUrHano0B B CUHancax,
CLEpPKMUBaATb HeliporeHes v HeilpobnacToreHes, NPMBOAUTL K rmbenm
O/IMrOAEHAPOLMTOB U YMEHbLIEHUIO NAOTHOCTU MUENNHWU3UPOBAH-
HbIX akcoHOB [18]. Takne M3MeHeHWA NOAYEPKMNBAIOT CIOXKHOCTb B3a-
nmogencteua mexay COVID-19 v HepBHOI cMCTEMOM, NOATBEPMKAAA
HeobXoAMMOCTb MYBOKMUX UCCIEA0BAHMI BANAHWA BUPYCA HA HEBPO-
noruyeckme GyHKUMK. lononHUTeNbHbIE MeXaHW3MbI, 06bACHAOLLME
Hesposiornyeckune nocneactsna COVID-19 skatovaloT nospexaeHue
3HAOTENMANbHBIX KNETOK, YTO MOMET CnocobCTBOBATH HapPYLUEHWIO
LLe/IOCTHOCTM COCYAMUCTONM CTEHKM. AKTUBALLMA KOMMIEMEHTHOW cucTe-
Mbl, KOArynonaTua U MMKPOAHTMOMNATUA TaKKe UrPatoT 3HAYUTENbHYIO
pOAb, NOCKO/MbKY OHW MOTYT MPUBECTU K MUKPOKPOBOMU3IUAHUAM U
$OPMMPOBAHMIO MUKPOCTYCTKOB B KPOBEHOCHBIX cOCyaax Mo3ra [19].

[aHHble, NonyYeHHble M3 JIM3aTOB FOJIOBHOTO MO3ra Atogen ¢
COVID-19, no cpaBHEHMIO C HEMHOULMPOBAHHBIMM KOHTPO/IbHBIMMU
rpynnamu, AeMOHCTPUPYIOT aKTUBALMIO Nepefayn CUrHaNoB TpaHC-
dopmumpytrowero daktopa pocta B, runepdocpopunnposaHue u no-
CTTPAHCAALMOHHYIO MoAUUKaLMIo BeNKoB peLenTopoB U KaHaNoB,
06bI4HO CBA3aHHbIX ¢ 6onesHblo Anbureiimepa. MpAamoe NPOHUKHO-
BEHWE BMPYCa B LIEHTPANbHYIO HEPBHYIO CUCTEMY TaKKe bblno npes-
JIOXEHO B KayecTBe Npeanonaraemoro runoTeTMyeckoro mexaHusma
NOBpeXAeHUA HelipOHOB. [laHHbIe TaKKe CBUAETENbCTBYIOT O 3HAUU-
TeNbHbIX CTPYKTYPHbIX n3MeHeHuAx mo3ra nocne COVID-19 — aHanu3
ZlaHHbIX HeWpoBW3yanusaummn o 1 yepes 4-5 mecaues nocne 3apa-
eHna SARS-CoV-2 BbIABNAET 3HAUMTENIbHblE M3MEHEHMUA, BKAKOYas
YMeHbLUEHWE TOMLLMHbI Ceporo BeLLecTBa, MOBbIWEHWE aKTUBHOCTM
MapKEPOB TKAHEBOrO MOBPEXAEHWA U YMeHblUeHne 06bEMa Mo3ra.
BBMAay 3HAUMTENbHOrO CMEKTPA Pa3NNYHbLIX HEBPONOTMYECKMX Hapy-
LWeHKit, 0bycnosaeHHbix COVID-19, y AaHHbIX NALUMEHTOB MOXKET Ha-
61104aTbCA YXYALLEHNE TEYEHUA COMYTCTBYIOLLE COMAaTUYECKOM NaTo-
norum inbo passuTMe HOBOTO 3aboeBaHua [20], uTo noaTBEpPKAAETCA
HaLLIWM UcCnefoBaHNEM.

PenpogyKkTuBHas cuctema. MoBbILLeHHbIN YPOBEHb SKCNpPeccum
peuentopos AMN® 2, KOTOPbIE UMEOTCA Y MY}KUYMH B CEMEHHUKaX U ce-
MEHHbIX NPOTOKaxX MOMET 0bycnaBnneaTb BAnAHUe Bupyca COVID-19
Ha OYHKLMOHANBbHOCTb PENPOAYKTUBHBIX OPraHoB. Y MEHLUMH Takue
peLenTopbl PacnonaralTca B ANYHMKAX, OLHAKO 0 CUX NOP HET AaH-
HbIX O BEpOATHOM BAMAHUM BUpyca SARS-CoV-2 Ha 3Tu CTPYKTypbI, U
BOMPOC O BO3MOKHOM BO3ZEMCTBUM Ha PENPOAYKTUBHYIO CrMocob-
HOCTb KEHLLMH OCTaéTCA OTKPbITbIM [21]. HeobxoanMMbI 4ONONHUTENb-
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study demonstrated the impact of COVID-19 on the development
of cardiovascular diseases and their complications, clarifying the
underlying mechanisms of cardiovascular damage requires more
research.

Nervous system. Various studies have provided data on con-
tributors to neurological post-acute sequelae of SARS-CoV-2. The
main ones are the persistence of SARS-CoV-2 RNA and/or protein
in nervous tissue, which causes long-term activation of immune
processes and leads to chronic inflammation, which can further
deteriorate the neurological condition.

COVID-19 involves a complex interaction between the im-
mune and central nervous systems. A key process in this inter-
action is the migration of T lymphocytes and natural killer cells
into brain tissue, which activates microglia and astrocytes. These
events, in turn, alter neurotransmission, affect adult neurogen-
esis, and lead to oligodendrocyte loss and a decrease in myelin-
ated axon density [18]. Such changes highlight the complexity of
the interaction between the SARS-CoV-2 virus and the nervous
system, confirming the need for in-depth studies of the impact
of the virus on neurological functions. Additional mechanisms
explaining the neurological consequences of the SARS-CoV-2 vi-
rus infection include endothelial cell damage, which can lead to
intravascular thrombosis. Activation of the complement system,
coagulopathy, and microangiopathy also play a significant role, as
they can lead to microhemorrhages and the formation of micro-
thrombi in the brain's blood vessels [19].

The researchers analyzed signaling molecules in brain lysates
from COVID-19 patients and controls. They found evidence link-
ing SARS-CoV-2 infection to the activation of TGF-B signaling, an
increase in tau phosphorylation, and posttranslational modifica-
tions of receptor and channel proteins commonly associated with
Alzheimer's disease. Direct virus entry into the central nervous
system has also been proposed as a hypothetical mechanism for
neuronal injury. Analysis of various data, including neuroimaging
results before and 4-5 months after SARS-CoV-2 infection, reveals
significant changes, including reduction in gray matter thickness,
elevated tissue injury markers, and shrinkage of overall brain vol-
ume. Given the broad spectrum of different neurological manifes-
tations associated with COVID-19, these patients may experience
a worsening of a range of comorbidities or the development of a
new disease [20], which is supported by our study.

Reproductive system. A high level of ACE-2 expression in
the testes and vas deferens in males may be directly targeted and
damaged by the virus and affect the functionality of the repro-
ductive organs. In females, the ACE2 is expressed in the ovaries.
However, there is still no data on the SARS-CoV-2 virus targeting
these structures, and the possible impact on female reproductive
potential remains open [21]. Additional research is needed to
gain insights into the potential risks and mechanisms of the vi-
rus's impact on the reproductive system of both sexes.

SARS-CoV-2 virus enters cells by binding to the angioten-
sin-converting enzyme 2 (hACE2) receptor. This process is facili-
tated by the transmembrane protease serine 2 (TMPRSS2), which
improves entry efficiency and infectiousness by cleaving the sur-
face glycoprotein (Spike) of the SARS-CoV-2 virus [22]. In males,
testosterone, which enhances the expression of TMPRSS2, can
facilitate the penetration of the virus into cells. In some severe
endocrine disorders, the functioning of the hypothalamic-pi-
tuitary-testicular axis is disrupted. This impairment results in
decreased levels of plasma luteinizing hormone (LH) and folli-
cle-stimulating hormone (FSH) in females, as well as lower plas-
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Hble uccneaoBaHus ana 6onee NOAHOMO NOHUMAHWA NOTEHLMABHOTO
pUCKa M MEXaHM3MOB BO3AEWCTBUA BUPYCa HA PENPOAYKTUBHYHO CU-
cTemy 06oux nonos.

bonbLyto posnb B npouecce BHEAPEHMA BUPYCA B KNETKM Yeno-
BeKa, 0bs1eryas ux cnaHue ¢ membpaHol, urpaet pepmeHT TMPRSS2,
yCKopAwowWwmMini rmaponns S-6enka SARS-CoV-2 [22]. Y MyKuMH BHe-
[PEHUIO BMpYCa B KNETKM MOXKET CrocobcTBOBaTb TECTOCTEPOH,
ycunmBatowwmii akcnpeccuto TMPRSS2. Kak npaBuio, Npu TAXKENbIX
NaToNOrUAX NPOUCXOAUT YrHeTeHNE GYHKLMOHANBbHOM aKTUBHOCTU M-
noTanamo-rmnodusapHoO-TECTUKYNAPHOW OCH, 3TO BbIPaXKaeTca B BUAE
YMEHBLUEHWUA KOHLEHTPALMKU IIoTeUHU3MpYtoLero ropmoHa (/1) u
bONNMKYNOCTUMYNIMPYIOLLEFO FTOPMOHA B KPOBM Y MKEHLUMH, a TaKkKe
YMeHbLUEHWe NoKa3aTenei TeCToCTePOHa B KPOBU Y MYKUMH [23].

Takas KapTMHa NOKa3blBaET, KaKMM 06pa3oM BO3HMKAIOLLMI BO
Bpemsa 60/1e3HN CTPeCcC NPMBOAUT K U3MEHEHUIO TOPMOHA/IbHOTO Ha-
NaHca 1 ocnabneHnto penpoayKTMBHOM dyHKLmK. MNpu ucchesoBaHum
noKasaTene KOHLEeHTpaLmm obLero TeCTOCTEPOHA B CbIBOPOTOYHOM
KPOBM Y MYy}KUMH, MHOMUMPOBAHHbLIX SARS-CoV-2, 6bina BbiABAEHA
TEHAEHUMA K ero CHuKeHuo. OQHaKo aTa pasHuLua He JOCTUINA Mo-
pora CTaTUCTUYECKON 3HAYUMOCTU MPU CPABHEHWUWU C KOHTPOJbHOM
rpynnoi 340posbix 406POBOABLLEB, YTO COOTHOCUTCA C MOAYYEHHbI-
MM HaMK1 AaHHbIMK. B oTAanume OT TecTocTepoHa, KoHueHTpauwma JII
NpoLEeMOHCTPUPOBana 6onee BbIPAKEHHOE CHUMKEHWE Y MaLWUEHTOB
¢ COVID-19. KoapduumeHT, oTparkatoLmii COOTHOLLIEHWE YPOBHEN Te-
cTocTepoHa v JIT, TakKe NoKa3an 3HaunTeNIbHOe CHUKEHWE Y MHOULK-
POBAHHDBIX MYXYMH MO CPAaBHEHUIO C FPYNNOW KOHTPOAA [24].

BbIfiBNeHHbIN pocT KoHLeHTpaLmu /I B CbIBOPOTOYHOM KPOBU Y
NaLyMeHTOB MyXKCKoro nona ¢ COVID-19, moxeT obycnaenuBaTth nep-
BUYHOE MOpaXKeHWe KNeTok Jleanra, NPUHMMALOLWMX aKTUBHOE Yyya-
CTVe B NPOAYKLMU TECTOCTEPOHA B AINYKAX. B 6OMbLIMHCTBE HAy4HbIX
paboT yKasblBaeTCA, YTO Nocae nepeHeCcEHHOM KOPOHaBUPYCHOMN UH-
beKummn y 1L, My}KCKOro Noa HanuuKe Bupyca B cnepme He obHapy-
KMBaNocb. B 70 e Bpema y MHOTMX NaLMeHTOB OTMEYanoCch Hanume
CMMMNTOMOB MOPA)KEHUA AMYEK, HA YTO YKA3bIBAET CHUMKEHWEe A0NU
KNneTok Jleiiaura u ymepeHHas BOCMaNUTEIbHAA PEAKLIMA B CEMEHHbIX
ny3blpbKax. 3T HapyLweHWA 0byCcNOBAEHbI He CTONbKO NPAMbIM BO3-
[encTBrem BMpYCca Ha PenpoayKTUBHbIE OPraHbl, CKONbKO MMMYHHbI-
MM OTBETaMM, BbI3BaHHbIMU UHPeKLMel [25, 26].

B apyrom uccnepoBaHum, nposeaéHHOM cpeaun 38 naumeHToB
MYKCKOro nona, Hannume SARS-CoV-2 B cnepme 6b110 06HapYKeEHO B
15,8% cnyvaes. TaKKe CTOUT OTMETUTDb, YTO ¥ 4 13 15 MyKUMH cTagma
3aboneBaHuna Hblna OCTPOM, a y 2 U3 23 MaUMEHTOB COCTOSIHUE OLle-
HMBaNOCh KaK Bbl3gopoBseHue [27]. 3To NoayYEpKMBaET KOMIMIEKC-
Hoe BavAHWe COVID-19 Ha penpoayKTMBHYHO cucTemy, Tpebytolee
[OMONHUTENBHOMO M3YYEHMA U, BOSMOXKHO, afianTauum NOAXOA0B K
NeYeHUto U peabunuTaLmm NaLUEHToB ¢ NoLO6HbIMU HapyLLEHUAMM.

3aboneBaHuA nouek. MocneacTBUA ANA NOYEYHOM TKaHU nocne
neperHecéHHoro COVID-19 ocrtatotca CNOXKHbIM BOMPOCOM ANA UC-
cnefioBaHuit. MepBoHayasbHble faHHbIe NPEANOiarasan BO3MOKHbIN
Tponusm Bupyca SARS-CoV-2 K moyeyHbiM KneTKam, 0fHaKo B 60-
Nlee HOBbIX UCCNefOBaHMAX AaHHAA TMNOTE3a He Hallia CBOEero nof-
TBEpXKAeHWA. Cpean APYrMX NOTEHUMaNbHbIX NPUYMH NOBPEXAEHNUA
NOYeYHOW TKaHM PacCMaTPUBatOTCA: COOV PerynaTopHbIX MEXaHU3MOB
MMMYHHO peakLuu, ayTOMMMYHHbIe HapyLeHus (MMMyHHas cucTe-
Ma MOXeT aTakoBaTb COHCTBEHHbIE NOYeYHble TKaHM, OLWMBOYHO pac-
MO3HaBasA UX KaK YyXKepoaHble), MPOLOMKAOLMINCA BOCMAANTENbHbIV
npouecc (MoxeT yxyalwaTtb GYHKLMIO MOYeK AaxKe nocie Bbi3Jopos-
NeHua oT ocTpoit dasbl MHOEKLMK), SHAOTENMANbHbIE ANCOYHKLMM,
TMNepKoarynALums, BEreTaTuBHble paccTpovictea [18].

3aboneBaHuA WMTOBMAHOW Kenesbl. Hannume peuenTtopos
AN®-2 B TKAHAX WMTOBUAHOM Kenesbl CO34AET NOTEHLMANbHYIO MU-

ma testosterone levels in males [23].

New evidence suggests that stress from COVID-19 affects
the HPA axis, disrupting hormonal balance and impacting re-
productive function. It has been reported that serum total tes-
tosterone levels are reduced in males with SARS-CoV-2 infection.
However, this difference did not reach the statistical significance
threshold when compared with the control group of healthy
volunteers, which is consistent with our data. In contrast to tes-
tosterone, LH levels showed a more pronounced decrease in
patients with COVID-19. The testosterone to LH levels ratio also
showed a significant reduction in infected males compared with
the control group [24].

The detected increase in serum LH levels in male patients
with COVID-19 may cause primary damage to testicular Leydig
cells, which are actively involved in testosterone production. Most
reports indicate that the virus in the sperm was not detected fol-
lowing coronavirus infection in males. At the same time, many pa-
tients presented with symptoms of testicular injury, as evidenced
by a decrease in the proportion of Leydig cells and a moderate
inflammatory reaction in the seminal vesicles. These disorders are
caused more by immune responses to the infection than by the vi-
rus's direct effect on the reproductive organs [25, 26].

In another study conducted among 38 male patients, SARS-
CoV-2 in semen was detected in 15.8% of cases. Out of 15 males,
4 had acute COVID-19, while 2 of 23 patients were assessed as
recovering [27]. These findings highlight the complex impact of
COVID-19 on the reproductive system, which requires further
study and, possibly, adjustments to the treatment and rehabilita-
tion of patients with such disorders.

Kidney disease. The impact of COVID-19 on the renal sys-
tem is a complex issue that requires further research. Initial data
suggested a possible tropism of the SARS-CoV-2 virus to kidney
cells, but newer studies did not confirm this hypothesis. Oth-
er potential causes of renal tissue damage include immune re-
sponse dysregulation, autoimmunity where the immune system
can attack its renal tissue, mistakenly recognizing it as foreign),
ongoing inflammation (which can worsen renal function even af-
ter recovery from the acute phase of SARS-CoV-2 infection), en-
dothelial dysfunction, hypercoagulability state, and autonomic
dysfunction [18].

Thyroid diseases. ACE-2 receptors in thyroid tissue create a
potential target for the SARS-CoV-2 virus. This finding explains the
possibility of direct infection of the thyroid gland by the coronavi-
rus. The functional state of the thyroid gland can significantly im-
pact the progression of COVID-19 due to the wide range of effects
thyroid hormones have on various body systems, particularly the
cardiovascular and respiratory systems. Given the complex in-
teraction between thyroid function and the course of COVID-19,
special attention should be given to monitoring and correcting
thyroid status in patients with coronavirus infection. This ap-
proach may help improve the prognosis and reduce the risk of
complications [28].

CONCLUSION

The study investigated the impact of COVID-19 on the devel-
opment of chronic diseases affecting various organs and systems,
highlighting the correlation between the severity of the illness
and subsequent complications. The complications differed based
on the initial severity of COVID-19, and the incidence of these
complications also correlated with the disease's severity. Patients
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WweHb ans Bupyca SARS-CoV-2. ITo 06BACHAET BO3MOXKHOCTb NPAMOTo
MHOULMPOBAHUA LUWUTOBUAHOW »Kenesbl KOPOHaBUPYCOM. PyHKLU-
OHa/NbHOE COCTOAIHWE LUMTOBUAHOMN KeNes3bl MONKET CyLEecTBEHHO
B/NATbL Ha NporpeccupoBaHue COVID-19. 310 06yCNI0BAEHO LWMPOKUM
CMEeKTPOM BO3AeiCTBUA TUPEOUAHbIX TOPMOHOB Ha Pa3/INYHbIE CUCTe-
Mbl OPraH13ma, B YaCTHOCTH, CEPAEYHO-COCYAUCTYIO U AblXaTeNbHYI0
cUCTEMBI. YUNTbIBaA KOMMNAEKCHOE B3aUMOZENCTBUE MeXay GyHKLM-
el WMToBMAHOM Xenesbl 1 TedyeHnem COVID-19, Heobxoaumo yae-
NATb 0c0b0e BHUMAHWE MOHUTOPUHIY U KOPPEKLMWU TUPEOUAHOIO
cTaTyca y NaLuMeHTOB C KOPOHABMUPYCHOM MHEKLMeEN. ITO MOKET Cro-
€o6CTBOBATH YNYYLIEHWIO MPOrHO3a M CHUMKEHUIO PUCKA OCNOKHEHUN
[28].

3AKNIOYEHUE

WccnepoBaHme BbIABUNO BAUAHWE HA PA3BUTUE XPOHUYECKUX 3a-
6oneBaHui pAAa OPraHoB M CUCTEM M KOPPENALIMIO MEXY TAKECTbIO
npotekaHua COVID-19 n nocneayrowmmm ocnoxkHeHuamu. CTpyktypa
OC/IOXKHEeHWUIA BapbupPOBasia B 3aBUCUMOCTYU OT UCXOLHOW TAMECTH 3a-
60n1eBaHMsA, YaCTOTa BCTPEYAEMOCTM OC/IOXKHEHUI TaKKe 3aBUCeNa OT
cTeneHu TAxecTn nepeHecéHHoro COVID-19. Bo Il rpynne otmeyeHsl
3HAUYUTENBHO XyALIMEe MOKasaTesm No HebAAronpuATHBIM UCXoAaM U
ocnoxHeHuaAm, Brkatodaa C4 Il, UBC, I, naTonorMm HepBHOW CUCTEMbI
1 LWMTOBMAHON Kenesbl, a TakKe H6onee BbICOKYH 4acTOTy /ieTab-
HOCTU MO cpaBHeHwto ¢ | rpynnow. Takxe cpeay naLMeHTOB BTOPOW
rpynnbl Yalle HabaaaIUCh CTy4an BO3HUKHOBEHMA OCNOXKHEHWN CLL
Il TMna B nepsble 12 mecaues nocne COVID-19. He BbiABneHo cratu-
CTUYECKM 3HAYMMOTO BIMAHMA NONA M BO3PACTa Ha KOIMYECTBO U pac-
npeseneHue OCNOXKHEHWUI, YTO, BEPOATHO, CBA3AHO C OTHOCUTE/IbHO
Heb0o/1bLIOV BbIBOPKOW UCCea0BaHUS.

Ha ocHoBe nonyyeHHbIX AaHHbIX HAMK Hblna co34aHa KOMMbo-
TepHaa nporpamma «Mogenb NporHo3a BO3HWKHOBEHWA OCIOMHe-
Hui npu COVID-19-accoummnposaHHoM AndOY3HOM anbBEONAPHOM
NOBPEXAEHUN NETKUX» ONA OLEHKM MOTEHUMANbHOrO pUCKa BO3-
HWKHOBEHWA OCNOMHEHWI B TeyeHWe TPEXNeTHero nepuoga nocne
COVID-19, yuuTbiBatowwan gaHHble o Hannunm UBC, CA Il Tuna, aktms-
HocTu dakTopa Bunnebpanaa v yposHa [-aumepa B Kposu. MNpose-
[O8HHOEe UCCNef0BaHME MOMKET OKasaTb BAMSHME Ha BbIOOP TaKTUKM
BEEHWA NALWEHTOB, B OTAENbHbIX CNY4aAX CTUMYAMpoBaTb neveb-
HO-MPOdUNAKTUYECKME MEPONPUATUSA, HANPUMeEP HasHAYeHUe aHTU-
KOarynsHTHOM AW caxapOoCHMMKatoLein Tepanuu. bonble Habntoae-
HUWI NOMOTYT BbIACHUTb MEXaHU3Mbl PAa3BUTMA 0CNI0XKHeHMi COVID-19
1 NPUHATb MEPbI MO UX NPEAOTBPALLEHMIO.

in Group 2 experienced significantly worse outcomes and com-
plications than those in Group 1. These complications included
those associated with T2DM, CAD, HT, and issues related to the
nervous system and thyroid gland, along with a higher mortality
rate. Notably, Group 2 had a higher occurrence of complications
associated with T2DM within the first 12 months following their
COVID-19 diagnosis. The study did not find statistically significant
effects of gender and age on the number and distribution of com-
plications, likely due to the relatively small sample size.

Based on the findings, we developed a computer program
called "Model for Predicting Complications in COVID-19-Associat-
ed Diffuse Alveolar Lung Injury". This program assesses the po-
tential risk of complications three years after COVID-19, consid-
ering factors such as CAD, T2DM, vWF activity, and D-dimer levels
in the blood. The results of this study may influence patient man-
agement strategies and, in some cases, encourage preventive
measures and treatments, such as the use of anticoagulants or
hypoglycemic therapy. Further observations will help clarify the
mechanisms behind COVID-19 complications and guide preven-
tive efforts.
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