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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
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be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
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version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
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mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
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Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
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method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Patients with diabetes have more complications and higher
mortality from COVID-19. This is due to the fact that diabetes
impairs the immune response. Hyperglycemia causes a
violation of the immune response, which in turn cannot control
the spread of pathogenic microorganisms and therefore patients
with diabetes are more susceptible to infections. The purpose
of the work — analysis of bibliometric databases of literature
on new developments in diabetes and COVID-19 and focused
on clinical recommendations for patients with diabetes infected
with COVID-19. The search methods included a literature
review of scientific articles that studied diabetes and COVID-19.
According to the results of the analysis of the articles obtained as
a result of the search in the PubMed, SCOPUS, Web of Science,
MedScape databases, a combination of the terms “diabetes and
SARS-CoV-2”, “diabetes and COVID-19”, “pathogenesis of
diabetes in case of COVID-19”, "pancreas", "clinical features",
"diagnosis", "treatment", "clinical recommendations", we
found 32 messages from 2020 to 2022. The main parameters
of the study were outpatients and inpatients with diabetes and
COVID-19 of middle and elderly age starting from 46 years
and up to 82 years of age in France, China, the USA, Great
Britain, in which a nationwide, retrospective, population-
based study was conducted. The following concomitant
diseases are included in the main studies: arterial hypertension,
cardiovascular diseases, heart failure, chronic kidney disease,
chronic obstructive pulmonary disease, myocardial infarction,
cerebrovascular diseases. Issues of pathogenetic mechanisms in
DM and COVID-19, as well as management of patients with
DM and COVID-19 are highlighted.

Key words. Diabetes mellitus, COVID-19, SARS-CoV-2,
angiotensin-converting enzyme-2, cytokines.

Introduction.

In November 2019, the epidemic that arose in China in the
city of Wuhan exceeded all previous epidemics in terms of its
scale [1]. The new respiratory disease was named - COVID-19
(Coronavirus Disease 2019) [2]. The causative agent is the
SARS-CoV-2 coronavirus [3]. In Ukraine, for the first time,
COVID-19 was registered in Chernivtsi on February 29, 2020,
in a man who had visited Italy the day before [4-6].

As of March 23, 2023, there are more than 680 million
confirmed cases of COVID-19 worldwide, including 6,824,670
deaths. The updated number of cases of the disease in English-
language sources in the form of an interactive map with
coverage of confirmed cases around the world is presented on
the websites of the World Health Organization (WHO) and the
European Center for Disease Prevention and Control (European
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Center for Disease Prevention and Control , ECDC) [7].

In most medical recommendations regarding COVID-19, it is
emphasized that diabetes - is one of the categories of high risk
of the disease, because data from Chinese scientists showed an
increased mortality rate in this category of patients [8].

Given the high prevalence of cardiovascular changes, obesity,
and hypertension in patients with DM, it is not fully understood
whether DM is an independent risk factor in patients with
COVID-19 or whether there is a combined adverse effect of one
or more diseases in addition to the primary disease.

Given the high rate of deaths in DM and COVID-19,
clinical recommendations for such patients are necessary, for
understanding which it is necessary to clarify the pathogenetic
mechanisms of DM and COVID-19, which became the subject
of our search.

Search strategy.

The search methods included a literature review of scientific
articles that studied diabetes and COVID-19. According to the
results of the analysis of the articles obtained as a result of the
search in the PubMed, SCOPUS, Web of Science, MedScape
databases, a combination of the terms “diabetes and SARS-
CoV-2”, “diabetes and COVID-19”, “pathogenesis of diabetes
in case of COVID-19"was used -19", "pancreas", "clinical
features", "diagnosis", "treatment", "clinical recommendations",
we found 32 messages from 2020 to 2022. The inclusion criteria
for literature sources were information on changes in the body
of diabetes patients infected with SARS-CoV-2 coronavirus to
summarize new advances in diabetes and COVID-19 and to
focus on clinical recommendations for patients with diabetes.

We also got the full text relevant cross-references by search
results. In addition, we obtained access to currently available
scientific literature and recommendations on the websites of the
World Health Organization and the Centers for Disease Control
and Prevention (CDC). Literary data related to morbidity,
pathogenesis, clinical features, diagnosis, and treatment were
studied and summarized.

Discussion.

In November 2002, in the south of China, in the village of
Foshan, atypical pneumonia was first detected, which spread to
37 countries. In March 2003, the WHO defined this disease as an
acute respiratory syndrome - SARS (Severe Acute Respiratory
Syndrome). Since this syndrome was clinically similar to known
atypical pneumonias, SARS was called atypical pneumonia. For
the first time, the term "atypical pneumonia" was used in 1938
by a virologist, Hobart Rayman, describing lung inflammation
caused by mycoplasmas, chlamydia, and legionella [6]. In 2002,
the causative agent of the disease was the SARS-CoV virus
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from the Coronaviridae family, which previously also caused
the SARS epidemic in 2002 and the MERS epidemic in 2008
[2-5].

In Ukraine, for the first time, COVID-19 was registered in
Chernivtsi on February 29, 2020, in a man who had visited Italy
the day before [7]. The People's Republic of China submitted
information about the SARS-CoV-2 virus to the WHO at the
end of December 2019 [8], and Chinese scientists published the
sequence of the SARS-CoV-2 genome [9]. This made it possible
to start work on diagnostics and the creation of vaccines to fight
against COVID-19. Given the high prevalence of cardiovascular
changes, obesity, and hypertension in patients with DM, it is not
fully understood whether DM is an independent risk factor in
patients with COVID-19 or whether there is a combined adverse
effect of one or more diseases in addition to the primary disease.

According to the results of the Chinese Center for Disease
Control and Prevention, as of February 11, 2020, among 73,215
cases of COVID-19, the number of men and women among
patients was- 49% to 19.51%, respectively. Therefore, men are
more prone to COVID-19 [10]. COVID-19 is observed in all age
groups, the average age of patients is 47-59 years, and a more
severe course is observed with comorbid conditions [11,12].

COVID-19 and glucose metabolism.

Hyperglycemia increases SARS-CoV-2 replication, and
glycolysis supports SARS-CoV-2 replication through production
of mitochondrial reactive oxygen species and activation of
hypoxia-inducible factor 1a 20. Thus, hyperglycemia supports
the proliferation of the virus. DM is a predictor of morbidity and
mortality in patients with SARS. In such patients, regulation of
the immune response is disturbed, which leads to severe and
extensive lung pathology [13]. The presence of complications of
DM, CVD, HF, and CKD increase mortality from COVID-19.
National and retrospective cohort studies conducted in Europe
and the USA are presented in Table 1.

A nationwide cohort study conducted in France showed that
the average age of patients was 69.8+13.0 years, the number of
men was 2 times higher compared to women, with a glycemic
status of 8.1£1.9, arterial hypertension prevailed among
concomitant diseases (77%), cardiovascular diseases (41%),
chronic kidney disease (33%) and death occurred on the 7th
day in 29% of patients. A retrospective cohort study conducted
in China showed that the mean age of patients was 64.0 years,
the largest number of patients (24%) had a glycemic profile of
>9.0, hypertension (57%) and cardiovascular diseases were
also predominant among comorbidities (21%), 18% of patients
were in the intensive care unit, while only 8% without diabetes,
mortality was 20%. A retrospective cohort study conducted in
the USA showed the average age of patients to be 67.9+13.7,
the number of women and men was almost the same (649/630),
the glycemic profile was 7.5+2.0, among concomitant diseases
hypertension prevailed (91%), cardiovascular diseases (59%)
and mortality was 33%.

Summarizing the results of the conducted research, we can say
that patients with a high risk of a severe form of COVID-19 are
elderly, male, have hypertension and cardiovascular diseases
among the concomitant diseases. National and retrospective
cohort studies in Europe and the United States have shown that
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cardiovascular disease and diabetes are common among patients
with COVID-19 who are hospitalized in the intensive care unit.

Pathogenetic mechanisms in diabetes and COVID-19.

To date, the pathogenesis of COVID-19 is unknown, but it
may be similar to the pathogenesis of the SARS-CoV virus.
Although the pathophysiological mechanisms have not yet been
studied, it has been noted that fatal cases of COVID-19 have
been observed in elderly people with concomitant diseases,
in particular, in the presence of CVD, diabetes, and chronic
lung diseases [13]. According to the results of the WHO, the
mortality rate among patients with hypertension is 8%, among
patients with diabetes - 9%.

Research published in the journal The Lancet Respiratory
Medicine links this to taking drugs that change the shape of
cells and make those cells more vulnerable to the SARS-CoV-2
coronavirus. The virus penetrates into such cells more easily,
damages them more often, the course of the disease is more
severe, and the risk of fatal consequences increases [14]. ACE
blockers help lower blood pressure, but at the same time, by
increasing the expression of ACE-2, they attract more new
viruses. Interacting with ACE-2, the virus depletes it, developing
symptoms of deficiency of this enzyme.

DM causes high morbidity and mortality worldwide. Such
changes are caused by macro- and microvascular complications
[15]. Influenza and pneumonia are often serious complications
in elderly people with type 2 diabetes [16]. However, data on
whether DM contributes to the susceptibility of the body to
disease upon exposure to the virus and affects the outcome of
infection or whether CVD and renal disease, which are often
associated with DM, are the main causes of mortality remain
controversial [17].

For SARS-CoV-2, a molecular mechanism of entry into the
cells of the human body has been established. It has been studied
that the coronavirus consists of 4 proteins: spike (S), membrane
(M), nucleocapsid (N) and envelope protein (E). Spike protein
(S) binds to receptors on the host cell membrane (Figure 1) [18].

In figure 2 shows the period of functioning of the SARS-
CoV 2 virus. Upon entering the host cell, the carrier of genetic
information - sense RNA is included in the translation process
without the participation of additional enzymes. RNA is placed
in the center and surrounded by structural proteins. S-type
proteins have appendages (spikes) that look like a crown under
a microscope, which is why the Coronaviridae family was so
named. On the surface of the infected cell, the S-protein of the
virus (acute glycoprotein trimer) binds to the ACE 2 receptor
[19]. Subsequently, the stage of transformation (rearrangement)
of the spike glycoprotein occurs with the help of the cell's own
proteases (TMPRSS2, cathepsins, HAT, furin). After that,
the ORFla/b gene translation process begins. As a result of
translation, polyproteins of large molecular weight are formed,
which are subjected to chemical reactions, as a result of which
the molecules are divided into parts by viral proteases. After that,
16 non-structural proteins are formed, which are responsible for
virus replication. A replication complex is formed on vesicles
with a double membrane. The replication complex produces
genomic RNA of the virus and subgenomic RNAs, which
encode structural proteins S, E, M, N, as well as additional
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Table 1. Clinical characteristics and outcomes in patients with diabetes and COVID-19.

Glycaemic
Region Res.earch Age .(years; mean or Number (women/ status, HbA Comorbidities (%) Main findings
design median) men) (%) (pro-
portion)
Diabetes mellitus
Primary outcome (MV,
. 0,
HTN (77) de?alt(hfontdayf7). 294
Nationwide obser- 1317 CVD (41) 1Sk fac ‘ors or primary
France vational cohort 68,9+13,0 (462/ 8,1+1,9 HF (12) ogtcome. BMI .
Risk factors for mortality:
study 853) CKD (33) older age, microvascular
COPD (10) ’
and macrovascular
complications
<7,0 (16%) ICU admission: 18% (non-
7,0-8,0 HTN (57) DM 8%)
China Retrospective co- 64,0 153 (13%) CVD (21) In-hospital death: 20%
hort study (56,2-72,0) 8,0-9,0 CKD (4) (non-DM 11%)
(12%) COPD (5) Risk factors for mortality:
>9,0 (24%) age >70 years, HTN
HTN (91) Dfeath: 33% .
Retrospective co- 1276 CVD (59 Rlsk .factors for mortality:
USA 67,9+13,7 (649/ 7,5£2,0 insulin treatment before
hort study CKD (43) .
630) COPD (14) admission, COPD, male
sex, older age, higher BMI
T1DM
COVID-19-related deaths:
464
HTN (SBP Risk factors for mortality:
>140mmHg (17);
<6,5 antihypertensive male sex, older agel,lrenal
. 264390 (7%) impairment, non-white
}ifdgEng fgﬁ;‘rlf:tfé;based 46,6+19,6 (114710/ 6,5-7,0 (8%) ‘églzgs( f‘(‘)‘;)) ethnicity, socioeconomic
149 680) 7,1-9,9 (50%) MI (1) deprivation, previous stroke,
>10,0 (12%) previous HF, HbA, >10.0%
Stroke (1) I o
HF (3) (reference range 6.5-7.0%)
BMI (U-shaped, reference
range 25.0-29.9kg/m?)
Microvascular
Nationwide obser- complications (49) Primary outcome (MV,
France vational cohort 56.0416.4 56 8,4 Macro.vas.cular death on day 7): 23% (age
study ’ ’ (25/31) (7,6 -9,5) complications (33) <55 years 12%; 55-74 years
CKD (29) 24%; >75 years 50%)
COPD (4)
T2DM
HTN (53)
. 952 Glucose 8.3 CHD (14)
China Egg‘:ﬁg“we " 62 (55.68) 442/ mmol/l (6.2-12.4  CeVD (6) “gzlrll nggfrg;‘lﬁr;‘gwl
Y 510) mmol/l) CKD (5) poorly
COPD (1)
COVID-19-related deaths:
10,525
<6,5 (25%) HTN (SBP Risk factors for mortality:
6,5-7,0 >140mmHg (67); male sex, older age, renal
2874 020 (21%) antihypertensive impairment, non-white
UK (Eng Popula-tion-based 67.5413.4 (1267590/ 7,1-7,5 agents (76)) ethnicity, socioeconomic
land) cohort study ’ ? 1606430) (13%) CKD (18) deprivation, previous stroke,
7,6-9,9 (25%) MI (2) previous HF, HbA  >7.5%
>10,0 stroke (2) or <6.5% (reference
(11%) HF (5) range 6.5%—7.0%), BMI
(U-shaped, reference range
25.0-29.9kg/m?)
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Figure 1. Photomicrograph of the SARS-CoV-2 coronavirus and Model of the structure of vibrio coronaviruses.

Figure 2. Term of functioning of the SARS-CoV 2 virus.
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Figure 3. Functioning of the SARS-CoV 2 virus in the host's body.
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ORF genes that play the role of modulators of the immune
response. New viral particles are collected on the membranes of
the endoplasmic reticulum and the Golgi apparatus, after which
they are pushed out of the cell as its secretory products.

The SARS-CoV 2 virus penetrates and multiplies in the cells of
the respiratory epithelium. The variety of clinical manifestations
varies from an asymptomatic infection to the development of
severe lung damage and acute respiratory distress syndrome
(ARDS), requiring mechanical ventilation [20]. The severity of
the disease is determined both by the direct damaging effect of
the virus and by the nature of the host's immune response [21].
The functioning of the SARS-CoV 2 virus in the host's body
is presented in figure 3. When S-glycoproteins bind to ACE
2 receptors, the virus causes a decrease in receptor function,
which leads to an imbalance of the renin-angiotensin system
and causes the development of diffuse alveolar damage.

Multiple metabolic and vascular disorders occur in diabetes,
which delay the reaction to pathogenic microorganisms [22].
Hyperglycemia suppresses the immune system [23,24]. SARS-
CoV-2 infects circulating cells of the immune system and
increases the programmed cell death of lymphocytes (CD3,
CD4 and CDS8 T cells), which causes lymphocytopenia [25].
Decreased T-cell function and hyperfunction of neutrophils lead
to hyperproduction of a number of pro-inflammatory cytokines
(L1, IL-2, IL-6, IL-7, IL-8, IL-17, MCP1, TNFa, etc.), which
is called the "cytokine storm" syndrome [26].

The presence of spike-like protein in patients with DM causes
hypercytokinemia, a "cytokine storm" [27]. Hyperglycemia and
insulin resistance increase the secretion of pro-inflammatory
cytokines [28]. WHO identifies three main conditions that put
people at higher risk of complications and death - heart disease,
lung disease, and diabetes.

Y
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Infection with the SARS-CoV 2 virus leads to an increase
in the level of inflammatory mediators in the blood,
including lipopolysaccharides, inflammatory cytokines, toxic
metabolites. Alteration of natural killer cell activity and IFNy
production increases interstitial and/or vascular permeability to
proinflammatory products, increases reactive oxygen species
(ROS) production, leading to pulmonary fibrosis, acute lung
injury, and acute respiratory distress syndrome (ARDS).
Increased expression of angiotensin II leads to activation of
the renin-angiotensin-aldosterone system by the virus. In turn,
reactive oxygen species and the renin-angiotensin-aldosterone
system activated by the virus cause insulin resistance,
hyperglycemia, damage to the vascular endothelium, which
leads to the development of cardiovascular complications,
thromboembolism, and disseminated intravascular coagulation
(DIC). Infection also causes an increase in fibrinogen and
D-dimer, which leads to an increase in blood viscosity, damage
to the endothelium of vessels, cardiovascular complications,
thromboembolism and disseminated intravascular coagulation
(DIC) (Figure 4).

Recently, there have been reports of caution in patients with
CVD when taking ACE inhibitors. Since ACE-2 receptors are
the "entrance gate" for the coronavirus, taking ACE inhibitors
and ARBs increases the risk of contracting a coronavirus
infection.

Many elderly people use ACE inhibitors and ARBs to lower
blood pressure, which causes an increase in the number of ACE-
2 receptors, so such people are much more susceptible to the
virus. This explains the high infection and mortality rates in the
elderly with concomitant hypertension who use ACE inhibitors,
which cause the proliferation of ACE-2 receptors, which are
targets for COVID-19. In addition, the elderly often have
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Figure 4. Pathogenetic mechanisms in diabetes and COVID-19.
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Figure 5. Use of antidiabetic medications in patients with DM and COVID-19.

chronic diseases: heart, blood vessels, liver, kidneys, often in
combination with diabetes. Accordingly, a significant increase
in the load on them in the presence of a viral infection causes
negative consequences.

Management of DM.

An extremely important element of development is ACE-2,
which plays the role of the SARS-CoV-2 receptor [29,30]. There
is an assumption that insulin can cause excessive expression of
ACE receptors [31,32], which increases the risk of developing
complications during infection in patients with diabetes (Figure 5).

Acute hyperglycemia is possible in patients with DM when
combined with COVID-19, which may be exacerbated by
insulin resistance associated with inflammation, thus prompt
and effective provision of appropriate glycemic control is
necessary [26]. According to Drucker's review, analogs of
dipeptidyl peptidase DPP4 and glucagon-like peptide GLP1 are
recommended for patients with mild and moderate symptoms,
as these drugs have proven glucose-lowering effectiveness in
hospital settings, as well as in outpatient clinics [27]. However,
there are insufficient data to support the use of these drugs
instead of insulin in critically ill patients with diabetes and
COVID-19 [28].

Thiazolidinediones are agonists of the y receptor, which
regulates the transcription of genes involved in glucose and lipid
metabolism. In animal studies, thiazolidinediones have been
found to reduce insulin resistance. In a review of randomized
controlled trials comparing thiazolidinediones with placebo for
the prevention of stroke and vascular disease in stroke survivors,
treatment with thiazolidinediones reduced the incidence of
recurrent stroke compared with placebo [29].

Sodium-glucose cotransporter 2 (SGLT2) inhibitors work on
the kidneys to lower blood glucose levels and are used to treat
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type 2 diabetes. SGLT2 reduces the infiltration of inflammatory
cells into arterial plaques and decreases the mRNA expression
of some cytokines and chemokines, such as TNF, IL-6, and
monocyte chemoattractant protein 1 (MCP1) [24].

Currently, many scientists are reviewing the prescription of
drugs that reduce sugar levels in patients with diabetes and
COVID-19. Insulin remains the only therapy for people with
diabetes [25]. Metformin and sulfonylurea drugs do not interact
with ACE-2, ADAM17, so they can be safely used in mild cases
of COVID-19 [26]. The use of GLP-1 receptor agonists should
be discontinued in patients with hemodynamic instability,
renal and gastrointestinal dysfunction. Such therapy can cause
hypovolemia and regurgitation [27]. With a severe course of
COVID-19, the use of sulfonylurea drugs requires control of the
level of glucose in the blood. Therefore, sulfonylurea drugs are
replaced by insulin [28]. Thiazolidinediones cause fluid retention
and increasing systemic edema. They are contraindicated in
patients with high/low blood pressure, high/low heart rate
(pulse), loss of consciousness/confusion, impaired liver, or
heart function [29].

To date, the risks associated with taking aspirin have not
been described. However, myocardial damage is a serious
manifestation of COVID-19, acute myocardial ischemia has not
been clearly described [25].

Currently, there is no direct evidence regarding the use of
statins in patients with diabetes and COVID-19 [26]. There
is information about increased liver and muscle enzymes
associated with COVID-19 [27]. Therefore, individual therapy
of patients with diabetes mellitus and COVID-19 is currently
being used, considering indications for the appointment of
statins, interactions with antiviral drugs [28].

Over the past 2 years, new information has emerged
regarding the use of dexamethasone in critically ill patients
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with COVID-19 who are on mechanical ventilation, which has
shown good results in reducing mortality in such patients [29].

Accordingto apublishedreportin the journal Nature, remdesivir
prevents the infection of human cells by SARS-CoV-2 in vitro
[30]. Previously, the US Food and Drug Administration (FDA)
approved the use of remdesivir only for use in patients with
severe COVID-19 to improve quality of life. Currently, the FDA
has approved the emergency use of remdesivir, which shortens
the course of the disease in patients with less severe forms of
the disease. Remdesivir, a nucleotide analog inhibitor of RNA-
dependent RNA polymerase, increased glycemia and increased
insulin resistance in mice fed a high-fat diet [31]. In contrast,
the increase in blood glucose levels was similar between the
remdesivir and placebo groups in two randomized clinical trials
with multiethnic groups and Chinese patients [31]. Thus, more
evidence is needed to clarify its effects on glucose metabolism.

The antiviral drug favipiravir, developed by Fujifilm Toyama
Chemical in Japan, has shown results in treating mild-to-
moderate COVID-19. It has been used in Japan to treat influenza
and has been approved as an experimental treatment for
COVID-19. The drug likely shortens the duration of the virus
and also improves the condition of the lungs in patients with
COVID-19. The clinical effectiveness of this drug continues
to be investigated [32]. However, the search for drugs to treat
COVID-19 is ongoing, and these drugs may affect glucose
metabolism in diabetes.

Conclusion.

1. Patients with DM and comorbid conditions are at high risk
of progression and severe course of COVID-19.

2. SARS-CoV 2 increases the level of inflammatory mediators
in the blood, increases the production of reactive oxygen
species, which leads to acute lung damage and acute respiratory
distress syndrome.

3. In severe cases of COVID-19, insulin, and dipeptidyl
peptidase 4 inhibitors are recommended; metformin and sodium-
glucose cotransporter 2 inhibitors should be discontinued.

4. Patients with diabetes and COVID-19 should follow general
prevention rules, monitor glucose levels more often, eat well,
and control other risk factors.
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