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PernpogyKTvsHa eHgoKpuHoOIOrIS

DIABETES MELLITUS

MODERN VIEWS ON T

LITERATURE REVIEW

INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a viral
infectious disease caused by the severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2)
[1, 2]. It is an enveloped, single-stranded RNA
virus, named for its corona-like protrusions on
the surface, visible by electron microscopy [3].
COVID-19 has clinical features similar to Severe
Acute Respiratory Syndrome (SARS) and Middle
East Respiratory Syndrome (MERS), and viruses
belong to the Coronaviridae family and the Coro-
navirinae subfamily [2, 3]. They are more similar
in their structural and biochemical components.

Cases of pneumonia of unknown etiology
occurred in Wuhan, Hubei Province of China in
December 2019. The presence of a new corona-
virus as a causative agent, which was named Se-
vere Acute Respiratory Syndrome-CoronaVirus-2
(SARS-CoV-2), and the disease that it causes -
COVID-19, was revealed by advanced analytical
sequencing of samples from the lower respirato-
ry tract [4, 5].

The articles were searched in the PubMed and
Google Scholar databases until February 12,
2021 to write this literature review. The follow-
ing keywords were used: SARS-CoV-2, COVID-19,
coronavirus infection, pathogenesis, pancreas,
clinical features, diagnosis, treatment, diabetes
mellitus (DM). We also received the full text of the
relevant cross-references from the search results.
In addition, we have access to currently available
scientific literature and guidelines on the web-
sites of the WHO Centers for Disease Control and
Prevention (CDQC).

Coronavirus infection COVID-19 is a potentially
severe acute respiratory infection caused by the
SARS-CoV-2 coronavirus, is a dangerous disease
that can occur in the form of an acute respiratory
viral infection of the mild course, and in a severe
form, the specific complications of which may
include viral pneumonia, leading to Acute Respi-
ratory Distress Syndrome (ARDS) or respiratory
failure at risk of death.

To date, there are no specific antiviral drugs
for the treatment or prevention of COVID-19.
People with certain comorbid conditions, such
as asthma, DM, and heart disease, are more like-
ly to develop severe forms of disease. Means to
maintain the functions of vital organs are used
in severe cases. The disease is caused by a new
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virus, people do not have acquired immunity to
it, therefore people of all ages are susceptible to
infection.

COMORBIDITY AND COVID-19

As for today, the issues of the relationship and
interdependence of COVID-19, and comorbid
diseases are the most controversial among all
the pathogenetic aspects of the new coronavirus
infection.

COVID-19 pathogenesis is currently unknown,
but may be similar to the pathogenesis of the
SARS-CoV virus. Although the pathophysiolog-
ical mechanisms have not yet been studied, it
has been noted that the most severe and fatal
cases of COVID-19 have occurred in the elderly
or in patients with concomitant diseases, in par-
ticular with the presence of cardiovascular dis-
eases (CVD), DM, chronic lung diseases, kidney
diseases, hypertension and oncological diseases
[6, 7, 8, 9]. According to the WHO, the mortality
rate among patients with arterial hypertension
reaches 8%, among patients with DM - 9%.
Coronavirus, which causes the disease COVID-19,
enters target cells through receptors of a spe-
cial protein - angiotensin-converting enzyme
(ACE2). The virus uses it as an entrance gate.
Binding of S-glycoprotein from the coronavirus
to ACE2 receptor in the host organism, followed
by the cell membrane fusion, initiates virus pen-
etration [10]. S-glycoprotein consists of S1 and
S2 subunits located on the spike surface of the
virus [11]. It has been documented that levels of
furin, a protease that increases viral penetration,
is elevated in diabetic patients. An increase in
virus penetration occurs due to the cleavage of
the S1 and S2 domains of the surface spike pro-
teins [12]. Favorable factors for viral replication
in the cytosol include an acidic environment and
the presence of proteases such as cathepsin [13].
Inflammatory changes are initiated in the respi-
ratory system with the generation of a variety
of cytokines and chemokines such as tumor ne-
crosis factor-a (TNF-a); interleukin (IL)-1, IL 7-10;
interferon-y; granulocyte colony-stimulating
factor; granulocyte-monocyte colony-stimulat-
ing factor; fibroblast growth factor 2; monocytic
chemoattractant protein-1; and inflammato-
ry protein of macrophages 1a [4]. At the same
time, ACE2 is the target of different drugs (ACE
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inhibitors and angiotensin (Ang) Il receptor blockers — sartans),
which are widely used in patients with CVD, arterial hyperten-
sion, and DM.

PATHOPHYSIOLOGICAL MECHANISMS

OF COVID-19 AND DIABETES MELLITUS

DM is a chronic metabolic disorder that currently affects
about 422 million people worldwide [2, 14]. COVID-19 and DM
are associated with acute and chronic inflammation, respec-
tively, and can interfere with each other in terms of clinical pro-
gression and outcome. Thus, further research is needed on the
interplay of these diseases and a possible therapeutic approach
to treating DM coexisting with COVID-19. DM is caused either
by an absolute lack of insulin in type 1 diabetes (T1D) or by in-
sulin resistance in type 2 diabetes (T2D) [15]. Chronic hypergly-
cemia is a major metabolic disorder in DM and causes glucose
toxicity in body tissues with the formation of advanced glyca-
tion end products [16]. These mechanisms are responsible for
the chronic complications of DM, which is one of the leading
causes of morbidity and mortality worldwide. This condition is
associated with macro- and microvascular complications that
ultimately affect the overall survival of patients [17]. The link be-
tween DM and infection has long been clinically recognized
[18]. Infections, especially influenza and pneumonia, are com-
mon and more serious in older people with T2D [19, 20]. How-
ever, the evidence remains controversial as to whether DM itself
increases susceptibility and influences the outcome of infec-
tions, or whether CVD and renal comorbidities, which are often
associated with DM, are the main causes [21]. It was previously
reported that DM and uncontrolled hyperglycemia are signifi-
cant predictors of severity and risk of death in patients infected
with various viruses, including pandemic influenza A (H1N1)
[22], SARS-CoV [23] and MERS-CoV [24]. Early researches [6, 7,
25] showed that older patients with chronic diseases, including
DM, were at higher risk of developing severe COVID-19 and in-
creased mortality. As is known, DM is a chronic inflammatory
condition characterized by multiple metabolic and vascular dis-
orders that determine the response to pathogenic microorgan-
isms [21]. It has been shown that even short-term hyperglyce-
mia temporarily suppresses the innate immune system [26, 27].
In addition, as described above, DM is characterized by a high
proinflammatory cytokine response, especially IL-1, IL-6 and
TNF-a in the absence of exogenous immunostimulation. In the
presence of an external trigger in patients with DM, a situation
of hypercytokinemia, cytokine storm occurs, against the back-
ground of COVID-19 complicated by ARDS and systemic multi-
ple organ failure [28]. Hyperglycemia and insulin resistance pro-
mote an increase in the synthesis of advanced glycation end
products (AGEs) and a sharp increase in the secretion of pro-in-
flammatory cytokines, an increase in the level of oxidative
stress, and also stimulate the production of adhesion molecules
that mediate tissue inflammation [21, 29]. This inflammatory
process may be the main mechanism that leads to a higher pro-
pensity for infections with worse consequences in patients with
DM [29]. Some immune defects are considered in strong associ-
ation with hyperglycemia, although the clinical significance of
some in vitro disorders has not yet been fully understood. [28].
On the other hand, poorly controlled DM is associated with in-
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hibition of the proliferative response of lymphocytes to various
triggers [28], as well as with dysfunction of monocytes/macro-
phages and neutrophils [21]. Abnormal delayed-type hyper-
sensitivity reaction [28] and complement activation dysfunc-
tion [29] also described in patients with DM. Older age is
associated with defects in T- and B-cell function and excessive
dysfunctional production of inflammatory markers. Thus, T2D,
either autonomously or in combination with older age, hyper-
tension and/or CVD, may contribute to insufficient control of
SARS-CoV-2 replication and a longer pro-inflammatory re-
sponse, which can lead to fatal outcome [8, 30, 31]. Experimen-
tal models have shown that ACE2 receptors are the gateway for
coronavirus when it enters human cells. In this regard, it has
previously been hypothesized that taking angiotensin-convert-
ing enzyme inhibitors (ACEI) and angiotensin receptor blockers
(ARBs) may increase the risk of viral infection. To get inside the
cell, the SARS-CoV-2 virus binds through its protein S to the
ACE2 receptors located on the membranes of the alveolar cells
of the lungs, kidneys, myocardium, and intestines, so it is these
organs that the new coronavirus can infect. The ACE2 receptor
is very important for the entry of SARS-CoV-2 into cells. The re-
ceptor is sufficiently expressed by epithelial cells of the lungs,
intestines, kidneys and blood vessels. X.C. Li et al. [32] showed
that diabetic patients also express high concentrations of ACE2,
and that levels are significantly increased in those taking ACEI
or ARB. It has been hypothesized that the ACE2 polymorphism
is associated with some noncommunicable diseases such as
DM, hypertension, stroke, and a genetic predisposition to de-
veloping SARS-CoV 2 infection [2]. The SARS-CoV-2 infectivity is
related to the rate of release of ACE2. D.W. Lambert et al. [33]
showed that disintegrin and metalloproteinase 17 (ADAM17)
are capable of separating the ectodomains of some mem-
brane-bound cell adhesion molecules and cytokines, such as
the ACE2 molecule. The extracellular domain of ACE2 forms a
receptor for the Spike protein (S) of SARS-CoV-2, and this is the
main site of the pathogenesis of SARS-CoV-2 infection [34].
Thus, inhibition of ADAM17 leads to a decrease in proteolytic
release of the ACE2 ectodomain and ultimately increases the
penetration rate and infectivity of SARS-CoV-2 [35]. ADAM17
inhibitors include tissue inhibitory metalloproteinase-3 and in-
sulin [36, 37]. Another protease, serine 2 transmembrane prote-
ase, counteracts the action of ADAM17 and enhances the up-
take of soluble SARS-CoV2 entry by cells through cleavage of
ACE2 [38]. Viral entry into host cells is a fundamental compo-
nent of interspecies transmission, which is especially true for
coronaviruses (CoV). When a virus acts on host cells, all CoVs
bind through the spike protein to cells that express specific re-
ceptors. After binding to target cells, the host cell protease
cleaves the spike protein, which allows the virus to enter cells
and multiply [39]. ACE2 has been identified as one of the main
receptors for both SARS-CoV [40] and SARS-CoV-2 [39]. The in-
terface between ACE2 and the viral spike protein has been de-
ciphered, with the result that the efficiency of ACE2 recruitment
is a key factor in the virulence of COVID-19 [41]. ACE2 is widely
expressed in the respiratory tracts, heart, kidneys, intestines,
brain neurons, endothelium of arteries and veins, immune cells,
and pancreas [42, 43]. Since the ACE2 immunostaining test re-
vealed the presence of ACE2 in the pancreatic islets, it was sug-
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gested that SARS-CoV could damage the B-cells of the islets of
Langerhans and induce the manifestation of autoimmune T1D
[44, 45]. More researches are needed to confirm damage to the
pancreas in patients with COVID-19, which certainly contrib-
utes to a worsening of the course and prognosis of COVID-19 in
patients with onset of DM. As mentioned above, the role of
ACE2 in the pathogenesis of DM in association with COVID-19
has been widely discussed in the world scientific literature, and
has already been partially studied to date. Given that ACE2 is a
functional receptor for SARS-CoV-2, and its expression levels
can be increased by ACEl and ARBs, some authors have argued
that these drugs may have a negative effect on the course and
outcome of the disease in patients with COVID-19 [46]. In con-
trast, other researchers actively argue that ACEl and ARBs can
be very effective in the treatment of coronavirus infection [47],
since SARS-CoV and its viral spike protein, after binding to the
functional receptor for SARS-CoV-2 - ACE2, reduce the expres-
sion of ACE2 in subsequent stages of the disease after reaching,
probably, an extremely high level of viremia [48]. As is known,
ACE cleaves Ang | to Ang Il. Ang Il binds to the Ang Il receptor 1
and then mediates numerous systemic effects such as stimulat-
ing vasoconstriction, promoting normovolemia, regulating the
immune system, and local effects in the cardiovascular system.
In renin-angiotensin-aldosterone system (RAAS) ACE2 plays the
opposite role to ACE. ACE2 catalyzes the conversion of Ang | to
Ang-(1-9) and Ang Il to Ang-(1-7). Conversion efficiency of ACE2
on Ang Il substrate is 400 times higher than on Ang | [49]. Ang-
(1-7) binds to the G-protein-coupled Mas receptor to mediate
various effects including vasorelaxation, cardio protection, anti-
oxidant action [50], anti-inflammatory action [51] and inhibi-
tion of Ang ll-induced signaling [52, 53]. The ACE2 - Ang-(1-7)
axis is considered an important therapeutic target in CVD [54].
A large cohort study showed that circulating ACE2 was found in
serum in only 40 out of 534 subjects, and its concentration was
about 100 times lower than that of circulating ACE [55]. Addi-
tional data have shown that circulating ACE2 is elevated in pa-
tients with T1D or T2D, hypertension, heart failure, and chronic
kidney disease [56, 57]. The reason for the high ACE2 levels in
these patients is that the increased ACE2 is a protective re-
sponse to counter the adverse effects of Ang Il. Since the ex-
pression of AT Il - AT1 receptor signaling also contributes to the
autoimmune response, ACE2 can control immune functions via
the Ang-(1-7) — Mas axis [58, 59]. Ang is produced in the liver
and from there into the bloodstream. Renin secreted in the kid-
neys cleaves Ang to Ang |. Ang lis further converted to Ang Il by
ACE, which is mainly produced in the lungs. Ang Il binds to both
AT1 and AT2 receptors to regulate blood pressure and inflam-
mation. Most of Ang II's action occurs via the AT1 receptor.
Meanwhile, cellular ACE2 is cleaved by ADAM17. After the re-
lease of the active form of ACE2 into the extracellular environ-
ment, ACE2 converts Ang | to Ang-(1-9) and Ang Il to Ang-(1-7).
ACE also converts Ang-(1-9) to Ang-(1-7). Ang-(1-7) binds to the
Mas receptor to mediate the opposite effects of Ang Il. Genetic
ACE2 deficiency is associated with activation of inflammatory
mediators, increased inflammatory response to pro-inflamma-
tory stimuli, and increased Ang Il-induced heart and aortic re-
modeling [60, 61]. The anti-inflammatory effects of ACE2 are
mediated primarily through the ACE2 — Ang-(1-7) axis as op-
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posed to the Ang Il - AT1 axis [62]. ACE2 also performs a func-
tion independent of the RAAS. Intestinal cellular ACE2 may be
another viral entry point for SARS-CoV-2. SARS-CoV-2 enters the
human body mainly through the respiratory system, but also,
apparently, through the intestines and other tissues. It has been
demonstrated that coronaviruses enter the lungs, pancreas,
and other human tissues by interacting with the ACE2 receptor.
ACE2 expression is much stronger in the pancreatic endocrine
tissue compared to exocrine tissue [63]. The extent of SARS-CoV
tissue damage is a direct function of the expression level of tis-
sue ACE2. Thus, SARS-CoV viruses can damage the pancreatic
islets and cause the onset of DM [64]. In all likelihood, SARS-
CoV-2 enters the lungs and intestines through cleavage by the
protease TMIPRSS2 ACE2 [65]. If the immune system is unable to
defeat the infection, SARS-CoV-2 will massively replicate, occu-
py cellular ACE2 and destroy the patient's cells. As a conse-
quence, the Ang Il - AT1 system cannot be inactive. At the same
time, intestinal function is destroyed, and inflammation is exac-
erbated. As a result, a cytokine storm manifests, and ultimately
the respiratory system, cardiovascular system and other organs
lose their functions. Clinical data showed that among inpatients
with COVID-19, about 30% have underlying diseases. These pa-
tients are at increased risk of death. Hypertension was most
common, followed by DM and coronary artery disease [8, 66].
Since the Ang Il - AT1 axis is already hyperactive in these diseas-
es [7, 671, SARS-CoV-2 further reduces the production of func-
tional ACE2. Consequently, patients with these underlying dis-
eases are much more likely to develop a severe course of the
disease, quickly transforming into a critical condition. As de-
scribed above, the RAAS signaling pathway includes both ACE,
which metabolizes Ang | to Ang I, and ACE2, which converts
Ang Il to Ang-(1-7) [68]. In normal physiology, ACE2 cleaves Ang
Il and, to a lesser extent, Ang | into smaller peptides, Ang-(1-7)
and Ang-(1-9), respectively [68]. Ang Il has both vasoconstrictor
and inflammatory properties, which are balanced by the vaso-
dilatory and anti-inflammatory properties of Ang-(1-7) [68]. The
ACE2/Ang-(1-7) system plays an important anti-inflammatory
and antioxidant role in protecting the lung tissue from ARDS.
The ratio of ACE and ACE2 activity, which are both highly ex-
pressed in the lungs, has been shown to affect lung oxygen-
ation and lung damage in ARDS [68, 69]. Loss of ACE2 function
in DM increases Ang Il levels and decreases Ang-(1-7) levels
both locally in tissues and systemically. Increased Ang II/AT1R
signaling initiates the development of multiple pathologies in
various organs, increasing the amount of reactive oxygen spe-
cies and promoting fibrosis, hypertrophy, and inflammation,
aggravated by the loss of the protective effects of Ang-(1-7).
Stimulation of Ang Il also systemically alters metabolic profiles
and modulates insulin sensitivity in the affected tissues [43]. Ex-
perimental models following the SARS-CoV epidemic have
shown that Spike protein binding leads to a decrease in the ex-
pression of ACE2 receptors in the lungs, suggesting that lung
damage may be mediated by higher Ang Il levels compared to
Ang-(1-7) [70]. Thus, the ACE2 receptor appears to play conflict-
ing roles associated with the pathophysiology of SARS-CoV-2
infection: one where ACE2 facilitates disease as a SARS-CoV-2
binding site, and another where downregulation of ACE2 may
contribute to severe traumatic lung injury after infection [71].
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According to some authors, the ACE2 expression is decreased in
patients with DM possibly due to glycation, which may explain
the increased predisposition to severe lung damage and the
manifestation of ARDS in patients with DM background of
COVID-19 [68, 72]. Consequently, ACE2 overexpression will be
counterproductive in patients with COVID-19, since SARS-
CoV-2 has been shown to use ACE2 as a receptor to enter the
host's pneumocytes [73]. ACE2 expression is markedly in-
creased in diabetic and hypertensive patients who receive ACEI
or ARBs as an adaptive response to counter elevated Ang Il and
Ang I. It was previously thought that the use of ACE2-stimulat-
ing drugs promotes the penetration of SARS-CoV-2 into pneu-
mocytes and, therefore, can lead to more severe and fatal dis-
eases [74]. To date, the use of RAAS inhibitors has been
completely rehabilitated, since the expression of ACE2 during
their use is one of the protective mechanisms in the functioning
of RAAS. The virus binds to cells through its trimeric peak glyco-
protein, which makes this protein a key target for potential
therapy and diagnostics [73]. Like ACEl and ARBs, ibuprofen [75]
and thiazolidinediones [76] can also lead to elevated ACE2 lev-
els, which have previously raised some safety concerns in
COVID-19 patients. Animal studies have shown that pioglita-
zone and liraglutide are also associated with ACE2 activation
[74, 77]. Unfortunately, none of the studies took into account
the underlying therapy for COVID-19. In addition, a recently
completed study found that critically ill patients with COVID-19
had a higher prevalence of hypokalemia due to renal failure.
This can be explained by ACE2 suppression after viral penetra-
tion, which leads to a decrease in Ang Il degradation, increased
aldosterone secretion, and subsequent increased loss of potas-
sium in the urine. It is assumed that early normalization of se-
rum potassium levels is a predictor of a good prognosis in
COVID-19 [78]. Thus, the ACE2 overexpression, although it pro-
motes the penetration of SARS-CoV-2, still plays a protective
role for the lung tissue, as well as for other organs and systems,
since it prevents the start of a pathological cascade of systemic
reactions caused by breakdown of the RAAS, leading to multi-
ple organ dysfunction. DM has been associated with worse out-
comes in COVID-19 patients, however, susceptibility to SARS-
CoV-2 infection is higher in people with decompensated DM.
According to several studies, the prevalence of DM among
those infected with the COVID-19 virus is about the same as in
the general population [79, 80].

As previously established, ACE2 and dipeptidyl peptidase-4
(DPP-4) are receptors for the entry of the coronavirus. In recent
publications, there has been extensive discussion regarding
the possibility of DPP-4 being a receptor for COVID-19. In a se-
ries of recent studies, it has been suggested that DPP-4 is the
main MERS-CoV receptor, but not SARS-CoV-2, that is, not the
COVID-19 receptor [42]. The DPP4 enzyme is a type Il trans-
membrane glycoprotein expressed in many tissues, including
immune cells. DPP-4 is also known as CD26, a lymphocyte cell
surface protein that plays an important role in the functioning
of T cells [81]. J. Liu et al. in a study of the immune characteris-
tics of COVID-19 showed that patients with severe illness had
higher serum levels of IL-6, IL-10, IL-2 and y-interferon and few-
er neutrophils and T cells (especially CD8+ T cells) than patients
with a mild course of the disease, which indicates a large-scale
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cytokine storm in general and a T-cell storm in particular [82].
The increased T cell activity is manifested by an increase in
Th17 levels and high cytotoxicity of CD8+ T cells, which partly
explains the severe immune damage to the lungs associated
with COVID-19 infection. DPP-4/CD26 is present and active in
the lungs and is constitutively expressed by lung fibroblasts,
where it has a proliferative effect [83]. DPP-4/CD26 is also a
marker of migration and functional activation of fibroblasts,
including collagen synthesis and secretion of inflammatory cy-
tokines [83]. Inflammatory lung diseases are characterized by
high levels of DPP-4/CD26 expression, which can enhance the
inflammatory response and the severity of lung injury [77, 84].

Although its functions are not yet fully understood, DPP-4
plays a major role in glucose and insulin metabolism. DPP-4
degrades incretins such as glucagon-like peptide 1 (GLP-1)
and glucose-dependent insulinotropic polypeptide, which ul-
timately leads to decreased insulin secretion and impaired vis-
ceral adipose tissue metabolism. DPP-4 regulates postprandial
glycemia through the degradation of GLP-1. DPP-4 expression
is higher in visceral adipose tissue and is directly correlated
with adipocyte inflammation and insulin resistance. DPP-4 also
plays an important role in immune regulation by activating T
cells, CD86 expression and the NF-kB pathway. Since DPP-4
inhibitors are commonly used in the treatment of DM around
the world, a number of studies have suggested the possible
use of DPP-4 as a receptor for SARS-CoV-2 and, accordingly,
the hypothetical possibility of potentiating the resource pro-
tective effect of DPP inhibitors against COVID-19 [85]. In April
2020 publication, D.J. Drucker postulates that GLP-1 levels and
DPP-4 activity are regulated by infection and inflammation,
and in turn DPP-4 inhibitors and GLP-1 receptor agonists can
also modulate inflammation. The two receptor proteins of the
coronavirus, ACE2 and DPP-4, are established transducers of
metabolic signals and pathways that regulate inflammation,
renal physiology, cardiovascular system, and glucose homeo-
stasis. Thus, the available data currently do not confirm clini-
cally significant changes in markers of immune function after
the administration of DPP-4 inhibitors to people with or with-
out T2D, on the basis of which it can be argued that DPP-4 is
not a SARS-CoV-2 receptor and, accordingly, cannot serve as a
launching pad for the disease, COVID-19 from MERS-CoV [86].

THERAPEUTIC APPROACHES TO DIABETIC PATIENTS

WITH COVID-19

According to the American Diabetes Association (ADA), peo-
ple with DM have a higher rate of complications and mortality
from COVID-19 because this disease is inherently associated
with a compromised immune response, making people with it
more susceptible to infections. On the other hand, it is be-
lieved that hyperglycemia in patients with DM may be the
cause of dysfunction of the immune response, which leads to
an inability to control the spread of pathogens and makes pa-
tients with DM more susceptible to infections, which is fully
consistent with the statement of R. Gupta that the manage-
ment of DM provides, first of all, good glycemic control during
the manifestation of COVID-19 [87]. Due to the rapid spread of
COVID-19, there are serious discussions now on a number of
important topics related to the optimal treatment of patients
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with DM during the COVID-19 pandemic, including the sus-
ceptibility to this new infection, the severity of complications,
and the role of drugs used to control glycemia [7, 88, 89]. DM
is associated with a poor prognosis in many viral infections,
including coronavirus. The proposed mechanisms for this ap-
parent association between COVID-19 and DM include numer-
ous disorders up to and including complete breakdown of the
innate immune system. In addition, ACEI and ARBs, widely
used in people with DM are the link between COVID-19 and
DM. ACEI/ARBs lead to upregulation of ACE2, which, as men-
tioned above, is constitutively expressed in the lungs, heart,
intestines, kidneys, and vascular endothelium [80, 90]. Current
epidemiological data on COVID-19 do not support the hy-
pothesis that patients with DM are at increased risk of infec-
tion compared with the general population [74, 80], and it is
clear that DM, especially when it is poorly controlled, exposes
patients to high the risk of death [9, 37, 91]. It should be em-
phasized once again that an extremely important element of
pathogenesis is a molecule that plays the role of the SARS-
CoV-2 receptor, identified as ACE2 [26, 92]. Recently, it has
been suggested that sodium-glucose cotransporter-2 inhibi-
tors (SGLT-2i), glucagon like peptide-1 receptor agonists (GLP-
1RA), pioglitazone, and even insulin may overexpress the
ACE2 receptor [88, 93], which increases the risk of more seri-
ous infections in diabetic patients. This problem is of great im-
portance, as it is now argued that optimal glycemic control in
DM is needed more than ever [93, 94]. When the question of
the possible induction of ACE2 expression was raised regard-
ing the use of ACEI or ARBs, several scientific societies, as well
as the European Medical Agency (EMA), explained that so far
this is only a hypothesis coming from some in vitro studies and
has not yet been confirmed by any clinical results according to
the data in people affected by COVID-19, it is absolutely unjus-
tified to stop using such drugs, which are very effective in sav-
ing lives, which was confirmed by the subsequent numerous
recommendations for their safe use [95]. A number of recent
publications argue that such recommendations urgently need
to be adapted for the applied antihyperglycemic therapy [96].
However, some hypoglycemic drugs may have side effects
when used [97]. Many researchers are now considering the
possibility of revising the prescribed antihyperglycemic thera-
py for patients with DM and COVID-19. Insulin is a safe choice
in most cases and remains the only therapy for people with
T1D and can be considered an excellent alternative for people
with T2D who have poor glycemic control. Although no direct
effect on ACE2 has been reported, insulin treatment has been
shown to attenuate renal ADAM-17 expression in diabetic Aki-
ta mice [9, 37, 96]. In normal physiology, ADAM-17 cleaves
ACE2, thereby inactivating the enzyme. Whether this phe-
nomenon is repeated in human pneumocytes is unknown.
Metformin and sulfonylureas do not interact with ACE2 or
ADAM-17 and can be safely continued in mild COVID-19 [98].
In contrast, recent publications have shown that pioglitazone
activates ACE2 expression in insulin-sensitive tissues in rats
and decreases ADAM-17 activity in human skeletal muscle [80,
99]. While it is extremely important to ensure that patients
have their blood glucose monitored in an outpatient basis to
prevent severe COVID-19 infection, there are also consider-
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ations regarding outpatient medication use [100, 101]. It is
recommended to consider stopping metformin, especially if
the patient has more severe symptoms and is at risk of dehy-
dration, as this may increase the likelihood of lactic acidosis or
liver damage [102, 103]. SGLT-2i are also recommended to be
withdrawn due to the risk of volume depletion and diabetic
ketoacidosis in patients with COVID-19 [101, 104]. The risk of
euglycemic DKA with SGLT-2i is present even a couple of days
after drug withdrawal [104]. Patients should be monitored for
early signs and symptoms of diabetic ketoacidosis, such as
nausea, vomiting, or abdominal pain, as these can occur in pa-
tients with normal blood glucose levels. Some of the most
common triggers of euglycemic diabetic ketoacidosis in pa-
tients taking SGLT-2i include vomiting, dehydration, cessation
or reduction in insulin or insulin-secreting drugs, surgery, viral
or bacterial infection, or decreased calorie intake [102]. You
can continue to take GLP-1 receptor agonists and DPP-4 inhib-
itors. Patients should be advised to avoid dehydration and use
regularly to prevent serious dehydration-related illnesses. In-
sulin therapy should not be discontinued and the patient
should be monitored more regularly for blood glucose (every
2-4 hours). Insulin dose adjustment may be required [101,
105]. The effectiveness of both GLP-1 receptor agonists and
SGLT-2i therapy for the prevention of CVD and kidney disease
in patients with DM is well known [106], which is incredibly
important for maintaining good functional activity of the car-
diovascular and renal systems, especially during a pandemic.
People with CVD or renal disease have a worse prognosis
during COVID-19 [8], so it seems necessary to maintain the in-
tegrity and functionality of the renal and cardiovascular sys-
tems in people with DM who may be affected by COVID-19
infection. Although there is no specific data on the use of an
SGLT-2i during COVID-19 infection, it is advisable not to take
them in the acute phase of the disease due to the increased
risk of dehydration and diabetic ketoacidosis [107, 108]. In-
flammation plays a key role during SARS-CoV-2 infection [109].
DPP4 is expressed in many tissues, including the respiratory
tract, which represents a potential target for reducing the se-
verity of COVID-19 in patients with DM, as it is the target of
incretin-based therapy, and this has opened a debate about
whether DPP-4 inhibitors can currently used to treat people
with T2D, be effective in patients with DM and SARS-CoV-2
[95]. Some authors have suggested that the potential anti-in-
flammatory role of DPP-4 inhibitors raises the question of
whether DPP-4 modulation can help compensate for the cyto-
kine-mediated acute respiratory complications of COVID-19
[110]. DPP-4 inhibitors are associated with a low risk of hypo-
glycemia and are relatively safe. DPP4 inhibitors added to bas-
al insulin improve glycemic control without increasing the risk
of hypoglycemia, even among hospitalized patients [111].
However, these drugs are of less therapeutic benefit in pa-
tients with severe COVID-19. Although patients with mild
symptoms can continue to take DPP-4 inhibitors, they should
be ruled out in acute severe illness and replaced with insulin.
In addition, it should be emphasized that GLP-1 receptor ana-
logs have exhibited significant anti-inflammatory and anti-ad-
ipogenic effects over the years, thereby reducing insulin resis-
tance [112, 113]. The effect of reducing inflammatory stress
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and peripheral insulin resistance by weakening association
with macrophages through GLP-1 dependent signaling and
regulating the polarization of M1/M2 macrophages has been
described with DPP4 inhibition and GLP-1 activation [114].
Similar data on influences on inflammation have also been re-
ported for SGLT-2i [115] and pioglitazone [116]. GLP-1 recep-
tor agonist therapy should probably be discontinued tempo-
rarily in patients with hemodynamic instability, renal and
gastrointestinal dysfunction. Treatment with GLP-1 receptor
agonists can cause gastrointestinal side effects with hypovole-
mia and regurgitation [117]. During a severe course of
COVID-19, when using sulfonylurea preparations, it is difficult
to control blood glucose levels. Therefore, in such patients,
sulfonylurea preparations should be replaced with insulin. Thi-
azolidinediones, in particular pioglitazone, are a less favorable
option for inpatient treatment of critically ill patients due to
fluid retention and increasing systemic edema. They are also
contraindicated in patients with hemodynamic instability, he-
patic or cardiac dysfunction [118]. There is currently no direct
evidence for against continuing statin use in patients with DM
and COVID-19.There are preliminary reports of elevated levels
of the liver and muscle enzymes associated with COVID-19, al-
though severe liver disease or rhabdomyolysis is not common
with coronavirus infection [119]. Therefore, personalized ther-
apy for patients with DM and COVID-19 is now postulated, tak-
ing into account the indications for statin therapy, as well as
possible drug interactions with antiviral drugs. Consequently,
in anticipation of specific clinical data, a balance is certainly
needed between the potential dangerous effects of certain
drugs in the clinic, supported mainly by experimental data,
and the proven effects of drugs on the cardiovascular and re-
nal systems, as well as their anti-inflammatory potential [120].

Analyzing the clinical experience of treating people with DM
during this pandemic, R. Pal and S.K. Bhadada emphasized that
the antimalarial drug hydroxychloroquine has been used as
prophylaxis against COVID-19 in many countries; however, in
the case of concomitant administration of hydroxychloroquine
with other antidiabetic drugs, the dose of concomitant therapy
should be revised, especially in patients with a higher hypogly-
cemic risk [88]. Indeed, it has been known for over 30 years that
hydroxychloroquine has a hypoglycemic effect that can pro-
voke severe episodes of hypoglycemia. G.D. Smith et al.in 1987
described a significant improvement of glycemic parameters
in a few patients with T2D who received hydroxychloroquine
[121]. This discovery was then confirmed by A. Quatraro et al.
in a study published in 1990 that described T2D treated with
insulin or glibenclamide in combination with hydroxychloro-
quine for 6 months. The authors found a significant decrease
in glycosylated hemoglobin — by 3.3% compared with placebo
and a decrease in insulin doses by 30% [122]. At the moment,
hydroxychloroquine at a dose of 400 mg per day is approved in
several countries as an additional third-line antidiabetic drug
after metformin and sulfanylureas in people with T2D [97]. The
drug works by raising the intracellular pH, which inhibits the
enzymatic degradation of insulin, which results in the recir-
culation of a significant part of the insulin in its active form.
Consistent with its immunomodulatory properties, hydroxy-
chloroquine is also able to reduce the secretion of pro-inflam-
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matory cytokines, especially TNF-a and IL-6, thereby reducing
insulin resistance. Interestingly, hydroxychloroquine is effective
against SARS-CoV-2 in vitro and lowers viral load in COVID-19
patients. Mechanisms of action include disruption of binding
between cellular ACE2 and the SARS-CoV-2 spike viral protein
by increasing intracellular/endosomal pH, as well as inhibiting
antigen presentation, subsequent suppression of T cell activa-
tion and hypersecretion of proinflammatory cytokines, there-
by contributing to the prevention of cytokine storm [106].
Although inflammation is associated with impaired glucose
levels, the underlying mechanism of the hypoglycemic effect
of hydroxychloroquine is still not fully understood [123]. Chlo-
roquine has been reported to increase the C-peptide secreto-
ry response, potentially reflecting improved pancreatic p-cell
function [124]. A decrease in intracellular insulin degradation
and an increase in insulin accumulation have also been iden-
tified as possible effects of hydroxychloroquine in experimen-
tal models [125]. Given earlier reports of the effects of chloro-
quine/hydroxychloroquine on glucose metabolism, caution is
advised when prescribing the drug to patients with DM and
COVID-19. Adjustment of the dose of oral antidiabetic drugs
and/or insulin may be necessary to prevent possible hypogly-
cemic events [126]. Antimalarial drugs chloroquine and hy-
droxychloroquine have been used for the treatment of SARS-
CoV-2 infection, despite their potential side effects [127, 128].
The two main mechanisms of action of hydroxychloroquine
are believed to be its restriction of viral protein breakdown at
the ACE2 binding site and its anti-inflammatory and immuno-
modulatory properties [129]. Hydroxychloroquine also lowers
blood glucose levels by increasing insulin sensitivity and im-
proving pancreatic 3-cell function [130], which made it possi-
ble to prescribe hydroxychloroquine as an antidiabetic drug in
some countries [131]. Therefore, adjustments to pre-existing
antidiabetic drugs may be required to avoid hypoglycemia in
rare cases in diabetic patients taking hydroxychloroquine [132,
133, 134]. It should be noted that studies have shown conflict-
ing results regarding the effectiveness of hydroxychloroquine
in the treatment of patients with COVID-19. According to
COVID-19 RISK and Treatments (CORIST) Collaboration, use of
hydroxychloroquine in hospitalised COVID-19 patients is asso-
ciated with reduced mortality [135, 136]. More well-designed
studies are needed to evaluate its therapeutic efficacy [137].

To date, there are no reliable investigations conducted in
humans during the COVID-19 pandemic to study the use of
antidiabetic drugs. Therefore, in the absence of compelling
evidence-based benefits, many researchers believe it is im-
possible to prioritize antihyperglycemic drugs. Good glycemic
control should be the goal, no matter what medications are
used. So, in recent studies, it has been reliably established that
hyperglycemia during hospitalization - regardless of diabetic
status — is a key predictor of death and severity of COVID-19
among non-critical patients. The probability of death in people
with abnormally high glucose level was more than twice high-
er than that of people with normal indices (41.4% vs. 15.7%).
They also had an increased need for mechanical ventilation
unit and an intensive care unit. These results provided a simple
and practical way to stratify the risk of death in hospitalized
COVID-19 patients [138].
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Diabetic retinopathy and cardiomyopathy are contraindica-
tions for hydroxychloroquine use. Consequently, the antihy-
perglycemic effect of hydroxychloroquine deserves close study
in further clinical studies in patients with DM against the back-
ground of coronavirus infection. Insulin is used overwhelming-
ly in hospitalized patients compared to other glucose lowering
drugs. Also in hospitalized patients, the preferred strategy for
the treatment of hyperglycemia is subcutaneous insulin ther-
apy with basal or intermediate-acting insulin in conjunction
with bolus insulin [139]. In these patients, less aggressive insu-
lin regimens may be warranted to simply minimize glucosuria,
dehydration, and electrolyte disturbances. Although there are
no strong recommendations for an insulin regimen for glyce-
mic control in critically ill patients, intravenous insulin infusions
and short or rapid-acting insulin boluses can be used. When
determining the insulin dosage, one should take into account
the severity of the disease, nutritional status, concomitant
medications and the tendency of glycemic fluctuations [140].
In T1D patients with COVID-19 and hyperglycemia, it is im-
portant to control blood glucose and ketone levels, maintain
hydration, and continue insulin therapy. To date, recommen-
dations have been developed for the treatment of infections
in patients with DM, and the same recommendations apply to
patients who are also diagnosed with COVID-19. In general, di-
abetic patients, especially those whose disease is uncontrolled
or poorly controlled, may be more susceptible to infections,
possibly because hyperglycemia can reduce immunity. Glu-
cose control is key, as good glycemic control can help reduce
the risk and severity of infection. The ADA (American Diabe-
tes Association) reported that in China, people with DM have
higher rates of serious complications and deaths than people
with the virus without it. However, there are several ways to
reduce this risk. According to the ADA, “If DM is treated well,
the risk of serious illness from COVID-19 is about the same as
that of the general population” DM that is not properly treat-
ed can increase the risk of related complications, one of which
may be heart failure, another condition identified by the CDC
and WHO as posing a higher risk of serious complications from
COVID-19. The ADA postulates that viral infections such as the
new coronavirus increase inflammation, which also manifests
when blood glucose levels exceed a target, further increasing
the risk of complications. Obesity is a major risk factor for DM
and appears to be an independent risk factor for severe illness
in COVID-19. Thus, the incidence of severe illness is likely to be
particularly high in regions and populations where both obe-
sity and DM are prevalent. Since more severe hyperglycemia
accompanies progression to severe pulmonary and systemic
disease, better metabolic control with insulin infusion or other
means may be protective. Complications of DM, including kid-
ney, heart, and peripheral vascular disease, can be additional
risk factors and require special attention. Several circulating
markers of systemic inflammation are elevated in severe cases,
suggesting possible molecular sites for intervention. Of partic-
ular interest is the observation that ACE2 expression is asso-
ciated with DM and may be implicated in this viral infection,
offering another starting point for research into the develop-
ment of targeted interventions [141]. People with T1D and T2D
have a higher risk of DKA when they contract a viral infection. If
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a patient with DM is in a state of DKA, it can make it difficult to
prevent sepsis and septic shock, which, according to the ADA,
“are some of the most serious complications that some peo-
ple with COVID-19 face!” ADA recommends that insulin should
be given to severely ill patients with DM and COVID-19, and
oral antidiabetic drugs such as metformin and SGLT2 inhibitors
should be discontinued [137]. This is standard practice in crit-
ically ill patients. Metformin can increase the lactic acid levels,
and SGLT2 inhibitors cause hypovolemia, inhibit fat metabo-
lism, and potentiate acidosis. The introduction of analogs of
GLP-1, which can cause regurgitation, and pioglitazone, the
therapy with which is accompanied by hypervolemia, is also
discontinued.

The anti-inflammatory and immunomodulatory effects of
3-hydroxy-3-methylglutaryl-CoA reductase inhibitors or statins
suggest they may be useful for treating influenza and bacterial
infections [142, 143]. A study in China found that statin use was
associated with a lower risk of all-cause death and a favorable
recovery profile in hospitalized COVID-19 patients [144]. Statin
therapy is currently actively used in patients with DM against
the background of coronavirus infection. Evidence suggests
COVID-19 significantly increases the likelihood of thromboem-
bolic events, which are the predominant cause of death [145,
146, 147]. The first evidence of abnormal coagulation parame-
ters associated with COVID-19 appeared in early reports from
China. For example, the baseline characteristics of the first 99
patients admitted to Wuhan showed that 6% had increased
clotting time, 5% had increased prothrombin levels, and 36%
had increased D-dimer levels [145]. Another study from China
showed that in patients who died from COVID-19, the level of
D-dimer and fibrin breakdown products was statistically sig-
nificantly increased [148]. In this study, which involved mid-
dle-aged Chinese patients with COVID-19, more than 71% of
the deaths met the criteria for intravascular coagulation syn-
drome. It should be noted that 11 studies to date have found
high rates of venous thromboembolism in patients diagnosed
with COVID-19 [149].

Coagulopathy associated with COVID-19 ranges from mild
changes in laboratory findings to disseminated intravascular
coagulation with a predominant thrombotic and/or multiple
organ failure phenotype 148. A deep inflammatory reaction
due to SARS-CoV-2 infection leads to the development of DIC
syndrome [147]. Vascular endothelial dysfunction appears to
contribute to the pathophysiology of microcirculatory chang-
es in patients with SARS-CoV-2 infection [150]. Importantly,
SARS-CoV-2 can penetrate endothelial cells and infect them
through the ACE2 receptor, while viral replication causes in-
filtration of inflammatory cells, endothelial cell apoptosis and
prothrombotic effects of microvessels [151, 152]. Patholog-
ical studies of patients who died from SARS-CoV-2 infection
showed the presence of viral inclusions in endothelial cells and
sequestered infiltration of mononuclear and polymorphonu-
clear cells with evidence of endothelial apoptosis [152]. Thus,
the evidence suggests that increased release of clotting factors
and dysregulation and destruction of endothelial cells are the
main mechanisms of increased thromboembolism in patients
with COVID-19 [153]. Endothelial dysfunction may also explain
reports of cerebrovascular complications in younger patients

Ne 1(57)/6epeserb 2021 WWW.REPRODUCT-ENDO.COM / WWW.REPRODUCT-ENDO.COM.UA



and in patients with myocardial ischemia and/or thromboem-
bolic complications [152]. Several publications report an in-
creased risk of thromboembolism in diabetic patients outside
the specific situation of SARS-CoV-2 infection. For example, a
population-based study showed that patients with T2D have
an increased risk of venous thromboembolism compared to
controls (relative risk 1.44, 95% confidence interval 1.27-1.63)
[154]. In addition, the risk of pulmonary thromboembolism
was higher in patients with T2D than in patients in the control
group (relative risk 1.52, 95% confidence interval 1.22-1.90)
[154]. Another study showed that the incidence of deep vein
thrombosis after total knee replacement was statistically sig-
nificantly higher in patients with DM than in patients with-
out it [155]. DM was also found to be associated with a more
than doubled risk of ulceration after deep vein thrombosis
[156, 157]. Thus, patients with DM are already at high risk for
thromboembolic events or stroke [158]. The exact molecular
and cellular mechanisms underlying higher blood clotting in
COVID-19 patients are currently poorly understood, and rou-
tine prophylaxis does not seem to be always effective in pre-
venting thromboembolism [159]. However, anticoagulant
therapy (low molecular weight heparin) gives better prognosis
in patients with severe COVID-19 at high risk of thromboem-
bolism, such as those with elevated D-dimer levels [160]. Thus,
itis necessary to initiate anticoagulant therapy for hospitalized
patients with moderate to severe COVID-19 disease.

Although evidence supporting any direct effect of GLP-1 an-
alogs on thromboembolic risk is limited, several animal studies
have shown that treatment with GLP-1 analogs inhibits ath-
eroma formation and stabilizes plaque in the carotid arteries
and aortic arches [161, 162]. In vitro administration of GLP-1 re-
duces the expression of matrix metalloproteinases 2 and MCP1
and translocation of NF-kB-p65, which is associated with a
high risk of thromboembolism [161]. A study of cardiovascular
outcomes showed that therapy with dulaglutide, a long-acting
GLP-1 analogue, reduced the incidence of stroke in patients
with T2D [163]. Thus, patients with DM should choose antidi-
abetic drugs that reduce the risk of thromboembolic events.

To date, no SARS-CoV-2 drug or vaccine has been formally
approved for the treatment of COVID-19 [164]. Numerous clin-
ical trials are underway to assess the safety and efficacy of pos-
sible drugs, including remdesivir, tocilizumab, lopinavir/ritona-
vir, ribavirin, interferon, chloroquinine, and others, which have
been widely used in all countries since the start of the pan-
demic [165]. While there is no reliable evidence for any drug of
specific antiviral efficacy or clinical results in the treatment of
COVID-19, some drugs are used based on limited clinical data
or are in clinical trials. The safety concerns of drugs must be
weighed against their relative benefits. At the moment, there
are some problems with some of these drugs used in patients
with DM.

COVID-19 THERAPY IN PATIENTS WITH DIABETES MELLITUS
The global pandemic COVID-19 has led to the search for ef-
fective means of preventing and treating SARS-CoV-2 infection
[166]. More than 1,800 clinical trials are ongoing to study the
immune response to infection now. However, the effective-
ness of most drugs has not yet been proven. Cytokine release
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syndrome (“cytokine storm”) is considered to be central to the
pathogenesis of the rapid deterioration and precipitation of
multiple organ dysfunction in COVID-19 patients, and there-
fore immunomodulatory agents are postulated to be highly
effective. Camostat mesylate is a serine protease inhibitor that
is being investigated for its ability to inhibit viral entry as it in-
hibits the transmembrane protease serine 2 (TMPRSS2), which
facilitates viral entry into the host cell [167]. Treatment with
camostat mesylate has been reported to reduce the incidence
of new-onset DM in patients with chronic pancreatitis [168].
This drug has improved glycemia and insulin resistance and re-
duced lipid accumulation on animal models [169, 170].
Chloroquine/hydroxychloroquine is one of the pharmaco-
logical options of relevance for patients with DM. Widely used
for the treatment of malaria and autoimmune diseases, chlo-
roquine is also considered a broad-spectrum antiviral drug.
Several studies have reported that hydroxychloroquine im-
proves glycemic control in decompensated diabetic patients
refractory to basic antidiabetic therapy [123]. Hypoglycemia
is a known adverse effect of hydroxychloroquine therapy. The
following mechanisms of chloroquine/hydroxychloroquine
antihyperglycemic activity have been established: a decrease
inintracellularinsulin degradation, an increase in insulin-medi-
ated glucose transport and insulin secretion, and an increase in
insulin sensitivity [123]. Therefore, according to many research-
ers, special care should be taken when using these drugs si-
multaneously with other glucose lowering agents, which may
necessitate a dose reduction [171]. An immunosuppressant
approved for the treatment of autoimmune diseases, including
severe rheumatoid arthritis, tocilizumab, or acterma, is aimed
at suppressing the hypersecretion of IL-6, which is one of the
links in the pathophysiological cycle of the cytokine storm
in diabetic patients with COVID-19. Systemic corticosteroids
are well known to cause hyperglycemia, primarily through
increased postprandial glucose levels, insulin resistance, and
pancreatic B-cell dysfunction, which often require initiation of
insulin therapy [172]. Despite this concern, intravenous dexa-
methasone therapy statistically significantly increased the
number of non-ventilated days in patients with severe ARDS
and COVID-19 [173, 174]. In addition, a meta-analysis of clin-
ical trials showed that systemic corticosteroid therapy is asso-
ciated with reduced short-term all-cause mortality in patients
with severe COVID-19[175]. Treatment with hydrocortisone ac-
cording to different regimens also showed a tendency towards
better treatment of these patients in hospital [176]. However,
another study failed to prove any beneficial effect of low-dose
hydrocortisone in treating COVID-19 patients [177]. Less than
optimal dosage may be the reason for these disappointing re-
sults. Further research is needed to elucidate the effect of phar-
macological treatments for COVID-19 on glucose metabolism
in patients with DM. Severe lung tissue damage followed by
ARDS is in part due to a potent immune response. Although
corticosteroids suppress pneumonia, they also suppress im-
munity at the same time [178]. Given the systemic hyperglyce-
mic effect and the serious effect of these drugs on the immune
response [179], special care should be taken in patients with
DM. Corticosteroids are widely used today in the treatment of
severe ARDS caused by viral pneumonia and have proven to be
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the drug of choice for critically ill patients [180]. Since hyper-
glycemia may increase with the use of these drugs in patients
with DM, it may be necessary to escalate insulin therapy [171].
The overall goal of antiviral drugs is to stop the replication of
new viral RNA, preventing infected cells from COVID-19 pa-
tients from becoming “production sites” for duplicating new
virions. Nucleotide analogs accomplish this by incorporating
a base into the replication strand from which viral RNA poly-
merase cannot efficiently duplicate.

Today, ivermectin, an antiparasitic drug that has demonstrat-
ed antiviral activity against SARS-COV-2, is recommended for a
fairly widespread use. Its early administration can lower viral
load, reduce disease severity, and the risk of further spread of
infection [181].

The drug remdesivir was originally tested in patients with
Ebola and is now being tested for efficacy in the treatment
of COVID-19. Earlier, the Food and Drug Administration (FDA,
USA) approved the use of remdesivir for patients with ex-
tremely severe COVID-19. Remdesivir, an inhibitor of a nucle-
otide analogue of RNA-dependent RNA polymerase, increased
glycemia and increased insulin resistance in mice fed a high-fat
diet [182]. In contrast, increases in blood glucose were similar
between remdesivir and placebo groups in two randomized
control trials with multiethnic groups and patients from Chi-
na [137, 183, 184]. Thus, more evidence is needed to elucidate
its effect on glucose metabolism. Currently, 5 clinical trials in
China and the United States are assessing whether remdesivir
can reduce the risk of complications or shorten the duration of
the disease in patients with COVID-19. The FDA has now autho-
rized the emergency use of remdesivir, which, although it does
not reduce mortality, significantly shortens the course of the
disease in patients with less severe disease [185]. Further stud-
ies are underway to assess the efficacy of remdesevir in pa-
tients with COVID-19 and DM, as well as in patients with multi-
morbidity. Antiviral drugs - protease inhibitors interfere with
the formation of new virions by infected cells by binding and
inactivating viral proteases to stop viral replication. A screen-
ing study has shown that treatment with lopinavir-ritonavir
(Abbvie) and ribavirin reduced mortality and ARDS compared
to treatment with ribavirin alone [186]. Ritonavir is added to
lopinavir as a pharmacokinetic enhancer [187]. Ritonavir is a
potent inhibitor of cytochrome CYP 3A4, an enzyme that in-
activates lopinavir. Protease inhibitors, lopinavir and ritonavir
have been reported to increase the risk of hyperglycemia and
onset of newly diagnosed DM, decompensate pre-existing DM,
and develop diabetic ketoacidosis [188, 189, 190, 191, 192].

Another problem associated with protease inhibitors is phar-
macological interactions with co-administered antihypergly-
cemic drugs. Therefore, frequent monitoring of blood glucose
levels and dosage adjustments are recommended for patients
taking these drug combinations. Currently, clinical studies of
the efficacy of drugs in patients with coronavirus infection are
ongoing [192]. Recent publications have shown that the initial
peak priming of the TMPRSS2 spike protein is required for the
penetration and spread of COVID-19 through interaction with
the ACE2 receptor [41]. Camostat mesylate is a serine protease
inhibitor that is being investigated for its ability to inhibit viral
entry as it inhibits TMPRSS2, which facilitates viral entry into
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the host cell [41]. Treatment with camostat mesylate has been
reported to reduce the incidence of new-onset DM in patients
with chronic pancreatitis [168]. It has been shown that the TM-
PRSS2 inhibitor camostat mesylate, approved in Japan for the
treatment of certain diseases, blocks the activity of TMPRSS2
[193] and may serve as a candidate for drugs against COVID-19.
The creation of a vaccine is aimed at creating long-term immu-
nity. Unlike DNA vaccines, mRNA vaccines can integrate into
the host genome, reducing the risk of mutations [194]. The
MRNA-1273 vaccine is a new mRNA-based lipid nanoparticle
encapsulated, which encodes a form of the spike protein stabi-
lized before prefusion [195]. The prefusion form is identified as
the spatial conformation of the spike protein before it binds to
ACE2. Antibodies against the prefusion form can prevent the
penetration of the virus and also reduce the spread of virions.
The macrolide antibiotic azithromycin, used to inhibit bacte-
rial protein synthesis by binding to a subunit of the bacterial
ribosome. It is also used to treat exacerbations of chronic ob-
structive pulmonary disease and reactive airways disease. This
second use may reflect the modulating effect of azithromycin
on immune cells. It reduces the release of respiratory syncytial
virus by decreasing interferon signaling in vivo and inhibits the
release of proinflammatory cytokines in airway smooth muscle
and epithelial cells [196]. In a prospective study conducted in
France with 22 patients, it was noted that a combination of 600
mg hydroxychloroquine and azithromycin (500 mg on the first
day, then 250 mg every day for the next 4 days) reduced viral
load more effectively than hydroxychloroquine alone [197].
Besides the classic RAAS, alternative components, including
ACE2, Ang-(1-7), Ang-(1-9), and the Mas receptor, may be in-
volved in the entry and progression of SARS-CoV-2. Many in-
ternational medical communities recommend continuing to
take RAAS inhibitors because there is no proven evidence of
harm when used in the context of DM and COVID-19. Previous-
ly, many researchers have hypothesized that the use of ACEI
and ARBs increases the susceptibility to COVID-19, and it has
been hypothesized that the ACE2 receptor is blocked or that
COVID-19 does not bind to them by other means as an innova-
tive approach that could be used to create a new drug, which
should reduce mortality among those affected by the virus.
Other authors have suggested that CVD, not immunodeficien-
cy, are the most important risk factors for COVID-19. Patients
with CVD appear to be at a higher risk of developing COVID-19
infection. One of the possible reasons may be as follows: pa-
tients with concomitant diseases such as arterial hypertension,
T2D, cardiac and renal pathology may be indicative of ACEl and
ARBs. Is there a connection between these observations? Is the
expression of ACE2 receptors in viral target cells increased by
the use of ACEl and ARBs and, therefore, is the risk of severe
disease in humans higher? If this were the case, it would be
possible to reduce the risk of death from COVID-19 in many
patients by temporarily replacing these drugs. It is now firmly
established that the use of RAAS inhibitors has a powerful pro-
tective effect on the lung tissue [137].

Currently, convalescent plasma means pooled plasma or
immunoglobulins obtained from patients who have been in-
fected and then cured. In ten patients seropositive for SARS-
CoV-2 and hypoxic, but not intubated, a single dose of 200 ml
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of convalescent plasma resulted in a marked decrease in viral
load and improved oxygenation [198]. Currently, convalescent
plasma is widely used to treat patients with COVID-19. To date,
there is no data on the optimal treatment of patients with DM
infected with SARS-CoV-2, as well as patients with COVID-19
who develop glycemic decompensation. None of the drugs
presented proved to be the dominant therapeutic strategy for
the treatment of COVID-19, and at the moment the therapeu-
tic breakthrough has been achieved only with the use of dexa-
methasone. Close monitoring of glucose levels and analysis of
drug interactions can improve clinical symptoms and reduce
the risk of adverse outcomes. Individual therapeutic strategies
and optimal glucose control goals should be formulated based
on the severity of the disease, the presence of comorbidities
and complications associated with DM, taking into account the
age of the patients and the presence of other aggravating fac-
tors. It has been proven that coronavirus infection has a huge
impact on the treatment of DM exacerbates inflammation
and alters the response of the immune system, which leads
to difficulties in glycemic control. SARS-CoV-2 infection also
increases the risk of thromboembolism and is more likely to
cause cardiorespiratory failure in diabetic patients compared
to non-diabetic patients. All of these mechanisms are now
believed to contribute to the poor prognosis of patients with
DM and COVID-19. During the COVID-19 pandemic, strict gly-
cemic control and management of cardiovascular risk factors
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are critical for diabetic patients. Medications used for both DM
and cardiovascular disease should be adjusted accordingly for
people at high risk for SARS-CoV-2 [173, 174]. Based on these
results, combined treatment with these two agents may be
more beneficial than either of them alone. However, it should
be borne in mind that the effectiveness of dexamethasone in
the treatment of COVID-19 has been proven in well-designed
randomized control trials such as the RECOVERY study, where-
as no such conclusive randomized control trial has been con-
ducted for hydroxychloroquine [173].

CONCLUSION

The global COVID-19 pandemic poses a significant health
hazard, especially for patients with DM. A specific therapy is
under development, unlike the COVID-19 vaccine. The op-
timal management strategy for these patients, such as the
choice of hypoglycemic, antihypertensive and lipid-lowering
drugs, is an important topic for current and future research.
DM and other comorbidities are important predictors of se-
vere course and high mortality in patients with COVID-19
[199]. Further clinical research is needed to provide a better
understanding of the pathophysiological mechanisms under-
lying the link between COVID-19 and DM in order to achieve
effective therapeutic breakthroughs in both treatment strat-
egies and drug strategies aimed at preventing coronavirus
infection in diabetic patients.
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DIABETES MELLITUS IN COMBINATION WITH COVID-19: MODERN VIEWS ON THERAPY
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Diabetic patients are in the spatlight from the early stages of a pandemic, as growing epidemiological data show they are at higher risk for severe clinical outcomes from COVID-19. As the
global COVID-19 pandemic continues to evolve, itis also becoming increasin%ly apparent that the interactions between COVID-19 and diabetes mellitus (DM) are complex pathophysiological
mechanisms. The outcome of COVID-19 is more severe in people with DM, which has the potential to accelerate the onset of acute metabolic complications of DM such as diabetic ketoacidosis
and hyperglycemia. These mechanisms underlying these associations remain unclear, but they likely include the angiotensin converting enzyme receptor 2, a binding site for SARS-CoV-2,
which is expressed in key metabolic organs such as in the pancreas, in particular in B-cells. The potential B-cell tropism of SARS-CoV-2 can damage cells and impair insulin secretion, causing
hyperglycemia and ketoacidosis. Understanding the bidirectional interaction between DM and COVID-19 will be critical to Frotecting and treating people with DM. Current epidemiological data
on COVID-19 do not support the hypathesis that diabetic patients are at increased risk of infection compared to the general population. To date, it has been established that decompensated DM
is an independent factor that aggravates the course of coronavirus infection and significantly increases the risk of a fatal outcome of the disease.

The review provides a brief summary of the evolution of pathogenetic and clinical aspects for understanding the mechanisms of this pathological tandem, as well as therapeutic
strategies for treating patients with COVID-19 and DM. As the incidence of DM continues to rise globally, more than ever, diabetes prevention and control must be a priority for health
systems around the world.

Keywords: COVID-19, angiotensin-converting enzyme 2, diabetes mellitus.
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auienTn 3 Lykposum giabetom (LIJT) nepebyBatoTb y LieHTP yBary 3 paHHix CTagiid naHAemil, 0CKINbKN, 33 AaHUMIA enifiemMionoriuHuX A0CAIKeHb, BOHU CXWIbHI 0 BULLOTO

pu3nKy Baxkwx Hacniakie COVID-19. B 1oit uac Ak robanbka nanaemia COVID-19 npogoBiye eBoNoLIOHYBaTH, TaKOX CTa€ 0YeBMAHMM, L0 B3aemoaia Mix COVID-191 LI mae
CKknaaHi natodizionoriuni mexanizmu. Hacnigku COVID-19 Baxui y nioaeit i3 L1, AKWIA 30aTHIA NPUCKOPUTIA BUHWKHEHHA FOCTDIX MeTaboNiuHVX YCKNaAHEHb, TaKiux AK AiabeTnyHuit
KeToawa03 i rinepraikemia. MexaHi3mi, L0 nexatb B OCHOBI LAX 3B'A3KIB, 3a/MLIAIOTLCA He3'ACOBAHNMM, ane BOHU, /iMOBIPHO, BK0UAI0Tb PeLIenTopU aHrioTeH3MHNepeTBOPHIYOr0
depmeHTy 2, caiiT 38'A3yBaHHA AN SARS-CoV-2, AKNiA eKCnPecyeTbCA B KNIYOBYX METabONIUHIX OPraHax, Takux AK NIALLIYHKOBA 31033, 30Kpema, B-KnituHu. [oTeHwiitHo Tponi3m
SARS-CoV-2 o B-KniTuH Moe NPU3BECTY 0 NOLKOZKEHHS KITITAH | NOPYLIEHHs CeKpewil IHCyniHY, BUKAMKaIoUM rinepriikemito | KeToauuao3. 3'AcyBaHHA ABOHANPaBAEHOi B3aEMOAT
Mix LU T COVID-19 Matume BUpiLLANbHe 3HaueHHA A4 3aXKUCTy Ta NIKYBaHHA Nioedt i3 LiuM 3axBoploBaHHAM. HasBHi Ha AaHuii MomeHT enigemionoriuti gaHi npo COVID-19 He
NIATBEPAXYIOTH rinoTe3u Npo Te, (140 nauieT 3 L] cxunbHi A0 NiABNLLIEHOTO PU3yKy iHOIKYBAHHA NOPIBHAHO 3 3aranbHot nonynAielo. Ha CbOroaHilLHii JeHb BCTAHOBMEHO,

1110 IEKOMNEHCOBAHMIA L] € He3aneHIM YMHHUKOM, LLIO Ma€ 00TAXYI0uNiA XapaKTep NPOTArOM KOPOHABIDYCHOT iHOEKLTT Ta JOCTOBIpHO NiABULLYE PU3NKM (aTanbHOr0 Hacniaky
3aXBOPIOBAHHA.

B ornapi npeaCcTaBneno Kopotke pestome eBOHOLLT NAaTOreHeTUUHNUX | KNIHIYHINX aCMeKTiB PO3YMIHHA MeXaHi3MiB LibOro NaTooriyHOro TaHAeMY, a Takox TepaneBTUYHUX CTpaTeriil
(10A0 nikyBaHHa nauienTia i3 COVID-191 L. OckinbKi piBeHb 3axBopioBaHoCTi Ha LIl npoaoBye 3p0CTaTyt B YCbOMy CBITi, HUHI, 6ibLL HiX Konu-Hebyab, npodinaktuka L i
00poTbOa 3 HIM MOBYUHHA CTATV NPIOPUTETOM CCTEM OXOPOHM 310POB'A BCIX KpaiH CBITY.

Kniouogi cnoga: COVID-19, aHrioTeH3uHNepeTBOPIOUMIA DePMEHT 2, LyKpoBMiA AiabeT.
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MaumeHT! ¢ caxapHbim auabetom (C/l) HaxoRATCA B LEHTPE BHUMAHIA C PaHHIAX CTaaii MaHAEMUM, MOCKOAbKY PaCTyLL{e SMUAEMIION0TMUECKYE AaHHbIe MOKA3bIBAIOT, UTO OHU
NO/1BEKeHbl 60ee BbICOKOMY PUCKy TAMenbIx knnuyeckix ncxonos COVID-19. o mepe Toro kak rnobanbhas naHaemus COVID-19 npogomkaer pa3BuBatbeA, Takxke CTaHOBITCA BCe
bonee oueBMAHbIM, uTo B3aumogericTaue Mexay COVID-19 u C/l npeactasnaeT coboii cnoxHble natodusuonorndeckite Mexarumbl. Vicxoapl COVID-19 bonee Taxensie y niopeii ¢ CJ,
KoTOpbIiA COCO6eH YCKOPHTD BO3HIUKHOBEHIE OCTPbIX MeTaboanueckinx ocnoxHeHuii CLl, Takuix KaK AvabeTuyeckuii KeToawuao3 i rneprivkemus. 3Tu MexaHu3Mbl, Iexalliue B 0CHOBE
J1aHHbIX CBA3EIA, OCTAIOTCA HEACHBIMIA, HO OHY, BEPOATHO, BKAIOUAIOT PELIeNTOPbI aHTMOTeH3NHNPeBPaLLaloLLIEro depmenTa 2, CaiiT cBa3bisaHus Ana SARS-CoV-2, KoTopblil 3kcnpeccupyeTca
B K/T0YEBbIX META0OMMUECKYIX OPraHaX, TakwX KaK MoeNny04Has xene3a, B UacTHoCTH, B B-kneTkax. loTeHLmansHo Tponiuam SARS-CoV-2 K B-KneTkam MoseT NpuBectin K NOBPEX.eHNio
KNETOK 1 HapyLLUBHNIO CeKPeLI UHCYIMHA, Bbi3bIBAA FMEPTAKEMII0 U KeToalao3. MoHuMaHve AByHanpasneHHoro B3aunozeiictaia Mexay Clu COVID-19 bynet umeTs pelatolijee
3HaueHve AnA 3aLuuTbl v ieveHind mioaei ¢ CJl. Vimetowwymeca Ha aHHbIA MOMeHT 3nuaemionoruueckie ceegeria o COVID-19 He noATBepxaaloT runoTe3y 0 Tom, uto nauueHTsl ¢ (/1
NI0ABEPEHbI MOBBILIEHHOMY PUCKY UHOUUMPOBAHIA MO CPaBHEHMI0 C 0bLLieli nonynaLueli. Ha ceroaHALIHUI AeHb YCTaHOBAEHO, UTO JeKOMMEHCUPOBaHHbIA CJ] ABNAETCA He3aBUCUMbIM
(aKTOPOM, OTATOLLLIOLLIVIM TEYEHNe KOPOHABUPYCHOI MHOEKLIMNA 1 AOCTOBEPHO NOBBILLIAIOLLM PUCKIN GaTanbHOr0 MCX0Aa 3a60N1eBaHIA.

B 0630pe npe/cTaBneHo KpaTkoe pe3tome 3BOMOLIAM NATOFeHETUYECKIX 1 KAMHUYECKYX aCNeKTOB NOHUMaHIA MeXaHU3MOB AaHHOr0 NaTonornyeckoro TaHaema, a Take
TepaneBTUYeckwx ctpateruii neyenna nauuettos ¢ COVID-19 u CJl. Mockonbky ypoBeHb 3aboneaemocTyt CJl npojiofixaer pacTit Bo Bcem Mupe, ceiiuac, bofnee yem Koraa-nuoo,
npodunakTka CJl v 60pba ¢ HUM JOMKHbI CTaTb MPUOPUTETOM CUCTEM 3APaBOOXPaHEH!A BCeX CTPaH MUpa.

Kntouesble cnoBa: COVID-19, aHrvoteH31HNpeBpaLLaloLnii GepMeHT 2, CaxapHblii Anaber.
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