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Pesiome

B coBpeMeHHOM Mupe npobsieMa OxupeHus Ha GoHe NaHAeMUN HOBOW KOPOHaBMPYCHOW MH$eKLMM npuobpena ocobyto onacHocTb. C 04HOM CTO-
POHbI, PaCrpOCTPAHEHHOCTb OXMPEHUA CPeAU HaceIeHNA HEYKNIOHHO pacTeT, C ApYroii — /loKa3aHo, Y4TO /LA C OXMPEHNEeM OTHOCATCA K rpynne
Haunboee yA3BUMBIX B acMeKTe MOBbIWEHHOrO PUCKa 3apaeHnsa 1 Heb1aronpuATHOro NPOrHo3a. 3TO CBA3aHO C Ha/IM4YMEM M 0COBEHHOCTAMU pPa3BU-
TWUA Pa3/IMYHbIX NAaTONOTUYECKUX MEXAHWU3MOB Y JaHHOMN KaTeropumn 60/1bHbIX. K HUM OTHOCATCA BbICOKaA 3KCMPeCcua aHrMOTeH3UHNpeBpaLlaoLLero
¢depMeHTa 2, BbICOKas BEPOATHOCTb PasBUTUA «LIMTOKMHOBOTO WITOPMay, NoAAepKaH1e XPOHUYECKOro BOCMAIMTE/IbHOTO NPoLLecca B XKMUPOBOIA TKa-
HU, N3MEHEeHWe aKTUBHOCTY GepMeHTa AUNenTUANANENnTUAa3bl-4, KOTOpble MPUBOAAT K YCYryb61eHnto HapyLieHs MeTabo13Ma B XMPOBOMN TKaHM,
a TaKkKe HapyLIeHWI0 UMMYHHO NPOTEKLMU. TAKECTb COCTOAHMA 60/IbHBIX C OXMPEHWEM, FOCUTaAN3MpOBaHHbIX ¢ COVID-19 (COronaVlrus Disease
2019), o6yc/ioBneHa HanMuMeM NoAMMopBUAHOCTM. MypoBas BpauebHas npakTuka B 6opb6e ¢ naHgemueit COVID-19 nokasbiBaeT, 4To 60/1bHbIE KO-
POHaBUPYCHOM MHeKLMel Ha GpOHe OXMPeHUs Yallle TPebyoT roCUTaNM3aLMy B OTAeNEeHNA peaHUMaLMN Y UHTEHCMBHO Tepanui U NOAKN0YeHNs
K annapaTaM UCKYCCTBEHHOW BEHTUAALMM NIerKnX. B HacToALLee BpeMA NPOA0/IKaloT 13y4aTbCA 0CO6@HHOCTM TeyeHUA KOPOHaBUPYCHOW MHPeKL N
Ha poHe oxumpeHua. K nx Yncay OTHOCATCA HaMuMe TAXKE/ION AbIXaTe/IbHOM HeJ0CTaTOYHOCTM, BHICOKMIA PUCK Pa3BUTUA PeCMPaTOPHOrO ANCTpecc-
CUHAPOMA, TPOMBO30B 1 TPOMB0IMEOIMHECKMX OCTIOKHEHWIA, @ TaKXKe yXy/ALieHNe TeHeHUA XPOHNYECKUX CepAeYHO-COCYANCTbIX 3aboneBaHnit, YTo
NPUBOAUT K Pa3BUTMIO MNOJIMOPraHHON HeA0CTaTOYHOCTM U cMepTu. Pa3paboTka neKkapCcTBEHHBIX NMpenapaToB y4UTbIBaeT MexaH3Mbl MPOHMKHOBE-
HUA BUpYCa B KNeTKY, 0CO6eHHOCTM ero NaTopusnoaorMm 1 B3anMoAeiCTBUA C OPraHN3MOM Ye/loBeKa.
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Abstract

In the modern world the problem of obesity in combination with new coronavirus infection has acquired a special danger. On the one hand,
the prevalence of obesity among the population is steadily increasing, on the other-it has been proven that obese people are among the most
vulnerable in terms of increased risk of infection and a serious prognosis. This is due to the presence and peculiarities of the development of various
pathological mechanisms in this category of patients. These include: high expression of angiotensin-converting enzyme 2, a high probability
of a «cytokine storm» developing, maintenance of a chronic inflammatory process in adipose tissue, changes in the activity of Dipeptidyl
peptidase-4 enzyme. All these processes lead to an aggravation of metabolic disorders in adipose tissue and violation of immune protection. The
world medical practice in the fight against the COVID-19 pandemic shows that patients with coronavirus infection against the background of
obesity more often need hospitalization in intensive care units and connection to artificial ventilation equipment. Currently, many features of the
course of coronavirus infection against the background of obesity have been identified and continue to be studied. These include: the presence
of severe respiratory failure, a high risk of developing respiratory distress syndrome, thrombosis and thromboembolic complications, as well as
worsening of the course of chronic cardiovascular diseases. All this eventually leads to the development of severe multiple organ failure, which is
often the cause of death in this category of patients.
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Introduction
Coronavirus Pandemic
in the Setting of Obesity
Epidemic

The problem of obesity (OB) existed before the
COVID-19 (COronaVIrus Disease 2019) pandemic.
Today, obesity (OB) is regarded as one of the most criti-
cal diseases that lead to early disability and high mor-
tality [1]. According to the World Health Organization
(WHO, 2016), approximately 13% of the world’s adult
population is obese (11% of men and 15% of women) [2].

A study titled «Cardiovascular Epidemiology in Rus-
sian Federation» (ESSE-RF) revealed the prevalence of
obesity among adults in 2014 0of 29.7 £ 0.3% (30.8 + 0.4%
in women, 26.6 = 0.5% in men) [3]. Today, about half
(51.7% of women and 46.5% of men) of the Russian
population has excess body weight and OB [4], while
the number of patients with this disorder is constantly
increasing [5]. An essential feature of our country is a
significant increase in the prevalence of OB in men of
working age; it is of great importance due to the increased
cardiovascular risk.

Patients with OB proved to be most susceptible to the
risk of various severe infectious diseases [2]. Examina-
tion of 268 patients hospitalized for influenza A (HIN1)
in California demonstrated that 58% of them were

diagnosed with OB; morbid obesity (body mass index
(BMI) 240 kg/m?) was associated with death. In another
Mexican study, a higher risk of hospitalization in cases
of OB was also confirmed — not only in the setting of
influenza but also with other viral diseases such as para-
influenza, rhinovirus and metapneumovirus infections,
as well as coronavirus disease [6].

The problem of OB combined with novel coronavirus
infection (CVI) is of particular importance these days.
The COVID-19 epidemic started in December 2019 in
Wuhan (China) and spread rapidly across almost all
countries. It was caused by the new SARS-CoV-2 coro-
navirus that induces severe acute respiratory syndrome
(Severe Acute Respiratory Syndrome Coronavirus 2).

The current COVID-19 pandemic swept over Europe
and North America, where the prevalence of OB is so
high that it can be considered the «non-infectious epi-
demic of the 21st century» [7].

According to the World Health Organization, in May
2020, more than four million confirmed cases of COVID-
19 were registered worldwide, including 280 thousand
deaths. According to the official electronic information
resource https://coronavirus-monitor.info, as of January
2021, the coronavirus disease (COVID-19) pandemic
had affected 96 million patients and caused two million
deaths. In Russia, as of that date, there were 3.6 million
patients and 67 thousand fatal outcomes.
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Pathophysiology of Severe
Coronavirus Disease in Cases
of Obesity

One of the reasons for the increased risk of CVI
consequences with underlying OB is the activity of
angiotensin-converting enzyme 2 (ACE2) [8, 9]. It was
established that overweight triggers the expression of
the parts of genes responsible for ACE-2 protein pro-
duction [10, 11]. This protein is the «site of entry» for
the SARS-CoV-2 virus into a cell. ACE-2 is involved in
blood pressure (BP) regulation due to the inhibition of
the activity of the renin-angiotensin system, vasodila-
tion, increased natriuresis and suppression of the inflam-
matory process. ACE-2 is also a SARS-CoV-2 receptor
that interacts with amino acid transporters and integ-
rins [11]. Expression of ACE-2 occurs mainly in smooth
muscle cells, endothelial cells, pancreatic acini, renal
tubular epithelium, and adipocytes [12-14]. In adipose
tissue, adipocytes themselves and other cells (stromal
cells, endothelial cells, macrophages and lymphocytes)
can be the targets for viruses [15]. Analysis of the risk
of infection with various viruses in the population dem-
onstrated a low prevalence of SARS-CoV-2 in cases of
OB [16]. However, considering the high affinity of target
cells, including adipocytes, for receptors, we can assume
a hematogenous route of distribution in adipose tissue,
which increases the risk of disease in this group of
patients.

It is notabe that male individuals are characterized
by higher ACE-2 expression. This feature determines
the increased risk of COVID-19 due to the higher
actual body fat percentage in cases of OB [17]. Accord-
ing to the literature, among 41 patients hospitalized for
verified COVID-19 in China, 73% of cases were male
patients [18]. Analysis of the gender ratio of patients
in the USA demonstrated the same pattern, with males
dominating (12.2%) among patients with severe corona-
virus disease (16%).

Increased risk of severe COVID-19 consequences in
individuals with OB is also determined by the higher
possibility of a «cytokine storm». A cytokine storm is an
uncontrolled and non-protective response of the body’s
immune system that affects healthy tissues. Today, the
term «cytokine storm» has no generally accepted defi-
nition; it just means a hyperactive immune response
characterized by excessive production of interferons,
interleukins, chemokines, tumor necrosis factor, colony-
stimulating factor and some other mediators that are
part of the immune response required for effective coun-
teraction of the causative agents of infectious diseases.
This uncontrollable increase of the synthesis of pro-
inflammatory mediators is also called hypercytokinemia
and cytokine cascade [19, 21].

It was established that OB and metabolic syndrome
are accompanied by the production of proinflammatory
cytokines and increased acute-phase proteins, leading
to chronic inflammation. Patients with OB have higher
activity of nuclear transcription factor-kappa B (NF-kB)
and intensive production of proinflammatory cytokines
such as tumor necrosis factor a (TNFa), interleukin-1
(IL-1) and interleukin-6 (IL-6), interleukin-8 (IL-8),
interleukin-10 (IL-10), plasminogen activator inhibi-
tor (PAI-1); all these are factors actively synthesized by
adipocytes in cases of OB [20]. OB is characterized by
impaired congenital and acquired immunity, central
and peripheral meta-inflammation (chronic systemic
inflammation). Cellular hypoxia, mechanical stress of
adipocytes, and excessive free fatty acids and lipopoly-
saccharides are the primary initiators of meta-inflamma-
tion 22, 23].

A cytokine storm involves a wide range of various
clinical and laboratory abnormalities that are the fea-
tures of a generalized systemic inflammatory response.
In the respiratory tract, this can be manifested by severe
pneumonitis, pulmonary edema, acute respiratory dis-
tress syndrome (ARDS), and severe hypoxemia. Severe
cytokine storms may cause renal and hepatic failure,
cholestasis, and cardiomyopathy. The combination of
renal failure, death of endothelial cells and hypoalbu-
minemia can lead to a systemic increase in capillary per-
meability and edematous syndrome. Neurological toxic
effects of a cytokine storm are often delayed and manifest
as encephalopathy of different severity [21, 24].

SARS-CoV-2 leads to the activation of monocytes,
macrophages and dendritic cells and the release of IL-6,
which activates cis-acting signals and pleiotropic effects
of the immune system. A randomized multicenter study
demonstrated that IL-6 is a strong independent predic-
tor of death in cases of COVID-19. By its nature, adi-
pose tissue is the main source of IL-6 and its recep-
tor, IL-6R [25]. The ability of coronavirus to “cling” to
IL-6 and its receptors was established; it ensures cascade
transmission of viral signals and effects.

A large amount of adipose tissue is by itself a constant
source of pro-inflammatory cytokines synthesized both
by adipocytes themselves and by macrophages migrating
into adipose tissue, leading, as already mentioned, to the
development and sustenance of a chronic slow inflam-
matory process in the body. In turn, pathological secre-
tion of adipokines in adipose tissue (IL-1, IL-6, TNFa) in
combination with increased C-reactive protein, leptin-
to-adiponectin ratio and decreased protective factors
(adiponectin, anti-inflammatory cytokine IL-10) are
accompanied by a deteriorated immune response and
adverse effects for all organs and tissues, including pul-
monary parenchyma and bronchi [26, 27]. It was estab-
lished that the increase in pro-inflammatory biomarkers
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is in direct proportion to the severity of OB. Disorders
of endocrine function in abdominal OB with the accu-
mulation of visceral fat, including pericardial and peri-
vascular fat, create conditions for the development of
the inflammatory process that plays a significant role in
comorbid pathology (see Fig. 1).

Local and systemic pathological changes caused by
adipose tissue inflammation (ATI) are primarily due to
intracellular inflammatory changes. The most signifi-
cant processes in adipose tissue (AT) cells are: activa-
tion of kinase inhibitor (Inhibitor of kappa B kinase —
IKK), c-Jun N-terminal kinase (JNK), endoplasmic
reticulum enzymes, protein kinase-C (PK-C), as well
as oxidative stress — impaired relationship between
reactive oxygen species and antioxidant protective fac-
tors [27]. Activation of IKK, JNK, PK-C in cytosol leads
to the release of nuclear transcription factor NF-«xB
(nuclear factor kappa B) that migrates to the cell nucleus
and stimulates the transcription of genes of numerous
regulatory substances, including adipokines, TNFa, IL,
chemokines, inhibitors and activators of apoptosis, etc.
Mechanisms that induce these reactions in adipocytes
are not yet fully established. The prevailing idea sug-
gests the leading role of cytokines secreted by activated
pro-inflammatory macrophages in AT and, possibly, by
other substances. Cytokines, primarily TNFa, induce a
number of inflammatory changes in adipocytes, which,

in turn, causes their intracellular hyperproduction,
including TNFa, thus developing a kind of a «vicious
circle». This fact was the basis for the idea that once
initiated, ATT progresses without the help of additional
factors [28].

The main systemic consequence of ATI is the devel-
opment of the following diseases: atherosclerosis, type
2 diabetes mellitus (DM 2), metabolic syndrome (MS),
non-alcoholic steatohepatitis, and arterial hyperten-
sion (AH). Each of these conditions may exacerbate the
severity of COVID-19.

Special attention should be paid to the assessment of
the immunity components in fat cells and their physi-
ological role [24]. Innate immunity receptors, toll-like
receptors (TLRs), primarily TLR4, were found in fatty
cell membranes. TLRs recognize the molecular com-
ponents of bacteria, viruses, fungi and other pathogens
and activate pro-inflammatory signaling pathways. Lipo-
polysaccharide (LPS) from the wall of gram-negative
bacteria is a specific TLR4 ligand. The source of LPS in
healthy individuals is intestinal microorganisms. Acti-
vation of TLR4 stimulates intracellular kinases, which
ultimately translocates the NF-kB nuclear factor into the
cell nucleus, followed by stimulation of the transcription
of many pro-inflammatory genes that encode the syn-
thesis of inflammatory regulatory substances including
cytokines, chemokines, adipokines. In particular, the
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Figure 1. Features of the pathogenesis of the severe course of coronavirus infection in obesity. Th e activity of immune cells
and the secretion of proinfl ammatory cytokines increase in adipose tissue — this leads to hyperinfl ammation and the

development of a «cytokine storm» [18]
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stimulation of TLR4 in isolated adipocytes increases the
secretion of IL-6, TNFaq, resistin and decreases adiponec-
tin level [29]. The combination of these reactions causes
the development of insulin resistance (IR), not only in
adipocytes but also in hepatocytes and muscle cells.
The activation of TLRs also increases lipolysis. Studies
on rodents revealed that TLR4 is a necessary condition
for the development of adipose tissue inflammation due
to its infiltration by macrophages. Consequently, the
activation of TLRs in AT causes a complex of changes
typical for ATI [30].

Viral infections, particularly coronavirus infection,
enhance the effect of cytokines, generalizing non-spe-
cific inflammation. Adipose tissue can act as a reservoir
for a number of viruses, such as influenza, HIV and
cytomegalovirus; according to recent data, COVID-
19 can also be activated in it. An unexpected feature
of coronavirus in cases of OB is its ability to quickly
spread from the affected organ to the surrounding fatty
tissue, affecting vital organs [31]. As a result, patients
carry and spread coronavirus longer. This determines
the specific features of the therapeutic approach to such
patients, among other things — longer isolation and
inpatient treatment.

Another factor in COVID-
19 patients with OB is the change in the activity of the
dipeptidyl peptidase-4 (DPP-4) enzyme. This enzyme

of deterioration

is a type II transmembrane glycoprotein produced in
many tissues, including cells of the immune system.
Functions of DPP-4 are not yet well understood, but
we know that it is involved in the degradation of vari-
ous hormones and proteins [32], particularly incretins.
The cleavage of incretins (glucagon-like peptide 1 and
insulinotropic peptide) determines the important role
of DPP-4 in the metabolism of insulin and glucose.
In patients with visceral OB, which is often coupled
with type 2 DM, increased production of DPP-4 in
AT leads to increased ATI, increased IR, decreased
insulin secretion, and metabolic impairment in AT
itself [36], which, in turn, results in the activation of
catalytic enzymes and decreased activity of immune
mechanisms. It was also established that one of the
components of coronavirus, the so-called spike pro-
tein (hCOV-EMC), has an affinity for DPP-4 [33,34].
In vitro studies revealed that antibodies to DPP-4 are
able to inhibit hCOV-EMC infection in bronchial epi-
thelial cells and Huh-7 cells [34] and interfere with the
development of immune response. It was found that
MERS-coronaviruses use the DPP-4 enzyme to enter
cells while SARS-CoV-2 virus uses ACE-2 for the same
purpose. The study of the mechanisms of how corona-
virus enters cells and ways of inhibiting these mecha-
nisms is promising for the development of COVID-
19 treatment methods [35].

Study Data on the Course
of Coronavirus Disease
in Obesity

It is well known that OB, particularly severe OB, is
associated with a twofold risk of type 2 DM and a tenfold
risk of cardiovascular death compared with individu-
als with normal body weight [36]. Therefore, a severe
course of COVID-19 is most often observed in patients
with comorbidities such as DM, OB, and cardiovascular
diseases [36].

This was confirmed by observations demonstrating
a high prevalence of OB in individuals with COVID-
19 and a significant association of disease severity with
the presence and grade of OB. In particular, a specific
feature of patients with severe COVID-19 is polymorbid-
ity. OB is the second most common comorbidity (48.3%)
after AH (49.7%) [37]. In the 18-49 age group, OB was
observed more often than chronic lung diseases and DM.
A similar pattern was also determined in the 50-64 age
group and in elderly patients (265), AH was the most
common comorbidity.

A study performed by Chinese scientists, which
involved 1,099 hospitalized patients and outpatients with
COVID-19 (median age 47 years, majority (58%) — male
subjects), demonstrated that AH (14.9%), DM (7.4%) and
CHD (2.5%) were the most common comorbidities [38].

The observation carried out by British researchers,
which included almost two million individuals, revealed
that severe OB was the risk of increased mortality in
individuals with COVID-19 only if they had two or more
comorbid conditions [39].

According to current data, OB coupled with CVI
in men leads to an extremely severe course of the dis-
ease, which requires mechanical ventilation (MV) [47].
French studies have shown that the frequency of
mechanical ventilation used in intensive care units for
the management of severe CVI is more than seven times
higher for patients with BMI >35 kg/m? compared with
patients with BMI <25 kg/m? [40]. Among 124 COVID-
19 patients at one French hospital (CHU Lille), 47.6%
were obese, while 28.2% had a BMI higher than 35 kg/
m?. The prevalence of OB in the group of patients who
required mechanical ventilation was 68.6%. In all cases,
the need for mechanical ventilation was due to a criti-
cal decrease in respiratory function with severe hypoxia.
The number of patients requiring mechanical ventilation
increased with the increased severity of OB, reaching
maximum values at BMI 235 with significant association
with the male gender. Interestingly, there was no link
between the severity of the infectious disease with age,
DM, or AH [41] in this study.

Today, we have accumulated evidence about the asso-
ciation of OB and its related conditions (such as DM, AH)
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with a more severe course of COVID-19 and death [42,
43]. It is also known that CVI is associated with the risk
of hyperglycemia, especially in elderly patients aged 60+
with DM [44].

Mechanisms that aggravate the course of COVID-
19 and worsen the prognosis in patients with OB include
impaired immune regulation, critical deficiency of car-
diac and respiratory reserve with underlying chronic
cardiovascular diseases and chronic obstructive pul-
monary disease (COPD) [45]. As a result, all these fac-
tors lead to multiple organ failure, which is the cause of
death in this category of patients [46]. Obese individuals
are at increased risk of COVID-19 infection and poor
prognosis [47].

There is a proven direct relationship between the
severe course of COVID-19 and the high incidence of
disseminated intravascular coagulation (DIC) syn-
drome, as well as venous thromboembolism. These com-
plications are most often reported in patients with OB,
which is an independent risk factor for thrombosis and
thromboembolism [48].

Activation of ACE-2 expression in cases of CVI can
also be one of the mechanisms of acute myocardial damage
with the development of fulminant myocarditis [49].

It should be noted that abdominal OB itself is associ-
ated with worsened pulmonary ventilation, which signif-
icantly reduces blood oxygen saturation [50]. Pulmonary
ventilation disorders and associated respiratory failure
are the common cause of emergency hospitalization of
obese patients. It was also proved that most patients with
severe OB have more severe manifestations of obstruc-
tive sleep apnea compared with individuals with normal
body weight [50]. Therefore, severe respiratory failure,
which is typical for patients with COVID-19 and under-
lying OB, is a consequence of two mutually aggravating
factors: viral pneumonia on the one hand and hypoventi-
lation syndrome due to OB on the other hand.

Lessons from past coronavirus epidemics demon-
strate the development of acute coronary syndrome,
arrhythmias, decompensation of heart failure, thrombo-
embolic complications primarily due to the combination
of significant systemic inflammatory response and local-
ized inflammation of the vascular wall. COVID-19 is no
exception: it worsens the clinical course of comorbidi-
ties in cases of obesity, leading to the development of
life-threatening complications. It should be noted that
during epidemics, including COVID-19, most patients
die from cardiovascular diseases [51].

Conclusion

Therefore, the current problem of obesity amid the
coronavirus pandemic is of particular importance.
On the one hand, the prevalence of OB among the

population is steadily increasing. On the other hand, it
was proven that obese individuals are at risk of infection
and severe COVID-19. This is due to the high expres-
sion of angiotensin-converting enzyme 2, possible devel-
opment of a «cytokine storm», chronic inflammatory
process in adipose tissue, and changes in the activity of
dipeptidyl peptidase-4; all these factors lead to impaired
metabolism in adipose tissue and impaired immune
mechanisms of antiviral defense.

Obese COVID-19 patients are more often hospital-
ized in the intensive care unit and more often require
mechanical ventilation.

Many typical features of the course of coronavirus
disease in cases of obesity have been identified. These
include: severe respiratory failure, high risk of respira-
tory distress syndrome, thrombosis and thromboem-
bolic complications, as well as worsening of chronic car-
diovascular diseases. All these factors ultimately lead to
severe multiple organ failure, which is the cause of death
in this category of patients.

The issues of drug treatment, taking into account
mechanisms of virus entry into cells, especially its patho-
physiology and interaction with the human body, are of
particular relevance in this situation.
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