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This review examines the main aspects of the course of a new coronavirus infection in patients with metabolic
syndrome, provides up-to-date statistics on morbidity and mortality. Abdominal obesity, insulin resistance, arterial
hypertension and dyslipidemia, which form the metabolic syndrome, are independent factors of a severe course of
infection with a high risk of developing SARS, various complications, mainly the development of acute respiratory
distress syndrome, extrapulmonary systemic inflammation and, finally, death. During the period of anti-epidemic mea-
sures, children turn out to be the most vulnerable in terms of losing the rational, healthy stereotypes of nutrition,
regulation of “screen time”, responsible planning of study time and leisure, regular and intense physical activity.
It requires increased attention of doctors, teachers and rehabilitation specialists to the problem maintaining the com-
mitment of children and parents to a healthy lifestyle. Based on the formed concept of the presence of common links
in the pathogenesis of the development of metabolic disorders and the infectious process, the authors identified the
most significant issues of therapy and rehabilitation of this category of patients. Taking into account the need of pa-
tients for psychological adaptation of the past illness and increasing their resistance to stressful situations, within
the framework of providing a personalized approach to the management of patients, may require timely diagnosis
of anxiety-depressive disorders with the appointment of appropriate therapeutic measures.

Keywords: metabolic syndrome; obesity; arterial hypertension; diabetes mellitus; dyslipidemia; novel coronavirus infection;
COVID-19; pathogenesis; treatment; rehabilitation.

OCOBEHHOCTU TEYEHUSA, NEYEHMUS U PEABUIIUTALUM HOBOM KOPOHABUPYCHOM
MHOEKLUMAU Y NAUMEHTOB C METABOJINMECKUM CUHOPOMOM
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ueHua 1 peabuanTaLMmM HOBOW KOPOHABUPYCHOW MHMEKLMM Y NaLMeHTOB ¢ MeTabonndeckum cuHapomom // Meamatp. — 2021, - T. 12. —
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Mocrynuna: 10.08.2021 Opobpena: 21.09.2021 MpuHaTa K nevatn: 27.10.2021

B 0630pHOM cTaTbe paccMaTpMBaKOTCS OCHOBHble aCNeKTbl TeYeHMUS HOBOM KOPOHABMPYCHOM MHGMEKUMM Yy NALMEHTOB
C MeTabonnyeckuMm CMHAPOMOM, MPUBOASTCS AKTyaslbHble CTAaTUCTUYECKME faHHble 0 33a60/ieBaeMOCTM M CMEpPTHOCTY.
ABLOMWHANbHOE OXMPEHWE, UHCYIMHOPE3UCTEHTHOCTb, apTepuanbHas rUNepTeH3us u aucavnuaemus, dopmupyowme
MeTabonnyeckuit CUHAPOM, ABASIOTCS HE3aBUCUMbIMU (DAKTOPAMM TSKENOrO TEYEHUS UHDEKLMUM C BbICOKUM PUCKOM pas-
BUTUS ATUMUYHOM MHEBMOHWUM, PAa3HOOOPA3HbIX OCNOXHEHWH, NMPEeUMYLLEeCTBEHHO, Pa3BUTUS OCTPOro PecnuMpaTopHOro
LIMCTPecc-CMHAPOMA, BHENErOYHOr0 CUCTEMHOrO BOCMNAaNeHWUs M, HaKOHeL, HacTynaeHWeM feTanbHoro ncxopa. B nepuop
NPOTUBO3IMUAEMUYECKMX MEPONPUATUIA [EeTU OKasbiBalTCs Haubonee ys3BUMbIMU B MaHe yTpaTbl BaKHEMWMX paLmo-
Ha/bHbIX, 340POBbIX CTEPEOTUMNOB NMUTAHMS, PETNAMEHTUPOBAHUA «IKPAHHOrO» BPEMEHMW, OTBETCTBEHHOMO MAHMPOBAHMUS
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y4yebHOro BpeMeHU U A0CYra, PeryasipHbiX U UHTEHCUBHbIX GU3MUYECKUX HArpy30K, YTO TpebyeT MOBbILUEHHONO0 BHUMaHUA
Bpayel, NefaroroB U CneuManucToB no peabunutaumm K npobremMe CoOXpaHeHUs NMPUBEPXKEHHOCTU AeTeil U poauTenei
340poBOMY 06pasy xu3HW. OCHOBbIBasCb Ha CHOPMMPOBAHHOM MPEACTABNEHUN O HANMUYMM OOLIMX 3BEHbEB B NaTOreHese
pa3BUTUS MeTaboNIMYECKUX HapylweHui u MHOEKLMOHHOro MpoLecca, aBTopbl BblAEAMAM Haubonee 3HauMMble BOMPOCHI
Tepanuu u peabunuTauuu faHHOW Kateropmm 60abHbIX. YunTbiBas NOTPEOHOCTb NALMEHTOB B NMCUXONOMMYECKOM afanTaumnm
nepeHeceHHoW 60/1e3HN U NOBbILEHUM UX YCTOMYMBOCTU K CTPECCOBLIM CUTYALMIM, B paMKax obecneyeHus nepcoHnpuLm-
pOBaHHOrO NoAaxona B BeAeHWU BONbHbIX MOXeT noTpeboBaTbCs CBOEBPEMEHHAS AMArHOCTUMKA TPEBOXHO-AENPECCHUBHbBIX
pacCTPOMCTB C HAa3HAYeHUEM COOTBETCTBYHOLWMX Ne4ebHbIX MeponpuUaTUl.

KnioueBble cnoBa: MeTaboM4ecknit CUHAPOM; OXXKMPEHUE; apTepuabHas r'MNepTeH3us; caxapHblii AMabeT; aucannuoemMums;
HoBasa kopoHasupycHas nHdekums; COVID-19; naTtoreHes; neuexHue; peabunutaums.

METABOLIC SYNDROME AND COVID-19

According to data compiled by The Center for
Systems Science and Engineering, based at Johns
Hopkins University, as of July 2, 2021, more than
182 million cases of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection were
globally registered, and nearly 4 million people had
lethal outcomes [24]. The global spread of the coro-
navirus disease 2019 (COVID-19), new coronavirus
infection, predetermined the offset in the direction
of research activities toward studying the condi-
tions for the occurrence, ways, and mechanisms of
the disease spread to determine and implement the
most effective preventive and anti-epidemic mea-
sures. In this pandemic, in addition to the cur-
rently identified biomedical, sociopsychological,
and economic problems, the predicted stagnation
of the epidemiological transition due to a change
in the structure of mortality in the global popula-
tion is no less important, which highly necessitates
the revision of prevailing ideas about the examined
pathological conditions. In the meta-analyses con-
ducted to assess the characteristics of the clinical
manifestation and outcomes of coronavirus infec-
tion among patients with comorbid pathology, the
most unfavorable prognostic course of the disease
was noted in persons with metabolic disorders,
which are characterized by common pathogenetic
mechanisms, such as metabolic syndrome (MS).

Obesity is a fundamental factor that triggers
a cascade of metabolic disorders, and its patho-
genesis is closely related to insulin resistance (IR).
Based on available statistics, obesity is diagnosed
in, on average, 20%-30% of the population of
economically developed countries. According to
the emerging tendency, by 2025, body mass index
(BMI) will exceed 30.0 kg/m? in 1 of 5 people [57].
In 2019, approximately 352 million people aged
20—64 years and 1 of 5 (approximately 111 million)
people aged >65 years had an established diagnosis
of type 2 diabetes mellitus (DM). By 2030, these
indicators are estimated to affect 417 and 195 mil-
lion people, respectively [43].

The analysis of possible factors in 2020, asso-
ciated with the risk of coronavirus infection, con-
ducted by Fan et al. [28] at the Veterans Health
Administration (Washington), was one of the first
reports that formed the basis of the hypothesis that
obesity is associated with a more severe course
of COVID-19, and 10.5% of 10,131 patients with
a positive polymerase chain reaction test for the
presence of RNA virus in nucleic acid prepara-
tions were overweight [28]. Nevertheless, data ob-
tained could not be extrapolated completely to the
US population due to the aspects of the sample
formation. A cohort study of nearly 400 thousand
cases of SARS-CoV-2 infection in the UK, which
assessed the conditions that influenced the need
for hospitalization, had provided more information.
Obesity and low physical activity were identified
among major factors that presumably cause more
pronounced disease symptoms with a high risk of
complications that consequently require inpatient
treatment. The relative risks (RRs) calculated based
on the data obtained for these indicators were 1.32
(95% confidence interval [CI] 1.10-1.58) and 2.05
(95% CI 1.68-2.49), respectively [33]. In a study
of 9905 patients seeking medical care in outpa-
tient and inpatient facilities in Sweden, a threefold
increase in the risk of a complicated COVID-19
course was found among patients with obesity [7].
The results of the Spanish cohort study, which in-
cluded 2226 cases, indicated a high probability of
lethal outcomes (in approximately 50% of cases)
in representatives of the described category of pa-
tients [5].

The finding that excess body weight is an ag-
gravating factor of the course of COVID-19 was
also evidenced by data presented by researchers
from several countries. According to Rottoli et al.
(Italy) [64] and Steinberg et al. [78] (USA), the
incidence of indications for inpatient treatment
was two times higher in patients with obesity.
Moreover, the probability of hospitalization in the
resuscitation and intensive care unit (ICU), need
for artificial pulmonary ventilation (APV) device,
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and lethal outcomes of serious adverse events in
such patients were 5—6 times higher [64].

Results of the statistical analysis of data from
New Yorkers aged <60 years diagnosed with
COVID-19, published by Petrilli et al. [59], re-
vealed that those with BMI of 30-34.9 and
>35 kg/m? had 1.8 and 3.6 times higher probabi-
lity, respectively, of being hospitalized in the ICU.
In the study by Simonnet et al. (France) [74], the
calculated odds ratio for the APV use was 7.36
(95% CI 1.63-33.14) if the patient had grade II
obesity (BMI >35 kg/m?).

An important aspect revealed during a detailed
consideration of this problem was an increased
probability of severe COVID-19 and lethal out-
come not only in patients with obesity but also in
those with BMI >25 kg/m2. A comparative analysis
performed by Cai et al. [18] showed an increase in
the probability of severe COVID-19 by 1.84 times
(95% CI 0.99-3.43) in patients who were over-
weight and by 3.40 times in those with BMI
>30 kg/m? (95% CI 1.40-2.86). An analysis of in-
formation about the disease course on 8.29 million
patients in the UK, provided by general practitio-
ners, showed that an overweight status increased
the probability of a severe disease that requires
intensive care by 67% and by nearly 3 times in
patients with BMI >30 kg/m? [37].

At the beginning of 2021, based on the informa-
tion collected from about a hundred studies (i.e.,
40 systematic reviews and >20 meta-analyses) cov-
ering the populations of China, USA, and several
European countries, the assumption of the effect of
obesity on the severity of COVID-19, probability
of ICU hospitalization, and need for APV was not
only finally confirmed, but a global assessment of
the dependence of mortality rates (per 100 thousand
populations) on adult people who were overweight
was performed. Correlation analysis of data report-
ed by more than 160 countries revealed a notice-
able direct relationship between these variables and
a correlation coefficient r of 0.547 (p <0.001) in
countries where the proportion of the population
with BMI >25 kg/m? was <50%. To extrapolate the
data to other countries, a linear transformation was
performed; as a result, the relationship found be-
came closer (»=0.703). Based on this, an increase
in the number of people who were overweight of
up to 50% in the working-age population was the
threshold value at which the weighted average mor-
tality rate increased from 4.5 to 66.8 cases per
100 thousand people.

The economic well-being of countries does not
explain this tendency, as evidenced by the calcu-

lations of the World Obesity Federation, as in a
comparative analysis of three representative groups,
which, depending on the indicators of gross do-
mestic product per capita and parity purchasing
power, were expressed in US dollars, were dis-
tributed among 157 countries. Moreover, the rela-
tionship between the prevalence of obesity and the
frequency of lethal outcomes from COVID-19 was
registered in all groups [23].

A similar pattern was noted when collecting data
on the course of COVID-19 in patients with IR.
The results of a retrospective study of 451 patients
with DM or newly diagnosed hyperglycemia indi-
cated that an uncontrolled increase in blood glucose
levels was associated with prolonged hospital stay
and the risk of lethal outcome. However, two cir-
cumstances limited the use of the data, namely,
during the study, the probability of uncontrolled
glycemia due to COVID-19 was not considered,
and a more detailed comparative analysis was not
performed to determine type 1 and type 2 DM [15].
Another retrospective study presented the trends
described, as the in-hospital mortality rate was
lower in patients with well-controlled blood glu-
cose concentrations (from 3.9 to 10.0 mmol/L) than
in those with blood glucose levels >10.0 mmol/l,
and the adjusted hazard ratio (HR) was 0.14
(95% CI 0.04-0.60) [92].

Furthermore, some published data refuted the
assumption that the level of glycated hemoglobin
(HbAlc) is associated with the probability of an ad-
verse disease outcome in patients with type 2 DM,
and the presence of which affected the severity
of COVID-19 pneumonia [19]. A meta-analysis of
30 studies with a total of 6452 patients showed that
in combination with age and presence of arterial
hypertension (AH), type 2 DM increases the risk of
severe disease by 2.45 times (95% CI 1.79-3.35)
and lethal outcome by 2.12 times (95% CI 1.44—
3.11) [41].

By contrast, the major population-based Open-
SAFELY study, which pooled the information on
primary health care for more than 17.2 million pa-
tients with COVID-19 with subsequent registration,
showed that any type of DM is an independent risk
factor of lethal outcomes, as the adjusted HRs were
1.95 (1.87-2.07) for patients with HbAlc >7.5%
and 1.31 (95% CI 1.24-1.37) for those with HbAlc
<58 mmol/mol [85].

In a cohort study, the risk of lethal outcomes
in patients with type 2 DM as a result of acute
respiratory distress syndrome or other complica-
tions was significantly higher in patients with
HbAlc >7.6% and increased in direct proportion
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to the growth of this indicator. For example, with
HbA1lc of 7.6%-8.9%, the HR coefficient was 1.22
(95% CI 1.15-1.30), while with HbAlc of 9.0%—
9.9%, it increased up to 1.36 (95% CI 1.24-1.50).
An important aspect was also the exposed inverse re-
lationship between HbAlc values and mortality rate
after reaching a threshold value of <48 mmol/mol
(6.5%). Moreover, the risk ratio was significantly
higher in young and middle-aged patients with
type 2 DM than in patients aged >70 years, whereas
in patients with type 1 DM, no such association
with age was noted [39, 78].

Chinese studies have also found that diabetes
can be regarded with a high degree of probabil-
ity as one of the determinants of COVID-19 with
severe clinical manifestations, atypical pneumonia,
high risk of complications, and, consequently, le-
thal outcomes [31, 50, 86, 89], whereas a newly
diagnosed hyperglycemia was a more unfavor-
able prognostic factor than a long history of DM
[15, 75, 77].

AH and lipid metabolism disorders are equally
significant in the aggravation of prognosis in pa-
tients with COVID-19 [44]. The aggravated course of
COVID-19 in patients with AH was the most com-
mon comorbid pathology, as evidenced by the re-
sults of an analysis of 5700 patients hospitalized for
COVID-19 in New York, and56.6% of these patients
had elevated blood pressure (BP) values or an estab-
lished AH. Obesity was a rarer comorbid pathology,
which accounted for 41.7% of cases, and DM was
revealed in 33.8% of the patients examined [61].

Similar data are presented in a retrospective
study where AH was registered in 49% of patients
with confirmed COVID-19 [29], similar to 50%
of the deceased patients with AH who used APV
and were in the ICU, according to Xie et al. [87].
A comparative analysis of the frequency of ICU
hospitalization showed the predominance of AH
as the most common comorbid pathology in this
cohort [17, 81]. In the previously mentioned Open-
SAFELY study, analysis of the change in the risk
of lethal outcomes in patients with hypertension,
taking into account the patient’s age, revealed high-
er mortality in patients aged <70 years, whereas
the concomitant effect of factors such as DM and
obesity contributed to a decrease in the HR coef-
ficient to 0.97 (95% CI 0.92-1.01) [85]. In some
way, the association of AH with severe COVID-19
could be due to age or a severe pathological condi-
tion, which caused an increase in BP; therefore, it
was not possible to regard AH as an independent
predictor of indications of intensive treatment and
increased risk of lethal outcomes.

Dyslipidemia is also associated with severe
COVID-19; according to a meta-analysis of nine
studies with 3663 cases, lipid metabolism dis-
orders are associated with a nearly two-fold in-
crease in the RR of an adverse outcome (1.39;
95% CI 1.02-1.88), being dependent on predictors
such as age, male sex, and AH [11].

One of the arguments for the significance of
dyslipidemia is based on the results of an assess-
ment of 5279 patients with COVID-19 (NY, USA).
Among them, patients with increased lipoprotein
concentrations in the blood needed inpatient treat-
ment more often (26% of all hospitalized patients),
while the proportion of patients with hyperlipidemia
was 11% of all mild COVID-19 cases. Among hos-
pitalized cases, a similar pattern was noted, that
is, the number of people with high blood lipid le-
vels, discharged from the hospital and transferred
to the ICU, was 24% compared with 27%, respec-
tively [59].

A detailed examination of each cholesterol frac-
tion separately revealed certain trends, that is, low
concentrations of high-density lipoproteins (HDL)
and high levels of triglycerides (TG) in the pa-
tient’s blood, according to Masana et al. [53], can
be considered a marker of the severity of the in-
flammation process and consequently a severe dis-
ease course. On the contrary, a 10 mg/dL increase
in serum HDL or apolipoprotein Al is associated
with an approximately 10% reduction in the risk of
COVID-19 [53]. According to various sources, the
concentrations of low-density lipoproteins (LDL) in
the blood before infection were significantly higher.
Thus, in a retrospective analysis by Fan et al. [27],
the level of LDL decreased to an average of
2.5 mmol/L with disease progression and returned
within the range of reference values by recovery or
irreversibly decreased to an average of 1.1 mmol/L
until the lethal outcome. The results of the study
of predictors of 30-day mortality, which included
654 cases, indicated relatively lower blood Ile-
vels of total cholesterol and LDL of the deceased
throughout the disease course. The correlation
and multivariate analysis showed strong feedback
with inflammation markers and a direct relation-
ship with the lymphocyte count and ratio for lethal
outcomes within 30 days after hospitalization, equal
to 1.94 (95% CI 1.14-3.31), with a decrease in
the LDL concentration in the blood to <69 mg/dl.
Since such a course persisted for the first 7 days,
LDL levels during this period could be regarded
as a predictor of the further disease course [10].

Wang et al. [82] reported that the levels of total
cholesterol, HDL, LDL, and TG in the blood of
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patients with confirmed COVID-19 were signifi-
cantly lower than those in the comparison group,
namely, an average of 3.76 versus 4.65 mmol/L
(p=0.031), 0.78 versus 1.37 mmol/L (p <0.001),
2.63 versus 2.83 mmol/L (p <0.001), and 1.08 ver-
sus 1.21 mmol/L (p <0.001), respectively. More-
over, lower blood concentrations of lipoproteins
were recorded in patients with a complicated dis-
ease course [82].

Hu et al. [40] in a retrospective study of
597 patients found that HDL levels begin to de-
crease only in extremely severe infection, and sim-
ilar results were obtained in another study [83].
In addition, during primary infection, the concen-
tration of HDL was lower than in patients with
secondary infection; thus, a hypothesis was pro-
posed about the involvement of HDL in the cellular
regulation of immune response.

Lipoproteins were suggested to affect SARS-
CoV-2 replication, internalization, and activation
of the immune system; therefore, a change in
their blood level can be used in the indirect as-
sessment of treatment efficiency [63]. The Ilatter
assumption can be supported by the evidence that
when comparing the blood concentration of lipopro-
teins of patients at the time of hospitalization and
3—-6 months after discharge, there was a tendency
toward normalization of lipid metabolism, which
corresponded to the radiological signs of partial
resolution of changes in the lungs [12, 46]. Thus,
each component of MS can be considered an in-
dependent factor in severe disease with a high risk
of atypical pneumonia, various complications, and
lethal outcome.

RELATIONSHIP MECHANISMS

COVID-19 can be roughly considered a process
consisting of four phases, and phase 1 involves
the primary manifestation of symptoms. The most
common clinical manifestations at this phase are
general weakness, dry cough, and fever. Depen-
ding on the conditions, phase 1 can proceed to
phase 4 (period of recovery and restoration) and
phase 2 (development of an inflammatory process
in the lungs and pneumonia). In accordance with
the absence or presence of a pneumonia-associated
hypoxic condition, phase 2 is distinguished into
2a and 2b. At the onset of phase 2b, the patient
should be hospitalized. This phase can be replaced
by phase 3 or immediately by a period of convales-
cence bypassing it. The development of respiratory
distress syndrome, a syndrome of extrapulmonary
systemic inflammation, which is often accompa-
nied by shock, angioparesis, respiratory failure,

cardiopulmonary collapse, myocarditis, and acute
kidney injury, characterizes phase 3 of the patho-
logical process. It appears to be the most prognos-
tically unfavorable variant of the disease course,
associated with high risks of lethal outcomes.
Based on the foregoing, MS is one of the most
significant conditions contributing to the onset of
phase 3 [73]. Based on currently available infor-
mation on the pathogenesis of COVID-19, several
mechanisms can be proposed to explain the de-
scribed aspects of the disease course in patients
with MS.

First, the pathogenetic justification for the for-
mation of such dependence is an impairment of
the para- and autocrine functions of adipose tissues
due to a change in its structure and predominance
of the visceral component. This is manifested as
hypertrophy of adipocytes, which are actively in-
volved in the production of tumor necrosis factor-a
(TNF-a), leptin, monocyte chemoattractant protein 1
(MPC-1), C-reactive protein, interleukin-6 (IL-6),
and IL-8. Hypoxia associated with a decrease in the
vascularization of adipose tissues causes ischemic
necrosis and apoptosis of hypertrophied adipocytes,
which contributes to increased tissue infiltration by
macrophages of the pro-inflammatory phenotype
(M1), which in turn contribute to the production
of IL-1pB, IL-6, 1L-17, 1L-23, and TNF-a. In ad-
dition to macrophages, structures formed around
dead adipocytes, including CD8" T-lymphocytes
and B-lymphocytes. Consequently, the amount
of pro-inflammatory mediators and class G im-
munoglobulin also increases. The active involve-
ment of memory T-lymphocytes in adipose tissue
and a decrease in the proliferation of regulatory
T-cells producing anti-inflammatory IL-10 result in
the depletion of their population, which limits the
ability of the immune system to fight a viral infec-
tion, mainly due to the weakening of the interferon
response [6, 21, 35, 49]. Moreover, remodeling of
adipose tissue leads to a decrease in the concentra-
tion of adiponectin, which has anti-inflammatory,
anti-atherogenic, and insulin-sensitizing effects,
and adipocytes of the subcutaneous adipose tissues
are mainly responsible for its expression [58, 88].
The imbalance toward the predominance of pro-
inflammatory cytokines results in oxidative stress
in adipose tissue and, consequently, chronic low-
grade systemic inflammation [51, 52].

In summary, abdominal obesity contributes sub-
stantially to secondary infectious agents and a high
probability of mixed infection with a dysfunctional
immune response, which explains the high inci-
dence of COVID-19 in this category of patients.

@ Mlemarp. 2021.T. 12. Boin. 5 / Pediatrician (St. Petersburg). 2021;12(5)

elSSN 2587-6252



10

EDITORIAL/NEPEOOBAA CTATbA

Moreover, the active production of pro-inflamma-
tory cytokines acts as a substrate for the devel-
opment of a multisystem inflammatory syndrome
(so-called cytokine storm), which contributes to an
increase in vascular permeability and impregnation
of the lung tissues with neutrophils caused by the
infiltration of these cells into the lungs following
SARS-CoV-2 infection. The resulting neutrophil
extracellular traps and products of cellular apop-
tosis trigger the recognition of viral patterns by in-
nate immunity receptors, exacerbating the severity
of the cytokine storm. This disrupts the function
of intercellular contact proteins that form dense
junction zones in the epithelium of the respiratory
tract and makes the epithelium vulnerable, which
contributes to the development of severe respiratory
failure and respiratory distress syndrome, affecting
significantly the prognosis [67].

Obesity plays a significant role in the forma-
tion of hyperglycemia and hyperinsulinemia, which
determine the development of IR. An increase in
TG level in visceral fat is associated with the slow-
ing of the translocation in muscle cells of glucose
transporters (GLUT-4) in case of physical inactiv-
ity and malnutrition and is a key factor that trig-
gers the restructuring of membrane phospholipids.
Consequently, at the genetic level, the mechanisms
for conducting the insulin signal into the cell and
an increase in the amount of lipids in the mito-
chondria of muscle fibers are impaired. The latter
inhibits glycolysis by displacing the substrate in the
Randle cycle, preventing the utilization of glucose
by myocytes [9, 13].

In the range of the multiple effects of TNF-a,
which blood concentration is increased in patients
with obesity, slowing the expression of glucose
substrate phosphorylation by inhibiting the insu-
lin receptor tyrosine kinase and the production of
GLUT-4 in muscle and adipose tissues also create
conditions for hyperglycemia.

Non-esterified (free) fatty acids, produced
through active lipid breakdown in visceral adipose
tissue adipocytes, accumulate in the liver and nega-
tively affect the ability of hepatocytes to extract in-
sulin. Thus, the decreased sensitivity of hepatocytes
to it progresses, which ensures the development of
hyperinsulinemia. This state is prolonged by leptin,
which stimulates simultaneously the production of
insulin and inhibits its utilization, restricting the
gluconeogenesis rate and slowing down glycoly-
sis by inhibiting phosphofructokinase. One of the
properties of insulin is the simultaneous stimula-
tion of leptin mRNA expression, which starts a
closed cycle.

In the case of hyperinsulinemia, the number of
active insulin receptors steadily decreases, fixing
the mechanism of IR formation. The processes of
glucose utilization by peripheral tissues slow down,
free fatty acids inhibit the action of insulin, and
the production of glucose by hepatocytes persists
in the same volume and subsequently increases.
The described processes result in chronic hyper-
glycemia and a gradual decrease in the volume of
insulin secretion by chronically stimulated B-cells,
followed by the development of insulin deficiency,
which underlies type 2 DM [8, 30, 76, 80].

Under IR conditions, the activity of serine—thre-
onine protein kinase (mTORC?2) in adipose tissue
decreases; accordingly, MPC1 is depressed. Since
mTORC2 is very significant in the indirect path-
way of activation of immunomodulatory and tissue
remodeling type (M2) macrophages, suppression of
its effects shifts the balance toward increased repro-
gramming of macrophages into the M1 phenotype.
Thus, IR acts as an independent factor in the de-
velopment of inflammation in adipose tissue and,
in combination with obesity, mutually aggravates
the severity of this process [42, 71].

In addition, the synergism of COVID-19 and IR,
which explains the increased risk of complications, is
possibly due to the tropism of the virus to the same
organs and tissues that are affected in type 2 DM.
Lung dysfunction can probably be considered an
equally significant mechanism that affects the se-
verity of symptoms and the probability of compli-
cations in a disease caused by COVID-19. Exces-
sive accumulation of visceral fat leads to an upward
displacement of the diaphragm and a decrease in
lung volume, which over time can cause airway
collapse in the lower lung lobes. On the contrary,
by stimulating the preganglionic parasympathetic
fibers in the dorsal motor nucleus of the vagus
nerve, insulin increases the reactivity of the air-
ways. Cytokines block the post-receptor signaling
pathway from the insulin receptor to its substrates
and phosphoinositide 3-kinase (PI3K), thus inter-
rupting the PI3K/AKT/mTOR signaling pathway
that mediates the anabolic action of insulin. Ac-
cordingly, the production of nitric oxide (NO) in
the vascular endothelium decreases. Moreover,
the mediated signal transduction pathway through
mitogen-activated protein kinases is not affected,
which leads to the potentiation of its action and
subsequently increased production of endothelin 1.

Systemic endothelial dysfunction results in an
imbalance in the regulation of systemic BP and a
high probability of chronic bronchial obstruction
and bronchospasm [67].
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The relationship between IR and COVID-19
course is bilateral. Probably, the virus has a tro-
pism for pancreatic B-cells on the membrane sur-
face. This finding can be due to the expression of
angiotensin-converting enzyme 2 (ACE2) on the
surface of their membranes. The spike protein of
the virus has a high affinity for ACE2 receptors,
which facilitate the transport of the virus into the
cells and cause its high virulence, and in addition to
pancreatic cells, ACE2 is produced by endothelial
cells of the pulmonary arteries, heart, nervous sys-
tem, kidneys, intestines, and blood vessels, which
ensures the tropism of the virus to them.

According to some data, the ducts and pan-
creaticoduodenal arteries are also targets of the
virus, which contributes to the negative effect of
COVID-19 on the pancreas. Subsequently, B-cell
dysfunction is noted, and insulin secretion is im-
paired [38, 48].

Furthermore, studies of animal models demon-
strated the significance of ACE2 deficiency in the
progression of B-cell proliferation disorders, their
increased oxidative stress, and consequently an in-
crease in the severity of hyperglycemia. This aspect
may induce additional difficulties in choosing the
optimal treatment approach [62, 72]. The effects
of IR leading to a persistent increase in systemic
BP, in addition to NO deficiency and endothelial
dysfunction, include hyperactivation of the renin—
angiotensin—aldosterone system (RAAS) and in-
creased levels of sodium and potassium ions inside
the cells. These causes of AH development are a
consequence of the impossibility of suppressing an-
giotensinogen expression in the proximal tubules
of the kidneys under the action of insulin in the
case of IR. Ultimately, the tendency of vessels to
constrict increases, which worsens endothelial dam-
age, causes hypervolemia, and redistributes blood
flow to the cardiopulmonary region. Moreover, a
mechanical component mediated by an increase in
the amount of perirenal adipose tissues contributes
to the increase in pressure in the renal arteries and
excessive RAAS activation [16, 26].

ACE2, associated with the S-protein of SARS-
CoV-2, loses its functions, and when the RAAS
is hyperactive, the production of the free enzyme
is suppressed. This process causes excessive pro-
duction of angiotensin (AT) II and impaired insu-
lin secretion. The latter circumstance leads to the
development of absolute insulin deficiency and to
an earlier need for insulin replacement therapy
[20, 91].

The ability of AT II to stimulate the produc-
tion of procollagen through AT 1 receptors in case

of lung damage is essential in the pathogenesis
of severe COVID-19, in enhancing the expression
of tissue factor and platelet growth factor with an
increase in platelet aggregation, and in inducing the
growth of smooth muscle cells of the vascular wall
and IL-6 transcription. Thus, AT II excess contrib-
utes to the progression of the pro-inflammatory ac-
tivity of cytokines, AH, atherosclerotic and throm-
botic vascular lesions, and worsening prognosis in
COVID-19 [55].

The progression of the severity of metabolic
disorders is associated with increased levels of
atherogenic lipoproteins and TG and decreased
blood concentration of HDL. First, this is due to
the excessive intake of non-esterified fatty acids,
the potentiation of the action of TG synthetase and
3-hydroxy-3-methyl-CoA reductase, followed by
an increase in the production and accumulation of
TG in adipose tissue in abdominal—visceral obesity.
Because of IR, the activity of endothelial lipopro-
tein lipase (LPL) also decreases, which disrupts
the utilization of very LDL (VLDL) and slowdown
HDL formation, as one of the sources of their pro-
duction is the hydrolysis of VLDL. The presence
of hyperinsulinemia creates conditions for the ac-
celerated breakdown of HDL. Dyslipidemia occurs
as a natural result [14, 66].

The decrease in the concentration of cholesterol
and its fractions in the blood detected in patients
with COVID-19 may be associated with the nega-
tive effects of pro-inflammatory cytokines, mainly
TNF-a, IL-1, and IL-6, on the enzymatic activity
of LPL with the formation of antibodies to it [32].
Moreover, an increase in the level of free radicals
in infected cells contributes to lipid peroxidation;
therefore, for an accurate assessment of lipid me-
tabolism during examinations, the concentration of
oxidized LDL in the blood serum of patients should
be measured. This circumstance was not considered
in most meta-analyses. Another important issue can
be considered an impairment of the permeability of
the vascular wall, which explains the increased vol-
ume of intra-alveolar exudate and decreased levels
of lipoproteins in the blood plasma with the disease
progression. Based on the available information on
the effect of SARS-CoV-2 on the lipid profile, the
lipid profile panel in patients with COVID-19 can
be considered a marker of the disease course [83].

Thus, the pathogenesis of COVID-19 has mecha-
nisms of action similar to those of MS, which,
when these two conditions are combined, provides
a more pronounced clinical presentation of the dis-
ease, a high risk of complications, and an adverse
outcome.
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TREATMENT

To date, there are no unified recommendations
for the treatment of COVID-19 in patients with
metabolic disorders. However, given the commonal-
ity of pathophysiological processes, several char-
acteristics can be distinguished.

An anti-obesity treatment can be a good op-
tion to improve the prognosis of COVID-19.
An integrated approach aimed at modifying life-
style is the most effective, as it consists in the
formation of adequate attitudes regarding eating be-
havior and changing the diet in combination with
physical activity that meets the standards.

In the medical treatment of obesity in the Rus-
sian Federation, orlistat, liraglutide, and sibutra-
mine are used alone or in combination with met-
formin. As a selective inhibitor of pancreatic lipase,
orlistat reduces intestinal fat absorption. Liraglu-
tide, an analog of glucagon-like peptide 1 (GLP-1),
stimulates the neurons of the ventromedial nucleus
while exerting an inhibitory effect on the neurons
of the lateral nucleus of the hypothalamus, slows
down gastric motility, and increases the activity of
glucose-dependent insulin secretion. Sibutramine,
which is an inhibitor of the reuptake of serotonin,
norepinephrine, and dopamine, contributes to an
earlier onset of satiety and a decrease in the amount
of food consumed.

These drugs are indicated if a patient with MS
has BMI >27 kg/m? In this case, the criteria for
evaluating the efficiency of the measures taken will
be a decrease in body weight by <5% in the absence
of an established type 2 DM, or >3% of the initial
weight in the presence of diabetes after a 3-month
course of the drug. If the expected effect was not
achieved or the BMI was >40 mg/kg? bariatric
surgery should be decided [4].

According to clinical cases, the prescription of
insulin therapy in patients with type 2 DM with
moderate and severe COVID-19 worsened the
prognosis. The retrospective studies of this is-
sue revealed a decrease in mortality rates among
individuals who received metformin as the main
hypoglycemic therapy. On the contrary, given the
limited amount of information, the accuracy of the
results may be questionable, since the need for in-
sulin replacement therapy is often noted in more
severe type 2 DM. The pharmacological effect of
metformin, which consists in the activation of the
PI3K/AKT/mTOR signaling pathway, may affect
adversely the penetration of the virus into target
cells. The anti-inflammatory effect of the drug may
also play a role in preventing multisystem inflam-
matory syndrome. Some preclinical studies have

shown a decrease in the severity of pulmonary fi-
brosis with metformin, which supports the expedi-
ency of choosing this drug for glycemic control in
presence of COVID-19 [34, 68-70].

The use of sulfonylurea drugs is associated with
the risk of hypoglycemic conditions in patients
treated in the ICU and those who are malnourished.
The ability of drugs of this group to block KATP
channel receptors increases the risk of damage to
endothelial cells of the heart, and its tropism is
characterized for SARS-CoV-2. Considering the cir-
cumstances described, patients with mild and mod-
erate COVID-19 should choose new dosage forms
that bind selectively to pancreatic B-cell receptors.
This will help eliminate the expected negative ef-
fects [36, 90].

The use of sodium-glucose transporter (SGLT2)
inhibitors is associated with a high risk of eug-
lycemic ketoacidosis; thus, their use in patients
requiring intensive care is also undesirable. Since
SGLT2 increases lactate concentrations and low-
ers intracellular pH, reducing the viral load, their
administration can theoretically be an adjunct to
antiviral therapy [25].

GLP-1 receptor agonists can suppress the pro-
duction of TNF-a, IL-1B, and IL-6 and inhibit the
formation of reactive oxygen species, providing
anti-inflammatory and protective effects on the vas-
cular endothelium. Therefore, this group of drugs
can be regarded as one of the preferred options
for hypoglycemic therapy. Receptors activated by
peroxisome proliferators have an anti-inflammatory
effect because of their active expression in macro-
phages, thereby reducing the secretion of TNF-a,
IL-1pB, and IL-6, and potentiating effect on ACE2
production. Thus, the prescription of this group of
drugs probably reduces lung damage and reduces
the risk of lethal outcomes [19].

Dipeptidyl peptidase 4 (DPP-4) inhibitors are
beneficial in cases of severe infections because
they can be used even in patients with impaired
renal function and have a low risk of hypoglyce-
mia. The results of prospective studies indicated a
low incidence of hypoglycemic complications and
the achievement of more adequate glycemic control
when using drugs of this group in combination with
lower doses of insulin than with bolus administra-
tion of basal insulin [38]. As it has an affinity
for the receptor-binding domain of the S-protein,
DPP-4 can be a target of SARS-CoV-2, thereby
reducing the viral load [47]. In summary, in cases
of insulin deficiency, combination treatment with
antihyperglycemic drugs will presumably balance
the clinical benefits in the treatment of type 2 DM
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and viral infection and the negative effects of in-
sulin therapy.

COVID-19 necessitates a careful choice of op-
timal antihypertensive therapy, since ACE inhibi-
tors and AT II receptor blockers can theoretically
contribute to an aggravated disease course. Most of
the studies concerning this problem did not show
a clear pattern between the use of these drugs and
an increase in the risk for hospital treatment or
lethal outcome. Although the medical community
does not have a clear position on this issue, most
clinicians prefer to prescribe other groups of anti-
hypertensive drugs to AH patients diagnosed with
COVID-19. Otherwise, in the absence of the abil-
ity to stabilize BP with alternative treatment op-
tions, patients continue to take ACE inhibitors and
AT 1II receptor blockers [68].

The use of lipid-lowering therapy in COVID-19
remains debatable. Data presented in the previ-
ous sections showed a clear correlation between
the complicated course of the coronavirus infec-
tion and the blood plasma level of lipoproteins.
Most of the arguments supporting the cessation
of drugs that contribute to lipid metabolism nor-
malization are based on disease pathogenesis and
statistical indicators. However, some studies have
demonstrated no negative influence on the course
and outcome of COVID-19. By contrast, a case—
control study showed a relatively lower hospital-
ization rate in the ICU of patients treated with
statins [56].

Based on the assessment of a large amount of
information, Igbal et al. [44] made the following
recommendations:

1) Patients with confirmed COVID-19 should
continue to adhere to the recommended diet and
lifestyle and take lipid-lowering drugs.

2) Treatment with lipid-lowering drugs can be
temporarily suspended if oral administration is im-
possible because of the severity of the patient’s
condition.

3) In cases requiring anticoagulant therapy, an
assessment of drug interaction with the hypoglyce-
mic agent being taken is recommended.

4) Drug treatment should be discontinued or
the dose reduced if laboratory parameters change,
namely, an increase in the level of creatine ki-
nase 10 times higher than the upper limit of the
reference values in the absence of relevant symp-
toms or five times with the appearance of clinical
manifestations, i. e., at least 3-fold increase in the
blood concentrations of alanine aminotransferase
and aspartate transaminase compared with the up-
per normal limit.

5) If a pronounced potentiating effect of the
drugs taken is suspected, the possibility of reducing
the dose or finding an alternative is recommended.

6) If symptoms of myositis occur during statin
use, monitoring of the kidney function is recom-
mended.

7) In the presence of clinical or biochemical
changes indicating the development of myopathy,
ongoing treatment with fibrates should be sus-
pended.

8) If acute renal injury with a decrease in the
estimated glomerular filtration rate is suspected
during fibrate therapy, the drug intake should be
discontinued.

9) If the patient is in a critical condition, omega
3 polyunsaturated fatty acids do not require can-
cellation.

10) If it is impossible to assess the risk of car-
diovascular complications, given that interference
with drug absorption is possible, cancellation of
bile acid sequestrants is recommended.

11) As the efficiency of niacin is not proven in
the prevention of cardiovascular complications, the
use of the drug should be temporarily discontinued.

12) Lipoprotein apheresis is safe and should be
continued if it is technically feasible.

13) If the treatment is suspended, after stabiliza-
tion of the patient’s condition, additional personal-
ized assessment of the expected risks and benefits
of resuming lipid-lowering therapy is recommend-
ed [10].

Conflicting results are demonstrated by data
from a study of the efficacy and safety of an-
tiviral therapy prescribed to patients with MS.
Chloroquine can inhibit the replication of SARS-
CoV-2 due to glycosylation of ACE2 by blocking
the connection between the virus and receptor and
resulting increase in endosomal pH. However, this
antiviral drug negatively affects QT interval elonga-
tion and development of retinopathy and cardiovas-
cular disorders, which restricts its use in patients
with MS.

Hydroxychloroquine (HCQ) also increases in-
tracellular pH and inhibits lysosomal activity in
antigen-presenting cells. This process reduces
T-cell activation, differentiation, and expression
of costimulatory proteins and cytokine production.
In the cytoplasm, it interferes with the synthesis of
viral nucleic acids, probably by suppressing the im-
mune system hyper-reactivity caused by the virus.
Combination therapy of HCQ with azithromycin
for 6 days demonstrated the high efficiency of
the chosen treatment approach. However, conflict-
ing information about the safety of long-term use
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of the drug prevents from regarding HCQ as a drug
for widespread use in the treatment of COVID-19.

The expediency of prescribing favipiravir to
treat COVID-19 is attributed to the inhibition of
RNA polymerase activity. The antiretroviral drugs
lopinavir and ritonavir have demonstrated high
in vitro activity against other types of coronavi-
ruses by inhibiting 3-chymotrypsin-like protease.
However, available data on the clinical efficacy
of these antiviral drugs are insufficient to make
definite decision in favor of their choice. Remde-
sivir has a broad-spectrum antiviral activity against
filoviruses, paramyxoviruses, pneumoviruses, and
coronaviruses. /n vitro studies have shown the abil-
ity of remdesivir to inhibit SARS-CoV-2 replica-
tion in the lungs, with a wide range of side ef-
fects detected during patient follow-up requiring a
comprehensive clinical evaluation of patients with
complications associated with MS.

Plasma immunoglobulins from convalescent
or hyperimmune individuals can be considered a
potential adjuvant therapy for COVID-19, and its
use is justified by the ability of antibodies from
recovered patients to help in the immune response
against the virus or become the main method of
prevention, especially for patients with metabolic
disorders. Nitazoxanide (the drug is not registered
in the Russian Federation) has broad antiviral
activity and a relatively favorable safety profile.
In vitro studies have demonstrated its antivi-
ral activity against SARS-CoV-2, but there is
no conclusive evidence; thus, further study of
the drug and therapeutic option for COVID-19
are necessary.

Additional difficulties in determining the treat-
ment approach may arise when prescribing antico-
agulant therapy and glucocorticosteroids. This is
associated with high risks of thrombotic complica-
tions, which simultaneously occur in both the pres-
ence of MS and the development of an infectious
process caused by SARS-CoV-2. The latter event is
explained by high levels of inflammatory mediators
and immunoglobulins, resulting in increased blood
viscosity. When performing APV and catheteriza-
tion in the central vein of patients with metabolic
disorders, special care should be exercised owing
to the high probability of additional damage to the
endothelium. In turn, glucocorticosteroids are in-
dicated to reduce the severity of the inflammatory
process in the lungs. This advantage can be leveled
because of the side effects, particularly hyperglyce-
mia and a secondary infection, which is a signifi-
cant limitation for prescribing glucocorticosteroids
to patients with MS [22].

According to the Russian Ministry of Health,
in comparison with the adult population, children
are affected by COVID-19 with less pronounced
clinical symptoms, require hospitalization less of-
ten, and have milder disease, which, however, does
not exclude severe cases. Currently available data
indicate that children represent up to 10% of pa-
tients infected with SARS-CoV-2 and up to 2%
of patients are diagnosed with COVID-19. In the
Russian Federation, 6%—7% of registered cases of
COVID-19 are registered in children [1]. Treat-
ment regimens for children with COVID-19 are
determined by the severity of the disease course
which, like in adults, varies from asymptomatic to
critical form with multisystem inflammatory syn-
drome, cytokine storm, Kawasaki-like syndrome,
and septic complications. Overweight, obesity, DM,
and impaired glucose tolerance, as in adult patients,
are risk factors for a severe disease course, which
determines the composition and volume of therapy,
such as the use of oxygen therapy, antiviral agents,
anticoagulants, glucocorticosteroids, immunoglobu-
lin, antibacterial drugs [54].

Furthermore, researchers are concerned by the
increased risk of development and progression
of overweight and obesity in the population dur-
ing long-term anti-epidemic measures, leading to
decreased physical activity level, hypodynamia,
disruption of the daily regimen, and deforma-
tion of the structure of leisure and social ties [5].
The long-term replacement of positive motiva-
tion for success in sports (including team sports
with a predominance of aerobic loads) by a so-
cially approved behavior model that focused on
fulfilling restrictive requirements and avoiding
risks is hazardous at the stage of personality
formation.

During the anti-epidemic period, children are the
most vulnerable in losing the most important com-
ponents of a healthy lifestyle, particularly rational
and healthy eating habits, regulation of “screen”
time, responsible planning of study time and lei-
sure, and regular and intense physical activities
[65, 79, 84]. Thus, a long restrictive period re-
quires additional attention from doctors, teachers,
and rehabilitation specialists to the problem of
maintaining the adherence of children and parents
to a healthy lifestyle.

PATIENT REHABILITATION

Rehabilitation is necessary for patients who have
had severe and moderate infections, with the sub-
sequent development of complications and organ
failure. Rehabilitation measures should be person-
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alized and focused on each problem and need of
the patients. Recovery activities can be conducted
in a rehabilitation center or at home, and delayed
recovery can be performed in healthcare and sana-
torium resort institutions. In morbid obesity, treat-
ment, rehabilitation, and care of patients in the
ICU are often complicated because of difficulties
in transportation, log-roll maneuvers, and imaging
examinations [3].

The generalization of data on the rehabilitation
of patients with severe disease in the ICU helped
identify the so-called syndrome of the consequenc-
es of intensive care in patients with COVID-19.
It is manifested by a complex of somatic, neu-
rological, and sociopsychological changes in the
conditions of patients with COVID-19 and is most
often noted with prolonged APV use by older pa-
tients with concomitant diseases, which affects the
severity of respiratory, neurological, and musculo-
skeletal disorders. The most common manifesta-
tions of the syndrome include polyneuropathy, diffi-
culty dishabituation from APV, shortness of breath,
atrophy of respiratory muscles, general weakness,
impaired sensitivity, diaphragmatic discomfort, de-
creased or absent tendon reflexes, dysphagia, anx-
iety, depression, and cognitive and other mental
disorders [2].

The syndrome of ICU consequences often co-
occurs with post-traumatic stress symptoms such
as psycho-emotional lability, unpleasant memo-
ries, anxiety, fear attacks, sleep disorders, depres-
sion, and reserved demeanor. According to vari-
ous estimates, 20% of patients who recover from
COVID-19 have a nearly two-fold increase in the
risk of developing dementia and mental disorders.
This is due to both direct and indirect consequences
of the disease. The reality of such a prognosis is
confirmed by the analysis of electronic medical re-
cords of over 60 thousand patients who recovered
from COVID-19. In the first 3 months after reco-
very, one in five patients showed the first signs of
anxiety, depression, and insomnia [45].

Rehabilitation of patients with COVID-19 in-
cludes several aspects, namely, medical, physical,
educational, and psychological aspects. The medi-
cal aspect includes examination, assessment of the
clinical condition, identification and correction of
traditional cardiovascular risk factors, and provi-
sion of appropriate drug therapy. The psychologi-
cal aspect of rchabilitation is associated with the
need for the patient to psychologically adapt to the
disease, increased resistance to stressful situations,
and, if necessary, treatment of anxiety and depres-
sive disorders [3].

CONCLUSION

Patients with MS are considered one of the
cohorts most vulnerable to the adverse course of
infection caused by SARS-CoV-2. The event is
mainly caused by the common application points
of the mechanisms for the development of meta-
bolic changes and COVID-19. The combined effect
on target organs causes significant damage to the
body and difficulties in choosing the most effective
and, which is no less significant in a particular
situation, safe treatment approach. The high prob-
ability of complications and consequently the need
for intensive care determine the high demand for
rehabilitation measures. The results of studies on
the issues raised and the implementation of related
tasks indicate the need for a personalized approach.
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