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2023 results of the study were estimated according to the indicators of
a biochemical blood test in the acute phase and the convalescent
phase of the SARS-CoV-2. The most significant deviations of
homeostasis were observed in patients with T2DM. The
development and worsening of hyperglycemia were due to the
specific effect of the virus on carbohydrate metabolism mediated
via ACE2 receptors located in hepatocytes and pancreatic cells.
The development of hyperglycemia in SARS-CoV-2 patients was
not associated with the use of drugs with hyperglycemic effects
in particular glucocorticoids. The obtained data indicate the
blood coagulation system’s activation and the severity of this
activation depended on the severity of SARS-CoV-2 and somatic
complications.
Conclusion: Further examination is recommended to fully
comprehend the complex association between SMU, AP, and
WB. The study highlights the need for guidance and supervision
from parents, teachers, and authority figures to prevent
undesirable effects on students' WB and AP. Researchers may
suggest models such as emotional intelligence to increase self-
awareness, self-management, empathy, and communication.
Appropriate policies and models are urgently needed to prevent
serious issues related with SMU among students.
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Introduction

The International Committee on Taxonomy
of Viruses declared SARS-CoV-2 to be the
name of a new virus on 11 February 2020 [1].
The disease caused by SARS-CoV-2 is more
COVID-19.  The

development of severe bilateral pneumonia

commonly  called

and acute respiratory distress syndrome are
the most visible manifestations of it [2].

Unlike diseases caused by influenza viruses
that predominantly affect the respiratory
system, SARS-CoV is characterized by a
defeat of the whole organism [3]. The
severity of SARS-CoV-2 is largely
determined by the presence of concomitant
diseases, one of which is diabetes mellitus
(T2DM).

metabolism is currently one of the most

Disorder ~ of  carbohydrate
common pathologies among the global
population. According to WHO, the
frequency of T2DM amounts to 463 million
adults [4].

The lethality of SARS-CoV-2 in patients
with disorders of carbohydrate metabolism
increases by two to four times [5]. Therefore,
the study of the pathophysiological
foundations of the aggravation of the course
of the disease against the background of
metabolic disorders is important.

Purpose

To explore pathophysiological mechanisms
of biochemical homeostasis in SARS-CoV-2
patients with decompensation of type 2
(T2DM) and
hyperglycemia identified for the first time.

diabetes mellitus

Materials and methods
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A retrospective analysis of 62 case reports of
patients between 40 and 70 years with
medium to severe SARS-CoV-2, complicated
by community-acquired bilateral
polysegmental pneumonia. Patients were
separated according to the anamnesis and the
results of blood biochemical analysis into
three groups: 1st group (n=14): control group
(CG), patients without disorders of
carbohydrate metabolism; 2nd group (n=18):
main group 1 (MG1), with manifested type 2
T2DM; 3rd group (n=30): main group 3
(MG3), with transient hyperglycemia. The
study was performed based on the results
obtained in the Voronezh State Clinical
Hospital no.2 named after K.F. Fedyaevskiy.
The results of the study were estimated
according to the indicators of a biochemical
blood test in the acute phase and the
convalescent phase of the SARS-CoV-2.

The levels of glucose, total bilirubin, alanine
aminotransferase (ALT), aspartate
aminotransferase (AST), creatinine, urea,
and amylase were analyzed. Coagulation
parameters such as thrombin time,
prothrombin index (PTI), fibrinogen, and

hematocrit were also investigated.

Results

It should be noted that all patients from all
studied groups had moderate to severe
clinical pictures of SARS-CoV-2. All patients
were treated according to the clinical
guidelines of the Ministry of Health of the
Russian Federation.

However, in CG all indicators of blood

biochemical analysis were within the normal
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range, however the glucose levels were at the

high end of the normal range. Glucose level

amounted to 5,05+ 0.4 mM/L on average.
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Figure 1. Blood glucose levels in patients with SARS-CoV-2 upon

The average level of glucose in MG2 was 6.94

mM/L at the time of admission to the

hospital. It did not return to the normal

range by the time of discharge from the

Table 1. Parameters of biochemical blood test in patients with SARS-CoV-2 and carbohydrate
metabolism disorders.

admission and at discharge.

hospital and amounted to 5.6 mM/L. ALT
and AST levels amounted to 67.2 IU/l and
57.4 IU/1 respectively. Other indicators were

not elevated in MG2.

Indicator Group of patients

CG MG1 MG2
ALT (IU/) 33.8 71.9 67.2
AST (IU/1) 31.4 62.5 57.5
Creatinine (uM/L) 75.2 85.1 68.4
Urea (mM/L) 5.6 8.24 7.16
Amylase (IU/1) 116.4 140 131.9
Total protein (g/L) 66.4 66.6 66.5
Total bilirubin (uM/L) 11.9 15.4 11.3

DOI: 10.56580/GEOMEDI36




Modern Issues of Medicine and Management (MIMM) 2023: 2(26)

The greatest deviations of homeostasis were
observed in patients with T2DM who
constantly received antidiabetic drugs. The
average level of glucose in MG1 amounted to
11.69 mM/L (but not less than 9 mM/L) at the
time of admission to the hospital.
Hyperglycemia in MGl was sustainable.
Pharmacotherapy of T2DM was changed in
all patients from MGl - they were
transferred to injectable insulin with an
increase of dose by 25%. Despite the
increased dosage of insulin in MGI,
normalization of glucose levels could not be
reached. The average level of glucose upon
discharge from the hospital amounted to 7.48
mM/L. ALT and AST levels increased by 84%
and 90% respectively. The average level of
ALT in these patients amounted to 71.9 IU/l,
of AST- 625 IU/l. Some indicators of
biochemical blood tests were within upper
normal values: bilirubin 15.,4 pM/L,
creatinine 85.4 uM/L, urea 8.24 mM/L.

Levels of amylase (140 IU/1) and total protein
(66.6 g/L) were normal. The level of urea was
1.5-2 times higher than normal in 50% of
patients in MG1.

According to the research of the majority of
authors, changes in the hemostatic system
are one of the leading pathogenetic
mechanisms in COVID-19 disease. However
significant changes in coagulation indicators
are detected in more severe forms of the
disease [6]. A correlation between the
severity of carbohydrate metabolism
disorders and coagulogram variation was
found in our study. The average PTI level
was increased in MGl and amounted to
103.3+2.5. In CG and MG2 PTI level was
within upper normal values (100.5).
Fibrinogen level was increased in all groups
of patients. The greatest deviation of
fibrinogen was observed in MG2 (5.5). The
average level of fibrinogen was 4.1 and 4.3 in

MGT1 and CG respectively.

Table 2. Indicators of coagulogram in patients with SARS-CoV-2 and carbohydrate metabolism

disorders.
Indicator Group of patients
CG MG1 MG2
Thrombin time 17.9 17.6 17.8
Fibrinogen 4.3 5.5 4.1
PTI 100.6 103.4 100.4
Hematocrit 46 43.1 41.6

Since reference values of hematocrit are
different for men and women, patients were
separated by gender to assess changes in

hematocrit level. The greatest increase of
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hematocrit was observed in women from CG
(48.3). Hematocrit level was slightly

increased in women from MG1 (42.7). This
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parameter was within the upper normal

value in women from MG2 and amounted to

Discussion
It is known that COVID-19 causes

multisystem disorders. The main element of
pathogenesis is virus penetration into the
cells with the involvement of functional
receptor angiotensin-converting enzyme 2
(ACE2) [7]. Our study revealed that several
internal organs were damaged even in
patients with medium (CT2) severity of
SARS-CoV-2.  Both  first  identified
hyperglycemia and decompensation of
manifested T2DM type 2 indicate that
pancreatic function was impaired. However,
normal amylase level in the blood of patients
of all groups suggests that pancreatic failure
is of a functional but not a morphological
nature. The development and worsening of
hyperglycemia were due to the specific effect
of the virus on carbohydrate metabolism:
ACE2 receptors are located in hepatocytes
and pancreatic cells [8]. It means that these
organs are targets for SARS-CoV-2. During
hyperglycemia, glycosylation of receptors
occurs, which significantly increases their
affinity for the virus [9, 10]. Penetration of
SARS-CoV-2 into pancreatic cells may
worsen beta-cell damage, causing insulin
resistance [11].

Many researchers associate the development
of hyperglycemia in SARS-CoV-2 patients
with the use of drugs with hyperglycemic
effects in particular glucocorticoids [12].
However, the increase in glucose level in our
investigation was detected at the time of
hospitalization before the application of

glucocorticoids. It should be noted that the
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40,9. Hematocrit level was within the

normal range in men of all groups.

increased insulin dose did not manage to
normalize the glucose level. Patients with
manifested T2DM were discharged with an
unachieved target level of glucose because
the further increase of the amount of insulin
was unadvisable on the background of SARS-
CoV-2 pharmacotherapy. Thus, the
development of hyperglycemia in patients
with moderate COVID-19 is associated with
the pathogenetic effects of the disease.

A significant increase in the transaminase
levels indicates cytolysis syndrome both in
hepatocytes and cardiomyocytes [13].
Meanwhile, liver damage is considered to be
concomitant by the majority of researchers
[14]. It should be noted that in this sample of
patients’ failure of hepatic protein synthesis
was not observed. It may be explained by the
severity of the disease [15]. The systemic
inflammatory reaction caused by SARS-
CoV-2 is a major cause of liver damage.
Another mechanism of liver damage is a
cytokine storm [16]. It is known that the
level of acute phase proteins increases in
patients with COVID-19, and an imbalance
in innate and acquired immunity occurs.
This imbalance is expressed as excessive
activation of cytokine synthesis by
macrophages and neutrophils [17].

Hypoxia associated with viral pneumonia
leads to the development of ischemic liver
injury [18]. Oxygen reduction causes the
accumulation of lipids, which can cause
necrosis of hepatocytes. Moreover, after the
mitochondrial damage cells accumulate

reactive oxygen species that enhance the
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production of pro-inflammatory cytokines
[19].

Hyperglycemia is stimulated by the feedback
mechanism by the activation of the gene
transcription factor of the interferon
regulatory factor-5 during the period of the
cytokine storm and its binding with Uridine
diphosphate N-acetylglucosamine which is
formed during the metabolism of glucose
[20].

Moderate COVID-19 in patients without

concomitant somatic diseases does not cause

Conclusions

The results of the study demonstrated
changes in biochemical homeostasis in
patients with moderate SARS-CoV-2 and
type 2 diabetes mellitus (T2DM) or
hyperglycemia identified for the first time.
Careful study of concomitant diseases in
patients is required for better identifying
etiopathogenetic factors of the clinical
picture of SARS-CoV-2. However, there is
no doubt that pathologic premorbid changes
in cell membranes are morphological

preconditions for a more severe course of
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renal functional disorders. We can assume
that moderate COVID-19 in patients with
type 2 T2DM leads to initial renal
dysfunction [21]. It is confirmed by the fact
that there was a significant increase in urea
levels in 50% of patients from MG1.

The obtained data on the blood coagulation
system’s activation correspond to the
literature [22, 23, 24]. The degree of severity
of this activation depends on the severity of

COVID-19 and somatic complications [25].

SARS-CoV-2 in patients with manifested
T2DM of any type. The development and
worsening of hyperglycemia were due to the
specific effect of the virus on carbohydrate
metabolism: ACE2 receptors are located in
hepatocytes and pancreatic cells. The
development of hyperglycemia in SARS-
CoV-2 patients was not associated with the
use of drugs with hyperglycemic effects in
particular glucocorticoids. The obtained data
indicate the blood coagulation system’s
activation and the severity of this activation
depended on the severity of COVID-19 and

somatic complications.
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