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Abstract. Background. It is known that severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) can
directly infect hepatocytes. At the same time, overweight and obesity are surrogate markers of the adverse effects
of coronavirus disease 2019 (COVID-19). The purpose of the study: to evaluate changes in lipid and carbohydrate
metabolism and their indices in the serum of patients with non-alcoholic fatty liver disease (NAFLD) with an immune
response to SARS-CoV-2. Materials and methods. We studied 37 patients with NAFLD who had IgG to SARS-
CoV-2. All patients were divided into two groups: group | consisted of 19 patrticipants who were PCR-negative for
SARS-CoV-2, group Il included 18 patients who had COVID-19, as confirmed by PCR testing. The content of total
cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), glucose, low-density lipoprotein
cholesterol, very low-density lipoprotein cholesterol (VLDL-C), atherogenicity coefficient, insulin resistance indices
(HOMA-IR), TG to glucose (TG/Gly) and TG to HDL-C (TG/HDL-C) ratio were assessed in all patients. Results.
Among patients with NAFLD with an immune response to SARS-CoV-2, dyslipidemia manifested by a probable in-
crease in the median TG content in groups | and Il by 2.5 and 3.4 times (p = 0.0001), respectively; TC — by 1.2 times
(p = 0.0425) in both groups, with a tendency to increase; VLDL-C — by 1.8 (p = 0.010) and 2.5 times (p = 0.0022),
respectively, and a decrease in the median content of HDL-C by 1.7 (p = 0.0016) and 1.9 times (p = 0.0008), respec-
tively, in blood serum. The identified changes led to a statistically significant increase in the median atherogenicity
coefficient in groups | and Il — by 2.2 (p = 0.0036) and 2.5 times (p = 0.007). An increase in the HOMA-IR did not
have a statistically significant difference between the groups: in group I, this index increased by 3.1 times (p < 0.05)
compared with the controls, in group Il — by 3 times (p < 0.05). In addition, patients in both groups had a statistically
significant increase in TG/Gly and TG/HDL-C ratio compared to controls. However, the detected changes were more
pronounced in group Il, where TG/Gly and TG/HDL-C levels were 1.5 (p = 0.038) and 1.9 times (p = 0.035), respec-
tively, higher than in group I. Conclusions. Patients with an immune response to SARS-CoV-2 with NAFLD have
disorders of lipid and carbohydrate metabolism. At the same time, the signs of dyslipidemia were more pronounced in
participants with a history of SARS-CoV-2. TG/Gly and TG/HDL-C ratio should be included in the diagnostic algorithm
for assessing insulin resistance in patients with COVID-19 who are overweight or obese.

Keywords: non-alcoholic fatty liver disease; SARS-CoV-2; lipid metabolism; carbohydrate metabolism

Introduction

Since 2019, the outbreak of coronavirus disease 2019
(COVID-19), caused by the novel coronavirus CoV-2
(SARS-CoV-2) in severe acute respiratory syndrome (SARS),
has led to a major global health and economic crisis in a few
months. As of April 2022, more than 507 million confirmed
cases were reported worldwide, with nearly 6.2 million deaths
in 189 countries [1]. Liver damage in COVID-19 may cor-

relate with the overall severity of the disease and serve as
a prognostic factor for the development of acute respira-
tory distress syndrome [2]. In addition, some studies have
shown that the presence of pre-existing liver disease in pa-
tients with COVID-19 contributes to poor clinical outcomes
and should be taken seriously during treatment, particularly
in liver transplant patients [3] with cirrhosis, acute liver in-
jury [4] and COVID-19, due to an altered immune status
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and susceptibility to disease. Therefore, further research in
patients with liver disease requires a better understanding of
the pathogenesis and optimal treatment of COVID-19. Se-
vere liver damage was observed in 58—78 % of patients with
severe clinical manifestations. Thus, liver damage is a sur-
rogate marker of the adverse effects of COVID-19 [4, 5]. In
addition, existing liver diseases such as chronic viral hepatitis,
steatohepatitis, liver cirrhosis, and hepatocellular carcinoma
are independent risk factors for the severity and mortality
of the disease [6, 7]. However, most studies have suggested
that angiotensin-converting enzyme 2 (ACE2) may be low
or absent in hepatocytes, and its expression was greater in
biliary cells than in hepatocytes. Through ultrastructural exa-
mination, a recent study has shown that typical coronavirus
particles can be found in the cytoplasm of hepatocytes from
COVID-19 patients, indicating that SARS-CoV-2 is able to
directly infect hepatocytes in some cases [8]. Thus, whether
liver damage is caused by direct viral impact, immune-me-
diated liver damage due to severe inflammatory response/
systemic inflammatory response syndrome, hypoxic changes
caused by respiratory failure, vascular changes due to coagu-
lopathy, endotheliitis, or cardiac congestion with right-sided
heart failure, drug-induced liver damage, and exacerbation
of underlying liver disease remains unknown (Fig. 1) [5, 9].
Non-alcoholic fatty liver disease (NAFLD) in patients
with SARS-CoV-2 infection is associated with impaired lipid
metabolism, namely, increased serum fatty acid concentra-
tions, increased fatty acid synthesis in the liver, and abnor-
mal B-oxidation. 60 % of triglycerides (TG) in the liver are
formed from absorbed unesterified fatty acids. In NAFLD,
lipid intake exceeds lipid utilization, as there is increased
fatty acid absorption, increased TG lipolysis in adipose tis-
sue, and increased de novo lipogenesis in the liver. Increased
de novo lipogenesis is associated with upregulation of fatty
acid synthase, elongase 6, and sterol-CoA desaturase, and
these 3 enzymes are regulated by important transcription
factors such as sterol regulatory element-binding protein
(SREBP), liver X receptor, and carbohydrate response ele-

ment-binding protein [9, 10]. Hypolipidemia is a rare con-
dition, and it can be caused by a genetic change or secondary
factors such as a viral infection. For example, in patients
infected with SARS-CoV-2, liver function is damaged and
thereby high- (HDL) and low-density lipoprotein (LDL)
biosynthesis is reduced by decreasing the outflow and trans-
port of cholesterol, but the virus can also change vascular
permeability, causing leakage of cholesterol molecules into
tissues such as alveolar spaces, with the formation of exudate.

Recently, the triglyceride-glucose (TG/Gly) and the TG/
HDL-C ratio have been actively used as indicators for asses-
sing insulin resistance. TG/Gly is the ratio of fasting blood
glucose to TG [10]. A positive correlation between the TG/
Gly index and insulin resistance has been shown. Compared
with the homeostasis model assessment of insulin resistance
(HOMA-IR) and the hyperinsulinemic-euglycemic clamp,
TG/Gly is a new and reliable alternative index for assessing
IR. In addition, an increase in TG/HbAIc is associated with
an increased risk of developing type 2 diabetes, and this index
is positively correlated with coronary artery calcification
and is an effective indicator for predicting the progression
of cardiovascular disease [11]. A study of 9,764 middle-aged
and elderly Chinese adults (mean age 56 years) showed that
compared to other blood lipid markers, TG/HDL-C may be
a better indicator for assessing insulin resistance and diabe-
tes. TG/HDL-C was used as a surrogate indicator of insulin
resistance in people with pulmonary hypertension without a
history of diabetes and TG/HDL-C > 3.0 was an indicator
of IR [10].

IR, oxidative stress, and inflammatory processes play an
important role in the development of NAFLD/non-alcoho-
lic steatohepatitis (NASH). It is assumed that increased pro-
duction of proinflammatory cytokines plays a special role in
the pathogenesis of liver IR. The involvement of the liver in
immune reactions and inflammation is an important aspect
of the pathophysiology of NAFLD. Tumor necrosis factor o
(TNF-a) has been shown to enhance IR, activate lipogenesis
in the liver and increase serum TG levels, i.e., contribute to
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Figure 1 — Pathomechanisms of liver damage in SARS-CoV-2 infection
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the main pathogenetic mechanisms of NAFLD/NASH [12,
13]. Recent studies have begun to shed light on the relation-
ship between liver steatosis, which until now was considered a
purely “metabolic disease,” and IR, which is associated with
obesity and type 2 diabetes mellitus [7]. Patients with both
NAFLD and metabolic syndrome have similar risk factors:
obesity, IR, hypertension, hyperglycemia, and dyslipidemia
[14]. Because of the crucial role of TG/Gly and TG/HDL-C
in insulin resistance, this study aimed to use TG/Gly and
TG/HDL-C to assess the risk of developing and progressing
insulin resistance in patients with NAFLD.

The purpose of the study is to evaluate changes in lipid
and carbohydrate metabolism and their indices in the serum
of patients with non-alcoholic fatty liver disease with an
immune response to SARS-CoV-2.

Materials and methods

We examined 37 patients with NAFLD who had detec-
ted IgG to SARS-CoV-2 and were treated at the Depart-
ment of Liver and Pancreas Diseases of the State Institution
“Institute of Gastroenterology of the National Academy of
Medical Sciences of Ukraine”. There were 31 (83.8 %) men
and 6 (16.2 %) women, with a median age of 43 (36; 54)
years. Group I consisted of 19 patients who were PCR-nega-
tive for SARS-CoV-2. Group II included 18 patients with
COVID-19, as confirmed by the polymerase chain reaction.
Patients in both groups were vaccinated against coronavirus.
The control group consisted of 20 practically healthy indi-
viduals. The study was performed in compliance with the
basic bioethical provisions of the Council of Europe Con-
vention on Human Rights and Biomedicine (April 4, 1997),
the World Medical Association Declaration of Helsinki on
the Ethical Principles for Medical Research Involving Hu-
man Subjects. The study was approved by the Biomedical
Ethics Committee of the Institute of Gastroenterology of the
National Academy of Medical Sciences of Ukraine (extract
from protocol No. 2 dated April 19, 2021).

Lipid and carbohydrate metabolism was assessed using
venous blood taken in the morning on an empty stomach.
Serum levels of total cholesterol (TC), TG, HDL-C, and
glucose were determined using Cormay reagent kits (Poland)
on a Stat Fax 4500 biochemical analyzer (Awareness Techno-
logy, USA). Low-density lipoprotein cholesterol (LDL-C),
very low-density lipoprotein cholesterol (VLDL-C) and
atherogenicity coefficient (AC) were calculated according
to the formula of W.T. Friedewald and co-authors. TG/Gly

and TG/HDL-C ratios were calculated by dividing the se-
rum concentration of TG by glucose and TG by HDL-C
measured in mmol/1.

The level of insulin in blood serum was determined by
enzyme-linked immunosorbent assay (ELISA) using test
systems of the Chema company (Ukraine). HOMA-IR was
calculated according to the formula: HOMA-IR = fasting
glucose (mmol/1) x fasting insulin (uU/ml) / 22.5. ELISA was
performed using Stat Fax 303 Plus analyzer (USA), on which
optical density was measured at a wavelength of 450 nm.

Statistical processing of the results was performed using
the Statistica 10.0 software package. The compliance of the
data distribution with the law of normal distribution was
checked using the Shapiro-Wilk method. The median (Me),
lower (Q1) and upper (Q3) quartiles were used to describe
the data. The comparison of indicators between groups was
carried out using a nonparametric method (Mann-Whitney
U test). Statistical significance was assessed at a level not
lower than 95.0 % (p < 0.05).

Results

The analysis of the data showed statistically significant
differences in most lipid metabolism parameters in patients
of both groups compared to the controls. However, the most
profound lipid metabolism disorders were characteristic of
patients of group II (Table 1).

Researchers observed the presence of hypolipidemia as-
sociated with SARS, which was manifested by low levels of
TG, TC, HDL, and LDL in the blood serum (active phase
of the disease) [15]. Alterations in fatty acid metabolism
in patients with NAFLD (data presented above) may also
contribute to the development of dyslipidemia reported in
COVID-19 [16]. In our study, dyslipidemia manifested by
a significant increase in the median TG content in groups I
and Il by 2.5 and 3.4 times (p = 0.0001), respectively; cho-
lesterol — by 1.2 times (p = 0.0425) in both groups, with a
tendency to increase; VLDL — by 1.8 (p = 0.010) and 2.5
times (p = 0.0022), respectively, and a decrease in the median
HDL content by 1.7 (p = 0.0016) and 1.9 times (p = 0.0008),
respectively. The detected changes, in turn, led to a statisti-
cally significant increase in the median AC in groups I and
I1, by 2.2 (p = 0.0036) and 2.5 times (p = 0.007), respectively
(Table 1).

It was found that patients of group I had a statistically sig-
nificant increase in the TG/Gly ratio by 1.7 times. The median
value was 0.21 (0.16; 0.30) compared to the control group:

Table 1 — Biochemical indicators of serum lipid metabolism in patients with non-alcoholic fatty liver disease
with immune response to SARS-CoV-2, Me (Q1; Q3)

Biochemical indicator Controls (n = 20) Group I (n=19) Group Il (n =18)
TC, mmol/l 4.28 (4.01; 4.55) 4.98 (4.36; 5.62)" 4.49 (4.28; 5.29)
TG, mmol/l 0.54 (0.50; 0.62) 1.36 (0.90; 1.80)*** 1.86 (1.15; 2.26)***
HDL-C, mmol/l 1.64 (1.42; 1.68) 0.96 (0.80; 1.12)*** 0.83 (0.72; 0.97)**
LDL-C, mmol/l 2.63 (2.56; 2.97) 3.33 (2.83; 4.20)** 2.88 (2.55; 3.63)
VLDL-C, mmol/l 0.34 (0.17; 0.36) 0.62 (0.41; 0.82)** 0.85 (0.53; 1.03)**
AC 1.89 (1.74; 2.61) 4.13 (3.16; 5.44)*** 4.79 (3.7; 5.58)**

Notes: the probability of changes between the indicators in groups | and Il compared to the control group: * —
p <0.05;** — p <0.01; ** — p < 0.001.

Vol. 58, No. 1, 2024

www.gastro.org.ua, https://gastro.zaslavsky.com.ua

27




MNaToAoris neyiHkwM i XxoB4oBUBiAHOT cuctemn / Pathology of Liver and Biliary Excretion System

0.11 (0.10; 0.13) (p < 0.05), while in patients of group II, an
even greater increase in this index by 2.4 times was found, with
a median of 0.35 (0.21; 0.45) (p < 0.05) (Fig. 2).

There is an independent relationship between TG/
HDL-C ratio and NAFLD, which is not associated with
obesity and dyslipidemia, so TG/HDL-C level can be used as
the best predictor of NAFLD. Our results showed an increase
in the median of TG/HDL-C ratio in patients of group I by
3.6 times (p < 0.05), which was 1.14 (0.76; 2.06), compared
to the healthy controls: 0.32 (0.28; 0.34), and a statistically
significant increase in group II by 6.8 times (p < 0.05), where
the median value was 2.20 (1.12; 3.19) (Fig. 3).

The difference in the levels of TG/Gly and TG/HDL-C
between groups I and II was a statistically significant increase
by 1.5 (p = 0.038) and 1.9 times (p = 0.035), respectively.

In patients with NAFLD, statistically significant diffe-
rences in carbohydrate metabolism in terms of insulin and
HOMA-IR were found: in group I, an increase by 2.5 times
(p <0.05), in group Il — by 2.4 times (p < 0.05), and there
was a significant increase in HOMA-IR compared to the
control group (Table 2).

The conducted studies showed that HOMA-IR in 84.2 %
of patients in group I and 94.4 % in group II was higher than
3.0. The medians were significantly different from the data in
the control group, namely, there was an increase by 3.1 times
(p <0.05) in group I and by 3.0 times (p < 0.05) in group II.

Discussion

One of the most well-known mechanisms of disease
progression in NAFLD is steatosis. When the ability of he-
patocytes to synthesize TG exceeds their ability to get rid of
them, they accumulate inside them as fat. Although TG are
not toxic themselves, their precursors such as VLC and other

metabolic byproducts like reactive oxygen species are toxic to
hepatocytes. The accumulation of these byproducts is known
as lipotoxicity [17]. Due to impaired lipid metabolism, pa-
tients with NAFLD experience intra- and intrahepatic li-
pid accumulation such as increased hepatic consumption of
VLDL and VLDL synthesis, dysregulation of TG export, and
decreased HDL and cholesterol levels. Inflammation also
contributes to the production of cytokines, intestinal pro-
ducts (e.g., lipopolysaccharide), and hepatotoxic mediators
that can worsen NAFLD if they affect hepatocytes [7, 10].
In patients with NAFLD who had SARS-CoV-2, lipid
metabolism disorders worsen, namely, the content of VFAs
in the blood serum can both increase and decrease, the syn-
thesis of fatty acids in the liver with abnormal -oxidation in-
creases, and a greater percentage of TG in the liver is formed
from absorbed non-esterified fatty acids. The metabolism of
FFAs is as important for viruses as it is for eukaryotic cells.
However, since viruses do not have enzymatic pathways to
synthesize FFAs, they separate the machinery from host
cells and manipulate the host cell’s lipid metabolism to fa-
cilitate their assembly and replication without considering
the consequences for the host. One of the virus strategies
is to reprogram the host’s fatty acid metabolism to provide
the necessary fatty acid molecules for the synthesis of virion
replication membranes. Isomers of SREBP are involved in
this metabolic reprogramming. As an example of such repro-
gramming, Middle East respiratory syndrome coronavirus
and flavivirus can manipulate host cellular lipid metabolism
and reprogram de novo the SREBP-dependent lipogenesis
pathway to enable its replication. Analysis of plasma lipids
from patients with Ebola virus disease has shown that lipids
are important for structural components of the viral mem-
brane, signaling molecules, and as a source of energy. This
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Figure 2 — Distribution of absolute TG/Gly values
in patients with NAFLD with an immune response
to SARS-CoV-2, Me (Q1; Q3)

Figure 3 — TG/HDL-C levels in patients
with NAFLD with an immune response
to SARS-CoV-2, Me (Q1; Q3)

Table 2 — Indicators of carbohydrate metabolism in patients with NAFLD with an immune response
to SARS-CoV-2, Me (Q1; Q3)

Biochemical indicators Group | (n =19)

Group Il (n =18) Controls (n = 20)

Insulin, plU/ml 27.7 (19.3; 39.1)* 25.9 (20.0; 38.7)* 11 (2.3; 19.4)
Glucose, mmol/L 5.3 (4.75; 5.35) 5.5 (4.6; 5.6) 4.4 (4.1;4.7)
HOMA-IR 6.5 (4.15; 8.4)* 6.2 (4.5; 8.9)* 2.1 (1.4;2.8)

Note. * — p < 0.05 compared to the control group.
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suggests that altering the lipid homeostasis of host cells is
a strategy of the virus to create a suitable environment for
replication [9, 10].

The progression of metabolic disorders associated with
obesity such as IR and dyslipidemia, inflammation contribute
to the development of cardiovascular disease, type 2 diabetes
mellitus, fatty liver disease, which significantly impair the
quality of life, reduce life expectancy and increase mortality
at a young age [7, 11, 18]. According to current concepts, the
inducer of metabolic disorders is low-grade inflammation
induced by adipocyte dysfunction in the context of obesity.
Metabolically active cells such as adipocytes secrete numerous
anti-inflammatory cytokines and chemokines, adiponectin,
and leptin in obesity [19]. According to many authors, TNF-a,
and interleukin-6 play the most important role in the patho-
genesis of NAFLD among inflammatory mediators [11, 12,
13, 20]. They are non-adipose tissue-specific cytokines but
have a significant impact on the metabolism of fats and carbo-
hydrates [21]. However, other studies have shown that severely
malnourished individuals show signs of systemic inflammation
with increased serum interleukin-6 concentrations compared
to healthy individuals [22]. Increased production of TNF-a
and interleukin-6 is believed to play a special role in the patho-
genesis of IR. Many researchers consider TNF-o as a mediator
of IR in obesity. There is evidence of the ability of TNF-a to
enhance cell necrosis and apoptosis [21, 23].

In our study, it was determined that carbohydrate meta-
bolism disorders in the form of IR are typical for patients with
NAFLD. It is known that IR triggers visceral fat lipolysis and
oxidation of free fatty acids by the liver, causing gluconeo-
genesis and fatty infiltration of hepatocytes [10, 19]. IR also
leads to atherosclerotic changes in arterial vessels, resulting in
changes in their elastic and elastic properties [21, 24].

Conclusions

1. Patients with NAFLD with an immune response to
SARS-CoV-2 have lipid metabolism disorders. Thus, dyslipi-
demia manifested by a significant increase in the median TG
content in groups I and I1 by 2.5 and 3.4 times (p = 0.0001),
respectively; cholesterol — by 1.2 times (p = 0.0425) in
both groups, with a tendency to increase; VLDL — by 1.8
(p = 0.010) and 2.5 times (p = 0.0022), respectively, and a
decrease in the median HDL content by 1.7 (p = 0.0016) and
1.9 times (p = 0.0008), respectively. The detected changes led
to a statistically significant increase in the median atheroge-
nicity coefficient in groups I and I1, by 2.2 (p = 0.0036) and
2.5 times (p = 0.007).

2. It has been found that patients with NAFLD with
an immune response to SARS-CoV-2 have carbohydrate
metabolism disorders. An increase in the HOMA-IR was
found, by 3.1 times (p < 0.05) in group I and by 3.0 times
(p <0.05) in group 11 compared with controls, indicating the
development of insulin resistance in patients with NAFLD.

3. Patients in groups I and II had a statistically significant
increase in the following ratio: TG/Gly by 1.7 and 2.4 times,
TG/HDL-C in by 3.6 and 6.8 times (p < 0.05). The detected
changes were more pronounced in patients of group I1.

4. TG/Gly and TG/HDL-C ratio should be included in
the diagnostic algorithm for screening metabolic disorders in
patients with COVID-19 who are overweight or obese.
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CrenaHos tO.M., AineHko B.1., KneHiHa I.A., Tarapyyk O.M., MeTituko O.I1.
AY «HctutyT ractpoeHTrepoiorii HAMH YikpaiHu», M. AHINpo, YkpaiHa

MeTa60oAI4HI NOPYLUEHHS B NALEHTIB i3 HEAAKOTOAbHOIO YXMPOBOIO XBOPOGOIO NEeYiHKU
3 iIMYHHOIO BiAMOBiAAIO HO SARS-CoV-2

Pestome. Axmyaasvnicms. Bimomo, 110 TSXKKWIA TOCTpUI pectTi-
paTopHuit cuHapoM KopoHaBipycy 2 (SARS-CoV-2) 3paTHuit
OesnocepenHbo iH(piKyBaTH renarount. BomHovyac HamIMIIKOBa
Bara Ta OXHMPiHHSI € CypOTaTHUMM MapKepaMu HECTIPUSTIUBUX
HaciakiB kopoHasipycHoi xBopobu 2019 (COVID-19). Mema:
OLIHUTHU 3MiHM JIiMiTHOTO Ta BYIJIEBOJHOIO METabOJi3My Ta ix
iHIEKCiB y CMpOBaTLi KPOBi Malli€HTIB i3 HEAJIKOTOJbHOIO XU~
poBoio xBopoboio nevinku (HAXKXIT) 3 iMmyHHOIO BiamoBiaaio
1o SARS-CoV-2. Mamepiaau ma memoou. Ilin criocrepexeH-
HsM 3Haxoauauch 37 ocib i3 HAXKXII, y sxux BusiBineHo IgG no
SARS-CoV-2. Yci xBopi Oyi1u po3nogisieHi Ha ABi Ipynu: Iepiia
cknananacs 3 19 yuacHukiB 6e3 SARS-CoV-2 3a nanumu T1JIP,
y npyry BBinumm 18 oci6 i3 COVID-19, mo 6yB miaTBepaxke-
Huii [TJIP-tectyBaHHsIM. B ycix maiieHTiB BU3HAaYaad BMICT 3a-
ranpHoro xonecrepuny (XC), tpurniuepuais (TT), xonecrepuny
JlinonporeiHiB Bucokoi misbHocti (XC JITIBIL), riaoko3u, xo-
JIECTEPUHY JIITOMPOTEiHiB HU3bKOI IIJIBHOCTI, XOJIECTepUHY JIIMO-
MpoTeiHiB ayxe Hu3bKoi mitbHocTi (XC JITTAHIL), koeditienT
aTepOreHHOCTI, iHAeKC iHcymiHope3ucTeHTHOCTi (HOMA-IR),
cniBBigHomeHHs TT no rmoko3u (TG/Gly) Ta TT no XC JITIBLL
(TG/HDL-C). Pesyasmamu. B oci6 i3 HAXKXII 3 imyHHOIO Bia-
noBimnio 10 SARS-CoV-2 nucnimigemist mposiBsiIacs BiporigHUM
nigBuieHHIM Menianu Bmicty TT y I Ta Il rpymi BinnmoBigHO
B 2,5 1a 3,4 paza (p = 0,0001); XC — B 1,2 paza (p = 0,0425) B

000X rpynax 3 TeHIeH1ie a0 migsuineHHs; JIMAHIL — B 1,8
(p =0,010) Ta 2,5 paza (p = 0,0022) BiamoBimHO Ta 3HMKEHHIM
menianu JITIBIL y I ta II rpyni B 1,7 (p = 0,0016) Ta 1,9 pa3za
(p = 0,0008) BimmoBimHO B cupoBaTIli KpoBi. BusiBiieHi 3MiHU
MPU3BOJIMIIN 0 CTATUCTUYHO 3HAYYIIOTO 301IbIICHHS MeliaHu
koeoiuieHTa ateporeHHocTi B [ Ta Il rpymi — y 2,2 (p = 0,0036)
Ta 2,5 paza (p = 0,007). [linBumenns innekcy HOMA-IR He mano
CTaTUCTUYHO 3HAYYIIOI Pi3HULI MiX TpynaMu: y XBopux | rpynu
BiI3HaueHo ioro 30inbiieHHs B 3,1 pa3a (p < 0,05) mopiBHSIHO
3 KOHTpoJibHOIO, y 11 Tpyni — B 3 pa3u (p < 0,05). Kpim Toro,
B 000X Trpynax BiZOyBajaoCs CTaTUCTUYHO BipOTigHE IMiABUILECH-
Hs innekciB TG/Gly Ta TG/HDL-C nopiBHSIHO 3 KOHTPOJIEM.
IIpoTte BusiBieHi 3MiHU OyJM OibII BUPa)XeHUMU B MALliEHTIB
11 rpynu, y sixiit piai TG/Gly ta TG/HDL-C 6ynu BianosinHo
B 1,5 (p = 0,038) Ta 1,9 paza (p = 0,035) Bumumu, Hix y [ rpy-
mi. Bucnosku. B oci6 3 imyHHOM0 Binmosimmaio 10 SARS-CoV-2
npu HAXKXII BcTaHOBIEHO MOPYIIEHHST MeTa001i3My JIITiaiB Ta
ByriieBoniB. [Ipy uboMy 03HaKM auciinigemii Oynu Oiibll BUpa-
KeHuMH y xBopux i3 SARS-CoV-2 B anamHe3i. CIiBBiTHOIIIEHHS
TG/Gly ta TG/HDL-C nouiibHO BKJIIOYAaTH B AiarHOCTUYHUIA
AJTOPUTM ISl OL[IHKM iHCYJIIHOPE3UCTEHTHOCTI Y XBOPUX, 1110
nepeHecnin COVID-19 ta MaloTh HAUIMIIKOBY Bary v OXXUPiHHSI.
KomouoBi ci10Ba: HeankoronsHa xxuposa XxBopooa nedinku; SARS-
CoV-2; ninigHuit 0OMiH; ByTrJIeBOAHUI 0OMiH
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