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Abstract

Background: The clinical course of COVID-19 infection varied from mild, sometimes asymptomatic manifestations to
severe ones, requiring mandatory hospitalization and emergency care, up to the need for artificial pulmonary ventilation
(ALV). Increased risk factors for adverse outcomes included older age and comorbid conditions, including non-alcoholic fatty
liver disease (NAFLD). Many studies have focused on the severity of COVID-19 in patients with non-alcoholic fatty liver
disease (NAFLD) during the pandemic, but few of them fully reflect the clinical features of COVID-19 infection in hospitalized
patients with NAFLD.

Aim: Evaluation of the relationship between laboratory parameters and the severity of COVID-19 infection in hospitalized
patients with NAFLD.

Materials and methods: The study design was a retrospective and prospective analysis of 185 medical records of
patients hospitalized in infectious diseases hospitals in Moscow from May to August 2021. Inclusion criteria were patients
with and without NAFLD, aged over 18, hospitalized with COVID-19. Exclusion criteria were age under 18 years, alcoholic
and viral liver damage. Processing of statistical data was carried out using the SPSS program and Excel application.

Results and discussion: In our study, the group of hospitalized patients with COVID-19 infection and NAFLD were
older, their average age was 52.0 (42; 64.0). The dynamics of laboratory parameters of alanine aminotransferase (ALT),
aspartate aminotransferase (AST), CRP, glutamylaminotransferase (GGTP) in patients of both groups showed statistically
significant differences on days 1, 7 and 21 of hospitalization. In the group of patients with NAFLD, a statistically significant
increase in the indicators of cytolysis and inflammation syndrome was observed, and their relationship proportionally
correlated with the need for mechanical ventilation.

Conclusion: Cytolytic syndrome in patients with NAFLD hospitalized with COVID-19 infection is a predictor of severe
course, longer hospitalization and the need for emergency medical interventions and additional costs.

Keywords: predictors, severity of the course, COVID-19, NAFLD, mechanical ventilation.
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! Kacenpa rocnurtansHom tepanum Ne 2 um. akag. .. CtopoxakoBa, Jleue6HbIN hpakynbTeT PrAOY BO
“PoccuiCKMIA HauMoHanbHbIN uccnefoBaTeNlbCKU MeAULMHCKUIA yHuBepcuteT um. H.U. Nuporoea”
MuH3pgpaBa Poccun, MockBa, Poccuiickaa Pegepaums;

>HAO «MeauumHckuit yHuBepcuteT Cemeii», r. Cemeit, Pecny6nuka KaszaxcTaH.

Beepenue. KnuHuka TeueHus COVID-19 uHcbekumm BapbupoBana OT NErkux, nopon 6ecCMMNTOMHbIX NPOSIBEHMIA 40
TSKENbIX, Tpebyowmx 0bs3aTensHON rocnuTanu3aUuy U NpoBEAEHWUS HEOTMOXHOM NOMOLLYW, BNMOTb 40 HEO6X0AUMOCTM
NpoBefeHMst CKyCCTBEHHOW BeHTUnALmMM nerkux (MBJT). ®aktopamu NoBbILLEHHOMO pucka HebnaronpusTHLIX UCXOA0B Bblnu
MOXWITON BO3PACT, KOMOPOUAHbLIE COCTOSHMS, B TOM YWCTIE 1 HeankoronbHas xuposas 6onesHb neveqn (HAXKBI). TsxecTn
TeveHuss COVID-19 y naumeHTOB ¢ HeankoronbHoM xupoBoii 6onesHbo neyern (HAXKBI) Bo Bpemst naHAeMumM NOCBSILLEHbI
MHOTME WCCrefoBaHms, OOHAKO HEMHOMME U3 HUX Hanbomnee MOTHO OTPaXaloT KNMHMYeckne ocobeHHocTn Tevenns COVID-
19 nHeKLMM y rocnTanuanpoBaHHbIx naumeHTos ¢ HAXKBI.

Lenb nccnepoBanus: OueHka cBs3u nabopatopHbix nokasatenei ¢ TsxecTblo TeueHus COVID-19 uHdekumn y
rocnuTanManpoBaHHbIx naumeHTos ¢ HAXKBIT.

Matepuansl U mMeToAbl uccneaoBaHua: [u3aiiH uccnefoBaHns — PETPOCNEKTUBHBIA W NPOCNEKTUBHLI aHanus 185
ncTopuit GoNesHn NauneHToB, rOCNUTANM3NPOBaHHbIX B MH(EKLMOHHbIE CTaumoHapb! . MOCKBbI B MEpUOL C UIOHS MO aBryct
2021 roga. Kpumepuem ekmroyeHust Boinu naumentsl ¢ HAXBI n 6e3 HAXBI, rocnutanuauposanHbie ¢ COVID-19, B
Bo3pacte crapwe 18 net. Kpumepuem ucknoyeHus Bbinn Bo3pacT Monoxe 18 ner, ankoromnbHble U BUPYCHbIE MOpaxeHns
neveHun. OBpaboTka CTaTUCTUYECKINX AAHHBIX NPOBOANNACK C NOMOLLbIO nporpamMmMbl SPSS u npunoxenns Excel.

Pe3synbTaTbl uccnepoBaHua u obcyxkaeHue: B Hawem vccnegoBaHuy rpynna rocnUTanmanpoBaHHbIX MaLMEHTOB C
COVID-19 wHdekumein n HAXKBI 6o Gonee crapluiero Bospacta, WX CpegHuid BospacT coctasun 52,0(42; 64,0).
[uHamnka nabopaTopHbIX NokasaTtenei anaHnHammHotpaHcdepasbl (AJ1T), acnaptatamuHoTpaHcdepassl (AST), CPB,
rmoTamunamuHoTparcdepassl (M TIT) y naumeHToB 060MX rpyNN Nokasana Hanuynue CTaTUCTUYECKN 3HAYMMbIX Pa3nnymMi Ha
1,7 v 21 gHn rocnutanusaumn. B rpynne nauwentos ¢ HAXBIT Habnioganoc CTaTMCTMYECKM 3HAYMMOE MPEBbILLEHNE
nokasaTenen CMHApPOMa LMTONM3a 1 BOCMaNEeHMs 1 X CBA3b MPOMOPLIMOHabHO KoppenupoBana ¢ HeobxoaumocTbto B MBJI.

BbiBog: Liutonutiyeckuin cHapom y rocnutanmanpoBaHHbix ¢ COVID-19 nHdekumeir naumentos ¢ HAXKBI sienseTcs
NPEeLVYKTOPOM TSDKENOrO TeyeHusi, bonee AMWUTENbHOM rocnuTanu3auuu 1 HeobXxoauMMOCTH HEOTNOXHBLIX MEeOULMHCKMX
BMELLATENBCTB U AOMONHUTENbBHBIX 3aTpar.

Knroyeenie cnosa: npedukmopsl, msxecms meverusi, COVID-19, HAXKBI, B/

Tyninpgeme
ANKOronbCi3 MAWUNbI BAYbIP AYPYbl BAP HAYKACTAPOA COVID-
19 UHOEKLIMACDBIHbIH AYBIPJIbIK ASPEXECIHIH KNMUHUKAIDBIK
XKOHE 3EPTXAHAIJDbIK BOIDKAYUWbIJIAPDI
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1 akap. .. CtopoxakoBa atbiHaarbl Ne 2 rocnutanbabiK Tepanua kadeapachl., MeauumHa cdakynbTeTi,

denepanablk MEMINEKETTIK aBTOHOMAbI XXOFapbl OKY OpHbl «Pecen yNTThIK 3epTTey MeauLmHa
HuBepcuTteTi. H.U. MuporoB», Pecen [leHcaynbik caktay MMHUCTpRiri, Mackey k., Pecen ®Pegepaumschoi;
«Cement meguumHa yHuBepcuteTi» KeAK, Cemen K., KazakctaH Pecny6nukacsl,

Kipicne. COVID-19 uHGeKUMACHIHBIH, KNWHUKaMNbIK aFbiMbl KON Xargainapga XeHin, keige acumntomaTiKanblk
KepiHicTepaeH, Kel xarfainapia MIHOETTi aypyxaHara XaTKbl3ydbl XaHe xefen MeAuuuHanblK KOMEKT KaXeT eTeTiH
ayblp KepiHicTepre [AemiH, ©KneHiH xacaHbl BeHTMRAUMACHIH (AXOK) KaxeT eteTiHre [feitiH e3repai. YKaFbIMCbI3
HOTUXENEPLiH, XXoFapbinaybl Toyeken akTopnapblHa erfe XacTtarbl XaHe inecneni xaraainap, COHbIH, illiHAe ankoronscis
Manbl 6aybip aypybl (NAFLD)kipesi. KentereH 3epTTeynep naHaemus kesiHae ankoronscis mannbl 6aybip aypybl (NAFLD)
Bap Haykactapga COVID-19 aybipnbiFbiHa OaFbiTTanfaH, gereHmet, septreynepae (NAFLD) 6ap rocnutanusauumsnaxfaH
HaykacTapgarbl COVID-19 MHEKLMACHIHBIH, KNMHWUKAMbIK €PEKLLENIKTEPIH TOMbIK KOPCETUNMETEH.

3eptrey makcatbl: NAFLD 6ap aypyxaHara XaTKbli3bifiFaH NauyueHTTepaeri 3epTxaHanslk kepceTkiwTep meH COVID-
19 MHEKUMACBIHBIH, aybIPIbIFbl apacbiHAarbl baiinaHbICTbl baFanay.

Matepuangap meH 3epTTey agictepi: 3eptrey amsanHbl: 185 mauynenttepauH 2021 XbingblH Mambip MEH Tambl3
annapbiHga Mackeygeri XyKnanbl aypynap aypyxaHanapbiHha eMaenreH aypy TapuXTapblHblH PETPOCMEKTUBTI XoHe
nepcnekTueanslk Tangay. Kocbiny kpumepudnepi 18 xactaH ackaH, Kosua-19 aypyxaHacbiHa xatkbissinFaH NAFLD 6ap
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XOHe OHCbI3 HaykacTap Gongbl. LibiFapydbiH kpumepulinepi 18 xacka AewiHri xac, ankoronbaik XeHe BUPYCTbIK baybip
3aKpiMgaHybl 6ongpbl. CtatucTukanblk MonimeTTepai eHaey SPSS 6argapnamackl MeH Excel 6aroapnamachblHbiH
KeMeriMeH xy3ere acbipbingbl.

3eptTey HoTuxenepi: bisgiH 3eptTeyimisge COVID-19 uHdekumscel xaHe NAFLD Gap aypyxaHaFa xaTKbl3bliFaH
naumeHTTep ToBObl XacTapbl yNkeHipek 6ongpl, onapablH, opTaiia xackl 52,0 (42; 64,0) bongsl. AnaHuHaMmuHoTpaHchepasa
(AITT), acnaptatamuHoTpaHcdepasa (ACT), CPI, rnyrammnamuHoTpaHcdepasa (ITTM) 3epTxaHanblk KepceTKilUTePiHIH
AMHaMUKachl eki TOnTaFbl emaenyLlinepae rocnutanusauusHbiy, 1, 7 xoHe 21-Wi KyHaepiHoe CTaTUCTUKanbIK MaHpI3abl
albipmawbinbikTapabl kepcetTi. NAFLD Gap Haykactap ToGbliHAA GUOXUMMANBIK KaH KOPCETKILLTEpiHiH CTaTUCTUKambIK
MaHbI3dbl  XofFapbinaybl Oalikandbl XoHe OnapAblH  apakaTbiHachkl MeXaHWKamblK KengeTy  KaxeTTiniriveH
nponopumoHanabl  koppenauusnangsl. NAFLD 6ap Haykactap ToOblHAQ OMOXUMMSNBIK KaH  KepCeTKLUTEpiHiH
CTaTUCTUKarbIK MaHbI3bl XOFapblnaybl barikanibl xaHe onapgbiH apakaTbiHaChl MEXaHWKanbIK KeNgeTy KaxeTTinirimeH
NponopLyoHanbl KoppensuusnaHapi.

KopbiTbiHabl: COVID-19 nHbekumsicbiMeH aypyxaHara xatkbisbiniFaH NAFLD 6ap HaykacTapaarbl LATONMUTUKAbIK
CMHOPOM ayblp aFbIMHbIH, Y3aK aypyxaHafFa XaTKbl3y[blH X8He KOCbiMia MeauuMHanblK apanacynap MeH KOcbiMLia
LWbIFbIHAAPAbIH KaXEeTTiniriHiH 6omkambl 6onbin Tabbinagsl.

Tytindi ce3dep: bomkaywbinap, aybipibirsbl, COVID-19, NAFLD, mexaHukanbik xendemy.
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Introduction

The COVID-19 pandemic has posed a significant
challenge to humanity, resulting in the loss of more than 7
million lives worldwide [7]. The course of the infection can
vary from mild, with sometimes asymptomatic symptoms, to
severe cases that require mandatory hospitalization and
even artificial lung ventilation, incurring additional costs.

COVID-19 has become a crucial factor influencing the
course and outcomes of existing chronic conditions.

According to numerous epidemiological studies, among
hospitalized patients with COVID-19, there was a high
prevalence of concomitant diseases such as obesity,
diabetes mellitus, cardiovascular diseases, hypertension
and chronic obstructive pulmonary disease. Studies have
also shown that patients with liver disease make up from 1
to 11%, among whom the majority suffer from non-alcoholic
fatty liver disease[19]

In recent decades, there has been a trend towards a
significant increase in the number of patients with non-
alcoholic fatty liver disease. Recent meta-analyses show
that over 30% of people worldwide suffer from non-alcoholic
fatty liver disease [13]. By 2030, according to experts, it is
expected that the proportion of patients with NAFLD will
increase by 63%, given the pandemic increase in the
incidence of obesity and type 2 diabetes among the
American population [8].

COVID-19 infection has significantly worsened the
current situation along with the global increase in the
prevalence of NAFLD. During the COVID-19 pandemic,
patients with NAFLD were at high risk of adverse outcomes

due to the presence of "aggravating factors such as
dyslipidemia, hypertension, and overweight [14].

In the South Korean cohort (74,244 examined), among
2,251 patients with a positive test for COVID-19 (45 of
whom died and 438 had severe COVID-19 infection),
patients with pre-existing non-alcoholic liver damage
showed a higher susceptibility to infection (11-23%), as well
as an increased risk of severe course by 35-40%[12).

Currently, with the continued spread of COVID-19
infection, there remains a risk of susceptibility and adverse
outcomes among patients with NAFLD. It remains relevant
to identify and comprehensively assess the clinical and
morphological predictors of severe COVID-19 infection in
patients with NAFLD.

Based on the fact that patients with NAFLD are a fairly
common cohort and require close attention in the context of
the ongoing spread of COVID-19 infection, the purpose of
our study was to evaluate clinical and laboratory
parameters in patients with NAFLD hospitalized with
COVID-19 infection and identify their connection with the
need for additional oxygen support (ventilator).

Materials and methods

A controlled retrospective and prospective study was
conducted based on the analysis of primary medical records
(medical histories, extracts from medical records and data
from outpatient records) of patients hospitalized with COVID-
19 infection in repurposed infectious diseases hospitals in
Moscow in the period from June to August 2021.

Sample formation. Out of the total number of medical
records, 185 medical records were selected by random
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sampling, the data of which were analyzed to obtain reliable
values.

The design and methodology of the study were
reviewed and approved by the local Bioethics Committee at
the Russian National Research University named after N.I.
Pirogov.

The criteria for inclusion of patients in the study were:
patients over 18 years of age; positive PCR test for COVID-
19; hospitalization in infectious disease department;
presence of non-alcoholic fatty liver disease in patients of
the main group (clinical, laboratory, and instrumental
criteria)

Criteria for excluding patients: Patients with existing
clinical, laboratory, immunological, and instrumental signs
of liver damage of autoimmune, viral, alcoholic, or
hereditary origin.

The results of a general blood test were extracted from
the primary medical records of all patients:

-the results of a biochemical blood test and their
dynamics on days 1, 7 and 21 of hospitalization (ALT, AST,
GGTP, CRP, ferritin, D-dimer );

-ultrasound data of abdominal organs (size, structure,
echogenicity, contour of the liver); information about
hospitalization in the ICU; data on concomitant diseases.

Height and weight were measured in all patients of
groups | and II, and BMI was calculated using the formula:

BMI= Weight (kg)/ Height (m)2.
All patients were conditionally divided into two groups:
1 - the main group of 88 patients with NAFLD;

2- the control group of 97 patients without NAFLD.

The results were evaluated according to the criteria of
the disease outcome: clinical and laboratory parameters,
duration of hospitalization, and the need for artificial lung
ventilation (ventilator).

Statistical analysis of the results

Statistical data processing was performed using the
software "STATISTICA 10" (StatSoft, 2010). The mean
valuet standard deviation was used to describe quantitative
variables with a normal distribution, and quantitative
variables with an abnormal distribution were expressed as a
median with an interquartile range. Categorical data were
presented as a percentage frequency. Pearson's chi-
squared criterion was used to identify the relationship
between qualitative variables. The unpaired t-test/Wilcoxon
rank sum test was used to compare quantitative
characteristics between the two groups. Statistical
hypotheses were tested at the significance level (p<0.05).

Results

General characteristics of the sample

The average age of the patients included in the study
was 46.0 (33-58) years.

The average number of days of hospital stay was 30.0
days.

All patients in the main (I ) and control (Il ) groups had
their height and weight measured, as well as their BMI
calculated. The average body mass index was 28.2+ 4.95.

The comparative characteristics of groups | and Il are
presented in Table 1

Table 1.
Comparative characteristics of groups | and Il by age, BMI, number of days of hospitalization.
with NAFLD without NAFLD P
Age (Me, Q1;Q3) 52,0(42;64,0) 38,0(29; 50) 0,001
number of days of hospitalization (Me, Q1;Q3) 27 (29,2;35,4) 25 (26,1;29,7) 0,023
Body Mass Index(Me, Q1;Q3) 30,5 (25,4; 33,0) 25,9 (23,8; 28,9) 0,001

As can be seen from the data presented in Table 1,
patients with NAFLD were older, had an increased body
mass index, and had a longer hospitalization compared with
patients without NAFLD.

Laboratory results:

Analysis of blood biochemical parameters ALT, AST,
GGTP, C-reactive protein, ferritin, D-dimer in patients
included in the study showed a statistically significant
difference of 1.7 and 21 days of hospitalization.

Laboratory blood counts at 1.7 and 21 days are shown
in Table 2

Table 2.

Comparative characteristics of laboratory parameters in patients of groups | and Il on days 1, 7, 21 of

hospitalization.

Indicators with NAFLD n1=88 without NAFLD n2=97 P
ALT_ (Me, Q1;Q3) 175,2(175,1; 175,6) 34,8 (23,4; 52,4) <0,001
ALT_7 (M, Q1;Q3) 175,4 (175,1; 175,7) 56,0 (37,5; 91,2) <0,001
ALT_21 (Me,Q1;Q3) 175,3(175,1;175,7) 54,3 (40,6;80,6) <0,001
AST (Me, Q1;Q3) 56,8(36,2;90,8) 30,2 (20,4;38,8) <0,001
AST_7 (Me, Q1;Q3) 106,4(56,4;183,6) 44,4 (29,8;84,3) <0,001
AST_21 (Me,Q1;Q3) 75,2(42,4,96,0) 46,8 (34,7;71,8) <0,001
GGTP (Me, Q1;Q3) 68,7(48,8,115,4) 42,4(32,0;54,8) <0,001
GGTP 7(Me, Q1;Q3) 119,4 (79,7;210,8) 54,0(40,5;101,3) <0,001
GGTP 21(Me,Q1;Q3) 100,4(78,4;132,8) 64,6( 45,3; 89,8 <0,001
CRP_(Me,Q1;Q3_ 12,7(7,7;,23,8) 7,6(5,4;11,6) <0,001
CRP 7_(Me,Q1;Q3 76,5(18,2;153,5) 27,9(18,4;56,1) <0,001
CRP 21_(Me,Q1;Q3 20,2(9,6;35,4) 10,4(8,1;19,4) <0,001
Ferritin ( Me, Q1;Q3) 119,4(92,2;156,3) 164,4(118,7;187,0) <0,001
Ferritin_7(Me,Q1;Q3) 210,4(128,9; 324,0) 214,6(196,5;300,2) <0,195
Ferritin_21(Me,Q1;Q3) 223,2(114,6;391,0) 178,0(147,7;215,3) <0,039
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According to the data presented in Table 2, initially,
from the first days of hospitalization, patients with NAFLD
showed a significant increase in biochemical parameters:
ALT, AST, GGTP, CRP, which indicates that they have
chronic inflammatory process, which is aggravated during
COVID-19 viral infection (Fig. 1);

ALT, AST indicators increase significantly by the 7th
day of hospitalization, and remain high throughout
hospitalization, which indicates significant cytolysis and
hyperfermentemia in patients with NAFLD compared with
patients without NAFLD (Fig. 2).

The severity of the inflammatory process and a significant
immune response reflect the indicators of CRP on the first day
of hospitalization, which initially differ statistically significantly in
patients with NAFLD compared with the indicators of CRP in
patients without NAFLD (Fig. 3).

Of 185 patients with COVID-19 infection, 44 (23.7%)
underwent artificial lung ventilation (ventilator). Data on the
degree of lung damage and the number of ventilators
performed in patients of groups | and Il are shown in Table 3.

Mann-Whitney U criterion for independent samples

Mann-Whitney U criterion for independent samples

NAFLD
Yes No
2500N = 88 IN = 97 250,0
Average rank 141.45 Average rank = 49.04

2000 200,0

150,0 1500
jry g
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Figure 1. Average ALT values in patients of groups
I and Il on day 1 of hospitalization.

Mann-Whitney U criterion for independent samples
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Figure 2. Average ALT values in patients of groups Figure 3. Indicators of CRP in patients of groups
land Il on the 21st day of hospltallzatlon. land Il on day 1 of hospitalization.
Table 3.
Comparative characteristics of the degree of lung damage and the number of ventilators performed in patients of
groups l and Il.
Indicators With NAFLD n=88 Without NAFLD n=97 P
CT scan of the degree of lung damage
Initial 12 (13,6%) 24 (24,7%)
moderate 44(50,0%) 49 (50,5%)
Medium heavy 22(25,0%) 16 (16,5%) <0,171
Heavy 10 (11,3% 8 (8,2%)
VENTILATOR With NAFLD Without NAFLD
There was no 62(72,5%) 79(81,4%) <0,08
There was 26(29,5%) 18 (18,6%)

As can be seen from the data presented in Table 3,
moderate (50%) and moderate-severe (25%) lung
lesions were more common among patients with NAFLD
compared with patients without NAFLD, in whom initial
(24.7%) and moderate (50.5%) lung lesions prevailed.

Among patients requiring artificial lung ventilation for
patients with NAFLD was higher (29.5%) than among
patients without NAFLD (18.6%).

Comparing whether there is a link between an increase
in body mass index and the need for artificial ventilation in
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patients of both groups in our study, we had a statistically
significant difference between the groups, namely in the
group with NAFLD it was higher (Fig. 4; Table 4)

To investigate the association between BMI and the
requirement for mechanical ventilation in patients with
NAFLD, a correlation analysis was conducted, as presented
in Table 4.

450
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157 —

&
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Index_1lmass_bod

150
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Artificial lung ventilation_(3/0)
Figure 4. The relationship between BMI and the need for
ventilation in patients included in the study.

Table 4.
Association of BMI in patients with NAFLD with the
need for ventilation.

The ventilator

was not all
The BMI
1(<20,0) 1 0 1
2(<25,0) 12 0 12
3(>25,0) 49 26 75
All 88

According to the data presented in Fig. 4 and Table 4,
the need for artificial lung ventilation was more often
needed by patients with elevated BMI (asymptotic
significance of Pearson p < 0.041)this indicates the severity
of COVID-19 infection and longer hospitalization in these
patients.

In our study, we found a statistically significant
association between levels of ALT and AST at 1.7 and 21
days after admission to the hospital and the need for
mechanical ventilation in patients with non-alcoholic fatty
liver disease (NAFLD) (p < 0.0001).

Discussion of the results

The results of the study revealed that in patients with
NAFLD hospitalized with COVID-19 infection, predictors of
severe course are older age, high BMI, elevated
biochemical parameters (ALT, AST, GGTP, CRP) upon
admission and their significant (2-3 fold) increase by day 7,
which persists until day 21 of hospitalization.

The results of our study are confirmed by previous data
from other researchers. Thus, in a retrospective study by
Chinese scientists [11], patients with older NAFLD, with a
high BMI and with a higher percentage of concomitant
diseases had a progressive course. In addition, patients
with NAFLD had a higher risk of disease progression (6.6%
vs. 44.7%; p < 0.0001) and a longer virus release time (17.5
+ 5.2 days vs. 12.1 + 4.4 days; p < 0.0001) compared with

patients without NAFLD. It was also noted that NAFLD is an
independent risk factor for the progression of COVID-19
disease [11]. In a large randomization Mendelian analysis
[18], an association was noted between an increased BMI
in NAFLD and the severity of COVID-19.

The course of COVID-19 infection in patients with
NAFLD, as well as in most patients with COVID-19, can
vary from an asymptomatic course and mild flu-like
manifestations, initially in the form of headache, myalgia,
fever, dry cough and fatigue, to moderate and severe,
which are complicated by shortness of breath of varying
severity. COVID-19 infection has a favorable prognosis in
most patients, but some patients have a high risk of
complications and critical conditions, up to fatal outcomes
[22].

According to previous studies [4,9], liver damage was
observed from 14 to 53% in patients with COVID-19, and
manifested by elevated ALT and AST levels, and the
incidence of liver damage in severe patients with COVID-19
was significantly higher than in patients with mild severity
[27].

In our study, dynamics of biochemical parameters in
1,7,21 days of hospitalization show that patients with
NAFLD have elevated ALT and AST levels at the onset of
COVID-19 disease, which indicates an existing chronic
inflammation that significantly affects the course and
severity of COVID-19 infection. Thus, the severity of the
cytolytic syndrome is an indicator of the degree of activity of
the pathological process in the liver.

Liver damage in COVID-19 infection has a multifactorial
character, in particular as a result of direct viral exposure
and mediated by hyperactivation of proinflammatory
mechanisms, in addition, drug-induced effects are also
important. The entrance gate of the SARS-cov-2 virus

It is the epithelial cells of the respiratory tract,
hepatobiliary tract, and intestines due to the high affinity of
the coronavirus protein S to the angiotensin converting
enzyme (ACE) receptor. A number of studies have noted
that COVID-19 infection significantly enhances the
expression of ACE receptors [26], which contributes to an
increased immune response, which leads to damage to
hepatocytes [24].

The state of sluggish chronic inflammation in patients
with NAFLD leads to hypoxia of adipocytes and their
dysfunction. In turn, this contributes to the increased
release of pro-inflammatory cytokines such as IL-6, IL-8, C-
reactive protein, TNF-a and activation of the macrophage
system, cellular and humoral immunity. This condition is
aggravated by the viral load of COVID-19 infection and the
response of systemic activation of immune defense
mechanisms, which increases the ongoing inflammation of
hepatocytes, and leads to extensive damage to
hepatocytes. Also, insulin resistance in patients with NAFLD
is one of the factors of inflammation progression [6].

Along with these, dysfunction of the intestinal barrier
contributes to the intensification of these inflammatory
processes, which in turn leads to the translocation of
bacteria or bacterial components into the portal circulation
and the induction of liver inflammation [19].

Manifestations of the metabolic syndrome, in particular
obesity, lead to increased secretion of proinflammatory
leptin, interleukin (IL)-6 and tumor necrosis factor (TNF)-a
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from peripheral adipose tissue [1]. Severe dyslipidemia due
to an imbalance between lipolysis, oxidation, secretion and
absorption of lipids between adipose tissue and the liver
contributes to liver steatosis, as well as lipotoxicity, affecting
key cellular elements such as the endoplasmic reticulum or
mitochondrial function.

Due to the occurrence of a vicious circle, metabolic
pathways in the liver are disrupted and further enhance the
imbalance in lipid metabolism [10] and, consequently,
lipotoxicity. Then, stellate cells are activated and cytokines
are produced by Kupfer cells, where IL-1B, TNF-a, IL-6,
interferon (IFN)-y, nuclear factor-kappaV and reactive
oxygen species are key pro-inflammatory factors that
support chronic sluggish inflammation and contribute to the
development of fibrosis [2, 8, 23].

The data from previous studies are consistent with the
results of our study, in which ALT values in patients with
NAFLD initially significantly (4-5 times) (p<0.001) exceeded
ALT values in patients without NAFLD on the first day and
remained high throughout the entire period of
hospitalization, which is confirmed by pronounced cytolytic
syndrome and hyperfermentemia in these patients on the
background of COVID-19 infection (Table 2).

Cytolysis syndrome occurs due to a violation of the
structure of liver cells, primarily hepatocytes. The peroxide
oxidation of membrane lipids increases, which becomes
permeable to some substances, including intracellular
enzymes.

AST indicators were also increased in patients with
NAFLD on day 1 of hospitalization and these indicators
increased 2-fold on day 7 compared with AST indicators in
patients without NAFLD (p<0.001) and decreased slightly
by day 21. Also, the indicators of C reactive protein in
patients with NAFLD were initially high on day 1 and
significantly (5 times) increased by day 7 of hospitalization
(p<0.001), which confirms the severity of the inflammatory
process and activation of the immune response.

The results of our study are consistent with previous
studies, for example, in a large review it was shown that
COVID-19 leads to an increase in liver enzyme levels in
about 17-58% of patients, while an increase in
transaminase levels ("hepatitis") prevails, and cholestatic
conditions are much less common, indicating predominantly
hepatocytic damage [3, 5, 8, 25].

According to previous studies, hospitalized patients with
COVID-19 have both direct viral cytotoxic damage to
hepatocytes and cholangiocytes, as well as indirect drug
damage and an increased immune response due to
increased production and excess of cytokines, and as a
result, an exacerbation of existing liver disease occurs [10].

In another retrospective study by scientists from Turkey
involving 614 patients with COVID-19 infection, an
association was found between an increase in ALT, AST
and the severity of the infection [18]. Similarly, our study
revealed a statistically significant association between
elevated ALT and AST values in patients with NAFLD and
the need for artificial lung ventilation.

Thus, the presence of metabolic risks and NAFLD in
hospitalized patients with COVID-19 infection is an
unfavorable prognostic sign of the severity of the infection,
requiring careful examination and the need to identify early

symptoms (both clinical and laboratory) of liver tissue
damage and its involvement in the pathological process.

Conclusions:

Important predictors of severe course in patients with
NAFLD hospitalized with COVID-19 infection in this study
were old age, high body mass index, elevated ALT, AST,
CRP on the first and subsequent days of hospitalization.
The presence of cytolytic syndrome upon admission in
patients with NAFLD hospitalized with COVID-19 is one of
the important prognostic factors of severe infection.
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