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Metabolic Protiles of the Gut Microbiota
in Patients with Different Stages of Metabolic
Dystunction-Associated Fatty Liver Disease
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Aim: to study the metabolic activity of the intestinal microbiota depending on the stage of metabolic dysfunction-as-
sociated fatty liver disease (MAFLD).

Materials and methods. The study included 85 patients with MAFLD (27 patients with steatosis without steatohe-
patitis and fibrosis, 42 patients with steatohepatitis, 16 patients with cirrhosis as an outcome of MAFLD,
Child — Pugh class A-B) and 20 healthy people who formed the control group. The level and spectrum of short-chain
fatty acids (SCFA) were determined by gas-liquid chromatography.

Results. It was found that patients with MAFLD at the stage of steatosis and cirrhosis of the liver have unidirectional
changes in the metabolic activity of the intestinal microbiota. We established a decrease in the absolute concen-
trations of SCFA — their total content, the level of acetate, propionate, butyrate, a decrease in the level of isoacids.
The SCFA profiles showed an increase in the proportion of acetate and a decrease in propionate and butyrate. More-
over, changes in the named parameters of SCFAs are aggravated with progression to liver cirrhosis. At the stage
of steatohepatitis, we identified two subgroups of patients with different levels of metabolic activity of the microbiota.
Patients whose microbiota metabolism for SCFA production was high had correspondingly elevated SCFA levels.
And, on the contrary, patients in whom the metabolic activity of the microbiota was reduced were characterized
by a steady decrease in SCFAs and disease progression to liver cirrhosis. In the study, we showed an inverse cor-
relation between the calculated prognostic indices of NFS and FIB-4, elastography values with the total level of SCFA,
the level of acetate, propionate, butyrate. Thus, a decrease in the content of SCFA for patients with MAFLD can be
considered as a prognostic marker of an unfavorable course of liver disease.
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Llenb: n3yyeHve MeTabonnyeckom akTMBHOCTUM MUKPOOMOTbI KALLIEYHMKA B 3aBMCUMMOCTU OT CTaaum Metabonunye-
CKM acCOoLMNPOBaHHOM X1poBoi 6onesHn nevyeHn (MAXBIT).

Martepuansbi u MeToabl. B nccnenosaHme BktodeHbl 85 naumeHtoB ¢ MAXKEBIT (27 naupeHToB co cTeato30M 6e3 cTe-
aTorenaTtuta n pubposa, 42 nauyeHTa co cteartorenatmtom, 16 naumeHToB ¢ umppo3om B ncxoge MAXBI, knacc A-B
no wkane Yarnga — Meto) n 20 300pOBbLIX IOAEN, COCTABMBLUMX KOHTPOJbHYIO Fpynny. YPOBEHb 1 CAEKTP KOPOTKOLLEMNO-
YeyHbIX XMPHbIX kKnenoT (KLUPKK) onpeaensnm MeTogom ra3oxmaoKkoCTHOM XxpomMatorpaduu.

Pe3ynbratbl. Bbiio ycTaHOBNEHO, 4TO Y 60/1bHBIX MAXKBI Ha cTagum cTeatosa v LMppo3a NeYeHn 0TMeYatoTCsl OHOHA-
NpaBneHHbIE USMEHEHUSA METAOOINYECKOM aKTUBHOCTN MUKPOBNOTbI KULLIEYHMKA. YCTAHOBIEHO CHUXEHME aDCOMIOTHBIX
koHLeHTpaumi KLIXKK: nx obLiero copepyxaHusi, ypoBHS aueTara, MponvMoHaTa, 6ytmpara, CHUXKEHNE YPOBHSA M30KUCOT.
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B npodpunsax KLPKK BbisBNEHO NOBbLILLIEHME OONW aleTaTa U CHUXEHWE Oonen nponnoHarta n bytupata. Mpu aTom mns-
MeHeHus Ha3BaHHbIX NapameTpoB KLIDKK ycyrybnsoTcs npy nporpeccum B uMppoa rneveHn. Ha ctagmm cteatorenatnta
Mbl BbIOENNIN ABE NOArpynbl NALMEHTOB C Pa3HbiM YPOBHEM METAb0IMYECKON akTUBHOCTY MUKPOOMOTLI. MauneHTsI,
Y KOTOPbIX METAB0N3M MUKPOONOTHI B OTHOLLEHMM NMpondBoacTea KLIDKK Obin BbICOK, MMenn, COOTBETCTBEHHO, MOBbI-
LeHHbIM ypoBeHb KLIDKK. U, HanpoTurB, NaLMeHTbl, y KOTOPbIX METaboNMYeckasi akTMBHOCTb MUKPOOUOTbI Oblia CHUKEHA,
XapaKTepu30BaINCh HEYKITOHHbLIM CHkeHneM KLIDKK 1 nporpeccuei 3aboneBaHuns B LMPPO3 nedeHun. B nccnenosanmnm
Mbl NMOKa3asiv 0OPaTHYIO KOPPESALIMOHHYIO 3aBMCUMOCTb PACHETHbIX MPOrHocTuyeckmnx nHaekco NFS u FIB-4, 3Haue-
HWIA anacTtorpadun ¢ obmm yposHeM KLIDKK, ypoBHEM alieTaTta, nponvoHaTta, bytuparta. Takum 00pa3om, CHUKEHWE
copepxaHusa KLDKK ans naupeHtoB ¢ MAXKBIT MOXHO paccMaTpuBaTh Kak MPOrHOCTUYECKMIA Mapkep HEGaronpuUaTHO-
ro Te4eHnst 3a6oneBaHNs NeYeHun.

KnioueBbie cnoBa: MAXBI, umppo3 neyeHn, KOPOTKOLIEMOYEUHbIE XUPHbIE KUCNOThbl, MUKPOOMOTA KULLEYHWMKA, OCb
«KULLKA — NeYeHb»
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Introduction

Metabolic dysfunction-associated fatty liver dis-
ease (MAFLD) is one of the most prevalent forms
of chronic liver disease worldwide. The spectrum of
MAFLD manifestations ranges from steatosis and
steatohepatitis to MAFLD-related cirrhosis and even
hepatocellular carcinoma [1—7]. Today, MAFLD is
considered a multifactorial disease, one of the com-
ponents of which is the disruption of the human
microbiota. It is well-known that the microbiota
in the gastrointestinal tract interacts with the liver
through the “microbiota — gut — liver” axis. This
interaction involves not only bacteria and immune
cells activated by bacteria but also bacterial metab-
olites, the most common and studied of which are
short-chain fatty acids (SCFAs) — acetate, propio-
nate, butyrate [8—12]. They are formed as a result of
bacterial fermentation of indigestible carbohydrates
in the intestines. SCFAs, as one of the important
sources of energy, play a vital role in the tropho-
logical provision of the intestinal epithelium, energy
metabolism, and regulation of many physiological
functions of the human body [3, 5—10].

Previous studies have reported a relationship be-
tween SCFAs and the pathophysiology of MAFLD
[6—14]. It is discussed that the mechanism of ac-
tion of altered microbiota in MAFLD can be real-
ized both by affecting glucose homeostasis and lipid
metabolism and by inducing and maintaining the
inflammatory process in the liver, which can influ-
ence the progression of MAFLD from steatosis to
cirrhosis [5—11]. Furthermore, intestinal dysbiosis
and alterations in SCFAs production contribute to
increased epithelial permeability, endotoxemia, in-
sulin resistance, systemic inflammation, and obesity
[2—13]. In our previous study, we demonstrated that
in MAFLD at the stage of steatohepatitis, a high
level of SCFAs is associated with a low level of liver
fibrosis in these patients [14].

Aim of the study: to investigate the changes in
SCFAs levels during the transition from steatosis
without steatohepatitis and fibrosis to steatohepati-
tis with varying levels of SCFAs, and ultimately to
the stage of cirrhosis.

Materials and methods

This study was conducted in accordance with
the WMA Declaration of Helsinki and was ap-
proved by the Ethics Committee of Sechenov
University (No. 01-22 of 24 January 2022). This
study was conducted from 10 December 2022 to
25 March 2023. The diagnosis was established
based on a liver examination, biopsy data, or a
complex of clinical, laboratory, and instrumental
data [11—13].

The study included patients aged 18 to 75 years
with MAFLD who came to the clinic with signs
of liver disease. The diagnosis of MAFLD was
established upon detection of fatty liver degen-
eration according to elastometry data; in the
presence of signs of metabolic disorders (fasting
blood glucose level — 5.6—6.9 mmol/L; glucose
tolerance test (glucose level in the blood after
2 hours) — 7.8—11.0 mmol/L; glycated hemo-
globin (HbA1c) — 5.7-6.4 % or triacylglycer-
ol — > 1.70 mmol/L; high-density lipoproteins
(HDL) — < 1.0 mmol/L and < 1.3 mmol /L for
men and women, respectively) [12]; and upon ex-
clusion of other causes of liver damage, including
the denial of alcohol consumption in hepatotoxic
doses (< 30 g of ethanol per day for men and
< 20 g per day for women were allowed) for at
least 3 months. To exclude other etiologies of liver
diseases, all patients were tested for the presence
of viral hepatitis markers (HBsAg, HBeAg, Anti-
HBc-total, Anti-HBe, Anti-HBs, Anti-HCV-total,
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Anti-HAV-IgM, Anti-HAV-IgG), autoimmune
hepatitis markers (ANA, SMA and Anti-LKMT1),
as well as hemochromatosis (iron saturation of
transferrin) and Wilson’s disease (ceruloplasmin
level, Kayser — Fleischer rings, daily amount of
copper in urine, free copper level in blood plas-
ma). If the results of these tests were positive,
patients were excluded from the study.

The study did not include patients who, over
the past 3 months, had taken drugs that affect the
composition of the intestinal microbiota (probiot-
ics, prebiotics, antibiotics, prokinetics, and proton
pump inhibitors), as well as those with concomi-
tant diseases that cause changes in the composition
and metabolic function of the intestinal microbio-
ta (except for diabetes mellitus, hypertension, and
hyperuricemia in patients with MAFLD).

Of the total number of 186 patients, 107 did
not meet the criteria: other etiology of liver dam-
age (n = 89), the use of drugs that affected the
composition of the gut microbiota (n = 18).

We determined normal levels of SCFA in feces
based on the results of the control group, which
participated in our previously published study
[15]. The control group consisted of healthy vol-
unteers with no gastrointestinal tract issues; no
concomitant diseases of the respiratory, urinary,
endocrine, and cardiovascular system; and no on-
cological diseases, who went to the clinic for a
preventive examination. The subjects in the con-
trol group did not use drugs that affect the gut
microbiota.

A total of 85 patients with MAFLD were in-
cluded: 27 patients with steatosis without steato-
hepatitis and fibrosis, 42 patients with steatohep-
atitis, 16 patients with cirrhosis as an outcome
of MAFLD, Child — Pugh class A—B, and 20
healthy people from the control group. Knowing
that in patients at the stage of steatohepatitis the
level of SCFAs changes in different directions
[14], we considered it necessary to separate them
into subgroups of steatohepatitis with a high level
of SCFAs (n = 24) and steatohepatitis with a low
level of SCFAs (n = 18).

Fecal samples were collected from all study
participants and kept at —80 C°until further
analysis. Analysis of SCFAs in fecal samples
was performed using high-performance liquid
chromatography. The analysis procedure was
described by us previously [15].

Liver stiffness measurements and liver fat-
ty infiltration were determined using Fibroscan
(iLivTouch FT 100, Wuxi Hisky Company, China).
Liver steatometry and elastometry were performed
sequentially in all patients using M and XL sen-
sors at the same measurement point [14]. The con-
trolled attenuation parameter (CAP) values used

to define the presence and degree of steatosis cor-
responding to stages SO (steatosis < 10 %), Si
(steatosis from 10 % to < 33 %, mild) and S2
(steatosis from 33 % to < 66 %, moderate) were
more than 248, 268 and 280 dB/m, respectively,
whereas a CAP value > 280 dB/m indicated stage
S3 (steatosis > 66 %, severe). Liver stiffness was
expressed as the average of 10 measurements (in
kPa) performed at a depth of 25 to 65 mm. The
threshold value for defining the presence of fibro-
sis was a liver stiffness > 7.6 kPa.

Statistical data processing was carried out us-
ing the STATISTICA 10 (StatSoft Inc., USA).
Data are presented as median with interquartile
range. The significance of differences between
the two groups was assessed by using the Mann
— Whitney method. Differences in categorical
variables were determined using Fisher’s exact
test. Differences in categorical variables were
determined using Fisher’s exact test. Correlation
analysis was performed using Spearman’s method.
Differences were considered significant when the
probability of making a type I error was p < 0.05.

Results

We considered the following indicators of the
control group (Me [interquartile range]): age,
years — 56 [52—59]; Male/Female ratio — 9/11;
fecal SCFA, mg/g — 10.2 [9.76—10.7]; fecal ac-
etate (C2), mg/g — 5.87 [5.65—6.04]; fecal pro-
pionate (C3), mg/g¢ — 1.77 [1.70—1.83]; fecal
butyrate (C4), mg/g — 1.69 [1.66—1.77]; fecal
isoacids (Cn), mg/g — 0.62 [0.59—0.64]; frac-
tion of acetate, % — 61.8 [56.0—67.5]; fraction
of propionate, % — 19.1 [8.7—19.8]; fraction of
butyrate, % — 17.1 [15.3—21.0], fraction of iso-
acids, % — 5.9 [5.8—6.0], ratio of total isomers
to acids (IsoCn/Cn) — 0.07 [0.07—0.07]. There
was no significant difference between the general
group of patients and controls in terms of age and
sex distribution (p > 0.05).

The patient group with liver cirrhosis was
slightly older than the other groups. Patients
with cirrhosis had higher levels of total bilirubin,
aspartate aminotransferase (AST), gamma-glu-
tamyltransferase (GGT), and serum glucose than
patients with steatosis and steatohepatitis. Levels
of total cholesterol and low-density lipoproteins,
uric acid, albumin, hemoglobin and platelets were
significantly lower, respectively. The value of ala-
nine aminotransferase was higher in patients with
cirrhosis and steatohepatitis than in patients with
steatosis. There were no significant differences in
the triglyceride levels of all patients (Table 1).

Patients with steatosis, steatohepatitis with
low levels of SCFAs, and cirrhosis had reduced
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Table 1. Main characteristics of patients with metabolic dysfunction-associated liver diseases
Tab6auua 1. OcHOBHbIE XapAaKTEPUCTUKNU MAIMEHTOB ¢ MeTaGOJMYECKN acCOIMMPOBAHHBIMU 3a60J1eBa-

HUAMMU II€YEeHN

NASH NASH
Steatosis with high SCFA with low SCFA Liver cirrhosis
Cmeamos HACT c svicokum | HACT ¢ nusxum Iluppos neuenu
(n = 27) yposnem KI[;KK yposnem KI[;KK (n = 16)
(n=24) (n = 18)

Age, years 52 50 54 60
Bospacm, 2000t [47—58] [46—60 |* [52—60.3]¢ [54—65]°
Male/Female
Myoxuunot/ Kenugumol 11/16 13/11 4/14 6/10
Body mass index, kg/m? 29.7 33.8 31.4 32.1
Hndexc maccor mena, xz,/ m’ [28.4—32.1] [30.3—36.7] [29.1—33.2] [30.7—33.1]°
Waist circumference, cm 106 115 111 118
OxpysxHOCmM® MAUU, CM [103—111] [107—120] [103—116] [116—124 ==
Total cholesterol, mmol/L 5.7 4.9 5.5 4.4
Ob6uquii xonecmepum, MMOIb,/ L [5.2—-6.0]"" [4.3—5.2] [5.3=5.7] [3.7—5.2]="
HDL, mmol /L 1.2 0.92 0.97 1.1
JIIBII, mmonv/ 1 [1.1—1.3]" [0.89—0.991]* [0.82—1.04]%¢ [0.9—1.3]"
LDL, mmol /L 4.0 3.2 3.7 2.7
JITHII, mmonv/ 1 [3.3—4.2]" [2.8—3.5] [3.6—3.9] [2.0—3.3]="
Triglycerides, mmol /L 1.69 1.84 1.9 214
Tpuzauyepudvt, Mmoas/ 1 [1.60—2.33] [1.61—2.36] [1.5-2.3] [1.65—2.65]
Uric acid 323 323 370 247
Mouesas xucioma [293—353] [300—382]## [356—428 %% [217—274]==wo
Glucose, mmol/L 5.4 5.4 5.47 6.7
Tmokosa, mmonn,/ 1 [5.1-6.0] [4.7—6.0]* [5.50—5.60] [5.8-8.1]==
FIB-4 0.95 0.94 1.65 3.18

[0.85—1.05] [0.69—1.25]## [1.36—3.16]%¢ [2.04—4.81]=="
NES —2.15 —1.88 —0.89 0.62

[—2.44—1.93] [—3.16—0.97 J** [—1.30—0.14]%* [—0.05—1.48]===>
Liver stiffness, kPa 8.70 7.84 11.54 16.80
Kecmrxocmo neuenu, xlla [8.10—9.50] [6.62—9.36 [#* [10.46—13.33]%* [16.15—18.25]== =
Total protein, g/L 70.0 70.7 74 70.5
Ob6uui 6enok, 2/ 71 [69.0—72.0] [68.8—73.9] [72—-74]%¢ [67.5—76.5]
Albumin, g/L 43.0 44.2 44 37.1
Anvbymun, 2/ 1 [42.3—43.7] [41.8—45.4]** [43—45] [34.2—40.8]== "
Total bilirubin, umol /L 16.6 12.5 9.96 20.2
O6uwuil 6unupyoun, mkmonv/ 1| [12.4—21.9] [10.9—15.7]% [10.02—10.15]&* [13.6—27.4]=
ALT, U/L 23 49 48 42
AJIT, E0./ [20—24]" [36—55] [38—82]%¢ [31—-78]>"
AST, U/L 24 31 38 49
ACT, E0./n [22-25]" [30—34]#* [33—50]%¢ [43—70]=="
GGT, U/L 31 48 30 60
ITT, E0./ 2 [24—42] [33—57 [26—35] [53—68]==co
Alkaline phosphatase, U/L 85 74 83 91
Ilenounas ¢ocpamasa, EO./ 1 [73-93] [69—83] [73—90] [70—105]
C-reactive protein, mg/L 3.3 2.7 3.2 2.5
C-peaxmuenviti 6enox, mz/ 1 [2.8—4.0] [1.2—5.3] [2.5—3.8] [1.7—4.4]
Hemoglobin, g/L 142 144 140 130
Temoznobumn, 2/ 1 [138—145] [136—152]#* [137—145] [124—138]=="
Leukocytes, 10°/L 6.0 6.8 6.8 5.8
Jeixoyumot, 109/ 1 [5.8—7.0] [5.8—7.8]* [6.0—7.7] [4.6—6.2]"
Thrombocytes, 10°/L 273 294 192 147
Tpomboyumot, 10°/ 1 [253—310] [256—336 ]## [170—223]%% [103—180]===
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Note: NASH — non-alcoholic steatohepatitis; SCFA — short-chain fatty acids; HDL — high-density lipoprotein; LDL — low-
density lipoprotein; FIB-4 — fibrosis index-4; NFS — NAFLD fibrosis score; ALT — alanine aminotransferase; AST — aspartate
aminotransferase; GGT — gamma-glutamyl transpeptidase; * — < 0.001, ** — < 0.05 when comparing “Steatosis” vs. “NASH
with high SCFA”, # — < 0.001, ## — < 0.05 when comparing “Liver cirrhosis” vs. “NASH with high SCFA”; & — < 0.001,
&& — < 0.05 when comparing “Steatosis” vs. “NASH with low SCFA”; = — < 0.001, mm — < 0.05 when comparing “Liver
cirrhosis” vs. “ NASH with low SCFA”; o — < 0.001, oo — < 0.05 when comparing “Steatosis” vs. “Liver cirrhosis”.
ITpumeuanue: HACI' — neankoroabhbril ctearorenatnt; KIPKK — koportkonenovyeunnre sxupuble knuciaoror; JIIIBII — mumomnpo-
Tenabl BoicOKOiT mmotnocty; JITTHIT — snunonporenabl Huskoii muotnoctu; FIB-4 — ungekc ¢pubposa-4; NFS (NAFLD fibrosis
score) — mikana Guéposa npu HAJKBII;, AJIT — anannnamunorpancdepasa; ACT — acmapratamuHorpancdepasa; [TT — ram-
Ma-TIyTaMmaTpaHcnentnaasa; * — < 0,001, ** — < 0,05 npu cpaBHennu «Creato3» vs. «HACI ¢ Boicokum ypoaeM KIDKK»,
# — < 0,001, ## — < 0,05 npu cpasuenun «lluppos neuenun» vs. «HACT ¢ Boicokum yposHeMm KIDKK»; & — < 0,001, && —
< 0,05 npu cpaBHennn «Crearos» vs. «HACT ¢ nusknm yposHem KIDKK»; m — < 0,001, mm — < 0,05 npu cpasrenun «Iluppos
neyeHn» vs. «HACT ¢ muzkum yposaem KIJKK»; o — < 0,001, oo — < 0,05 npu cpaBaenun «Creatosd» vs. «Lluppos meuenn».

Table 2. Absolute and relative content of SCFAs in patients with different stages of metabolic
dysfunction-associated fatty liver disease

Tabauua 2. Abcomornoe n orHocuteabroe copepskanne KIKK y manneHToB ¢ pasHbIMu CTaiusiMu
MeTabOINYeCKN aCCOIMMPOBAHHON JKUPOBOI 6OJIE3HN TeYeHH

NASH with high | HACT ¢ uuskum

Steatosis SCFA ypoBaeM KIIJKK | IMuppo3s neuenun

Cmeamos3 HACT c evicokum | NASH with low | Liver cirrhosis

(n=27) yposnem KI[2KK SCFA (n = 16)

(n = 24) (n = 18)

Total SCFA content, mg/g 6.00 15.36 4.67 3.20
Obwee codepxanue KIDKK, mz/2 | [4.59—7.41]1" " |[13.56—18.09]** /| [3.36—5.81]¢" | [2.13—4.22]== "/
Acetate (C2), mg/g 3.58 9.32 2.72 2.12
Auemam (C2), mz/ 2 [2.75-5.271" 7 | [7.90—11.02]#* " | [2.07—3.30]¢"" | [1.03—2.28]=>=//
Propionate (C3), mg/g 0.90 2.76 0.87 0.58
ITponuonam (C3), mz/ 2 [0.61—1.17]" 7" | [2.25-3.54]** "/ [0.61—1.32]" [0.46—0.81]=° "/
Butyrate (C4), mg/g 0.80 2.49 0.66 0.35
Bymupam (C4), mz/ 2 [0.65—0.991" | [1.77-3.14]** "/ [0.43—0.82]" [0.28—0.48]=> "/
Isoacids (Cn), mg/g 0.39 0.57 0.23 0.23
Hsoxucromwor (Cn), mz/ 2 [0.26—0.45]" " [0.31—0.75]* [0.17—0.31]¢ "/ [0.21—0.31]="/
Fraction of acetate, % 711 65.5 65.4 62.8
Jons auemama, % [65.5-77.6]" [62.5—67.6] [62.8—67.1]% [56.3—66.8]"
Fraction of propionate, % 16.6 18.5 20.5 22.7
oz nponuonama, % [15.0—-19.6]" [16.7—21.6] [17.7—23.1]% [19.8—26.3]" "
Fraction of butyrate, % 14.3 16.1 14.3 12.9
Mons bymupama, % [13.3—22.7] [14.1—18.9] [12.8—15.5]" [11.3—15.0]
Fraction of isoacids, % 6.8 3.8 5.0 8.2
Jons usokucaom, % [5.4—7.4]"" [1.8—5.6]* [3.7—6.2]¢" [7.4—10.0]==c=//
IsoCn/Cn 0.46 0.19 0.35 0.08
H30Cn/Cn [0.29—0.52]" "/ [0.10—0.441* "/ [0.30—0.381¢" |[0.07—0.11 ===/

Note: NASH — non-alcoholic steatohepatitis; SCFA — short-chain fatty acids; ** — < 0.001, * — < 0.05 when comparing
“Steatosis” vs. “NASH with high SCFA”; ## — < 0.001, # — < 0.05 when comparing “Cirrhosis” vs. “NASH with high
SCFA”; && — < 0.001, & — < 0.05 when comparing “Steatosis” vs. “NASH with low SCFA”; mm — < 0.001, = — < 0.05
when comparing “Cirrhosis” vs. “NASH with low SCFA”; oo — < 0.001, o — < 0.05 when comparing “Steatosis” vs. “Liver
cirrhosis”; // — < 0.001, / — < 0.05 when comparing with the control group.

IIpumeuanue: HACI' — neankorosbublii creatorenarut; KIJKK — koporkolenoyeunble skupHble Kucaorbl; ** — < 0,001, * —
< 0,05 npu cpaBuerun «Creatos» vs. « HACT ¢ Boicokum yposHem KIDKK»; ## — < 0,001, # — < 0,05 npu cpaBHenuu «Iuppos
neuenn» vs. «HACT ¢ Boicoknm yposaem KIDKK»; && — < 0,001, & — < 0,05 npu cpaBuenun «Creatos» vs. «HACI ¢ Huskum
yposaeMm KI[PKK»; mm — < 0,001, m — < 0,05 npu cpaBuennu «Iluppos nevenus vs. «HACT ¢ muzkum yposnem KIDKK»; oo —
< 0,001, o — < 0,05 npu cpaBuenun «Creatos» vs. «Iluppos nevenun»; // — < 0,001, / — < 0,05 nupu cpaBHEHUH C TPYIIOi
KOHTPOJIS.

fecal levels of SCFAs, acetate, propionate, and bu- The proportion of butyrate in all patients was
tyrate compared with healthy controls, and these lower than in healthy controls but did not differ
reductions were more pronounced in patients with ~with disease progression. The relative proportion of
cirrhosis (Table 2). In the case of patients with ste- acetate was increased in steatosis, while the propor-
atohepatitis and high levels of SCFAs, the levels of tion of propionate was increased in cirrhosis.

the studied parameters were correspondingly higher Fecal isoacid levels were also lower in all pa-
than those in the other groups. tients than in healthy subjects, and they were further
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Age
Body mass index 0.044 0.056 0.078 -0.043 0.027 0.5
Serum -0.204 -0.210 0.025
Serum HDL cholesterol 0.023 -0.023 -0.031 0.051 0.001
Serum LDL cholesterol -0.192 -0.155 0.038
Serum triglycerides 0
Serum uric acid -0.209 0.104 -0.236 -0.138 -0.172
Serum glucose
FIB-4— 0.058 -0.187 -0.107 -0.208 -0.086
Liver stiffness— 0.097 0.062 0.003 -0.181 0.023 -0.5
NFSH 0.127 0.007 0.187
Serum total protein—{ 20, ! Correlation ratio (1)

Serum albumin
Serum total bilirubin

Alanine " p<0.05
Asparae o
Gamma glutamy] transferase | 022 | <001
Alkaline phosphatase
C-reactive protein ** : 0.001
Hemoglobin-_-0.063 | 0028|0018 | 0060|0055 | P°%
White blood cells Spearman r-

Platelets GraphPad Prism 9

A

Age 0.356 0.241
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Serum HDL cholesterol
Serum LDL cholesterol-{  -0.196 0.330
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Serum uric acid—4___-0.127 -0.088

Serum glucose
FIB-4— 0.406 0.127
Liver stiffness—_ 0.406 0.127
NFSH 0.074 -0.335

Serum total protein
Serum albumin -0.185
Serum total bilirubin 0.385 -0.035
Alanine aminotransferase 0.279
Aspartate aminotransferase 0.305
Gamma glutamyl transferase 0.037

Alkaline phosphatase—{ _-0.246

C-reactive protein
Hemoglobin -0.193
White blood cells -0.165
Platelets -0.103

C2 C3
C

Age -0.227 -0.205 2 0.180 -0.236
Body mass index 0.158 0.278 -0.198 0.261 05
Serum cholesterol -0.127 -
Serum HDL cholesterol 0.035 0.105 0.084 -0.091 0.146
Serum LDL cholesterol
Serum triglycerides 0.037 -0.198 -0.110 0.268 -0.084 0
Serum uric acid -0.219 -0.158 -0.260 -0.165
Serum glucose -0.043 0.094 0.125 -0.202 0.076
FIB-4
Liver stiffness 0.5
NFS
Serum total protein -0.220 -0.186 -0.238 -0.173 Correlation ratio (r)
Serum albumin 0.113 0.019 0.177 -0.054 0.128
Serum total bilirubin .
Alanine ami -0.076 -0.030 -0.110 -0.238 -0.135 p<0.05
Aspartate aminotransferase -0.225 .
Gamma glutamy] transferase -0.003 p<0.01
A]kélline l I -(?.1986 -0.230 -0.050 -0.221 .
-reactive protein .16 -0.026 -0.058 0.075
I oglobi " 022 | 007 0.175 0.101 0.246 p<0.001
White blood cells 0.302 0.215 0.268 0.174 0.359% -
Platelets 0.293 GraphPad Prism 9
c2 c3 c4 Iso KIDKK
B
0.359
-0.199
-0.050 -0.200 0.144 0.5
0.277 -0.146
0312 0
-0.182
0412 -0.5
0.412
0.150 0.379 0.024
Correlation ratio (r)
0.356 0.338 +
-0.207 -0.335 p<0.05
-0.136 -0.333 -0.287 x
p<0.01
-0.009 0.124 -0.280
* kK
p <0.001
Spearman r-
GraphPad Prism 9
C4 Iso KIDKK

Figure 1. Correlations of absolute levels of acetate (C2),

propionate (C3), butyrate (C4), isoacids (Iso) and total

SCFA in feces with the main clinical and laboratory parameters of patients with steatosis (A), steatohepatitis (B),

and liver cirrhosis (C)

Pucynox 1. Koppensinuu a6cosmorabix yposreit anerata (C2), npornmonara (C3), 6yrupara (C4), uzokucaor (Iso)
n o6mtero kosmuectBa KIIPKK B Kase ¢ OCHOBHBIME KJIMHUKO-TaG0PaTOPHBIMU MOKa3aTeNSMH TAIMEHTOR CO CTeaTo-

som (A), crearorenaturoM (B), mupposom nevenu (C)

reduced in patients with steatohepatitis with low
SCFA levels and patients with liver cirrhosis. The
proportion of isoacids was more stable in patients
with liver cirrhosis in than in other groups (Table 2).

The level of SCFAs and their fractions had direct
and inverse correlations with the main clinical and
laboratory characteristics of patients. The results of
the correlation analysis are shown in Figure 1.

We analyzed the relationship between the correla-
tion graphs of the SCFA content and the elastometry
results, the results are presented in Figure 2.

Discussion

The pathogenesis of MAFLD is complex. The
combined effect of many different factors that deter-
mine the occurrence of MAFLD are currently being
discussed, including genetic, social, environmental
and other factors. An important aspect in the modern

understanding of the pathogenesis of MAFLD is the
recognition of the role of intestinal microbiota disor-
ders [1-5, 10, 13, 15, 16, 17, 18, 19].

In this study, we researched the relationship of
SCFAs with the severity of MAFLD in patients with
different stages of MAFLD. Our results show that
patients with MAFLD at the stage of steatosis and
cirrhosis exhibit unidirectional changes in the meta-
bolic activity of the intestinal microbiota. A decrease
in absolute concentrations of SCFAs was established
— their total content, the level of acetate, propio-
nate, butyrate, and a decrease in isoacids. In the
SCFAs profiles of patients with liver steatosis, an in-
crease in the proportion of acetate and a decrease in
the proportions of propionate and butyrate were re-
vealed. In patients with cirrhosis, the proportion of
propionate increased, and the proportion of butyrate
decreased. We hypothesize that this may be associat-
ed both with changes in the metabolic activity of the
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Figure 2. Correlation dependences of the content of SCFA (A), acetate (B), propionate (C), butyrate (D) with

the results of elastometry
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microbiota and a manifestation of the impaired utili-
zation of SCFAs by colonocytes.

In our opinion, SCFA levels at the stage of ste-
atohepatitis are extremely important in the pro-
gression of MAFLD. Moreover, this fact probably
predetermines the further course of the disease and
the risk of developing liver cirrhosis. We identi-
fied two subgroups of patients with different levels
of metabolic activity of the microbiota. Patients
whose microbiota metabolism in relation to the
production of SCFAs was high had corresponding-
ly elevated levels of SCFAs. In contrast, patients
in whom the metabolic activity of the microbiota
was reduced were characterized by a steady de-
crease in SCFAs and the progression of the disease
to cirrhosis. In this study, we showed an inverse
correlation between the calculated prognostic in-
dices of NFS and FIB-4, the values of elastogra-
phy with the total level of SCFAs, and acetate,
propionate, and butyrate levels. Thus, a decrease
in SCFAs for patients with MAFLD can be con-
sidered as a prognostic marker of an unfavorable
course of liver disease.

Our data confirm the results of studies in which
changes in SCFA levels were determined in patients
with MAFLD [5, 7, 8, 20, 21]. R. Ganesan et al.
observed that SCFA levels are significantly lower
in patients with hepatic steatosis, including ace-
tate (p = 0.03), butyrate (p = 0.0008) and propio-
nate levels [22]. M. Rau et al. assessed the results
of a study of patients with MAFLD at the stage
of steatohepatitis. Notably, patients with NASH

References / Jlureparypa

1. Barber T.M., Hanson P., Weickert M.O. Metabolic-as-
sociated fatty liver disease and the gut microbiota. En-
docrinol Metab Clin North Am. 2023;52(3):485—96.
DOI: 10.1016/j.ecl.2023.01.004

2. Pabst O., Hornef M.W., Schaap F.G., Cerovic V.,
Clavel T., Bruns T. Gut-liver axis: Barriers and functional
circuits. Nat Rev Gastroenterol Hepatol. 2023;20(7):447—61.
DOI: 10.1038,/s41575-023-00771-6

3. Maslennikov R., Poluektova E., Zolnikova O., Sedo-
va A., Kurbatova A., Shulpekova Y., et al. Gut microbi-
ota and bacterial translocation in the pathogenesis of liver
fibrosis. Int J Mol Sci. 2023;24(22):16502. DOI: 10.3390,/
ijms242216502

4. Jayachandran M., Qu S. Non-alcoholic fatty liver disease
and gut microbial dysbiosis- underlying mechanisms and
gut microbiota mediated treatment strategies. Rev Endo-
cr Metab Disord. 2023;24(6):1189—204. DOI: 10.1007/
s11154-023-09843-z

5. Abenavoli L., Scarlata G.G.M., Scarpellini E., Boccu-
to L., Spagnuolo R., Tilocca B., et al. Metabolic-dysfunc-
tion-associated fatty liver disease and gut microbiota: From
fatty liver to dysmetabolic syndrome. Medicina (Kaunas).
2023;59(3):594. DOI: 10.3390,/medicina59030594

6. Pushpanathan P., Mathew G.S., Selvarajan S., Se-
shadri K.G., Srikanth P. Gut microbiota and its mys-
teries. Indian J Med Microbiol. 2019;37(2):268—77.
DOI: 10.4103/ijmm.IJMM_19 373

are characterized by a different composition of the
intestinal microbiota with higher levels of SCFAs
in feces and a higher content of Fusobacteria and
Fusobacteriaceae that produce SCFAs in MAFLD
[23]. According to these authors, these changes are
associated with the immunological features of the
disease, namely, a lower level of resting regulatory
T cells (rTreg) (CD4*CD45RA*CD25*) and a higher
Th17/rTreg ratio in the peripheral blood of patients
with NASH [23]. An association of a decrease in
fecal SCFAs with low microbiota diversity and high
intestinal permeability was shown [24—27]. A nega-
tive correlation between the TNF-a level and SCFAs
as MAFLD progresses was shown [28].

In our study, we determined a change in the ratio
of SCFAs, namely, a decrease in the proportion of
butyrate, which in our opinion plays a critical role
in the progression of MAFLD. The literature also
describes that the anti-inflammatory activity of bu-
tyrate is associated with the suppression of the LPS-
mediated expression of pro-inflammatory genes, the
emergence of an anti-inflammatory phenotype, and
the induction of apoptosis by pro-inflammatory mac-
rophages. At the molecular level, these cellular phe-
nomena are mediated through AMP-activated pro-
tein kinase (AMPK), histone deacetylase (IHIDACs),
and nuclear transcription factor (NF-xB) [29].

Thus, SCFAs may become potential diagnostic,
therapeutic, and prognostic markers. To confirm our
hypothesis, further studies on a large population of
patients and the simultaneous examination of both
circulating and fecal SCFAs are necessary.

7. Coppola S., Avagliano C., Calignano A., Berni
Canani R. The protective role of butyrate against obesity
and obesity-related diseases. Molecules. 2021;26(3):682.
DOI: 10.3390/molecules26030682

8. Deng M., Qu F., Chen L., Liu C., Zhang M., Ren F.,
et al. SCFAs alleviated steatosis and inflammation
in mice with NASH induced by MCD. J Endocrinol.
2020;245(3):425—37. DOI: 10.1530,/JOE-20-0018

9. Knudsen C., Neyrinck A.M., Lanthier N., Delzenne N.M.
Microbiota and nonalcoholic fatty liver disease: Promis-
ing prospects for clinical interventions? Curr Opin Clin
Nutr Metab Care. 2019;22(5):393—400. DOI: 10.1097/
MCO.0000000000000584

10. Li Y., Qin G.Q., Wang W.Y., Liu X., Gao X.Q.,
Liu J.H., et al. Short chain fatty acids for the risk of dia-
betic nephropathy in type 2 diabetes patients. Acta Diabe-
tol. 2022;59(7):901—9. DOI: 10.1007/500592-022-01870-7

11. European Association for the Study of the Liver (EASL);
European Association for the Study of Diabetes (EASD);
European Association for the Study of Obesity (EASO).
EASL-EASD-EASO Clinical Practice Guidelines for the
management of non-alcoholic fatty liver disease. Diabetolo-
gia. 2016;59(6):1121—40. DOT: 10.1007 /s00125-016-3902-y

12. Associazione Italiana per lo Studio del Fegato (AISF);
Societa Italiana di Diabetologia (SID); Societa Italiana
dell’ Obesita (SIO); Members of the guidelines panel;
Coordinator; AISF Members, SID Members; SIO Mem-

Poc skypH ractposnTepoa remaron Komonpoktor 2024; 34(4) / Rus J Gastroenterol Hepatol Coloproctol 2024; 34(4)

"



72

Original articles / OpuruHajibHbIe HCCIE0BAHUS

www.gastro-j.ru

13.

14.

15.

16.

17.

18.

bers; Metodologists. Non-alcoholic fatty liver disease in
adults 2021: A clinical practice guideline of the Italian
Association for the Study of the Liver (AISF), the Italian
Society of Diabetology (SID) and the Italian Society of
Obesity (SIO). Dig Liver Dis. 2022;54(2):170—82. DOI:
10.1016/j.d1d.2021.04.029

Heawxun B.T., Maescxas M.B., 2Kapxosa M.C., Komos-
ckas FO.B., Txauesa O.H., Tpowuna E.A. u dp. Kinun-
yeckue pekoMenjaimu Poccuiickoro o6iecTsa 1no u3yyeHuio
neuenn, Poccuiickoit racTpoaHTepoIornyeckoii acconuanun,
Poccuiickoit  accoumanuu aHIOKpUHOJOTOB, Poccuiickoit
ACCOIMAINI TEPOHTOJIOTOB M TepraTpoB n HaimonaibHOro
o61iecTBa MTPOPUIAKTHYECKON KAPANOJIOTHH MO JIHATHOCTH-
K€ U JIeYeHHIO HEAJIKOTOJBHON JKMPOBOH GOJIE3HN IIE€YEHH.
Poccuiickuii KypHan 2acmposnmeposozuu, 2enamoiozuu,
xononpoxmonozuw. 2022;32(4):104—40. [lvashkin V.T.,
Maevskaya M.V., Zharkova M.S., Kotovskaya Y.V.,
Tkacheva O.N., Troshina E.A., et al. Clinical practice
guidelines of the Russian Scientific Liver Society, Russian
Gastroenterological Association, Russian Association of
Endocrinologists, Russian Association of Gerontologists
and Geriatricians and National Society for Preventive Car-
diology on Diagnosis and Treatment of Non-Alcoholic Liv-
er Disease. Russian Journal of Gastroenterology, Hepa-
tology, Coloproctology. 2022;32(4):104—40. (In Russ.)].
DOT: 10.22416,/1382-4376-2022-32-4-104-140

Cao X., Zolnikova O., Maslennikov R., Reshetova M.,
Poluektova E., Bogacheva A., et al. Low short-chain-fat-
ty-acid-producing activity of the gut microbiota is associat-
ed with hypercholesterolemia and liver fibrosis in patients
with metabolic-associated (non-alcoholic) fatty liver dis-
ease. Gastrointest Disord. 2023;5:464—73. DOI: 10.3390/
gidisord5040038

Cao X., Zolnikova O., Maslennikov R., Reshetova M.,
Poluektova E., Bogacheva A., et al. Differences in fecal
short-chain fatty acids between alcoholic fatty liver-in-
duced cirrhosis and non-alcoholic (metabolic-associated)
fatty liver-induced cirrhosis. Metabolites. 2023;13(7):859.
DOI: 10.3390/metabo13070859

Pewemosa M.C., 3oavnuxosa O.IO., Heawxun B.T.,
Heawrxun K.B., Annoaonosa C.A., Jlanuna T./I. Pouab
KUIIEYHOI MIKPOOHOTBI 1 ee MeTaGOJINTOB B MATOTEHE3e He-
AJIKOTOJIbHOI SKHPOBOIT Gose3nn nedenn. Poccutickuil xyp-
HAJL 2aCMPOINMEPOSIOZUL, 2eNAMOI02ZUL, KOJONPOKMOIOZUL.
2022;32(5):75—88. [Reshetova M.S., Zolnikova O.Yu.,
Tvashkin V.T., Tvashkin K.V., Appolonova S.A., Lapi-
na T.L. Gut microbiota and its metabolites in pathogenesis
of NAFLD. Russian Journal of Gastroenterology, Hepa-
tology, Coloproctology. 2022;32(5):75—88. (In Russ.)].
DOI: 10.22416,/1382-4376-2022-32-5-75-88

RalliT., SaifiZ., TyagiN., VidyadhariA., Aeri V., KohliK.
Deciphering the role of gut metabolites in non-alcoholic
fatty liver disease. Crit Rev Microbiol. 2023;49(6):815—
33. DOI: 10.1080,/1040841X.2022.2142091

Ney L.M., Wipplinger M., Grossmann M., Engert N.,
Wegner V.D., Mosig A.S. Short chain fatty acids: Key

Information about the authors

Xinlu Cao — Postgraduate, Department of Propaedeutics
of Internal Diseases, Gastroenterology and Hepatology, 1.M.
Sechenov First Moscow State Medical University (Sechenov
University).

Contact information: clululu@yandex.ru;

119435, Moscow, Pogodinskaya str., 1, build. 1.

ORCID: https://orcid.org,/0000-0002-7106-0460

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

regulators of the local and systemic immune response
in inflammatory diseases and infections. Open Biol.
2023;13(3):230014. DOI: 10.1098/rsob.230014

Tsai H.J., Hung W.C., Hung W.W., Lee Y.J.,
Chen Y.C., Lee C.Y., et al. Circulating short-chain
fatty acids and non-alcoholic fatty liver disease severi-
ty in patients with type 2 diabetes mellitus. Nutrients.
2023;15(7):1712. DOIL: 10.3390,/nu15071712

Ji Y., Yin Y., Li Z., Zhang W. Gut microbiota-de-
rived components and metabolites in the progression
of non-alcoholic fatty liver disease (NAFLD). Nutrients.
2019;11(8):1712. DOI: 10.3390,/nu11081712

Ji J., Wu L., Wei J., Wu J., Guo C. The gut microbi-
ome and ferroptosis in MAFLD. J Clin Transl Hepatol.
2023;11(1):174—87. DOI: 10.14218/JCTH.2022.00136
Ganesan R., Gupta H., Jeong J.J., Sharma S.P.,
Won S.M., Oh K.K., et al. A metabolomics approach to
the validation of predictive metabolites and phenotypic
expression in non-alcoholic fatty liver disease. Life Sci.
2023;322:121626. DOI: 10.1016/j.1fs.2023.121626

Rau M., Rehman A., Dittrich M., Groen A.K.,
Hermanns H.M., Seyfried F., et al. Fecal SC-
FAs and SCFA-producing bacteria in gut microbi-
ome of human NAFLD as a putative link to system-
ic T-cell activation and advanced disease. United
European  Gastroenterol J. 2018;6(10):1496—507.
DOI: 10.1177/2050640618804444

Michail S., Lin M., Frey M.R., Fanter R., Paliy O.,
Hilbush B., et al. Altered gut microbial energy and me-
tabolism in children with non-alcoholic fatty liver disease.
FEMS Microbiol Ecol. 2015;91(2):1=9. DOI: 10.1093/
femsec,/fiu002

Backhed F., Manchester J.K., Semenkovich C.F., Gor-
don J.I. Mechanisms underlying the resistance to diet-in-
duced obesity in germ-free mice. Proc Natl Acad Sci USA.
2007;104(3):979—84. DOI: 10.1073/pnas.0605374104
Rahat-Rozenbloom S., Fernandes J., Gloor G.B.,
Wolever T.M. Evidence for greater production of colonic
short-chain fatty acids in overweight than lean humans.
Int J Obes (Lond). 2014;38(12):1525—31. DOI: 10.1038/
ijo.2014.46

La Cuesta-Zuluaga D., Mueller N.T., Alvarez-Quin-
tero R., Velasquez-Mejia E.P., Sierra J.A., Cor-
rales-Agudelo V., et al. Higher fecal short-chain fatty acid
levels are associated with gut microbiome dysbiosis, obe-
sity, hypertension and cardiometabolic disease risk factors.
Nutrients. 2018;11(1):51. DOI: 10.3390,/nu11010051
Xiong J., Chen X., Zhao Z., Liao Y., Zhou T., Xiang Q.
A potential link between plasma short-chain fatty acids,
TNF-a level and disease progression in non-alcoholic fat-
ty liver disease: A retrospective study. Exp Ther Med.
2022;24(3):598. DOT: 10.3892/etm.2022.11536

Sarkar A., Mitra P., Lahiri A., Das T., Sarkar J.,
Paul S., et al. Butyrate limits inflammatory macro-
phage niche in NASH. Cell Death Dis. 2023;14(5):332.
DOI: 10.1038,s41419-023-05853-6

Caenenusi 06 aBTOpax

IMao Cunbay — acnmpaHt KadeIpbl IPONEAEBTHKI BHYTPEHHUX
6oJie3Heil, racrpoaureposiornu u remnatosornn, AILAOY BO
«IlepBblil MoOCKOBCKMIT TOCYZapCTBEHHbIN MEIMIMHCKUI yHU-
Bepcnurer uM. MI.M. CeueHoBa» (CeueHOBCKUI YHUBEPCHTET).
Konrakruast nndopmanus: clululu@yandex.ru;

119435, r. Mocksa, yu. [loromunckas, 1, ctp. 1.

ORCID: https://orcid.org,/0000-0002-7106-0460

Poc skypH ractpoanTepoa rematon Kosonpokton 2024; 34(4) / Rus J Gastroenterol Hepatol Coloproctol 2024; 34(4)



www.gastro-j.ru

Original articles / OpuruHa/ibHble HCCIEI0BAHUS

Oxana Y. Zolnikova* — Dr. Sci. (Med.), Professor of the De-
partment of Propaedeutics of Internal Diseases, Gastroenterology
and Hepatology, I. M. Sechenov First Moscow State Medical
University (Sechenov University).

Contact information: zolnikova_o_yu@staff.sechenov.ru;
119435, Moscow, Pogodinskaya str., 1, build. 1.

ORCID: https://orcid.org,/0000-0002-6701-789X

Roman V. Maslennikov — Cand. Sci. (Med.), Associate
Professor of the Department of Propaedeutics of Internal Diseases,
Gastroenterology and Hepatology of the N.V. Sklifosovsky
Institute of Clinical Medicine, Expert of the Microbiota Reference
Center of the Ministry of Health of the Russian Federation,
[.M. Sechenov First Moscow State Medical University (Sechenov
University).

Contact information: maslennikov_r_ v@staff.sechenov.ru;
119435, Moscow, Pogodinskaya str., 1, build. 1.

ORCID: https://orcid.org,/0000-0001-7513-1636

Elena A. Poluektova — Dr. Sci. (Med.), Professor of the
Departmentof Propaedeuticsof Internal Diseases, Gastroenterology
and Hepatology, Gastroenterologist of the Department of
Chronic Intestinal and Pancreatic Diseases of V.Kh. Vasilenko
Clinic of Internal Disease Propaedeutics, Gastroenterology and
Hepatology, Head of the Microbiota Reference Center of the
Ministry of Health of the Russian Federation, .M. Sechenov
First Moscow State Medical University (Sechenov University).
Contact information: poluektova_e_a@staff.sechenov.ru;
119435, Moscow, Pogodinskaya str., 1, build. 1.

ORCID: https://orcid.org,/0000-0003-1312-120X

Elena L. Bueverova — Cand. Sci. (Med.), Associate Professor
at the Department of Propaedeutics of Internal Diseases,
Gastroenterology and Hepatology, I.M. Sechenov First
Moscow State Medical University (Sechenov University).
Contact information: bueverova_e_l@staff.sechenov.ru;
119435, Moscow, Pogodinskaya str., 1, build. 1.

ORCID: https://orcid.org,/0000-0002-0700-9775

Maria S. Reshetova — Teaching Assistant at the Department
of Hepatology, V. Kh. Vasilenko Clinic of Internal Disease
Propaedeutics, Gastroenterology and Hepatology, .M. Sechenov
First Moscow State Medical University (Sechenov University).
Contact information: maria.reshetova@icloud.com;

119435, Moscow, Pogodinskaya str., 1, build. 1.

ORCID: https://orcid.org,/0000-0001-9276-6924

Maria S. Zharkova — Cand. Sci. (Med.), Head of the
Department of Hepatology, V. Kh. Vasilenko Clinic of Internal
Disease Propaedeutics, Gastroenterology and Hepatology,
.M. Sechenov First Moscow State Medical University
(Sechenov University).

Contact information: zharkova_maria_s@staff.sechenov.ru;
119435, Moscow, Pogodinskaya str., 1, build. 1.

ORCID: https://orcid.org,/0000-0001-5939-1032

* Corresponding author / ABTOp, OTBETCTBEHHbIIT 3a TIEPEHUCKY

3osbnukoBa Oxcana IOpbeBHA* —  JIOKTOp MEIMIIMHCKUX
Hayk, mpodeccop Kadenpbl TPONENEBTUKN BHYTPEHHUX 60-
Jle3Heii, racrposHTeposiornn u rematosornn, DOIAOY BO
«Ilepsblit MockoBckuil rocylapCTBEHHBIN MEJAMIMHCKUI YHUBEP-
curer um. W.M. CeveHoBa» MuHuCTEPCTBA 3/[PABOOXPAHEHUS
Poccuiickoii Megepaunn (CevenoBekuil YHusepeurer).
Konrakrrast undgopmanus: zolnikova_o_yu@staff.sechenov.ru;
119435, r. Mocksa, ya. Ilorognnckas, 1, crp. 1.

ORCID: https://orcid.org,/0000-0002-6701-789X

Maciennuko Poman BsiueciaBoBuu — KaHuiaT MeUIIMHCKIX
HayK, JOIEHT Kadeapbl IPONEAEBTHKH BHYTPEHHUX OGoJie3Heil,
racTPOSHTEPOJIOTUH U TeraToorny VHCTHTyTa KIMHUYECKON Me-
qunmnabl uM. H.B. Crimdocosckoro, axcnepr PedepeHc-tienTpa
1o MukpoGuore MuHucTepeTBa 3/paBooxpanenust Poccuiickoit
Depeparnn, GIAOY BO «Ilepsbliit MockoBckuil rocy/1apcrBeH-
Hblii MeiHeKmit yauBepentet M. V.M. CeuenoBa» MuHucTepcTBa
3/[PaBOOXPaHEHNST Poccuiickoit Deneparym (CeyeHoBcKHit
VHusepcurer).

Konrakrnast uadopmarmsi: maslennikov_r_v@staff.sechenov.ru;
119435, r. Mocksa, ya. Ilorognnckas, 1, crp. 1.

ORCID: https://orcid.org,/0000-0001-7513-1636

IoxyskroBa Ejena AJsiekcaHipoBHa — JIOKTOP MEHIIMHCKUX
HayK, mpodeccop Kadeapbl NPOINEJAEBTHKA BHYTPEHHUX 60Jie3-
Heil, racTPOSHTEPOJIOTUH M TeNaToJaornu VIHCTUTYTa KIMHIYEeCKOi
meuiHbl uM. H.B. CkimdocoBckoro; Bpay-racTposHTeposior
OT/IeJIEHNS] XPOHMYECKUX 3a00JIeBaHUIl KHUIIEYHNKA U HOJPKENy-
JIOYHON KeJie3bl KJIMHHUKU TIPONEJEBTHKHM BHYTPEHHHUX GoJsie3Hei,
racrpoaHTeposiorn n remarosiornn uM. B.X. Bacuienko, pyko-
Boautesb Pedepenc-iienTpa no Mukpo6uore MuHHCTEpCTBA 3/1pa-
Booxpanenusi Poccuiickoit Meneparn, MTAOY BO «Ilepsbrii
MoOCKOBCKHIT TOCY/JapCTBEHHbIIT MeJNIIMHCKUIT YHUBEPCUTET HM.
N.M. CeuenoBa» MunucrepctBa 3/paBooxpaHenusi Poccuiickoii
Depepaunn (CeueHosckuii YHusepeurer).

Konrakrnas ungopmanus: poluektova_e_a@staff.sechenov.ru;
119435, r. Mocksa, ya. Ilorognnckas, 1, crp. 1.

ORCID: https://orcid.org,/0000-0003-1312-120X

ByesepoBa Enena JleonnzoBHa — KaHIUJIAaT MEJINIMHCKUX HAYK,
JIOIEHT Kadepbl TIPOINEeJIEBTHKI BHYTPEHHNX OOJIe3Hell, racTpOIH-
teposiorun u renatosiornu, MIAOY BO «Ilepsbrit MockoBckumii ro-
cynapcrBennblii yanusepcurer uM. V.M. CeuenoBa» MuHucrepcrsa
sapaBooxpatenuss  Poccniickoit  Megepaunn  (CeyeHoBCKui
VHuusepcurer).

Konrakrunas undopmanus: bueverova_e_l@staff.sechenov.ru;
119435, r. Mocksa, ya. Ilorognnckas, 1, crp. 1.

ORCID: https://orcid.org,/0000-0002-0700-9775

PemeroBa Mapusi CepreeBHa — accucteHT KadeApbl IPOIeeB-
THKH BHYTPEHHHUX 60JIe3HEIl, TaCTPOIHTEPOIOTHN U TeNaTOJIOI NI
um. B.X. Bacunenko, @I'AOY BO «llepsbiii MockoBckuii rocy-
JlapcTBeHHbIN MeuiHckuii yHusepcuter um. V.M. CeueHoBa»
MunucrepctBa  3/1paBooxpanenus Poccuiickoii  Degeparn
(Ceuenosckuii Yuusepcurer).

Konrakrnas undopmanus: maria.reshetova@icloud.com;
119435, r. Mocksa, y.a. Ioroannckas, 1, crp. 1.

ORCID: https://orcid.org,/0000-0001-9276-6924

/KaproBa Mapusi CepreeBHa — KaH/IMAAT MEIUIIMHCKUX HayK,
3aBe/yfolas OT/eJeHreM renarosiorin  KauHUKN - 11porneieBTi-
KU BHYTPEHHHX OOJIe3Hell, TacTPOSHTEPOJIOTHH, TeNaToJIOr i
nm. B.X. Bacunenko, @I'AOY BO «Ilepsbiit MockoBckuii ro-
cyjapcrBeHHblil MegunmHckuil yausepcurer nm. V.M. CeuenoBa»
MunucrepcrBa  3apaBooxpaHenusi  Poccuiickoit  Dejeparyn
(CeuenoBckuii Y HuBepcuTer).

Kownrakrhas undopmarus: zharkova_maria_s@staff.sechenov.ru;
119435, r. Mocksa, y.a. Ioroannckas, 1, crp. 1.

ORCID: https://orcid.org,/0000-0001-5939-1032

Poc skypH ractposnTepoa remaron Komonpoktor 2024; 34(4) / Rus J Gastroenterol Hepatol Coloproctol 2024; 34(4)

73



Original articles / OpuruHajibHbIe HCCIE0BAHUS

www.gastro-j.ru

Vladimir T. Ivashkin Dr. Sci. (Med.), Professor,
Academician of the Russian Academy of Sciences, Head
of the Department of Propaedeutics of Internal Diseases,
Gastroenterology and Hepatology, Director of V.Kh. Vasilenko
Clinic of Internal Diseases Propedeutics, Gastroenterology
and Hepatology, .M. Sechenov First Moscow State Medical
University (Sechenov University); Chief Gastroenterologist
of the Ministry of Health of the Russian Federation.

Contact information: ivashkin_v_t@staff.sechenov.ru;

119435, Moscow, Pogodinskaya str., 1, build. 1.

ORCID: https://orcid.org,/0000-0002-6815-6015

Mamxun Braguvip TpodumoBuy — 0KTOP MEAMIIMHCKIX HAYK,
npocdeccop, akazemuk PAH, 3asemyroummii xkadeapoil mporeses-
THKN BHYTPEHHUX GOJIe3HEil, TacTPOSHTEPOJIOTHN M TelaToJIOrHH,
JIIPEKTOP KJIMHUKK TPOIEIEBTUKI BHYTPEHHUX (0JIe3Hell, racTpo-
aHTeposiornu u renarosornn uM. B.X. Bacurenko, MIAOY BO
«Ilepsblii MockoBckuil rocy1apCTBEHHBIN MEJAMIIMHCKUI YHUBEP-
curer uMm. W.M. CeveHoBa» MuHuCTEpCTBA 3/[PABOOXPAHEHUS
Poccuiickoii Meaepaunn (Cevenosekuii YHusepeurer); TnaBHbrid
BHEIITATHDBII CHENUATNCT TacTPOIHTEPOJIOr MuHKUCTEPCTBA 3/1pa-
Booxpanenusi Poccuiickoit MDenepariii.

Konrakruast nndopmanus: ivashkin_v_t@staff.sechenov.ru;
119435, r. Mocksa, ya. Ilorognnckas, 1, crp. 1.

ORCID: https://orcid.org,/0000-0002-6815-6015

Submitted: 19.02.2024 Accepted: 25.07.2024 Published: 30.08.2024
Hocrymmna: 19.02.2024 Ipunsra: 25.07.2024 Ony6aukosana: 30.08.2024

74

Poc skypH ractpoanTepoa rematon Kosonpokton 2024; 34(4) / Rus J Gastroenterol Hepatol Coloproctol 2024; 34(4)



