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Aim: to evaluate the neutrophil-to-lymphocyte ratio (NLR) as a microbiota-dependent indicator of immune dysfunc-
tion and a long-term prognostic factor in patients with cirrhosis.

Materials and methods. A prospective study included 47 patients with cirrhosis. Gut microbiota was analyzed us-
ing 16S rRNA gene sequencing. Long-term survival prognosis was assessed over a 4-year follow-up period, and me-
dium-term survival prognosis was assessed over 1 year follow-up period.

Results. During the 4-year follow-up period, 15 patients died, including 6 who died within the first year. Deceased
patients had a higher neutrophil-to-lymphocyte ratio compared to survivors. This was significant for both long-term
and medium-term prognoses (p = 0.021 and p = 0.048, respectively). Multivariate regression analysis identified
a high NLR and low serum albumin levels as independent predictors of mortality for both long- and medium-term
outcomes. The NLR was inversely correlated with the abundance of Roseburia, Alistipes, Rikenellaceae, Parabacte-
roides, Robinsoniella, Paraprevotella, and Odoribacter in the gut microbiota, and positively correlated with the cu-
mulative level of ethanol-producing bacteria. NLR values did not differ significantly between patients who received
glucocorticosteroids and those who did not.

Conclusions. The neutrophil-to-lymphocyte ratio correlates with the composition of pro- and anti-inflammatory taxa
of the gut microbiota and serves as an independent factor for medium- and long-term prognosis in patients with cirrhosis.
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Llenb: OLEHUTb OTHOLLEHNE HEUTPOPUIOB K NMMbOLMTaAM Kak MUKPOBMOTa-3aBMCUMBIN NokasaTesb UMMYHHOM
ANCOYHKUMN 1 HaKTOp AONFOCPOYHOIrO NPOrHo3a 'y 60JIbHbBIX LIUPPO30M NEYEHN.

Martepuanbl 1 meToabl. B npocnekTnBHoe nccnenoBaHve Obinn BKIKOYEHbI 47 NAUVEHTOB C LIMPPO30OM MEYEHN.
KuwweyHas MrkpobroTa n3yyeHa ¢ NomMoLLbio CEKBEHMPOBaHUSA reHa 16S pPHK. [1onrocpoyHbIii NPOrHO3 AJisi XU3HU
OblS1 OLEHEH B TEYEHWNE NEeproaa HabNaAeHNS AIMTENbHOCTbIO 4 roaa, CPeAHECPOYHbI — 1 rog.

PesynbraTbl. 3a 4-neTHuii nepuog, HabnoaeHs ns 47 naunmeHToB, BKJIIOYEHHbIX B UccriegoBaHme, ymepnn 15 na-
LMEHTOB, B TOM 4yucne 6 B Te4eHre NepBoro roga. Y ymepLumx nauveHTOB OTHOLUEHUE HeNTpodunos Kk numdo-
uMTam 6bI10 BbILLE, YHEM Y BbDKMBLUMX. DTO ObIIO CNpaBeanvBO Kak B OTHOLUEHUW O0IFOCPOYHOro, Tak U B OTHO-
LeHMN cpeaHecpoyHoro nporHosa (p = 0,021 n p = 0,048 cooTBETCTBEHHO). [pK NpoBEAEHNN MHOFODAKTOPHOrO

Poc ypH ractposuTepoJi rematon koaonpokros 2025; 35(3) / Rus J Gastroenterol Hepatol Coloproctol 2025; 35(3) 81



82

Original articles / OpurnHanbHbIe MCCIEOBAHUS

www.gastro-j.ru

PErpeccrMoHHOro aHan1aa BbiICokue Ldpbl OTHOLLEHUS HETPOMUIIOB K IMMdOLMTAM N HUSKUIA YPOBEHb ajibbyMu-
Ha B KPOBM OblIM HE3ABMCUMbIMU MPEAMKTOPaMK NIETaNIbHOrO MCX04a NPU OLLEHKE A0JF0- Y CPeaHECPOYHOr0 Npo-
rHo3a. OTHOLEeHME HEUTPODUIIOB K NuMdboumTamMm 06paTHO KOPPEIMpPoBano C Coaep>XaHNEM B KMLLEYHON MUKPO-
6uote Roseburia, Alistipes, Rikkenellaceae, Parabacteroides, Robinsoniella, Paraprevotella, Odoribacter n npsiMmo
KOPPEenMpoBasno C COBOKYMHLIM YDOBHEM BakTepuii, KOTopble 006Pa3yoT 3TaHOJ. 3HAYEHME OTHOLLEHUS HENTPODU-
JIOB K TMM®OLMTAM 3HAYMMO HE Pas3nnyanocb Mexay naumeHTaMy, NPUHUMABLLVIMU U HE NMPUHUMABLLVIMU [THOKO-

KOPTUKOCTEPOUBI.

BoeiBoabl. OTHOLIEHME HEUTPODUIIOB K NMMdOoLMTaM KOPPEINPYeT C COAEPXaHMEM B KULUEYHOW MUKpPOOUOTe
rMpo- 1 MPOTUBOBOCMAJINTESIbHLIX TAKCOHOB, a TaKXe ABNAETCHA He3aBUCUMbIM GakTOpOM, ONpeaensoLmm cpeaHe-
1 LOJITOCPOYHBIV MPOrHO3 Y MaLNEHTOB C LMPPO3OM MEYEHU.

KnioueBblie cnoea: kvieyHas MMKpobroTa, OCb «KULLIKA — NeYEHb», NHPEKLIMIOHHBLIE OC/TIOXHEHUS!, LIMPPO3, MPOrHo3
KoHdnukT MHTEepecoB: aBTopbl 3as8BASIOT 06 OTCYTCTBUN KOHMINKTA NHTEPECOB.

Ansa untupoBaHusa: Lisetaesa E.K., MacneHHukoB P.B., XXapkosa M.C., lNMonyaktoBa E.A., KpacHoB I.C., KyaopsBuesa A.B., VBaLu-
KVH B.T. OTHOLLEHNE HENTPODUNOB K TMMdOLMTAM Kak MUKPOOMOTa-3aBUCUMbI NOKa3aTeNlb UMMYHHOW ANCHYHKLUN N hakTop
[ONrOCPOYHOr0 NPOrHO3a y 60MbHbLIX LIMPPO30M NeYeHn. POCCUICKNI XypHan racCTpoaHTEpOoorn, renaTonorim, KONonpoKTO0-
rmn. 2025;35(3):81-93. https://doi.org/10.22416/1382-4376-2025-35-3-81-93

Introduction

Cirrhosis affects not only the liver itself but
also other systems, including the immune system.
In particular, production of lymphocytes that
are the key cells of the adaptive immune system
decreases, leading to a compensatory increase in
neutrophil production, which are part of the in-
nate immune system [1]. Therefore, the neutro-
phil-to-lymphocyte ratio (NLR) serves as an indi-
rect biomarker of immune dysfunction in cirrhosis.
This dysfunction reduces the resistance to infec-
tions, worsening the prognosis for these patients.
It was demonstrated in patients with cardiac, re-
nal, and oncological diseases [2, 3], as well as in
relation to short-term prognosis for cirrhosis [4].

The gut microbiota is a complex community of
microorganisms residing in the human intestine
[5]. In recent years, it has attracted significant
research attention [6]. Studies have shown that
cirrhosis is associated with an increase in harmful
Proteobacteria and a decrease in beneficial mi-
croorganisms in the gut microbiota [7—10]. This
imbalance is known as gut dysbiosis and leads to
bacterial translocation, that is the migration of
gut bacteria and their components from the intes-
tinal lumen into regional lymph nodes, the portal
vein system, and subsequently into the liver tissue,
where they further exacerbate cirrhotic transfor-
mation [11—14]. Additionally, bacterial translo-
cation alters the immune system function, and as
mentioned above, the NLR is one of key indica-
tors of this.

Although a high NLR has already been iden-
tified as a predictor of poor short-term survival
in patients with cirrhosis [4], its correlation with
medium- and long-term prognosis, as well as its
relationship with gut microbiota composition, has
not yet been evaluated. Investigating these associ-
ations is the aim of this study.

Materials and methods

Patients

A total of 47 patients with cirrhosis under-
going treatment at the V.Kh. Vasilenko Clinic
of Internal Diseases, Gastroenterology and
Hepatology (Sechenovskiy University), were
enrolled in this prospective study. All potential
participants were informed about the study proce-
dures and provided written informed consent. The
study protocol was approved by the local ethics
committee of the University.

Inclusion criteria were as follows: a diagnosis
of cirrhosis confirmed by liver biopsy or based on
a combination of clinical, laboratory, and instru-
mental data; age between 18 and 70 years.

Exclusion criteria included: the use of lactu-
lose, lactitol, other prebiotics, probiotics, anti-
biotics, or metformin within the past 6 weeks;
alcohol consumption within the past 6 weeks; in-
flammatory bowel disease, cancer, or any other
serious disease.

Gut microbiota analysis

On the first day of hospitalization, stool sam-
ples were collected from each patient in sterile
containers and subsequently frozen at —80 °C.
DNA was extracted from the stool samples using
the MagNa Pure Compact Nucleic Acid Isolation
Kit, following the manufacturer’s instructions.
Sequencing libraries were prepared using two cy-
cles of PCR amplification. In the first PCR step,
specific primers targeting the v3—v4 region of the
16S ribosomal RNA (rRNA) gene were used: 16S-F:
TCGTCGGCA-GCGTCAGATGTGTATAAGAGA
CAGCCTACGGGNGGCWGCAG u 16S-R: GTC
TCGTGGGCTCGGAGATGTGTATAAGAGACA
GGACTACHVGGGTATCTAATCC.

After the initial PCR amplification, samples
were purified using AMPure XP magnetic beads.
A second PCR step was then performed to attach
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Table 1. Main characteristics of the patients included in the study
Ta6.auya 1. OcHOBHBIE XaPAKTEPUCTHKN BKJIIOYEHHDBIX MAIMEHTOB

Parameter / ITapamemp

Value / 3nauenue

Etiology of liver cirrhosis, n
Smuonozus yuppo3a neuenu, n

Alcohol / Anxozone — 15
Viral hepatitis / Bupycnuiti zenamum — 15
Other / IIpouas — 10
Mixed / Cuewannas — 7

Age, years / Bospacm, znem 51 (39—59)
BMI, kg/m?/ UMT, xe/m 24.2 (22.7-27.7)
Child — Pugh scores / Baano: no Yaiiady — Ivio 8 (6—9)

Erythrocytes, 10'2/L
Spumpoyumut, 10"/ 1

3.86 (3.55—4.27)

Leukocytes, 10°/L

Ommnowenue neumpopuiot,/ umpoyumol

Jeiixouumot, 109/ 1 3.7 (2.8-5.2)
Neutrophils, 10°/L

Heumpogunor, 10°/ 2 2.1 (1.6=2.9)
Lymphocytes, 10°/L -
Junpouumot, 10°/ 1 1.1 (0.7—1.5)
Neutrophil /lymphocyte ratio 20 (172

Platelets, 10°/L
Tpomboyumot, 10°/ 1

81.0 (57.8—109.0)

Erythrocyte sedimentation rate, mm,//h
Cropocmo 0ce0anus 3pumpouumos, mm,/ u

12 (8—25)

Prothrombin index, %
ITpompombunoswiti undexc, %

63 (53—70)

Total protein, g/L
Obwuii 6enox, 2/ 1

71.2 (63.1-77.0)

Albumin, g/L
Anvoymun, 2/ 1

35.9 (30.5—40.2)

Creatinine, mg,/L
Kpeamunun, mz/ 1

0.72 (0.62—0.88)

Glucose, mmol /L
Tnioxo3a, mmoan,/ i

5.2 (4.7-5.6)

Total bilirubin, umol /L
Obuguti burupybun, MKMOIb/ 1

35.5(25.7—62.3)

Sodium, mmol /L
Hampuil, mmons/ 1

141 (138—144)

Cholesterol, mmol /L
Xonecmepumn, mmoav/ 1

3.53 (3.12—4.09)

Cholinesterase, IU/L
Xoaunascmepasa, ME /1

3042 (2273—4183)

Alanine aminotransferase, IU/L
Ananunamunompancpepasa, ME/ 1

35 (23—61)

Aspartate aminotransferase, IU/L
Acnapmamamunompancpepasa, ME/ 1

50 (32—71)

Alkaline phosphatase, U /L
Ilenounas ¢gocpamasa, ME/ 1

220 (166—310)

Gamma-glutamyl transferase, TU/L

I eyenounas snuearonamus, MUHUMATLHAS/ AGHAS

Tamna-enymamunmpancgepasa, ME/ n 77 (34-136)
C-reactive protein, mg/L _
C-peaxmusnoiii 6enox, mz/ i 3.2 (0.8-13.1)
Ascites, grades 0/1,/2/3

Acuum, cmenenu 0/1/2/3 211171075
Esophageal varices, grades 0/1,/2/3

Bapukosnoe pacwupenue éen nuuie600d, cmenenu 10/15/12/10
0/1/2/3

Hepatic encephalopathy, minimal /overt 19/16
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specific adapters and enable sample multiplexing.
Following the two amplification steps, samples
were further purified using magnetic beads.
Illumina index primers and adapter sequences
were added, and library quantities were assessed
using HiFi HotStart ReadyMix. The prepared
sequencing libraries were quantified using the
Qubit 2.0 fluorometer (Invitrogen, USA), and
their quality was assessed with an Agilent
Bioanalyzer (Agilent Technologies, USA).
Libraries were pooled in equal proportions
and diluted to the required concentration for
sequencing on the MiSeq platform (Illumina,
USA). Paired-end sequences of 300 + 300
nucleotides were obtained. Sequences were
trimmed at the 3' end wusing Trimmomatic
(Illumina, USA) and subsequently merged into
a single amplicon [15, 16] using the MeFiT tool.
Amplicon nucleotide sequences were classified
using the Ribosomal Database Project (RDP)
classifier and the RDP database [17].

Follow-Up

Patients included in this study were contacted
by phone every three months to verify their
survival status. If the patient could not be reached,
their relatives were contacted to obtain this
information. In cases where neither the patient
nor their relatives could be reached, electronic
medical records were reviewed in the Unified
Medical Information and Analytical System of
Moscow, which contains death registration data.
The follow-up period lasted 4 years.

Statistical analysis methods

Statistics (SPSS: An IBM Company, USA)software.
Data are presented as medians with interquartile
ranges. Differences between continuous variables
were assessed using the Mann — Whitney U test,
while differences between categorical variables
were evaluated using Fisher’s exact test. Patient
survival was analyzed using the Kaplan — Meier
method. To assess the impact of various factors
on patient survival, a Cox regression model was
constructed. A p-value of < 0.05 was considered
statistically significant.

Results

The study included 47 patients. During the
4-year follow-up period, 15 of them died (long-
term prognosis), including 6 during the first
year of follow-up (medium-term prognosis). The
main characteristics of the included patients are
presented in Table 1.

NLR was higher in the deceased patients than
in the survivors. This was true for both the long-
term and medium-term prognosis (p = 0.021 and
p = 0.048, respectively; Fig. 1).

ROC analysis showed that, using a cut-off
point of 1.98, NLR determines the unfavorable
long-term prognosis of patients with cirrhosis with
a sensitivity of 86.7 % and a specificity of 62.5 %
(AUC = 0.712 [0.559—0.866]; Fig. 2).

Another ROC analysis revealed that using a
cutoff point of 2.12, NLR predicts poor medium-
term survival (death within the first year of follow-
up) in patients with cirrhosis with a sensitivity of

Statistical analysis was conducted using 100.0 % and a specificity of 63.4 % (AUC = 0.752
Statistica 10 (StatSoft Inc., USA) and SPSS [0.604—0.900]; Fig. 3).
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Figure 1. Neutrophil to lymphocyte ratio in patients with liver cirrhosis who died during the follow-up period (A —

4 years, B — 1 year) and who survived

Pucynox 1. OtHomenue HefTtpodmioB Kk uMdoITaM y HalueHToB ¢ IUPPO30M TIeUeHH, KOTOPble YMepJH B TeueHue
nepuoga na6mozenuss (A — 4 roga, B — 1 roj) u KoTopble €ro nepexkuim
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Figure 2. ROC analysis of the use of neutrophil-to-

lymphocyte ratio as a predictor of poor long-term survival
in patients with liver cirrhosis
Pucynox 2. ROC-anaim3s ncrnosb30BaHNsT OTHOIIEHHS

neitpomwioB K JuMdonnTaM Kak ITpeauKTopa Hebsaro-
MIPUSATHOTO JIOJITOCPOYHOTO TIPOTHO3A [IJIsT JKU3HU Y TIAIHEH-

TOB C IUPPO30OM TI€YEHI

In patients with NLR above 1.98, mortality
within 4 years was 52 %, while in those with a
lower ratio it was 9.1 % (p = 0.002; Fig. 4).

In patients with NLR above 2.12, mortality
during the first year of follow-up was 28.6 %, while
in those with a lower ratio it was 0 (p = 0.004;
Fig. 5).

Multivariate regression analysis revealed that
high NLR and low serum albumin levels were
independent predictors fatal outcome in the
assessment of long- and medium-term prognosis
(Table 2).

NLR inversely correlated with the abundance
of Roseburia (r = —0.299; p = 0.041), Alistipes
(r = —0.343; p = 0.018), Rikkenellaceae
(r = —0.310; p = 0.035), Parabacteroides
(r=-0.328; p=0.025), Robinsoniella (r = —0.290;
p =0.049), Paraprevotella (r = —0.388; p = 0.007),
Odoribacter (r = —0.324; p = 0.026) and directly
correlated with the total abundance of bacteria
that form ethanol (» = 0.340; p = 0.020).

In patients with NLR above 1.98, the gut
microbiota had lower abundance of Roseburia
(p = 0.044), Alistipes (p = 0.021), Rikkenellaceae
(p = 0.038), Parabacteroides (p = 0.027),
Bilophyla (p = 0.007), Paraprevotella (p = 0.005)
and Odoribacter (p = 0.030) than that in patients

Figure 3. ROC analysis of the use of neutro-
phil-to-lymphocyte ratio as a predictor of poor mid-term
survival in patients with liver cirrhosis

Pucynox 3. ROC-ananm3 ucroib30BaHus OTHOIIEHUST
neiitpouioB K JuMdonuTaM Kak TpeauKropa Hebsaro-
MIPUSATHOTO CPEHECPOYHOTO MTPOTHO3A VISl JKU3HU y TIAI[H-
€HTOB C IUPPO30M TI€YEHU

with values below this threshold. The opposite
changes were observed with regard to ethanol-
producing bacteria (Fig. 6).

Since taking glucocorticosteroids changes
NLR, namely it increases the neutrophils level
and reduces the lymphocytes count, we divided
our patients into subgroups who took and did
not take these drugs. There were 5 patients with
autoimmune hepatitis in the first group, and all
other patients in the second group. NLR did
not significantly differ between these groups of
patients (Fig. 7). None of the patients taking
glucocorticosteroids died during the follow-up
period (Fig. 8), but the difference between the
groups in life expectancy was still insignificant
(p = 0.138), possibly due to the small number of
participants.

Discussion

The syndrome of immune dysfunction associated
with cirrhosis manifests as an alteration in the
composition and function of various immune
cells. Among other things, neutrophil chemotaxis,
phagocytosis, and bactericidal activity are reduced
[18—23], and lymphocyte function is altered.
Many of these changes have been associated with
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Figure 4. Survival curves (in years) of patients with liver cirrhosis (long-term prognosis) whose neutrophil
to lymphocyte ratio was above and below the threshold (Group 1 and Group 0, respectively)

Pucynox 4. Kpusbie BbixkuBaeMoctu (B roiax) NAaIMeHTOB ¢ IUPPO30M mieveHn (JI0NTOCPOUHbIN MPOTHO3), y KO-
TOPBIX OTHOIIEHUE HeHTpoduaoB K JmMdormram GbL1o Bbine u Huske noporosoro (Group 1 u Group 0 coorser-
CTBEHHO)
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Figure 5. Survival curves (proportions of the first year of observation) of patients with liver cirrhosis
(medium-term prognosis), in whom the neutrophil-to-lymphocyte ratio was above and below the threshold
(Group 1 and Group 0, respectively)
Pucynox 5. Kpusbie BbikusaeMoctu (o1 1epBOro roja HaG/IoeHNs) TAIMeHTOB ¢ UPpo3oM medenu (cpe-
HECPOYHBINA TIPOTHO3), Y KOTOPBIX OTHONIEHWE HEHTpoduaoB K JuMdormtaM ObLIO BBINE W HUXKE TTOPOrOBOTO
(Group 1 u Group 0 cOOTBETCTBEHHO)
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Figure 6. Gut microbiota taxa significantly different between patients with neutrophil to lymphocyte ratio
values above and below the threshold (1.98)

Pucynox 6. TakcoHbI KUIIEYHOI MUKPOOMOTDI, 3HAYNMO PA3TUYAIONIIECS MEK/Y MAIlleHTaMU CO 3HAUYCHUSME OT-
HOILEeHNsT HeliTpoduIoB K JmMdoiTaM Bbilie 1 Huske noporosoro (1,98)
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Table 2. Results of multivariate regression analysis of factors determining unfavorable long-
and medium-term prognosis in patients with liver cirrhosis

Tabauua 2. Pe3yibrathl MHOTOMEPHOTO PETPECCHBHOTO aHaMM3a (AKTOPOB, OMPEAESIONIX Heba-
I‘OHPI/IHTH])II?I OOJITO- N CpeﬂHECquHbIﬁ IIPOTHO3 6OJH)H])IX C MUPPO3OM ITeYeHN

Long-term forecast Short term forecast
Parameter / Ilapamemp Hdoneocpounviit npoenos | Kpamxocpounwtii npoenos
P HR p HR
Neutrophil to lymphocyte ratio 0.024 | 1.27 (1.03—1.57) | 0.021 | 1.38 (1.05-1.83)
mHowerue Heumpopuios K aum@pouuman
e cloioniy oo, 271 0.039 | 0.88(0.78-0.99) | 0.061 | 0.77 (0.58-1.01)
posens anvdymund 6 Kpoeu, 2/ 1
Ascites of the 2nd—3rd grade 0.264 0,561
Acyum 2—3 cm.
gsophageal varices > 1st degree 0.786 0.381
apuxosnoe pacwupenue éen nuweeoda > 1 cm.
]P;epatlc encephalopathy 0751 0.767
eUeHOUHAS FHUeharonamus

endotoxemia and partially regressed after the use
of probiotics [24—26].

In patients with cirrhosis, memory B-cells were
found in the blood much less frequently than in
healthy individuals. Their level correlates with
laboratory markers of liver disease progression.
Dysfunction of these cells correlates with levels
of lipopolysaccharide and bacterial DNA in the
environment [27—30].
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Figure 7. Neutrophil to lymphocyte ratio in patients
who took glucocorticosteroids and those who did not
take these drugs (Groups 1 and 0, respectively)
Pucynox 7. OtHommenne HefTpodiioB kK auMponn-
TaM y TAI[E€HTOB, KOTOPbIE MIPHUHUMAIN TJIIOKOKOPTH-
KOCTEPOU/IBI, W TeX, KTO He TMPUHUMAT [TaHHble Tpe-
napatbl (rpymnmbst 1 1 0 COOTBETCTBEHHO)

A high antigen load resulting from bacterial
translocation may contribute to prolonged activation
and subsequent exhaustion of T lymphocytes.
Significant reduction in the overall number
of T cells in peripheral blood is observed in
patients with cirrhosis and ascites. The proportion
of activated CD4" T cells and aging CD8" T cells
significantly increases. Additionally, the proportion
of CD4" and CD8" populations expressing apoptosis
markers (CD95") is higher in patients with cirrhosis
compared to healthy individuals from the control
group. A reduction in the level of co-stimulatory
molecules of lymphocytes, such as CD28, has also
been found. Thus, it can be assumed that these
changes in adaptive immunity may play a role
in the immunosuppression observed in cirrhosis,
leading to increased susceptibility to bacterial
infections [31, 32]. A low level of T cells is not
associated with the etiological factor of cirrhosis
and a negative correlation it with the presence of
splenomegaly has been noted [32]. A previous study
showed that T cell immunodeficiency in cirrhosis
is associated with a defect in lymphopoiesis in the
thymus, which is exacerbated by cell deposition in
the spleen and activation of cell death caused by
bacterial translocation [34].

Lipopolysaccharide enhances the systemic
inflammatory response by activating Toll-
like receptors 2 and 4 and stimulates the mass
production of cytokines, which in turn leads to
increased secretion of reactive oxygen species that
further increase the permeability of the intestinal
barrier, enhancing bacterial translocation [35].

The significant enhancement of production of
cytokine and reactive oxygen species, leading to
increased intestinal permeability and bacterial
translocation, highlights the importance of
developing therapeutic strategies to overcome
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Figure 8. Survival of patients who took glucocorticosteroids and those who did not take these drugs (Group 1

and Group 0, respectively)
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these issues. Therefore, it is reasonable to assume
that some of the positive effects of albumin
administration in patients with cirrhosis-related
spontaneous bacterial peritonitis or acute kidney
injury may be largely due to its anti-inflammatory
and antioxidant properties [36, 37]. Multivariate
regression analysis in our study showed that NLR
and albumin levels in the blood were independent
predictors of long- and middle-term mortality,
that supporting this hypothesis.

Earlier studies have examined the use of NLR
as a predictor of unfavorable short-term prognosis
in patients with decompensated cirrhosis.
Exceeding a threshold value of 4 was found to
be an independent risk factor for fatal outcomes
[4]. The current study showed similar patterns for
middle- and long-term prognosis.

The link between gut dysbiosis and long-
term prognosis in cirrhosis patients has been
studied before. Mortality in patients with severe
dysbiosis was significantly higher than in those

with moderate dysbiosis. Severe dysbiosis was
an independent risk factor for death in cirrhosis
patients [10]. In deceased patients, compared
to survivors, there was an increased abundance
of Enterobacteriaceae, Proteobacteria, and
Lactobacillaceae, and a rteduced content of
Firmicutes and Clostridia. The number of Bacilli,
Enterococcaceae, and Lactobacillaceae was
higher, and the number of Clostridia was lower
in those who died within the first year of follow-
up compared to those who survived this year. The
number of Enterobacteriaceae and Proteobacteria
was higher in those who died in the 2nd—4th year
of follow-up compared to survivors.

In this study, we evaluated the correlations
between NLR and the level of various bacterial
taxa in the gut microbiota. The phylum
Bacteroidetes (Bacteroidota in the modern
classification) includes non-spore-forming, gram-
negative strict anaerobes, including the families
Rikenellaceae and Odoribacteraceae, and the
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genera Parabacteroides, Paraprevotella, and
Alistipes, some of which play a significant role
in colonization resistance, have anti-inflammatory
effects, and normalize metabolism. In our
study, NLR was inversely correlated with the
level of Alistipes, Rikenellaceae, Odoribacter,
Parabacteroides, and Paraprevotella in the gut
microbiota, indicating their association with
the development of the systemic inflammatory
response.

A reverse correlation with NLR was also found
with Roseburia and Robinsoniella, which belong
to the family Lachnospiraceae. Previous studies
have shown that the level of these bacteria in the
gut microbiota was reduced in senile sarcopenia,
chronic kidney disease, asthma, multiple sclerosis,
arterial hypertension, hyperlipidemia, ischemic
heart disease, type 2 diabetes, obesity, and other
diseases [38—46].

The content of ethanol-producing bacteria in the
intestines was directly correlated with NLR. This
can be explained by the fact that ethanol damages
enterocytes, promoting bacterial translocation and
the neutrophilic inflammatory response to it.

In our study, we did not find a significant
difference in NLR between patients who took
glucocorticoids and those who did not. Since all
the patients who took these drugs had autoimmune
hepatitis, it can be assumed that their immune
systems were initially hyperreactive, and thus,
glucocorticoids did not lead to immunodeficiency
but restored their immune system to a normoreactive
state. Further studies with a larger sample size are
required to confirm this hypothesis.

The correlations found between immune
dysfunction and gut microbiota in cirrhosis
suggest that interventions aimed at correcting
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