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Main phylotypes of gut microbiota
and their connection with the degree
of obesity and the stage of liver fibrosis

in patients with non-alcoholic fatty
liver disease

=3

Objective — to analyse the state of the relative composition of gut microbiota (GM) at the level of the main
phylotypes in patients with non-alcoholic fatty liver disease (NAFLD) with different body mass index and degree
of liver fibrosis.

Materials and methods. The study involved 105 people. The main group consisted of 85 patients with NAFLD
with obesity of 36.50 [32.00; 40.60] kg/m?, who were divided into three subgroups depending on the degree of
obesity. Subgroup I included 38 patients who were diagnosed with the first degree of obesity. Subgroup II includ-
ed 23 patients diagnosed with the second degree. Subgroup III consisted of 24 patients with the third degree of
obesity. The control group consisted of 20 practically healthy individuals 23.50 [21.35; 25.78] kg/m?. Determina-
tion of the degree of fibrosis according to METAVIR scale by measuring the average stiffness of the liver paren-
chyma in the mode of shear wave elastography. The composition of GM at the level of the main phylotypes was
studied by identifying total bacterial DNA and DNA of Bacteroidetes, Firmicutes, as well as Firmicutes/Bacte-
roidetes ratio by quantitative real-time polymerase chain reaction using universal primers for the 16S rRNA gene
and taxon-specific primers. Statistical processing was performed using Statistica 13.1.

Results. In the comorbid course of NAFLD and the first degree of obesity, 47.37 % of patients had no signs of fibrosis
and the same number were diagnosed with F1 fibrosis, two patients (5.26 %) had F2 fibrosis, and F3 fibrosis was not
diagnosed in any patient. In subgroup II, two-thirds actually had liver fibrosis, but F3 fibrosis was not detected in any
patient. In patients of subgroup III, only 20.83 % of patients had no signs of liver fibrosis, while 37.50 % were diag-
nosed with F1 fibrosis, 33.33 % with F2 fibrosis, and 8.33 % with F3 fibrosis. In other words, the most severe F3 fibro-
sis was observed in patients with the third degree of obesity. In patients of the subgroup I, the statistically significant
increase in the relative ratio of Firmicutes/Bacteroidetes was found compared to the control group: 3.07 times
(p<0.01) in the absence of fibrosis and already in the presence of the 1st stage of fibrosis this indicator increased to
3.21 (p<0.01), while in the 2nd stage it increased almost 4 times (p <0.01). However, when comparing this indicator
in the first subgroup between the stages of fibrosis, no statistically significant deviations were found (p > 0.05), e, the
changes were only tendency-like. In patients of the subgroup II, the statistically significant increase in the relative
ratio of Firmicutes/Bacteroidetes was also found compared to the control group: 3.25 times (p<0.01) in the absence
of fibrosis, 3.81 times (p<0.01) in the 1st stage of fibrosis, 5.08 times (p <0.01) in the 2nd stage of fibrosis, which was
the maximum value. Also, the statistically significant increase in the relative ratio of Firmicutes/Bacteroidetesby 1.57
times (p<0.01) was found at F2 compared to FO, while between other stages of fibrosis, the changes were trending
and had no statistically significant differences. In patients of subgroup III in the absence of fibrosis, the relative ratio
of Firmicutes/Bacteroidetes also exceeded that of the control group and progressively increased with increasing
fibrosis. It should be noted that the statistically significant increase in the relative ratio of Firmicutes/Bacteroidetes
between F2 and FO by 1.28 times (p<0.01) and between F3 and FO by 1.35 times (p<0.01) was found.

Conclusions. When analysing the relative composition of GM in the studied subgroups depending on the stage
of fibrosis, it was found that the increase in the stage of liver fibrosis is associated with certain disorders of Fir-
micutes/Bacteroidetes ratio, the relative content of Firmicutes and Bacteroidetes. Thus, in the subgroup I, the
relative composition of GM significantly differed only from the control group, while in patients of the subgroup
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II with F2 fibrosis there was the statistically significant increase in the relative ratio of Firmicutes/Bacteroidetes
by more than one and a half times compared to patients without signs of fibrosis. At the same time, in patients of
the subgroup III with fibrosis, not only F2, but also F3, the statistically significant increase in the relative ratio of

Firmicutes/Bacteroidetes was found.

Keywords: non-alcoholic fatty liver disease, obesity, gut microbiota, fibrosis.

on-alcoholic fatty liver disease (NAFLD) re-

mains one of the most common causes of liver
disease worldwide, which is closely related to the
lifestyle of the population (high energy food intake
together with a sedentary lifestyle), which has been
further significantly affected by quarantine restric-
tions due to the COVID-19 pandemic [24].

The analysis of the epidemiological situation
gives unfavourable forecasts: according to experts,
by 2030 the prevalence of NAFLD will increase by
18.3 %, which will give rise to the exponential in-
crease in the number of patients with non-alcoholic
steatohepatitis and cause 43 million new cases of
this disease [8, 31].

It should be noted that the prevalence of NAFLD
is increasing in parallel with the increase in the
prevalence of major diseases associated with meta-
bolic disorders, with obesity taking the leading
place. Indeed, studies have shown that more than
half of patients with NAFLD are diagnosed with
obesity [31], while among obese patients, the preva-
lence of NAFLD ranges from 60 to 95% [15, 29].
The above is particularly relevant against the back-
drop of the actual obesity epidemic that is sweep-
ing the world. Thus, according to the World Health
Organization, in recent decades, there has been
a pronounced unfavourable epidemiological trend
in the number of obese patients worldwide — from
1975 to 2014, their number doubled [15]. In 2016,
the prevalence of obesity for the 20—84 age group
ranged from 22.7 % in Portugal to 29.3 % in the UK
for men, and from 19.5% in Switzerland to 31.3%
in the UK for women; and the highest rate was ob-
served in the United States — 37.5% for men and
39.5% for women [14]. Mathematical forecasting
of the epidemiological situation in the UK suggests
a progressive spread of obesity in 2050 to about
50 % of adult women and 60 % of men [14].

It should be noted that the comorbid course of
NAFLD and obesity creates a complex etiological
basis for the progression of steatosis to steatohepati-
tis, fibrosis and cirrhosis, which in turn leads to sig-
nificant socioeconomic consequences: an increase in
overall mortality, including that caused by liver dis-
ease, and causes a growing burden on public health
worldwide [11, 21, 31]. Currently, it has been prov-
en that the presence of fibrosis, rather than proin-
flammatory changes, is the most important marker
associated with the risk of adverse events associated

with liver disease or overall mortality [23]. This ef-
fect is observed even in the early stages of fibrosis,
demonstrating a gradual increase in the frequency
of adverse events as the stage of fibrosis progresses
[4,7,10, 16].

In recent years, the role of the gut microbiota
(GM) in the development of liver steatosis and its
progression to fibrosis has been increasingly empha-
sized in the literature. The most convincing evidence
of the potential role of the GM in the development
and progression of NAFLD is provided by Loomba
etal.[19]. In this study, the diagnosis of NAFLD was
confirmed by liver biopsy or elastography (n=86).
For the study of the formed cohort of patients, 37
different bacteria were isolated, the composition of
which varied depending on the degree of fibrotic
changes. The high activity of fibrotic changes in
the liver was characterized by the increase in the
number of Proteobacteria and E. coli, the decrease
in Firmicutes; such features led scientists to believe
that it is possible to diagnose progressive fibrosis
in NAFLD by changes in the GM. The course of
NAFLD-associated cirrhosis is also accompanied
by probable changes in GM [5]. In turn, obesity has
also been shown to be associated with characteristic
changes in GM composition [ 1, 18].

The above confirms the urgent relevance of
studying the role of GM in the progression of
NAFLD (including profibrotic processes in the liv-
er) in obese patients.

Objective — to analyse the state of the relative
composition of GM at the level of the main phylo-
types in patients with NAFLD with different body
mass index (BMI) and degree of liver fibrosis.

Materials and methods

The study involved 105 people. The main group
consisted of 85 patients with NAFLD with obesity
of 36.50 [32.00; 40.60] kg/m?, who were divided
into three subgroups depending on the degree of
obesity. Subgroup I included 38 patients (44.71 %)
who were diagnosed with the first degree of obe-
sity (BMI from 30.0 to 34.9 kg/m?). Subgroup II
included 23 patients (27.06 %) diagnosed with the
second degree (BMI from 35.0 to 39.9 kg/m?). Sub-
group III consisted of 24 (28.24 %) patients with the
third degree of obesity (BMI over 40.0 kg/m?). The
control group consisted of 20 practically healthy in-
dividuals 23.50 [21.35; 25.78] kg/m?>.
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The Bioethics Committee of L.T. Mala Therapy
National Institute of the NAMS of Ukraine approved
the study. Prior to the study, all patients voluntarily
signed the informed consent to participate in the study.

The diagnosis of NAFLD was made in accordance
with the Order of the Ministry of Health No. 826 of
November 06, 2014 and the European Association
for the Diagnosis and Treatment of NAFLD EASL-
EASD-EASO Clinical Practice Guidelines for the
management of NAFLD, 2016.

WHO criteria [32] were used to diagnose obesity
and classify its degree, based on the calculated BMI.

All patients were interviewed to determine the
etiological factors of secondary fatty liver and other
conditions that affect the composition of GM, as well
as a general clinical examination (analysis of com-
plaints, medical history, life history, and objective
status) and anthropometry with BMI calculation.

The degree of fibrosis according to the META-
VIR scale was determined by measuring the aver-
age stiffness of the liver parenchyma during ultra-
sound examination of the liver in the mode of shear
wave elastography [26].

To determine the main GM phylotypes, fecal
samples freshly collected in sterile containers were
aliquoted, quickly frozen and stored at —20°C until
extraction. The DNA was extracted from 400 mg
of feces using the Ribo-prep nucleic acid extraction
kit (AmpliSens, Russia) according to the manufac-
turer’s instructions.

The DNA concentration in the extracts was mea-
sured with Qubit 3 fluorimeter (USA) using Qubit
dsDNA HS Assay Kits (Thermo Scientific, USA)
and adjusted to ~10 ng/ul. The composition of
GM at the level of the main phylotypes was deter-
mined by identifying total bacterial DNA and DNA
of Bacteroidetes, Firmicutes and Actinobacteria and
the ratio of Firmicutes/Bacteroidetes by quantitative
real-time polymerase chain reaction (qQRT-PCR)
using universal primers for the 16S rRNA gene and
taxon-specific primers [34]. The polymerase chain
reaction was performed using CFX96 Touch Real-
Time PCR Product Detection System (Bio-Rad,
USA). Amplification program: initial denaturation
stage for 5 min at 95 °C — 40 cycles: 15s at 95 °C,
15sat 61.5°C, 30s at 72 °C with fluorescence signal
reading; final elongation stage — 5 min at 72 °C.

Statistical processing was performed using Sta-
tistica 13.1. According to the Kolmogorov-Smirnov
criterion, the distribution of all the studied indica-
tors did not correspond to the normal (Gaussian)
distribution, so nonparametric statistics methods
were used. The data are presented in the form of Me
[LQ; UQ], where Me is the median, LQ and UQ are
the lower and upper quartiles, respectively.

Results

The data obtained confirm the frequent comor-
bidity of obesity and NAFLD (Fig. 1). From the dis-
tribution of patients in the main group depending
on the degree of obesity (see Fig. 1), we see that pa-
tients with the third degree of obesity predominat-
ed among them, while patients with the first degree
of obesity were actually one and a half times less.

At the next stage, the patients underwent elas-
tometry and the average stiffness of the liver paren-
chyma in the mode of shear wave elastography to
determine the degree of liver fibrosis (Fig. 2) was
measured.

As we can see from Fig. 2, in patients with NAFLD
and the first degree of obesity (n = 38), almost half of
the patients (47.37 %) had no signs of fibrosis and
the same number were diagnosed with stage 1 fibro-
sis, and only two (5.26 %) patients were diagnosed
with stage 2 fibrosis, and no patient was diagnosed

Subgroup I | 31.80 [31.23; 33.23] \

Subgroup IT | 37.60 [36.90; 38.75] \

Subgroup 111 | 43.25 [43.25; 46.32] \

Control | 2350 [21.35;25.78] |

BMI, kg/m?

Fig. 1. Analysis of body mass index in the studied
subgroups

474

Number of patients, %

] FO
B Ft
H F2
B F3
1 2 3
Obesity degree

Fig. 2. Distribution of patients with NAFLD by

the degree of liver fibrosis depending on the degree
of obesity: FO — no liver fibrosis; F1 — stage 1 fibrosis;

F2 — stage 2 fibrosis; F3 — stage 3 fibrosis
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with stage 3 fibrosis. In contrast, in patients with
NAFLD and the second degree of obesity (n=23),
two-thirds had liver fibrosis: 7 (30.43 %) had stage 1,
8 (34.87 %) had stage 2, and no patients had stage 3
fibrosis. And in patients with NAFLD and the third
degree of obesity (n=24), only 20.83 % of patients
had no signs of liver fibrosis, while 37.50 % were di-
agnosed with stage 1 fibrosis, 33.33 % with stage 2,
and 8.33 % with stage 3 fibrosis. In other words, the
most severe F3 fibrosis was observed in patients with
the third degree of obesity, indicating the tendency
to increase the number of patients with fibrosis and
its severity as the degree of obesity increases.

The study of the ratio of the main GM phylotypes
revealed significant differences in the Firmicutes/
Bacteroidetes ratio depending on the presence of
liver fibrosis (Fig. 3).

In patients of the subgroup I, the statistically sig-
nificant increase in the relative ratio of Firmicutes/
Bacteroidetes was found compared to the control
group: 3.07 times (p<0.01) in the absence of fibro-
sis and already in the presence of the 1st stage of
fibrosis this indicator increased to 3.21 (p<0.01),
while in the 2nd stage it increased almost 4 times
(p<0.01). However, when comparing this indicator
in the first subgroup between the stages of fibrosis,
no statistically significant deviations were found
(p>0.05),i.e., the changes were only tendency-like.

Subgroup OI1 @Il mIII

1.97 [1.01; 2.55]
FO | 2.08[1.63;5.48] |
255 [1.29; 6.54]
2.06 [1.18; 40.4]
F1 | 2.44[1.37;653] |
2.86 [3.14; 6.66]
250 [2.03; 4.73]
F2 | 325[2.07;6.18] |

3.26 [1.26; 6.48]

F3

3.43[1.87;5.95]
7] 0641052 1.47)

Control

Firmicutes/Bacteroidetes

In patients of the subgroup II, the statistically sig-
nificant increase in the relative ratio of Firmicutes/
Bacteroidetes was also found compared to the con-
trol group: 3.25 times (p<0.01) in the absence of
fibrosis, 3.81 times (p<0.01) in the 1st stage of
fibrosis, 5.08 times (p<0.01) in the 2nd stage of
fibrosis, which was the maximum value. Also, the
statistically significant increase in the relative ratio
of Firmicutes/Bacteroidetes by 1.57 times (p<0.01)
was found at F2 compared to F0O, while between
other stages of fibrosis, the changes were trending
and had no statistically significant differences.

In patients of the subgroup III in the absence of
fibrosis, the relative ratio of Firmicutes/Bacteroidetes
also exceeded that of the control group and progres-
sively increased with increasing fibrosis (Fig. 3). It
should be noted that the statistically significant in-
crease in the relative ratio of Firmicutes/Bacteroidetes
between F2 and FO by 1.28 times (p<0.01) and be-
tween F3 and FO by 1.35 times (p<0.01) was found.

Further analysis of the results showed that the in-
crease in the relative ratio of Firmicutes/Bacteroide-
tes in the subgroups of the main group was mainly
due to the increase in the number of representatives
of Firmicutes type (Fig. 4).

Thus, in patients of subgroup I, in the absence of
signs of fibrosis, the index reflecting the content of
Firmicutes exceeded the control group by 1.33 times

Subgroup I =11 mII

46.2 [36.1; 68.0]
[0 | 46.0[37.2;69.1] |

49.3[39.1; 69.8]

48.4[37.1; 68.1]
F1 | 49.3[38.1;639] |

52.0 [39.0; 72.1]

50.1 [36.0; 69.8]
F2 | 553[41.2;71.4] |

52.0 [39.0; 72.1]

F3

2.0 [39.0; 72.1]

3001225, 418] ]

Control

Firmicutes, %

Fig. 3. Firmicutes/Bacteroidetes ratio in the studied
subgroups

Fig. 4. Relative content of Firmicutes in the studied
subgroups
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(p<0.01), in the presence of fibrosis F1 and F2 it
gradually increased by 1.40 times. The relative con-
tent of Firmicutes in the first subgroup significantly
exceeded that of the control group, but when com-
pared by fibrosis stage, the differences were trending.

In patients of the subgroup II, in addition to the
statistically significant (p<0.01) increase in the
relative content of Firmicutes depending on the
stage of fibrosis, the significant increase in this in-
dicator by 1.2 times (p<0.01) was observed in pa-
tients without signs of fibrosis and patients with
stage 2 fibrosis.

In the subgroup III, the increase in the relative
content of Firmicutes had a similar dynamics to that
of the subgroup II: their content reached maximum
values in patients with fibrosis F2 exceeding the
control group by 1.6 times (p <0.01) and decreased
in patients with fibrosis F3 by 1.5 times (p <0.01),
while in patients with fibrosis F1 and without signs
of fibrosis this indicator exceeded the control group
by 1.42 times (p<0.01). Also, in patients of the
subgroup III, a statistically significant increase in
the relative content of Firmicutes was found when
comparing patients with no fibrosis and patients
with fibrosis F2 and F3 by 1.12 times (p<0.01)
(see Fig. 4).

Regarding the relative content of Bacteroidetes,
the data analysis showed that in all subgroups of

Subgroup I ®mII mIII

23.5 [21.0; 24.3]
FO | 22.1[19.8; 23.4] |

19.3 [18.3; 2.0]

23.5[21.1; 24.1]
Ft | 20.1[18.8;21.2] |

18.2[17.9; 20.0]

20.0 [18.2; 21.3]
F2 | 17.0[16.5;20.1] |

16.9 [16.0; 18.8]

y .
1 .

F3

16.0 [16.0; 19.2]

34 1246435] ]

Control

Bacteroidetes, %

Fig. 5. Relative content of Bacteroidetes in the
studied subgroups

the main group it was significantly lower than in
the control group. Its variability depending on the
presence of liver fibrosis was as follows (Fig. 5).

In patients of the subgroup I, both in the ab-
sence of signs of fibrosis and in fibrosis F1, the rela-
tive content of Bacteroidetes was approximately
the same and less than that of the control group
(p<0.01), while in the stages of fibrosis F2 it de-
creased by 1.5 times (p<0.01).

In patients of the subgroup II, the relative con-
tent of Bacteroidetes in the absence of fibrosis was
lower than in patients of the subgroup 1, and the
presence of liver fibrosis was associated with the
decrease in this indicator. A statistically significant
decrease in the relative content of Bacteroidetes by
1.18 times (p <0.01) was found in patients with F2
fibrosis compared with patients without fibrosis,
while changes in this indicator did not differ signifi-
cantly between other stages of fibrosis (see Fig. 4).

In patients of the subgroup III, the relative con-
tent of Bacteroidetes was the lowest. At the same
time, in patients of the subgroup III with no signs
of fibrosis, this indicator was significantly lower
(p<0.01) compared with the control group and
gradually decreased with increasing fibrosis: in F1,
it was reduced by 1.65 times (p<0. 01), in F3 by
1.87 times (p<0.01).

Similarly to the previous results regarding the
relative content of Firmicutes, there was an inverse
statistically significant (p<0.01) decrease in the
relative content of Bacteroidetes from patients in
the subgroup IIT with no fibrosis to patients with
fibrosis F2—F3 (see Fig. 5).

Discussion

Over the past decades, the study of GM, includ-
ing its main phylotypes: Firmicutes, Bacteroidetes,
and Actinobacteria, in NAFLD and obesity has been
studied extensively [25, 28], but often the results
are heterogeneous or even contradictory. The data
obtained in our study show that the presence of co-
morbidity of NAFLD and obesity significantly af-
fects the above indicators, and this effect increases
with increasing BMI. This is consistent with the
data of other authors [2, 13], but A. Schwiertz et al.
[27] do not confirm the presence of changes in the
main GM phylotypes in this category of patients.

Changes in the Firmicutes/Bacteroidetes ratio do
not support the results obtained by California re-
searchers who refuted the existence of the relation-
ship between Firmicutes/Bacteroidetes ratio [29]
and the formation of overweight, and confirm the
findings of other studies [15, 24].

It is also known that liver fibrogenesis is often
accompanied by changes in GM, primarily by the
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decrease in its diversity due to the increase in the
number of Firmicutes and the decrease in the num-
ber of Bacteroidetes [3, 17]. In our study, the in-
crease in obesity severity influenced the increase
in the number of patients with stage 1 and stage 2
fibrosis (3?=37.23985, df=9; p<0.002). Our find-
ings also confirm the role of obesity as a risk factor
that potentiates the development of liver fibrosis
and, accordingly, the progression of NAFLD. This
is consistent with a recent meta-analysis by Feng-
Bin Lu [13, 20, 22]. We found that stage 3 fibrosis
was associated with the most severe degree of obe-
sity and more severe abnormalities in BM filotypes,
which is also consistent with current literature [30,
33]. For example, the study by Dong et al [6] found
that patients with advanced fibrosis have marked
changes in the composition of GM, characterized
by the increase in the genus Prevotella and decrease
in Bacteroides, compared with patients with lower
stages of fibrosis [22].

It should be noted that in our study, patients
without signs of fibrosis and stage 1 fibrosis predom-
inated among the examined patients, and a small
number of patients with NAFLD with stage 3 fibro-
sis was due to the small number of patients with the
third stage of obesity included in our study, which
in turn imposes certain limitations on our results.

Conclusions

The results of the study indicate that the com-
position of GM in terms of the content of the main
phylotypes in obese patients with NAFLD has sta-
tistically significant differences depending on BMI
and the stage of fibrosis compared with the control

Conflicts of interest: none.

group. Thus, there was a statistically significant in-
crease in the Firmicutes/Bacteroidetes ratio, the rel-
ative content of Firmicutes, against the background
of the reverse decrease in the relative content of
Bacteroidetes at all degrees of obesity compared to
the control group.

When analysing the relative composition of GM
in the studied subgroups depending on the stage of
fibrosis, it was found that the increase in the stage of
liver fibrosis is associated with certain disorders of
Firmicutes/Bacteroidetes ratio, the relative content
of Firmicutes and Bacteroidetes. Thus, in the first sub-
group, the relative composition of GM significantly
differed only from the control group, while in pa-
tients of the second subgroup with F2 fibrosis there
was a statistically significant increase in the relative
ratio of Firmicutes / Bacteroidetes by more than one
and a half times, the relative content of Firmicutes by
1.2 times, against the decrease in the relative con-
tent of Bacteroidetes by 1.18 times compared with
patients without signs of fibrosis. At the same time,
in patients of the subgroup III with fibrosis, not only
F2, but also F3, the statistically significant increase
in the relative ratio of Firmicutes/Bacteroidetes and
the increase in the relative content of Firmicutes
were found against the background of the decrease
in the relative content of Bacteroidetes of the sub-
group compared with patients without fibrosis.

Our results have certain limitations, which may
explain their heterogeneity — first of all, a rather
small number of patients studied, which especially
affects the results due to their division into sub-
groups, which only emphasizes the high relevance
of further large-scale studies in this area.

Authorship contributions: conception and design — O.Y. H.;
acquisition of data, analysis and interpretation of data — N.I. C.;
drafting the article, critical revision of the article — N.1.C., O. Y. H.
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Y «HauionanpHuil inctutyT Tepanii imeni JI. T. Manoi HAMH Vkpainu», Xapkis

OCHOBHI (piTOTUIIN KUIITKOBO1 MiKpPOOiOTH TA IXHil 3B’ 130K
3i CTYIIEHEM OXKUPIHHS TA CTAAi€I0 PiOPO3y NEYiHKU
Y XBOPHUX HA HEAJIKOT'OJIbHY KUPOBY XBOPOOY IIEYiHKHA

MeTa — NPOAHATI3yBATH CTAH BiJHOCHOTO CKJIAJly KUIIKOBOI Mikpo6ioTH (KM) Ha piB€Hb OCHOBHUX (PiOTH-
IIiB y XBOPHX HA HEAJIKOTOJIbHY JKUPOBY XBOPOOyY nevinku (HAXKXIT) 3 pisHMM iHIEKCOM MACH Tija Ta CTyIIE-
HeM (piOpO3y NETiHKH.

Marepiaau Ta MeTOAH. Y JOCIDKEHHS 6y/10 3aIydeHO 105 oci6. OCHOBHY I'pyIly YTBOPWIN 85 XBOPHX HA
HAKXII Ha i oxupinsst 36,50 [32,00; 40,60] Kr/M?, SKUX POSMOAUIHIIN HA TPH MATPYIIN 3AJICKHO Bifl CTYIICHS
oxxupinHs: | nigrpyna — 38 xsopux 3 I crynieHem oxxupingsg, I nigrpyna — 23 xsopux 3 11 crynienem, 111 migrpy-
ma — 24 xsopux 3 III crynenem. KOHTpOIbHY rpy1y yTBOPHIN 20 MPAKTUYHO 3I0POBUX OCOOH, CEPEIHIN iHIEKC

30

Nel (129) « 2023 # CYYACHATACTPOEHTEPOJIOILA



OPUITHAJIbHI JOC/IIZKEHHA

Mmacu Tina — 23,50 [21,35; 25,78] xr/m2 Crynine (pi6po3y BU3HAYAIM 32 IIKaI010 METAVIR 3 BUKOPHUCTAHHIM
IIOKA3HUKA CEPENHBOI XKOPCTKOCTI MAPEHXIMU MEYiHKN B PEXKUMI 3CYyBHOXBU/ILOBOI e1acTorpadii. Busuennsa
cx1asy KM Ha piBHI OCHOBHUX (PUIOTHITIB IPOBOAWIN IIUIIXOM ileHTU(iKallil 3aranbpHoi 6akTepianibHol JHK
i JHK Bacteroidetes, Firmicutes, a TAKOX CIIiBBijHOIIeHHs Firmicutes/Bacteroidetes METOAOM KUIbKICHOI I10JIi-
MEPA3HOI JIAHIIIOIOBOI PEAKILil B PEXKUMi PEAJIBHOI'O YaCy 3 BUKOPUCTAHHAM YHiBEPCAIBHUX IIPAUMEPIB 1A
reHa 16S pPHK i TakcoH-cnierudivHux npatimepis. CTaTHCTHYHY OGPOGKY 3/1ICHIOBAIN 32 JONIOMOI'OIO ITAKETA
nporpam Statistica 13.1.

PesynarraTh. I1pu komopbigHomMy nepebiry HAYKXIT ta oxupinns I crynens y 47,37 % NallieHTiB HE BUSBIECHO
o3HaK HiGposy, e y 47,37 % — piarHocroBaHo ¢pi6po3 1 craaii (F1),y 2 (5,26 %) — F2, sunajkis F3 He Gyro.
VI miArpymi ABi TPETUHU NAIi€HTIB My (pibpo3 nevinky, ane Bunaaxis F3 ne 6ymo, y I nigrpymni iume 20,83 %
MAIiE€HTIB HE MAJIK O3HAK (PiOGPO3y NMEUiHKH, TOAL K V¥ 37,50 % niarnoctoBaHo F1,y 33,33 % — F2,y 8,33 % — F3.
VY xBopux | HiArpynu BUABIEHO CTATUCTUYHO 3HAYYIIE 30UIBIICHHA BEJIMYUHU CHiBBiTHOWMEHHA Firmicutes/
Bacteroidetes TOpiBHAHO 3 KOHTPOIBHOIO I'PYIIOIO: 32 BiICYTHOCTI (pibpo3y —y 3,07 pasy (p<0,01), 32 HasBHOC-
Ti F1 —y 3,21 pagy (p<0,01), 3a nagBHocTi F2 — marbke y 4 pasu (p <0,01). IIpy mOpiBHAHHI I1bOI'0 ITOKA3HHUKA
y HAILi€HTIB 3 Pi3HUMU CTaAIAMU (PiIOPO3Y CTATUCTUYHO 3HAYYINOL Pi3HULIL HE BUABIEHO (P > 0,05), 3MiHM Manu
JIUIIE XaPaKTeP TEHJIEHILiL YV xBopux Il miArpynu Takox 3a(piKkCOBAHO CTATUCTUYHO 3HAYYIIE 301IBIIICHHS BEIH-
4MHU CHiBBiIHOIIEHH: Firmicutes/Bacteroidetes 3 KOHTPOJIBHOIO IPYIIOIO: 34 BiICYTHOCTI (pi6po3y —y 3,25 pasy
(p<0,01), 3a HagBHOCTI F1 — v 3,81 pagy (p<0,01), 32 HasBHOCTi F2 —y 5,08 pasy (p<0,01). BusBieHo craTuc-
THUYHO 3HAYYLIE [iIBUIIICHHA BEJIMYWHU CHiBBiHOWIEHHA Firmicutes/Bacteroidetesy 1,57 pasy (p<0,01) npu
F2 nopiBaaHO 3 FO, BiAMIHHOCTI MK iHITMMU CTafisMu (iOpo3y HE O6yaU CTATUCTUYHO 3HAYYHIIUMH i MaIu
xapakrep TeHzeHil ¥ xsopux III nmiArpynu 3a BifiICyTHOCTI (pi6pO3y BEIMYHHA CHiBBiAHOMIEHHS Firmicutes/
Bacteroidetes nepeBuUIllyBaa MOKA3HUK KOHTPOJIBHOI I'PYNU Ta IPOIPECUBHO 30UIBITYBAIACA 3i 3pOCTAHHAM
cTyneHs (pibpo3y. YCTAaHOBIEHO CTATUCTUYHO 3HAYYIIYY BiIMIHHICTD 32 BEJIMYMHOIO CHiBBiAHOIIEHHA Firmicutes/
Bacteroidetes miok F2 Ta FOy 1,28 pazy (p<0,01), mixx F3 Ta FO — vy 1,35 pasy (p<0,01).

BHCHOBKH. BUsBICHO, O NiABUINEHHS CTafil PibpO3y NEUiHKH ACOIIOETHCS 3 IEBHUMU ITOPYIICHHSIMU
cuiBBiiHOEHH Firmicutes/Bacteroidetes, BinnocHOro BMicTy Firmicutesi Bacteroidetes. Y 1 niarpyni BitHOC-
HUA CK1a]] KM CTaTUCTUYHO 3HAYYIIO BiIPI3HABCA JIUIIE BiJ] IOKA3HUKA KOHTPOJIBHOI I'PYITH, TO/I K Y XBO-
pux Il migrpynu 3 ¢pi6poszom F2 3a(pikCOBAHO CTATUCTUYHO 3HAYYIIE MiABUIIEHHA OUIBII HEK Y 1,5 pa3y BeIu-
4HHU CHiBBiHOMIEHH Firmicutes/Bacteroidetes TOpPiBHAHO 3 XBOPUMU 6€3 03HAK Pi6po3y. Y xBopux I mif-
rpyn# 3 pidéposom He nuie F2, a 11 F3 3a(hikCOBAHO CTATUCTUYHO 3HAYYIIE 301IBIIEHHS BEJIMYUHU CIiBBiZIHO-
mieHHs Firmicutes/Bacteroidetes.

KJI¥0490Bi CJI0Ba: HEAJIKOTOJIbHA )KMPOBA XBOPOOA NIEUiHKU, O’KMPiHHS, KUIIIKOBA MiKpO6i0Ta, (Ppi6pOo3.
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