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Abstract

Aim - to identify a correlation between the somatotype of a patient with liver
cirrhosis and changes in the composition of the intestinal microbiota.
Material and methods. The study included 46 patients diagnosed with liver
cirrhosis of various etiologies. The somatotype of the patients was determined
using a bioimpedance analyzer of body composition (ABC-01 "Medass").
The intestinal microbiota was analyzed once by 16s rRNA sequencing. The
processing of the received data was carried out using the program “Statistica".
Results. Among 46 patients diagnosed with liver cirrhosis, the majority
(26 patients) had a mesoendomorphic somatotype, 14 patients were
representatives of endomesomorphs. The predominance of representatives
of the genera Streptococcus (p-value = 0.02), Campylobacter (p-value = 0.049)
and Holdemanella (p-value = 0.048) was statistically significant in the group

of endomesomorphs, while bacteria from the genera Klebsiella (p-value =
0.01) and Gammaproteobacteria (p-value = 0.048) prevailed in the group
of mesoendomorphs (p-value = 0.02). Taxa of the intestinal microbiota of
Pyramidobacter were expressed in patients with the endomorphic somatotype
(p-value = 0.016).

Conclusions. Different somatotypes of patients with liver cirrhosis are
associated with certain taxa of the intestinal microbiota, which prevail over
other families of bacteria.

Keywords: bioimpedance analysis, somatotype, liver cirrhosis, intestinal
microbiota.
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ComaToTun nu MUKPOOMOM:
TeHAEHLUUU U Koppenauuu npu umppose nevyeHu

10.0. XXapukos!, A.H. Napxuaxmepnoral, §1.B. Kucenesa?, P.B. MacneHHukoB!,
A.M. Anuesa!l, T.C. XXapukosa?, B.H. HukoneHko!

IOIAQY BO lMepsbiit MTMY nmenn .M. CeveHoBa MuHagpaBa Poccun
(CeueHosckuin YHnepcuteT) (Mockea, Poccuiickas ®epepaums)
2prAOY BO PHNMY nmenn H.W. Mnporoea MuHagpasa Poccum (MockBa, Poccuiickas ®egepauns)

AHHOTaumsa

Iennb — BeIsSBIIEHNE KOPPEISIIHOHHLIX CBSI3ei MeX/y COMaTOTHUIIOM 60JIb-
HbIX nMppo3oM nedenu (LIIT) 1 U3MeHeHUSMU B COCTaBe UX KUIIEYHOU
MHUKPOOHUOTEL.

Marepuan u Merofbl. B nccienoBanne BKitodeHbI 46 NalueHToOB C Jya-
rao3om 111 paznuaHoi 3THONOrHK. BLIT OIIpesiesieH COMATOTHII ITAIlHeHTOB
IpY TIOMOIIY GMOMMITeJaHCHOTO aHanu3aropa cocrasa Tejla (ABC-01 «Me-
Jacc»). AHaNN3 KUIMIEYHOH MUKPOOHUOTHI IIPOBOAMIICS OMHOKPATHO METO0M
cekBeHHpoBaHus reHa 16S pPHK.

Pesynwrarer. Cpenu 46 nanyenTos ¢ auarao3oM LITT 6omnbyHCTBO (26 manu-
€HTOB) MeJI Me303HIOMOPQHBII COMATOTHII, 14 NaIMeHTOoB SIBISUIUCH Ipe-
CTaBUTENSIMU 3HI0Me30MopdoB. B rpyme 3H10Me30MOpHOB CTaTUCTHYECKU
3HAYMMBIM OKa3aJIOCh IpeobiIafiaHye IpeficTaBUTeNel pofioB Streptococcus

164

(p-value = 0,02), Campylobacter (p-value = 0,049) u Holdemanella (p-value
= 0,048), B TO Bpems Kak B rpyIe Me303H10Mop¢OB peobnagaiy 6akTepun
u3 ponos Klebsiella (p-value = 0,01) u Gammaproteobacteria (p-value =
0,02). Takcon kumeyHoit MuUkpobuoTsl Pyramidobacter 6buti BbIpaXkeHbl Y
NalyeHToB C 3HA0MOopdHbEIM comaroTunoM (p-value = 0,016).

BriBoppl. Pasmiynele comarotunsl nanueHToB ¢ LITT accorurpoBassl ¢ ompe-
JleJIeHHBIMH TaKCOHAMH KUIIIeYHOM MUKPOOHOTBI, KOTOPBIe IIPeBaIMpyIOT Hajl
JIPyTUMU ceMeHCTBaMU GakTepuil.

KirroueBble cnoBa: 6MOMMIIeIaHCHBII aHAIN3, COMATOTHII, IIUPPO3 IIeYeHH,
MUKPOOHOTA KUIIIEYHHKA.

KoH}IuKT HHTepecoB: He 3asBileH.

www.innoscience.ru
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m INTRODUCTION
Cirrhosis is the final stage of chronic liver diseases of any
etiology. It has a progressive nature, and is accompanied
by changes in all organ systems and tissues of the human
body (digestive, nervous, endocrine, coagulation, etc.).
Liver cirrhosis (LC) has many life-threatening complications
(bleeding from esophageal varices, spontaneous bacterial
peritonitis, hepatic encephalopathy, etc.); it can be diagnosed at
late stages of the disease [1]. The number of patients diagnosed
with cirrhosis is steadily increasing, most frequent being the
cases of cirrhosis resulting from steatohepatitis, alcoholic
hepatitis, and long-term viral hepatitis coming first in etiology.

The only method of radical treatment of cirrhosis is
organ transplantation from a deceased or related donor
[2]. However, most patients on the transplant waiting list
die from complications of LC, while many patients cannot
apply for a transplant due to existing contraindications. That
is why measures to prevent complications and prolong the
compensated course of the disease come to the forefront of
LC treatment.

These measures also include correction of the intestinal
microbiota, which undergoes significant changes during
the course of LC. Some of the characteristic changes are
disturbances in the composition and quantity of intestinal
microbiota representatives (intestinal dysbiosis) and small
intestine bacterial overgrowth (SIBO) [3, 4].

In recent years, many studies were undertaken to prove the
benefits of using probiotics in the treatment of non-alcoholic
fatty liver disease, but the benefits of probiotics in cirrhosis
remain not fully established [5].

One of the possible reasons for the controversial results
of the studies is the lack of individual selection of probiotics
for each patient with cirrhosis.

m AIM

Identify a correlation between the changes of the intestinal
microbiota with the somatotype of a patient that might assist
implementation of an individual microbiota therapy and
improvement of prognosis for patients with liver cirrhosis.

The study included 46 patients with the diagnosis of liver
cirrhosis: 18 men and 28 women aged between 43 and 61. To
diagnose cirrhosis, general clinical studies were performed
(clinical and biochemical blood test, coagulogram), taking
of history, physical examination, ultrasound of abdominal
organs, esophago-gastroduodenoscopy (EGDS), blood test
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for viral hepatitis B, C using ELISA and PCR, clarification
of alcohol history using the AUDIT questionnaire, blood
testing for autoantibodies for individuals suspected of having
autoimmune hepatitis. West-Haven criteria were used to
diagnose hepatic encephalopathy.

Somatotyping was performed using the Heath-
Carter automatic somatotype assessment protocol with
bioimpedancemetry (ABC-01 “Medass” analyzer). Bioadhesive
electrodes were fixed on the wrist and ankle joints of patients in
a supine position. The following formulas are implemented in
the software of the ABC-01 “Medass” bioimpedance analyzer
to calculate the somatotype components:

EN=0,15xBFM/BL; ME=0,15xBLM/BL;
EC=BL/BM"3; AC= 0,15xACM/BL,

where EN, ME and EC — bioimpedance assessments of
scores of endo-, meso- and ectomorphy, respectively; AC —
analog of the mesomorphy assessment score in terms of active
cell mass (ACM); BFM - body fat mass, BL — body length
(height), BLM — body lean mass, BM — body mass [6].

To determine changes in intestinal microbiota, a single stool
sample was collected from patients into a sterile container,
which was immediately frozen to -80°C. Extraction of DNA
was performed using the AmpliPrime DNA-sorb-AM reagent
kit (“NextBio” LLC), and the obtained material was stored
at -200C. Qualitative and quantitative DNA assessment was
performed using NanoDrop 1000 reagents (Thermo Fisher
Scientific, Waltham, USA). The amplification was performed
on the amplifier Applied Biosystems 2720 Thermal Cycler
(Applied Biosystems, CA, United States), using primers: TCG
TCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGG
GNGGCWGCAG (forward) and GTCTCGTGGGCTCGGAGA
TGTGTATAAGAGACAG-GACTACHVGGGTATCTAATCC
(reverse). Amplification program: 950C in the first 3 minutes;
30 cycles: 950C for 30 seconds, 550C for 30 seconds, 72°C
for 30 seconds; 720C for 5 minutes; 40C. DNA purification
was performed using magnetic particles Agencourt AMPure X
(Beckman Coulter, Brea, CA, USA). The concentration of the
obtained sSDNA was measured using the Qubit® 2.0 fluorimeter
(Invitrogen, Carlsbad, CA, USA).

The obtained data was processes in the STATISTICA 10
software suite (StatSoft Inc., Tulsa, OK, USA). For quantitative
indicators, the distribution pattern was determined using the
Shapiro-Wilk test, the median, interquartile range, mean value,
and standard deviation. In the case of normal distribution of
quantitative characteristics, comparative analysis was performed
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using Welch’s t-test (when comparing two groups) or ANOVA
analysis of variance (when comparing more than two groups).
For non-normally distributed quantitative traits, the Mann—
Whitney U test (when comparing two groups) or the Kruskal—
Wallis test (when comparing more than two groups) were used.
Values of p<0.05 were considered statistically significant.

m RESULTS

As far as the cirrhosis etiology is concerned, 32.6% were
patients with alcoholic cirrhosis, 10.9% with viral hepatitis C,
10.9% with autoimmune hepatitis. According to the Child-Pugh
classification of liver disease, 14 patients had class A, 21 had
class B, and 11 had class C. At the time of inclusion in the study,
9 patients had grade 23 ascites, and 15 had varying degrees of
hepatic encephalopathy. Distribution of cirrhosis by etiology and

Child-Pugh class and availability of complications is presented
in Table 1.

Age 55 (43-61)
Men/women 18/28
Cirrhosis etiology:

Alcoholic cirrhosis 15 (32,6%)
Viral hepatitis C 5(10,9%)
Primary biliary cholangitis 4 (8,7%)
Primary sclerosing cholangitis 2 (4,3%)
Autoimmune hepatitis 5(10,9%)
Metabolic-associated liver diseases 4 (8,7%)
Wilson’s disease 3(6,5%)
Liver cirrhosis of mixed and cryptogenic genesis 3(6,5%)
Child-Pugh cirrhosis classes: A/B/IC 14/21/11
Cirrhosis complications:

Ascites (2-3 degrees), n (%) 9 (19,6%)
Hepatic encephalopathy, n (%) 15 (32,5%)
Somatotypes:

Endomesomorphic 14 (30,4%)
Mesoendomorphic 26 (56,5%)
Central 3 (6,5%)
Endomorphic 2 (4,3%)
Ectomorphic 1(2,2%)

Table 1. General characteristics of the patients included in the study

Tabnuua 1. O6was xapakmepucmuka NayueHmoB, BK/THO4YEHHbIX
B uccnedoBaHue

Somatotype, Me, IQR

endomesomorphic mesoendomorphic
(n = 14) (n = 26)

Microbiome

Campylobacter 0,002 (0,000-0,019) 0,000 (0,000-0,000) 0,049*
Holdemanella 0,018 (0,000-0,126) 0,000 (0,000-0,013) 0,048*
Streptococcus 0,089 (0,055-0,149) 0,027 (0,002-0,176)  0,020**
Klebsiella 0,000 (0,000-0,000) 0,011 (0,000-0,075)  0,010*
Gammaproteo-

bacteria 2,863 (1,131-5,383) 6,026 (3,669-11,9) 0,020**

Note. The table only provides statistically significant results. The asterisk “*”
marks p<0.05; double asterisk “**”, p<0.025.

MpumeyaHus. B mabnuye npedcmasneHbl MosbKo cmamucmuyecku
3Ha4yuMble pesynbmamel. 3HaKoM «*» noMedeHsl p < 0,05; «*» — p < 0,025.

Table 2. The relative abundance of gut microbiota taxa in patients
with endomesomorphic and mesoendomorphic somatotypes
Tabnuua 2. OmHocumenbHoe codep)aHue KuwevHblx bakmepul

(%) y nauueHmoB 3HOOMe30MOopPgHO20 U Me303HOOMOPHHO20
coMamomunos
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Somatotype, Me, IQR
Taxon of v "
intestinal esoendo-
morphic ((::" 3)

(n = 26)

Endom
morphic
(n=14)

microbiota

0,018 0,000

Holdemanella (0 03.9,126)  (0,000-0,013) (O, 0360 045) 0,010
0,060 0,032 0,0

Monoglobus —(0015.0,189)  (0,007-0,123) (0,000-0,012) 0,046
0,089 0,027 0,029

Streptococcus (g 055°0,149)  (0,002-0,176)  (0,023-0,169)  0:025"

. 0,000 0,021 0,000

Akkermansia (0 000-0,639)  (0,000-0,867) (0,000-0,000) 0018

Gamma- 2,863 6,026 3,143 0.025*

proteobacteria  (1,13-5,138)  (3.67-11.9)  (2.691-6.657) O

lNpumeyaHus. B mabnuye npedcmasneHbl MObKO cmamucmuyecku
3Ha4yuMble pesynbmamel. 3HakoM «*» nomedeHsbl p < 0,05; «*» — p < 0,025.

Tabnuua 3. OmHocumensHoe codep)aHue Kuwe4Hblx 6akmepul
Pa3uYHbIX MaKCOHOB Y NayUeHMOoB pasHbiX COMamomunoB

Table 3. The relative abundance of gut bacterial taxa in patients with
different somatotypes

p=0,02
16

14
1.2

0.8
0,6
0,4

o I— I
0 R :
Mesoendomorphic

Streptococcus

Endomesomorphic
Somatotype

Figure 1. The relative abundance of Streptococcus in the
gut microbiome of patients with mesoendomorphic and
endomesomorphic somatotypes.

PucyHok 1. OmHocumensHoe codepxaHue Streptococcus B
MUKPOBUOMe KuWwe4HUKa nayueHmoB Me303HO0MOpPgpHO20 U
3HOOMe30MopEHO20 COMamomunoB.

The majority of patients were endomesomorphs (14/46)
and mesoendomorphs (26/46). Three patients had a central
somatotype, two had an endomorphic somatotype, and one
patient had an ectomorphic somatotype.

Based on the results of sequencing of the intestinal
microbiome, statistically significant differences in the
prevalence of bacterial genera were revealed among patients
with endomesomorphic and mesoendomorphic somatotypes.
These differences are shown in Table 2.

In the patients of the endomesomorphic somatotype,
the following types of bacteria prevailed: Campylobacter,
Holdemanella and Streptococcus (Fig. 1).

In the patients of the mesoendomorphic somatotype,
the following bacteria prevailed: Klebsiella (Fig. 2),
Gammaproteobacteria (Fig. 3), Akkermansia (Fig. 4),
Holdemanella (Fig. 5) and Monoglobus (Table 3).

In the patients with the endomorphic somatotype (2/46),
a statistically significant abundance of Klebsiella and
Pyramidobacter was found (Table 4).

m DISCUSSION

Intestinal dysbiosis is common in liver cirrhosis and is
associated with the development of hepatic encephalopathy,
decreased serum albumin and cholinesterase levels, systemic
inflammation, and worsening of short-term and long-term
prognosis. [7].

www.innoscience.ru
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Figure 2. The relative abundance

of Klebsiella in the intestinal microbiome
of patients with mesoendo- and endo-
mesomorphic somatotypes.

PucyHok 2. OmHocumesbHoe
codepxxaHue Klebsiella B Mukpobuome
KuleyHuKa nayueHmoB C Me303HO0-

U 3HOOMe30MOopPHO20 COMamomunoB.

Normally, the intestine contains mainly bacteria of the
Firmicutes and Bacteroidetes types, which together make up
90% of the microbiota. In addition to them, a large proportion
of bacteria are Proteobacteria and Actinobacteria. In the state
of eubiosis, microorganisms interact with each other through
secreted metabolites, maintaining each other’s numbers,
limiting the growth of opportunistic and pathogenic flora. [8-9].
A comprehensive analysis of the fecal microbiota of healthy
Japanese adults by K. Oki et al. (2016) identified a novel
bacterial lineage associated with a phenotype characterized by
high defecation frequency and lean body type. Across the entire
population of subjects, stool frequency rates were significantly
correlated with the abundance of Christensenellaceae,
Mogibacteriaceae, and Rikenellaceae in the fecal microbiota
(p < 0.001). These three lineages of bacteria were also more
prevalent (p < 0.05 or 0.01) in lean people (BMI < 25 kg/m?)
than in obese people (BMI > 30 kg/mZ2). The results showed that
the abundance of Christensenellaceae, Mogibacteriaceae and
Rikenellaceae, as well as some other bacterial components that
together make up the correlation network, were instrumental
in the phenotype characterized with high defecation frequency
and lean body type [8].

Figure 3. The relative abundance of
Gammaproteobacteria in the intestinal
microbiome of patients with mesoendo-
and endomesomorphic somatotypes.

PucyHok 3. OmHocumenbHoe codepxaHue
Gammaproteobacteria B Mukpobuome
KuWwe4HuUKa nayueHmoB Me303HO0-

U 3HOOMe30MOopPgHO20 COMamomunos.

disrupted, and bacterial components
(lipopolysaccharides, bacterial DNA,
etc.) actively enter the bloodstream, as
well as living microorganisms. All this
combined leads to local intestinal and
systemic inflammation. Submucous
intestinal edema, infiltration by immune
cells, and disorganization of adhesion
molecules develop. As a manifestation of cirrhosis, the flow of
bile acids into the intestines, which are normally a substrate for
"useful" bacteria, decreases, further aggravating the dysbiosis.
[10, 11].

The association of microbiota changes with the presence
of complications in cirrhosis was noted in many studies
[12]. In the microbiota of patients with decompensation, the
Enterobacteriaceae, Staphylococcaceae, Enterococcaceae
prevailed, while the number of representatives of Lachnospiraceae,
Ruminococcaceae u Clostridiales decreased [13].

Since numerous studies have identified disturbances in
the composition of the intestinal microbiome in patients with
cirrhosis, it is an urgent task to find factors that influence
these disturbances. This article examines the features of
the relationship between somatotype and changes in the
intestinal microbiome in patients with cirrhosis. Specifically,
patients with a predominance of the endomorphic component
of the somatotype were found to have a higher content of
bacteria of the genera Campylobacter, Holdemanella and
Streptococcus than patients with a predominance of the meso-
or ectomorphic components. At the same time, patients
with a high mesomorphy score showed a predominance of
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Figure 4. The relative abundance of Akkermansia in the gut
microbiome of patients of different somatotypes.

PucyHok 4. OmHocumenbHoe codepxaHue Akkermansia B
MUKPOBUOME KUWe4HUKa hayueHmoB pa3HbIX COMamomunos.
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Figure 5. The relative abundance of Holdemanella
in the gut microbiome of patients of different somatotypes.

PucyHok 5. OmHocumernbHoe codepxaHue Holdemanella
B MUKpOBUOMeE KuUleYHUKa NayueHmoB pasHbiX COMamomunos.
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. ) Somatotype, Me, IQR
Taxon of intestinal = > = =
microbiota Endomesomorphic Mesoendomorphic Central 3HAOMOP(HBIN 3KTOMOPHbIA
(n=14) (n=26) (n=2) (n=1)

(n=3) Endomorphic (n=2) Ectomorphic (n=1) 0,00 (0,00-0,00) 0,11 (0,06-0,17) 0,00 (0,00-0,00) 0,016**
ebsiella , ,00-0, ) ,00-0, ) ,00-0, s ,Uo-0, ) ,02-0, ,
Klebsiell 0,00 (0,00-0,00 0,01 (0,00-0,08 0,00 (0,00-0,61 0,12 (0,06-0,18 0,02 (0,02-0,02 0,039*
Note. The table only provides statistically significant results. The asterisk “*” in patients with liver cirrhosis. In addition, this study is one of
marks p<0.05; double asterisk “**", p<0.025. . o T .
IMpumeyarusi. B mabuue npedcmasneHb! MonbKo Cramucmuyecku the few studies that have examined the relationship between
3Ha4umble pesynbmamal. 3HaKoM «*» noMedeHbl p < 0,05; «**» —p < 0,025. the gut microbiome and sarcopenia in patients with liver

g?fglrizrfi ;g;;g?;ggsab undance of gut bacterial taxa in patients with iy yhogig. A limitation of our study is the small sample size,

Ta6nuua 4. OmHOCUMeNTbHOE COdepX aHue KuledHbIx 6akmepull but this did not prevent us from obtaining significant results.
Y nayueHmoB pasHbiX coMamomunoB

m CONCLUSIONS
bacteria of the genera Klebsiella, Akkermansia, Monoglobus Differences in the composition of the microbiota were
and Gammaproteobacteria. revealed among patients with different somatotypes,

There are no studies on this topic in the scientific literature, ~ which may indicate the influence of the somatotype on the
which indicates the novelty of our work, but it requires  characteristic changes in the microbiota. Large multicenter
confirmation and supplementation by further large-scale  studies with a large number of patients are needed to confirm
studies. the correlation between somatotypes and changes in the

The results obtained represent the first report on the intestinal microbiota. Identification of this relationship in large
relationship between gut microbiota and somatotype in liver  studies may facilitate the use of individually selected therapy
cirrhosis, as well as the first confirmation that increased  with pro- and symbiotics for the treatment of patients with
Proteobacteria is associated with increased extracellular fluid  cirrhosis. »=
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