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Aim: to evaluate the relationship of body composition components with the development of ascites in patients
with liver cirrhosis.

Materials and methods. One hundred and ten patients (44 men and 66 women) with the established diagno-
sis of liver cirrhosis were treated at the University Clinical Hospital No 2 of the Sechenov University. The assess-
ment of the component composition of the patients’ body was carried out using the ABC-01 “MEDASS” device
(“MEDASS?”, Russia). Ascites diagnosis was performed using ultrasound examination of the abdominal cavity and ret-
roperitoneal space.

Results. The values of body mass index (p < 0.001), fat mass (p = 0.002), active cell mass (p < 0.001), and phase
angle (p < 0.001) were lower in patients with ascites than without it. Patients with a lower percentage of body fat mass
had a more severe ascites severity and vice versa, and the proportion of fat mass was generally higher in women than
in men (r=-0.290; p = 0.002). Patients with lower active cell mass had higher ascites severity (r=-0.380; p < 0.001).
However, this indicator was lower in women than in men. Significant negative correlations were revealed between fat
mass, active cell mass, phase angle (r=-0.395; p < 0.001) and the severity of ascites.

Conclusion. Our study confirms the importance of body composition parameters in the development of ascites
in patients with cirrhosis of the liver. Insufficient amount of fat and muscle mass, as well as low values of the phase
angle according to the results of bioimpedance can become predictors of the development of ascites. Evaluation
of these components can be used in prognostic models to identify patients with an increased risk of ascites. Further
research in this area will help to better understand the mechanisms of ascites development and develop effective
methods of prevention and treatment of this complication in patients with liver cirrhosis.
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Llenb: OueHUTb B3aMOCBSA3b KOMMOHEHTOB COCTAaBa Tena C Ppa3BUTUEM acLmMTa Y NALMEHTOB C LIUPPO30M NEYEHU.
Martepuanbl u metoabl. O6cnenosaHbl 110 naumeHToB (44 My>X4nHbI 1 66 XEHLLMH) C YCTAHOBMIEHHbIM OMArHO-
30M «LUMPPO3 NevYeHn», NMPOXOAMBLLUNX NevYeHne B YHUBEPCUTETCKOM KIMHUYeckor 6onbHue Ne 2 CeyeHOBCKO-
ro YHueepcurteta. OueHKy KOMMOHEHTHOrO COCTaBa Tena nauvMeHToB NpPoBOAWAM Npu nomoLlm npubdopa ABC-01
«MEOACC» (HTL, «<MEOACC>», Poccus). InarHoCTUKY acLuUTa BbIMOMHANM MPY MOMOLLM YNIbTPa3BYKOBOrO UCCNeao-
BaHWS OPraHoB OPIOLLIHOM NOSIOCTU 1 3aOPIOLLIMHHOIO NPOCTPAHCTBA.

Pe3ynbraTbl. 3HaueHns nHaekca maccol tena (p < 0,001), xuposown maccsl (p = 0,002), akTMBHOW KNETOYHOW Mac-
cbl (p < 0,001), pazosoro yrma (p < 0,001) 61K HUXE Y NALUMEHTOB C aCLUMTOM MO CPAaBHEHUIO C NoKasaTensamm na-
LIMEHTOB 6e3 Hero. MauneHTbl ¢ 60J1ee HU3KUM MPOLLEHTOM XMPOBOW MaCCbl B KOMMOHEHTHOM COCTaBe Tesna UMenu
Oonee THXeNylo CTeNeHb TAXECTU acumTa U Hao6opoT. MNMpryem nokasarenb AOSN XUPOBOW MACChl B LLENIOM Obls
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BbILLE Y XXEHLUMH, 4eM Yy Myxu4uH (r = —-0,290; p = 0,002). Y naumneHToB ¢ 60nee HU3KOI akTUBHOW KNEeTO4YHOM MacCcoii
cTeneHb TskecTn acumTta 6bina Bolwe (r=-0,380; p < 0,001). MNpn 3TOM Y XEHLLUMH JaHHbIM nokasaTesb Obi HUXe,
4YeM Yy My>X4MH. BbIiBNIeHbl 4OCTOBEPHbIE OTPULIATESNIbHbIE KOPPENALMN MEXAY XMPOBON MACCOWN, aKTUBHOW KIIETO4-
Hol Mmaccoii, dpasoBbiM yrnom (r = —-0,395; p < 0,001) 1 cTeneHbio TAXECTU acLmTa.

3aknioueHune. Haule nccnenoBaHne NnoaTBepPXaaeT BaXHOCTb N3Y4YEHUS NapamMeTpoB COCTaBa Tesia B PasBUTUN
acuuTa y naumMeHTOB C LMPPO30M nevyeHn. HegocTaTouHoe KOIMYECTBO XMPOBOM U MbILLEYHOM Mace, a TakXe HU3-
K1e 3HavyeHus GasoBoro yrnia no peaynsratam 61uonmMnegaHcoOMeTpUM MOFYT CTaTb NPeaukTopamMu pasBuUTUS acum-
Ta y NauneHToB C UMPPO30oM neveHn. OueHka 3TUX KOMMOHEHTOB MOXET ObiTb MCMOIb30BaHa B MPOrHOCTMYECKUX
MoZensax ana NoeHTU@UKaLMm NaumeHToB C NMOBbILLEHHBIM PUCKOM pasBuUTua acumTa. JanbHenme nccnenosaHmsa
B 9TOW 06/1aCTV MOMOFYT JIydLLE NOHATb MEXaHN3Mbl Pa3BUTUS acumTa 1 paspadoTaTtb 3P PeKTUBHbIE METOAbI NPO-

o4

DUNAKTUKM U NEYEHNS OAHHOIO OCIOXKHEHWUS Y NALMEHTOB C LIMPPO30OM MNEYEHN.
KnioueBble cnoBa: 6vonMMneaHCHbIN aHanus, Xnposasi Macca, MblllevyHas Macca, acLmT, LMPpPOo3 nevyeHun
KoH®NUKT nHTepecoB: aBTOPbLI 3as9BNSAI0T 00 OTCYTCTBUN KOHDNNKTA MHTEPECOB.

Ana untuposanus: XXapukos 0.0., Xapkosa M.C., lapxuraxmenosa A.H., Anvesa A.M., Hukonexko B.H., MBawkuH B.T. Mapame-
TPbl KOMNOHEHTHOMO COCTaBa Tesna 1 UX B3aMOCBSI3b C Pa3BUTMEM acLMTa Npu LMppo3e nedeHn. POCCHMIACKII XypHas racTPO3H-
Teponorun, renatonoruu, kononpoktonorun. 2024;34(3):53-61. https://doi.org/10.22416/1382-4376-2024-34-3-53-61

Introduction

Liver cirrhosis (LC) is a chronic progressive
disease characterized by damage to the liver paren-
chyma and changes in its architectonics [1]. One
of the main complications of LC is ascites — the
accumulation of free fluid in the abdominal cavi-
ty [2]. However, the mechanisms underlying the
development of ascites in LC are not fully under-
stood. Changes in the structure of the lymphatic
system may play an important role in the patho-
genesis of this complication. In the early stages of
LC, the lymphatic system helps prevent the devel-
opment of ascites by reabsorbing excess fluid in
the abdominal cavity [3]. As a result, lymph flow
intensifies, stimulating hepatic lymphangiogenesis.
However, in patients with progressive LC, this
compensatory mechanism is insufficient [4]. In re-
cent years, more attention has been paid to the
role of body composition in the course of LC. It is
known that changes in body composition, such as
sarcopenia (loss of muscle mass), have a negative
impact on many organ systems [5, 6]. However,
data on the relationship between sarcopenia and
obesity with ascites are limited.

One of the indicators obtained as a result of
bioimpedance analysis is the phase angle, which is
the arctangent of the ratio of reactive and active
resistances for some current frequency. It charac-
terizes the capacitive properties of cell membranes
and the viability of biological tissues: it is be-
lieved that the higher the phase angle, the better
the condition of tissues [7].

Thus, it is required to study the prognostic
significance of the component body composition
in the development of complications in patients
with LC. Early detection and prediction of ascites

development are of great practical importance for
effective treatment of patients.

Aim: to evaluate the relationship of body com-
position components with the development of as-
cites in patients with LC.

Materials and methods

An observational cross-sectional single-center
study was conducted, which included analysis
of data for the period from February 2020 to
December 2022. At the initial stage of the study,
which included initial diagnosis of liver disease,
analysis of medical records and determination of
disease severity according to the Child — Pugh
scale, we selected 150 patients. The patients
were treated in the Department of Hepatology
of the V.Kh. Vasilenko Clinic of Propaedeutics
of Internal Diseases, Gastroenterology and
Hepatology of the Sechenov University.

Criteria for inclusion of patients in the study:
confirmed diagnosis of L.C; age from 18 to 70 years.
Criteria for exclusion: refusal of further participa-
tion in the study; presence of conditions or exacer-
bations of concomitant diseases diagnosed during
the study. According to the above criteria, 110 pa-
tients (44 men and 66 women) were examined.

The etiology of liver cirrhosis in the included
patients: alcoholic genesis (32.6 %), viral hepati-
tis C (10.9 %), primary biliary cholangitis (8.7 %),
primary sclerosing cholangitis (4.3 %), autoim-
mune hepatitis (10.9 %), metabolic-associated
liver diseases (8.7 %), Wilson’s disease (6.5 %),
mixed and cryptogenic genesis (17.4 %).

Anthropometric examination was carried out
according to the methodological requirements
with the assessment of the component body
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Table 1. Comparative characteristics of patients with liver cirrhosis with and without ascites
Ta6auua 1. CpaBHuTenbHas XapaKTepUCTHKa OOIBHBIX ITUPPO30OM ITEYEHH C acCIIUTOM U 6e3 acI(uTa

p Patients with ascites Patients without ascites
arameter I I 5
HOKa3ame./lb duuenmusl C dcuumom auuenmust 0e3 acuuma Y/
(n=33) (n=37)
Gender / ITon, n (%)
males / myoxuurol 21 (39.6) 23 (40.4) 0.124
females / sxenuguro 32 (60.4) 34 (59.6)
Age / Bospacm, Me (IQR) 48.5 (41—-55) 43.5 (39—51) 0.343
Anthropometric indicators
Anmponomempuueckue noxasame.au

Me (IQR)
Height, cm / Pocm, cm 170 (166.9—177.3) 174.8 (169.8—182) 0.422
Weight, kg / Bec, ke 70 (61.5-81.9) 77.15 (68.5—85.7) 0.651
Waist/hip index / Hndexc manus/6edpa 1.02 (0.91—1.09) 0.96 (0.86—1.03) 0.053
BMI, kg/m? / UMT, xz/ M 25 (22.5-28.7) 28.5 (24.2—31.6) 0.001*

Body composition
Komnonenmnwiit cocmas meaa

Me (IQR)
Fat mass, % / sKupoeas macca, % 29.9 (24.5—-37.4) 35.5 (27.7—41.3) 0.002*
Skeletal muscles, % / Cxenemnas mycxyramypa, % 46.5 (42.8—49.4) 43.5 (40.5—47) 0.063
Active cell mass, % / Axmuenas xiemounas maccda, % 48.6 (44.8—52.8) 53.55 (49.7—56.2) 0.001*
Phase angle, degrees / @asoswui yzoa, zpadycul 5.2 (4.5—5.83) 5.9 (5.3-6.5) 0.001*

Ultrasound data of the abdominal organs
Hannvie Y3H opeanoe 6prownoil noaocmu

Me (IQR)
Spleen length, mm / /launa cenesenxu, mm 160 (141.75—173.5) 145 (119—168) 0.258
Spleen width, mm / IITupuna cenesenxu, mm 58 (48—67) 55 (43—63) 0.067
Diameter of the splenic vein, mm
Huamnemp cenesenounoil eenvl, MM 11 (8.83-12) 9.4 (8-11) 0.043*
Diameter of the portal vein, mm
Jluamemp opomnoii éenvi, mx 12.8 (11—14.2) 12.5 (11—14) 0.019*

Note: Me — median, IQR — interquartile range, BMI — body mass index; * — statistically significant differences.
Ilpumeuanue: Me — mennana, IQR — mexxBapTunbHblil nHTepBan, UMT — uHmexe Maccsl Tena; * — CTaTHCTUYESCKU 3HAYNMBIC PA3IIHUHS.

composition of the patients using the device AVS- Results
01 “MEDASS” (“MEDASS”, Russia) [6].
Diagnosis of ascites was performed taking into
account the objective examination of patients, as
well as according to the results of ultrasound ex- ) . ’
amination of the abdominal cavity and retroperi- patic @cephalopathy — 32.5 % of patients, body
toneum. When assessing ascites, the classification 35S index (BMD) — 27.0 .(23'6_30'1) kg/m?.
proposed by the International Ascites Club (IAC) Child — Pugh scale scores in men .and women
was used. were 9 (7.3—11.8) and 7 (6—9) points, respec-
Statistical analysis was performed in Statistica 10 tively. The duration of the disease ranged from
(StatSoft Inc., USA). Data are presented as medians 4 months to 12 years, with a median of 4.3 years.
(Me) and interquartile ranges (IQR). The associa- During statistical analysis the patients were
tion between variables was evaluated by Spearman divided into groups: groups of patients with LC
rank correlation method. Differences between con- Who were diagnosed with ascites of different se-

Presence of ascites of 2—3 degree was diagnosed
in 19.6 % of observations, esophageal varices of
2—3 degree — in 36.9 % of cases, presence of he-

tinuous variables were determined using the Mann —  verity (n = 53) and a group of patients with LC
Whitney test. P-value less than 0.05 was considered ~Without ascites (n = 57). When comparing the
statistically significant. above groups, the following differences were

A favorable opinion of the local ethics com- found: body mass index (p < 0.001), fat mass
mittee of the I.M. Sechenov First Moscow State (p = 0.002), active cell mass (p < 0.001), phase
Medical University (Sechenov University) was angle (p < 0.001) were significantly lower in
obtained (Protocol No. 04-21, February 18, 2020). patients with ascites (Table 1) than without it.
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Table 2. Ascites severity and body composition components in men and women
Tab6auua 2. Crenenb TSIKECTH aclUTa U KOMIOHEHTBI COCTaBa TeJia y MYKYMH U JKEHIIHH

Parameter / IToxazamens Males(£ fgf; et Female(sn/ =}I(§(§)H vt p
No ascites / Hem acuuma, n (%) 23 (52.27) 34 (51.52)
Ascites severity /
Cmenenv msxecmu acyuma, n (%)
T 8 (18.18) 18 (27.27) Ui
1I 10 (22.73) 12 (18.18)
111 3 (6.82) 2 (3.03)
Fat mass, %
Kuposas macca, % 27.15 (22.83—31.83) 36.65 (30.83—43.08) < 0.001*
Me (IQR)
Musculoskeletal mass, %
Crenemmno-moiueunas maccd, % 49.60 (46.90—51.38) 42.50 (40.33—45.08) < 0.001*
Me (IOR)
Active cell mass, %
Axmuenas kiemounas maccd, % 53.35 (50.08—56.35) 49.50 (46.18—53.75) 0.002*
Me (IQR)
Phase angle, degrees
Dazosviil Yzo0., zpadycul 6.0 (5.40—6.53) 5.20 (4.73—5.98) < 0.001*
Me (IQR)

Note: Me — median, IQR — interquartile range; * — statistically significant differences.
Ipumeuanue: Me — menuana, IQR — MeXKBapTHIBHBII HHTEPBAI, * — CTATHCTHYCCKH 3HAYMMBIC PA3IIHYHS.

The diameters of splenic (p = 0.043) and portal
(p = 0.019) veins were significantly larger in pa-
tients with ascites, indicating the role of portal
hypertension in the development of ascites.

The prevalence of ascites with regard to severi-
ty and sex differences of patients is demonstrated
in Table 2.

The data presented in Figure 1 show that pa-
tients with a lower percentage of fat mass had
more severe ascites severity and vice versa. It
should be noted that the percentage of fat mass
was generally higher in women than in men.

To quantify the metabolically active tissue con-
tent in the body, active cell mass was determined
using bioimpedance analysis (Fig. 2). It was found
that the severity of ascites was higher in patients
with lower active cell mass. At the same time, this
indicator was lower in women than in men.

The same pattern was found in the phase angle
study: patients with low values of this index had,
as a rule, a more severe degree of ascites severity
(Fig. 3).

Significant negative correlations of weak
to moderate strength of association of fat mass,

60,00

p <0,001 p=0,012

50,00

40,00

30,00
20,00 g

Fat mass, %

Gender

W Female

p =0,036 W Male

p=0211

HIH

Patients without ascites Patients with grade 1 ascites

Patients with grade 2 ascites Patients with grade 3 ascites

Figure 1. Fat mass of patients with cirrhosis (boxplot plot shows the distribution of data: median, quartiles

and outliers among different patient groups)

Pucyuox 1. >KI/IPOB3H MaccCa IIallMeHTOB C IIUPPO30OM II€YeHHN (Ha JAnarpaMme OOKCILJIOT MMOKa3aHO pacipejesieHne
JaHHBIX: MeJuaHa, KBapTUJIN 1 BbIépOCbI Cpe/in pa3HbIX T'PYIII HaIlI/IeHTOB)
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Figure 2. Active cell mass of patients with liver cirrhosis

Pucynox 2. AxTnBHag KJIETOYHAsI Macca NallMeHTOB C IUPPO3OM TIeUeHn

active cell mass, and phase angle with ascites se-
verity were found (Fig. 4—6).

Discussion

Liver cirrhosis is one of the most common liver
diseases and a major cause of ascites development
[1]. Ascites is an accumulation of fluid in the ab-
dominal cavity that can cause serious consequenc-
es in patients with LC [2]. Despite extensive re-
search on this condition, the exact mechanisms of
ascites development are not yet fully understood.
In advanced cirrhosis, activation of compensatory
vasoconstrictor pathways impairs tubular filtra-
tion, causing greater sodium and water retention
in the kidneys. This mechanism increases lym-
phatic production, burdening the already ineffi-
cient lymphatic system [4]. The inability of the
lymphatic system to recycle extravasated albumin
may exacerbate pre-existing hypoalbuminemia,
leading to changes in the transcapillary oncotic
pressure gradient and exacerbating fluid imbal-
ance. Therefore, changes associated with the lym-
phatic system (such as increased lymph flow with
impaired functional ability of lymphatic vessels
to absorb interstitial fluid, increased number and
density of lymphatic vessels) leads to the develop-
ment of refractory edema and ascites in cirrhotic
patients [3, 4].

In addition, obesity leads to a number of struc-
tural and physiological changes in the lymphat-
ic system, including increased lymphatic leakage,
decreased contractility of collecting vessels, and

changes in the architectonics of lymph nodes,
which significantly affect lymphatic transport
functions [8]. Based on our previous studies and
taking into account the role of the lymphatic
system in a wide range of physiological process-
es, we hypothesize that lymphatic dysfunction
may be caused by changes in the component
body composition and metabolic disorders, in-
cluding obesity [9, 10].

The results of our study confirmed the hypoth-
esis about the relationship between body compo-
nent composition and ascites development in pa-
tients with LC. It was found that the distribution
of fat and active cell masses in the patients’ body,
as well as phase angle may be significant factors
in the development of this complication. Low val-
ues of the above factors are associated with an
increased risk of developing ascites. This may be
explained by the fact that patients with LC are
often malnourished. Malnutrition is also a predic-
tor of other complications of LC. A. Ruiz-Margain
et al. evaluated bioimpedance phase angle as a
nutritional marker in their study and concluded
that low phase angle values are associated with
an increased incidence of hepatic encephalopathy
(hazard ratio — 1.80 (1.07—3.03)) [11]. The prob-
lem of the influence of the body component com-
position on complications in LC was also studied
by C. Lindqvist et al. The researchers determined
that malnutrition is an independent predictor
of early posttransplantation complications [12].

The active cell mass consists of muscle, inter-
nal organs and nerve cells. Therefore, it is worth
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Figure 3. Phase angle of patients with liver cirrhosis
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Figure 4. Correlation of the patient’s fat mass percentage with the severity of ascites (the dots indicate the fat

mass of patients depending on the severity of ascites; the line connecting the dots is a regression line and reflects

the degree of dependence between two variables)

Pucynox 4. Koppensiiyst 101 KUPOBOI MacChl MAIMEHTa CO CTEIEHbBIO TsKecTn aciurta (B Bue Touek 0003HaUeHbI
3HAYEHUs JKUPOBOI MacChl TMAIMEHTOB B 3aBUCUMOCTH OT CTENEHW TSKECTU aCIUTa; JIUHUS, COeAMHSIONAS TOYKH,
ABMSIETCA JIMHUEN PETPECCUM M OTPAsKaeT CTENEHb 3aBUCHMOCTH MEXK/Ly ABYMS MePEMEHHDBIMH)

noting that our findings are consistent with the
work of E. Dajti et al. who demonstrated the
prognostic role of sarcopenia (loss of muscle mass)
in the development of ascites (SHR — 2.083;
95 % CI: 1.091-3.978) [6]. X. Zeng et al. ob-
tained similar results: patients with sarcopenia,
compared with non-sarcopenic individuals, had

a higher prevalence of LC-related complications
(81.82 % vs. 62.24 %, p < 0.001), including ascites
(RR = 1.827; 95 % CI: 1.259—2.651; p = 0.002) [13].

Thus, indicators of fat and active cell mass,
as well as low phase angle values according to
bioimpedansometry results may be predictors of
ascites development in patients with LC. The
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Figure 5. Correlation of active cell mass with the severity of ascites

Pucynox 5. Koppessiysi akTUBHON KJIETOYHOH MacChl CO CTENEHBIO TSIXKECTH acIuTa
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Figure 6. Correlation of the phase angle with the severity of ascites

Pucynox 6. Koppesnsanusa (pa3oBoro yria co CTEIeHbIO TSKECTH acIiTa

mechanisms of these relationships require fur-
ther studies.

Study limitations

We observed patients only from one clinical
center, and a limited number of patients were in-
cluded into the study.

Conclusion

Our study confirms the importance of body
composition parameters in the development of

ascites in patients with liver cirrhosis. Fat and
active mass distribution and phase angle val-
ues play a significant role in the pathogene-
sis of ascites. Evaluation of these components
can be used in prognostic models to identify
patients at increased risk of developing ascites.
Further research in this area will help to bet-
ter understand the mechanisms of ascites devel-
opment and develop effective methods of preven-
tion and treatment of this complication in patients
with liver cirrhosis.
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