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Abstract. The global incidences of metabolic dysfunction-associated steatotic liver disease (MASLD) and obesity
are increasing. Liver fibrosis stage is considered the strongest predictor of disease-specific mortality in MASLD. Aim.
This study aimed to examine the possible associations between body composition parameters assessed by bioim-
pedance analysis (BIA), comorbidities, and clinically significant liver fibrosis (F2, F3) in Ukrainian patients with MASLD.
Material and methods. It was an observational study involving adult patients aged >18 years with a diagnosis
of MASLD and liver steatosis, confirmed by ultrasound imaging, who underwent liver shear-wave elastography
for assessment of liver fibrosis and body composition assessment. Logistic regression analysis was performed to
determine possible factors associated with clinically significant liver fibrosis (F2, F3). Results. The study included
79 patients with a mean age of 45.66+14.26 years, and 64.6% were female. The body mass index (BMI) median
was 31.9 kg/m?(Q1, Q3: 29.25, 37.3) and clinically significant liver fibrosis (F2, F3) was observed in 15.2% of patients
(n=12). Patients with F2, F3 stages had higher BMI (median=37.55; Q1, Q3: 33.11, 42.45) than patients without clin-
ically significant liver fibrosis (median=31.2; Q1, Q3: 28.63, 35.35; p=0.0027). Excessive visceral fat level was associ-
ated with clinically significant liver fibrosis (F2, F3) (odds ratio [OR]=5.74, 95% confidence interval (Cl): 1.41-23.29,
p=0.0145). We found that type 2 diabetes (T2D) was significantly associated with clinically significant liver fibrosis
(F2, F3) in patients with MASLD (OR=4.15, 95% Cl: 1.15-14.99, p=0.0297) and this association remained significant
after adjustment for age and sex, as well as in the multivariable model. Conclusion. We demonstrated that a high-

© S.S. Shatylo, G.A. Solovyova, K.L. Kvacheniuk

220



ISSN 1680-1466" ENDOKRYNOLOGIA" 2024, VOLUME 29, No. 3

er visceral fat level was associated with clinically significant liver fibrosis (F2, F3), suggesting that the presence of
excessive visceral fat accumulation determined with BIA may be used as a potential marker of clinically significant
liver fibrosis (F2, F3) in patients with MASLD. Our study also confirmed the link between T2D and significant liver
fibrosis (F2, F3) in Ukrainian adults with MASLD. These findings demonstrate the importance of timely screening of
this category of patients for liver fibrosis, as recommended by the current guidelines.

Keywords: metabolic dysfunction-associated steatotic liver disease, liver fibrosis, visceral fat, bioimpedance analy-

sis, body mass index.

MASLD affects approximately 30% of the
world's population, and its prevalence is antic-
ipated to increase in the near future [1, 2]. Ac-
cording to previous research, liver fibrosis stage
is considered the strongest predictor of dis-
ease-specific mortality in MASLD [3]. Moreover,
studies have shown that advanced liver fibrosis is
prevalent among outpatients with T2D, demon-
strating the need for systematic screening [4].
The rising global incidence of MASLD co-exists
with the worldwide increase in overweight and
obesity [5]. Previous studies have demonstrat-
ed the association between body composition
parameters and hepatic fibrosis in patients with
sarcopenic obesity and non-alcoholic fatty liver
disease; the use of the index skeletal muscle mass
to visceral fat area ratio in MASLD; and the body
composition assessment in patients with MASLD
using BIA, a non-invasive technique widely used
in clinical practice and research [6-10].

This study aimed to examine the possible as-
sociations between body composition parame-
ters assessed by BIA, comorbidities, and clini-
cally significant liver fibrosis (F2, F3 stages) in
Ukrainian patients with MASLD.

Material and methods

Ethical approval. The study protocol was ap-
proved by the Ethic Committee of the Bogomo-
lets National Medical University, Kyiv, Ukraine
(Protocol number 152). Participants gave their
informed consent during the primary data collec-
tion.

Design of the study. 1t was an observation-
al study involving patients with MASLD. Par-
ticipants were recruited from outpatients who
received medical care in KNE «Kyiv Municipal
Consultative and Diagnostic Centre» in Ukraine
in period from January 2022 to June 2024. The
inclusion criteria for participation in the study

were as follows: adult patients aged >18 years
with a diagnosis of MASLD and liver steatosis
confirmed by ultrasound imaging, who under-
went liver elastography for assessment of liver
fibrosis and body composition. Exclusion crite-
ria were pregnancy, breast-feeding, patients with
liver cirrhosis, daily alcohol intake of more than
30 g per day for men and 20 g per day for women,
acute or chronic liver diseases (hepatitis B, hep-
atitis C, etc.) other than MASLD [11]. The di-
agnosis of MASLD was based on the criteria de-
fined by the American Association for the Study
of Liver Diseases, which are consistent with the
EASL-EASD-EASO Clinical Practice Guide-
lines [11, 12]. As some patients were diagnosed
with non-alcoholic fatty liver disease, we evalu-
ated them in accordance with the new nomencla-
ture and criteria.

Assessment of liver steatosis and fibrosis.
Two experienced physicians performed abdominal
ultrasound examination and shear-wave elastog-
raphy to confirm liver steatosis and assess liver
stiffness, respectively; with determination of liver
fibrosis stages (FO0, F1, F2, F3, F4) following the
manufacturer's instructions and current recom-
mendations (Hitachi Aloka Arietta S70) [13-15].

Body composition assessment. Weight and
height were measured with further BMI cal-
culation. Weight to the nearest 100 g and body
composition parameters were assessed by an ex-
perienced dietitian using the BIA scale (Tanita
BC-545N, Japan). The following body composi-
tion parameters were assessed: body fat (%), vis-
ceral fat level (1-59 range: low to high), muscle
mass (kg), total body water (%), and bone mass
(kg). Following the manufacturer's recommenda-
tions, a visceral fat level >12 was considered an
excessive level of visceral fat.

Statistical Analysis. Categorical variables
were presented as number of cases and percent-
ages. Continuous variables were checked for
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normality using the Shapiro-Wilk test and his-
tograms. Normally distributed continuous varia-
bles were expressed as mean + standard deviation
(SD) and non-normally distributed variables as
medians with 25" and 75" percentiles (Q1 and
Q3). The t-test (for normally distributed data)
and Mann-Whitney U test (for non-normally dis-
tributed data) were used to assess the differences
between groups. We used the chi-squared test to
analyse categorical data. Logistic regression anal-
ysis was performed to determine possible factors
associated with clinically significant liver fibro-
sis (F2, F3). As most variables did not follow a
normal distribution, we used the Spearman rank
correlation coefficient (rho, rs) for the correla-
tion analysis. The sample size was defined as at
least 59 participants (10 participants with stages
F2, F3 and 49 participants without clinically sig-
nificant fibrosis, stages <F2) with a power set of
80% (p<0.05), and the null hypothesis was that
the mean difference in BMI between participants
with clinically significant liver fibrosis and with-
out would be 5 or less, with SD 5 for both groups
and the ratio 1:5. A p-value of <0.05 was consid-
ered statistically significant; 95% CI for an OR,
which does not include 1.0, was considered to be
statistically significant at the 5% level. Data was
analysed using MedCalc® Statistical Software
version 20.215 [16]. We assessed 84 patients with
MASLD for eligibility, five of whom were exclud-
ed due to the absence of some necessary data.

Results

The study included 79 patients with a mean
age of 45.66+14.26 years, and 64.6% were female.
The median BMI was 31.9 kg/m?2 (Q1, Q3: 29.25,
37.3) and clinically significant liver fibrosis (F2,
F3 stages) was observed in 15.2% of patients
(n=12). The main clinical characteristics of par-
ticipants are summarised in Table 1.

Based on results of liver fibrosis severity stag-
es assessed by patients with shear-wave elas-
tography were divided in two groups: patients
without clinically significant liver fibrosis (<F2)
and patients with clinically significant liver fi-
brosis (F2, F3 stages). There was no difference
in age and sex of participants between the groups
(Table 2). However, patients with F2, F3 stages
had higher BMI (median=37.55; Q1, Q3: 33.11,
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Table 1. The main clinical characteristics of participants

Characteristics Results
Age (years), mean+SD 45.66+14.26
Sex, n (%)

Female 51 (64.6%)

Male 28 (35.4%)
Liver fibrosis (n=79)

<F2 67

F2,F3 12

F4 0

BMI (median: Q1, Q3), kg/m? 31.9(29.25, 37.30)

BMI category, n (%)

<18.5 kg/m? 0 (0%)
18.5 to <25 kg/m? 1(1%)
25.0 to <30 kg/m? 24 (29%)
30 to < 35 kg/m? 29 (37%)
35 to < 40 kg/m? 14 (18%)
>40 kg/m? 12 (15%)

Comorbidities, n (%)*

Arterial hypertension 4 (5%)

12D 19 (24%)
Prediabetes 1(1.27%)
GERD 3 (3.8%)
Gout 7 (8.86%)
Hypothyroidism 16 (20.25%)

Note. * — some patients have more than one comorbidity.

42.45) than patients without clinically signifi-
cant liver fibrosis (median=31.2; Q1, Q3: 28.63
to 35.35; p=0.0027). Moreover, visceral adiposi-
ty level was also significantly higher in patients
with F2, F3 stages (median=16.5, Q1, Q3:12.5,
22; p=0.0015), but not the total fat (%) content.

To further assess the associations between
clinically significant liver fibrosis (F2, F3) and
body composition parameters as well as comor-
bidities, the univariate logistic regression analy-
sis was performed (Table 3).
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Table 2. Comparison of body composition parameters and comorbidities between patients without clinically significant liver fibrosis (<F2) and
with clinically significant liver fibrosis (F2, F3).

Without clinically Clinically significant p

significant liver fibrosis (<F2) liver fibrosis (F2, F3)

(n=67) (n=12)
Age (years), mean+SD 4597+14.18 43.92 £15.25 0.6489*
Sex (male), n (%) 22 (32.8%) 6 (50%) 0.2553%**
Arterial hypertension, n (%) 3 (4.5%) 1(8.3%) 0.5772%**
12D, n (%) 13 (19.4%) 6 (50%) 0.02327%**
Prediabetes, n (%) 1(1.5%) 0 0.6721%**
GERD, n (%) 3 (4.5%) 0 0.4577%**
Gout, n (%) 5(7.5%) 2(16.7%) 0.3046%**
Hypothyroidism, n (%) 13 (19.4%) 3(25%) 0.6589***
BMI, median (Q1, Q3), kg/m? 31.2(28.63,35.35) 37.55(33.11,42.45) 0.0027%*
Fat, median (Q1, Q3), % 37.6 32.625, 44.45) 40.85 (34.45, 45.65) 0.3529**
Visceral fat, median (Q1, Q3), level 10.5(7.5,13) 16.5(12.5, 22) 0.0015%*
Water, median (Q1, Q3), % 46.2 (41.3, 48.65) 43.25 (40, 47.45) 0.1852**
Muscle mass, median (Q1, Q3), kg 53.6 (47.78,61.15) 64.8(53, 79.05) 0.0188**
Bone mass, median (Q1, Q3), kg 2.8(2.525,3.2) 34(2.8,4.1) 0.021**

Note. * T-test, ** Mann-Whitney rank test, *** A Chi-square test.

Table 3. Markers of clinically significant liver fibrosis (F2, F3), using binary logistic regression analysis

Marker Unadjusted

OR 95% Cl p
Age 0.9898 0.9475 t0 1.0339 0.6444
Sex (male) 2.0455 0.5912 to 7.0766 0.2584
Arterial hypertension 1.9394 0.1846 t0 20.3742 0.5809
12D 41538 1.1510 to 14.9912 0.0297
Prediabetes 0.0000 - -
Gastroesophageal reflux disease  7.2266 x 10° - 0.9984
Gout 2.48 0.4221 to 14.5693 0.3147
Hypothyroidism 1.3846 0.328 t0 5.8449 0.6578
BMI 1.1663 1.0517 t0 1.2934 0.0036
Fat, % 1.0402 0.9675to 1.1185 0.2862
Visceral fat, level 1.2137 1.0712 t0 1.375 0.0024
Water, % 0.9276 0.8284 to 1.0386 0.1924
Muscle mass, kg 1.0701 1.0177 to 1.1251 0.0081
Bone mass, kg 4.1669 1.4632 10 11.8668 0.0075
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Markers, which were associated with clinically
significant liver fibrosis in univariate logistic re-
gression analysis, also remained significant after
adjustment for age and sex (Model (1), Table 4).

Table 4. Model (1). Adjusted for age, sex

Marker OR 95% Cl p

T2D 6.1107  1.3949 10 26.7699 0.0163
BMI 1.2094  1.0727 to 1.3634 0.0019
Visceral fat, level 1.3421 1.1166 t0 1.6131 0.0017
Muscle mass, kg 11414 1.0364to 1.2571 0.0072
Bone mass, kg 15.944  2.19111t0 116.0214 0.0062

However, in the multivariable model (Mod-
el (2), Table 5), only associations between T2D
(OR=8.7661, 95% CI: 1.3231 to 58.0791), vis-
ceral adiposity (OR=1.1966, 95% CI: 1.0511 to
1.3623) and clinically significant liver fibrosis
were statistically significant.

Table 5. Model (2). Multivariable model

Marker OR 95% Cl p

2D 8.7661 1.3231 10 58.0791 0.0244
BMI 1.0885 0.9562 t0 1.2390 0.1997
Visceral fat, level 1.1966 1.0511 to 1.3623 0.0067
Muscle mass, kg 0.5987 0.2246 to 1.5959 0.3051
Bone mass, kg 2.08x10° 0.0002t0 1.76 x 10" 0.2431

In the univariate regression model, excessive
visceral fat (visceral fat levels higher than 12)
was associated with clinically significant liver fi-
brosis (F2, F3) (OR=5.74,95% CI: 1.41 to 23.29,
p=0.0145). After adjustment for age and sex, the
association remained significant (OR=8.71, 95%
CIL: 1.69 to 44.81, p=0.0096). Bone mass (kg)
correlated with weight (kg) of the participants
(rs=0.749, p<0.0001), visceral adiposity level
(15=0.457, p<0.0001), BMI (rs=0.424, p=0.0001).
Muscle mass (kg) also correlated with weight
(kg) of the participants (rs=0.741, p<0.0001),
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visceral adiposity level (rs=0.453, p<0.0001),
BMI (rs=0.415, p=0.0001). This may explain why
the OR for bone and muscle mass were significant
in the univariate logistic regression analysis, but
not in the multivariable model (2).

Discussion

Liver fibrosis is considered to be linked to fat
mass, as well as to visceral fat, in patients with
non-alcoholic fatty liver disease [17]. Viscer-
al adipose tissue dysfunction, for example, con-
tributes to metabolic syndrome and therefore
may lead to further deterioration of liver func-
tion and fibrosis progression [18]. Our findings
that visceral fat was associated with liver fibrosis
(F2, F3) are consistent with results of the study
conducted in Spain demonstrated the association
between highest quartile of visceral adiposity
index, BMI >30 kg/m2, and abdominal obesity
with the prevalence of MASLD and liver fibrosis,
as well as with fibrosis progression [19].

T2D is considered to be the major deter-
minant of fibrosis progression in patients with
MASLD [11]. Our study confirmed that T2D is
associated with clinically significant liver fibrosis
in Ukrainian adults with MASLD, even after ad-
justment for possible confounders such as age and
sex, as well as other factors such as body compo-
sition parameters. Impaired fasting glucose is one
of the parameters used in the non-alcoholic fatty
liver disease fibrosis score however, some studies
suggest T2D, rather than prediabetes, to be a risk
factor for clinically significant liver fibrosis [20,
21]. As most patients in our study had T2D and
only one participant had prediabetes, we could not
establish the association between prediabetes and
significant liver fibrosis.

Conclusion

We consider BIA to be useful for body com-
position assessment in patients diagnosed with
MASLD. We also suggest that the presence of
excessive visceral fat accumulation determined
with BIA may be used as a potential marker of
clinically significant liver fibrosis (F2, F3) in pa-
tients with MASLD. Our study confirmed the
link between T2D and significant liver fibrosis
(F2, F3) in Ukrainian adults with MASLD, ad-
ditionally indicating the importance of timely
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screening of this category of patients for liver
fibrosis, as recommended by the current guide-

lines.
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[MapameTpwn cknapy Tina Ta KomopbigHICTb AK
MapKepu KNiHIYHO 3Havyworo Gibpo3y neyiHkmn
(F2, F3 cTanii) y nauienTie i3 meTaboniyHo-
acouiiloBaHOW CTEaTOTUYHOH XBOP0DOID
NeyYiHKmn

C.C. WaTtuno, IA. ConosinoBa, K.J1. KBaueHoK
HauioHanbHW meanyHnin yHisepcuteT im. O.0. boromonbuA

Pesiome. [N06anbHa 3aXBOPIOBAHICTL Ha MeTaboMiYHO-acoL|inoBaHy

cTeaTtoTnuHy xBopoby neditky (MACXIT) Ta OXMPIHHA 3pOCTaE.

Cragia ¢ibpo3y neuiHKky BBaa€TbCA HAMCHABHILLMM NPeanKTOPOM

cveptHocTi npu MACXTT, wo 3ymoBneHa 3axsoptoBaHHAM. MeTa.

JlocnimkeHHA Mano Ha MeTi BUBUMTI MOXMBI 3B'A3KM MiXK NapaMeTpa-

MU CKNafy Tina, OLiHEeHVMI 33 LOMOMOrol0 OioiMMenaHCHOro aHanisy,

CYNYyTHIMY 3aXBOPIOBAHHAMM Ta KNIHIUHO 3HaYyLLMM GIOPO30M NeviHkm
(F2, F3) B naujienTis i3 MACXTT B Ykpaii. MaTtepian i metogu. Lle 6yno
obcepBallifiHe AOCAIMKEHHA 3a Y4acTio [OPOCIMX NALIEHTIB BiKOM

>18 pokisi3 giarHo3om MACXITTa CTeaTo30M NeYiHKK, NiaTBePAKEHM
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YNbTPa3BYKOBMM AOCAIMKEHHAM, AKMM MPOBOAMAM enacTorpadiio
neviHKM MeTOOM 3CYBHOI XBUMI ANA OUIHKM Gi6pO3y neviHkn Ta
OUIHKY CKnagy Tina. lna Br3HaueHHa MOXANBIUX GaKTOPIB, MOB'A3AHMX
i3 KNiHIYHO 3Hauywwmm dibposom nediHku (F2, F3), byno nposepeHo
NOTICTUYHMI perpecinHnin aHanis. Pesynbratin. [JocnigxeHHA BKO-
Yyano 79 nauieHTiB cepefHboro Biky 45,606+14,26 pokis, 64,6% i3
HUX Oynun xiHKW. MepiaHa iHAeKcy macu Tina ctaHosuna 31,9 kr/m?
(Q1, Q3: 29,25; 37,3), a KNiHiuHO 3Hauywmin $ibpo3 nevinkm (F2, F3)
cnocTepirasca B 15,2% nauienTis (n=12). MauieHTn 3i cTagiamm F2, F3
Mann BUWWI iHAeKC Mack Tina (MegiaHa=37,55; Q1, Q3: 33,11; 42,45),
Hi>X MauieHT 6e3 KNiHiuHO 3Havyworo Gibpo3y neviHku (vegiaHa=31,2;
Q1, Q3: 28,63; 35,35; p=0,0027). HagmipHuWi piBeHb BicLiepanbHOro
XMpy OyB NOB'A3aHNIA i3 KNIHIUHO 3HauyLum Gibpo3om neyiHkn (F2,
F3) (cnisBigHOWeHHA WwaHciB=5,74; 95% nosipunin iHTepBan: Big 1,41
10 23,29; p=0,0145). Mu BUABMAK, WO LyKPOBWI AiabeT 2-ro Tvmy bys
CYTTEBO NOB'A3aHWI i3 KNIHIYHO 3HauyWmm Gibpo3om nevinkm (F2, F3)
y nauienTis i3 MACXTT (cniBBigHOLWEHHA WaHCiB=4,15, 95% posipunn
iHTepsan: 1,15-14,99, p=0.0297), i uen 38'A30K 3aN1LWABCA 3HAUYLIMM
MicNA NMONPaBKW Ha BiK i CTaTb, @ TakoX Yy GaraToBapiaHTHIN Moaeni.
BurcHoBOK. Myt npoaeMOoHCTPYBasu, WO BULNIA PIBEHb BiCLIEPaIbHOrO
XMpy OyB NOB'A3aHMIA i3 KNIHIUHO 3HauyLum Gibpo3om nediHkn (F2,
F3), TOX MV pO3rNALAEMO HaAMIpHE HaKOMMYEeHHA BiCLEepanbHoro
XVPY, BM3HauyeHe 3a Aonomorot GioiMnesaHCHOro aHanisy, y poni
NOTEHLINHOrO MapKepa KNiHiuHO 3HauyLworo ¢pibpo3y neviHku (F2, F3)
y nauienTis i3 MACXI. Hawe gocnigxeHHA Takox NiaTBEPANIO 38'A30K
MiX LyKPOBUM fiiabeTom 2-ro Tvny Ta 3HayHWUM $idpo3om neyiHkn (F2,
F3) y nopocnmx i3 MACXTT B YkpaiHi. Lii gaHi ceinuatb npo Baxnneictb
CBOEYACHOIO CKPUHIHTY $i6pO3y NeyiHkW ans L€l kaTeropii nauieHTis,
AK Lle PeKOMEHAOBAHO CYyYaCHUMI HaCTaHOBaMW.

KniouoBi cnoBa: meTaboniuHO-acoLiioBaHa CTeaToTUHa XBopoba
neyiHky, Gibpo3 neuiHkK, BicLiepanbHWM Xunp, bioiMneaaHCHNI aHani3,
iHOeKC macw Tina.
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