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Aim: creation of diagnostic models including electrical, viscoelastic parameters of erythrocytes to distinguish fatty
liver disease of mixed etiology (metabolic + alcoholic) from non-alcoholic and alcoholic fatty liver disease.
Materials and methods. We examined 46 men with non-alcoholic fatty liver disease (NAFLD), 43 men with alcoholic
fatty liver disease (AFLD), as well as 54 men with fatty liver disease (FLD) of mixed genesis (metabolic + alcohol-re-
lated); average age of the patients included in the study made 48.4 = 9.6 years. The diagnosis was established on
the basis of liver ultrasound findings and FLI liver steatosis index with a fibrosis grade of F1 or less (FibroScan® 502,
Echosens, France). The electrical and viscoelastic parameters of erythrocytes were investigated by the diagnostic
technique of dielectrophoresis using an electrooptical cell detection system.

Results. The most significant parameters for differentiating fatty liver disease of mixed genesis (metabolic + alco-
holic) from NAFLD using the Volcano plot have turned out to be cell polarizability at a frequency of 106 Hz (p = 6.49 x10°®),
erythrocyte cell membrane capacity (p = 0.00077), relative polarizability (p = 0.001), the levels of which were higher
in patients with NAFLD. On the contrary, the index of red blood cells destruction at 10° Hz was higher in FLD of the
mixed genesis (p = 0.047) and the crossover frequency was shifted to the high frequency range more than in NAFLD
(p =0.0005). The discriminant analysis has additionally revealed the significance of the degree of erythrocyte defor-
mation at 5 x 10° Hz in distinguishing between mixed-genesis FLD and NAFLD. In differentiating FLD of mixed genesis
from NAFLD, a diagnostic model incorporating the above red blood cells parameters has provided an AUC of 0.829
(confidential interval: 0.742-0.916), sensitivity of 80.9 %, and specificity of 83.3 %.

Two indicators of red blood cells have been established that statistically significantly distinguish the mixed-genesis
FLD from the AFLD (Volcano plot); these are the index of red blood cells destruction at a frequency of 5 x 10° Hz, which was
higher with AFLD (p = 0.0007), and the capacity of cell membranes, the value of which prevailed in mixed-genesis
FLD (p = 0.011). When distinguishing the mixed-genesis FLD from the AFLD, the combined model with the inclusion
of three parameters of red blood cells, namely the index of red blood cells destruction at a frequency of 5 x10°Hz, the
capacity of erythrocyte membranes, and polarizability at a frequency of 10° Hz, has shown the highest levels of di-
agnostic accuracy, namely AUC = 0.751 (confidential interval: 0.611-0.908) with a sensitivity of 79.5 %, specificity
of 74.7 %.

Conclusion. The electrical and viscoelastic parameters of erythrocytes studied using the diagnostic technique of di-
electrophoresis should be considered as promising biomarkers for the diagnosis of diffuse liver disease.

Keywords: fatty liver disease, genesis, diagnostic models, erythrocytes, red blood cells, dielectrophoresis
Conflict of interest: the authors declare no conflict of interest.

The work was carried out according to the State assignment within the framework of the budget themes “Study of
molecular genetic and molecular biological mechanisms of the development of common therapeutic diseases in Si-
beria to improve approaches to their early diagnosis and prevention”, 2024-2028 (FWNR-2024-0004), “Improving
methods of diagnosis, prevention and treatment of patients with common diseases of the hepatobiliary system and
gastrointestinal tract in Siberia”, 2023-2025 (FWNR-2023-0003).

For citation: Kruchinina M.V., Osipenko M.F., Parulikova M.V., Gromov A.A. Electrical and Viscoelastic Parameters of Erythrocytes
as a Part of Diagnostic Models for Differentiating Fatty Liver Disease of Mixed Genesis from Non-Alcoholic and Alcohol-Related
Fatty Liver Disease. Russian Journal of Gastroenterology, Hepatology, Coloproctology. 2024. https://doi. org/10.22416/1382-4376-
2024-1215-3218

38 Poc ypH racTposuTepoJ rematon koaonpokros 2024; 34(3) / Rus J Gastroenterol Hepatol Coloproctol 2024; 34(3)



www.gastro-j.ru Original articles / OpurnHasbHbIE TCCTEIOBAHNS

AneKTpu4yeckmne n BA3KOyrnpyrue napameTtpbl 3pUuTPOLUTOB B COCTaBe
AnarHocTuyeckux mogenen ana guddepeHunpoBaHUd XUPOBOM 60Ne3Hn
neYeH CMEeLLaHHOro reHe3a oT HeaJsiIKOroJibHOM U asiIkoroJibHOM XXuposowu
00JsIe3HM NeYeHmn

M.B. KpyuunHuHa'?*, M.®. Ocunexko?, M.B. Mapynmkosa', A.A. lpomos!

" HUW tepanuu n npogunaktuyeckoi meanumHsl — ¢punvan G@r6HY «denepabHbili ICCIE[0BaTENbCKUI LIEHTP
WHcTuTyT umtonorumv n reHetuku CO PAH», HoBocubupck, Poccurickas denepatims

2 re0yY BO «HoBocmbupckuii rocyaapCTBEHHbIV MEANLMHCKUI YHUBEPCUTET» MUHUCTEPCTBA 34PaBOOXPaHEHMS]
Poccuickori @enepaumm, HoBocubupck, Poccuiickas denepaims

Llenb uccnepoBaHus: CO30aHVE ONArHOCTUMYECKMX MOAENEN, BKIIIOHAKLWMX 3NEKTPUYECKmMe, BA3KOynpyrme na-
paMeTpbl 3PUTPOLIUTOB, AJ1S Pa3/IMYEHUS XMPOBOM 60/1IE3HM NEYEHU CMELLAHHOW aTnoNornn (Metabonmnyeckas +
aJIKOrosibHasi) OT HEasIKOroJIbHOW 1 ankorosbHOM XUPOBOW GONE3HN NEYEHN.

Martepuanbl u metogbl. O6cnenoBaHbl 46 MyX4MH C HEanKorosbHOW XMPOBOW 6one3Hblo nedeHn (HAXBIM),
43 MYX4VHbI C aIKOroJibHOWM XUpoBo 6one3Hbio nedyeHn (AXBI) 1 54 MyX4uHbI C XKMPOBOW GONE3HbLIO MEeYEHU
(>KBIM) cmelwaHHOro reHesa (MeTabonMyeckuii + ankorosbHbIN); CPeAHUI Bo3pacT 06CnefoBaHHbIX COCTaBUI
48,4 = 9,6 roga. [lmarHo3s Obi BbICTAB/EH HA OCHOBaHWUM AaHHbIX YbTPAa3BYKOBOrO UCCNE0BaHUS MEYEeHN N VH-
nekca cteatosa nedeHun FLI co cteneHbio drbposa He 6onee F1 (FibroScan® 502, Echosens, ®paHuus). dnektpu-
yeckue, BA3KOynpyrne napameTpbl 3pUTPOLMTOB NCCNEA0BAHbI METOAOM ANINEKTPOdOpPe3a C MOMOLLBIO S1EKTPO-
OMNTUYECKOM CUCTEMbI OETEKLNN KITETOK.

Pesynberatbl. Hanbonee sHauymmbiMu ans anddepeHumpoBaHus XBI cmellaHHoOro reHesa (Metabonnyeckuin +
ankoronbHbin) oT HAXBI npun ncnonesosaHnm metoga Volcano plot okazanncb Nongpm3yemMoCcTb KJIETOK Ha 4acTo-
Te 108y, (p = 6,49 x107%), eMKOCTb KJIETOUYHOW MemMbpaHbl apuTpouunToB (P = 0,00077) 1 OTHOCUTESIbHAS NOJIAPU3Ye-
MocTb (p = 0,001), ypoBHM KOTOPLIX GbINN Bhile y nauneHToB ¢ HAXBI. HanpoTue, MHOEKC AECTPYKLIMM 3PUTPOLIA-
ToB Ha yacTtoTe 10° U, okasancs Bbille Npu cMmelaHHoM reHese XBIM (p = 0,047), a paBHOBECHAsA 4acToTa CMeLL,eHa
B BbICOKOYACTOTHbINM Anana3oH No cpaBHEHUIO ¢ nokasatenamu npy HAXBI (p = 0,0005). LINCKPUMNHAHTHbLIV aHa-
N3 OOMOSTHUTENBHO BbISIBUJ 3HAYMMOCTb CTEMEHN AedopmMaLn 3puTpoumnToB Ha YacToTe 5 x10° 'y, B pa3nnyeHnmn
XKBI1 cmewaHHoro reHesa n HAXBI. uarHoctunyeckas mogenb npu guddeperumposaHnm XXBIN cmewaHHoro re-
He3a ot HAXBI, BkntoyatoLLas BbiLLeEONMCaHHbIE NapamMeTpbl 3puTpoumToB, obecneumna AUC 0,829 (noseputenb-
HbI HTepBan (AN): 0,742-0,916), yyBcTBUTENLHOCTL — 80,9 %, cneundnyHocTe — 83,3 %.

YcTaHOBNEHBI ABa MokasaTens SpUTPOLMUTOB, CTATUCTUYECKM 3HAYMMO OT/INHAIOLLME XUPOBYKD GONE3Hb MEYEHU
cMeluaHHoro reHesa ot AXBI (Volcano plot), — 9To MHaekc aecTpykummn Ha yactoTe 5 x 10° ', KOTOpbI ObiN BbiLLe
npu AXBI (p = 0,0007), 1 emMKOoCTb MEMOPaH KNETOK, BeMYMHA KOTopoi npeobnagana npu XBI cmelaHHoro
reHesa (p = 0,011). MNpu pasnuyeHnn XBI cmelaHHoro reHesa ot AXBI koMOGUHMPOBaHHAs MoAesb C BKIOYe-
HMEM TPEex NapamMeTpPOoB 3PUTPOLIMTOB — MHAEKCA OAeCTPYKUUM Ha yacTtoTe 5 x10° u, eMKocTM MembpaH 3puTpo-
LMTOB 1 NONApu3yemMocTu Ha YactoTe 10° Ny, — nokasana Hanbonee BbICOKME YPOBHU AMArHOCTUYECKOM TOYHOCTU:
AUC=0,751 (OWN: 0,611-0,908) ¢ wyBCTBUTENBLHOCTLIO 79,5 %, cneundunyHOCTbIO 74,7 %.

3aknoyeHue. INeKTpruyYeckne 1 BA3KOYNpyrme napameTpbl 3pUTPOLUTOB, N3YHEHHbIE C MOMOLLbIO METOAA ANS-
nexkTpodopesa, cnenyeT paccMaTpmBaTth Kak MEPCNEKTMBHbIE GroMapKepbl A1t AuarHOCTUKM Anddy3HON naTono-
N NeYeHN.

KnioueBbie cnoBa: xvpoBas 60/1e3Hb NeYeHn, reHes, ANarHoCTMYECKME MOOENN, SPUTPOLUTLI, AnanekTpodopes
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(AFLD), despite the fact that both diseases share
common pathophysiological mechanisms, genetic

Non-alcoholic fatty liver disease (NAFLD) is and epigenetic factors and often coexist [2]. Both
the most common cause of chronic liver diseases diseases are characterised by a wide range of histo-
worldwide, reaching 25—30 % [1]. Since its first de- logical features, ranging from isolated steatosis to
scription in 1980, NAFLD has been considered a steatohepatitis and cirrhosis [3]. The distinction be-
form distinct from alcohol-related fatty liver disease tween NAFLD and alcohol-related FLD is currently

Introduction
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based on the amount of alcohol consumed, which
is nominally established [4, 5]. Given the syner-
gistic effect between alcohol consumption, obesity
and metabolic dysfunction, it is likely that alco-
hol consumption serves as a significant risk factor
for liver disease progression in NAFLD and meta-
bolic syndrome [6—8].

According to F. Idalsoaga et al., there are pa-
tients with alcohol-related liver disease in clinical
practice having metabolic cofactors (alcohol-relat-
ed fatty liver disease with metabolic syndrome) and
patients with NAFLD who consume alcohol, which
is contributing to the pathological process (meta-
bolically associated fatty liver disease with alcohol-
ic component). These patient populations tend to
the opposite poles of those with non-alcoholic liver
disease without alcohol contribution and alcoholic
one without manifestations of metabolic syndrome
[9]. Establishing the predominant etiological factor
in patients with FLD is a challenging clinical task,
due to the similarity of histological picture when
performing liver biopsy, changes when using imag-
ing methods [3], overlapping metabolic profiles [2],
unidirectional changes in biomarkers included in di-
agnostic panels (Ash-Fibro Test, Nash-Fibro Test al-
gorithms as part of the FibroMax test, FM) [9, 10].

The term “steatotic liver disease” (SLD, or “he-
patic steatosis”) proposed in 2023 includes pathology
with different etiological factors for the development
of steatosis (cardiometabolic, alcohol, hepatitis virus-
es, drugs and others), including steatotic liver disease
associated with metabolic dysfunction, metabolically
associated alcoholic disease [11], which indicates the
relevance of this problem.

Our previous studies have shown the capability
of using the electrical and viscoelastic parameters
of erythrocytes studied diagnostic technique of di-
electrophoresis in establishing the etiology of FLD
[12—15].

The aim of this study is as follows: to create diag-
nostic models including electrical, viscoelastic param-
eters of erythrocytes for distinguishing FLD of mixed
etiology (metabolic + alcohol-related) from non-alco-
holic and alcohol-related fatty liver disease.

Materials and methods

We have examined 46 men (average age —
48.6 + 8.7 years) with NAFLD; 43 men with al-
cohol-related fatty liver disease (average age —
47.6 + 10.1 years) and 54 men (average age —
49.1 + 9.9 years) with fatty liver disease of mixed
genesis (metabolic + alcohol-related).

Inclusion criteria for the study: male gender;
age between 25 and 65 years; a verified diagnosis of
“fatty liver disease” (FLD) according to generally
accepted criteria based on the results of ultrasound
examination of the abdominal cavity organs; degree
of liver fibrosis which is not higher than the 1st

degree according to indirect elastometry (FibroScan®
502, Echosens, France); abstinence from alcohol for
7—10 days; signing an informed consent to partici-
pate in the study.

Exclusion criteria: female gender; age younger
than 25 and older than 65 years; FLD associated
with viral, medically induced, autoimmune, geneti-
cally determined liver diseases, parenteral nutrition;
early withdrawal periods (less than 7—10 days); de-
grees of liver fibrosis exceeding the first one, accord-
ing to indirect elastometry; clinically significant se-
vere concomitant pathology in the acute stage.

The NAFLD has been diagnosed in accordance
with the criteria of clinical recommendations [16].
The diagnosis of NAFLD has been confirmed by the
index of NAFLD liver fat score [17]. Most of the
patients (73.9 %) have not consumed alcohol at all
or have occasionally (3 to 4 times a year) used low
doses of alcohol (on average 17.8 + 8.5 g per day
equivalent to pure ethanol). The data of the ques-
tionnaires and biochemical parameters made it possi-
ble to exclude the alcoholic etiology of FLD.

The alcoholic genesis of steatosis has been estab-
lished according to the data of reliably confirmed
presence of systematic alcohol consumption at pres-
ent, and in the past medical history (using CAGE
questionnaire and AUDIT test) in combination with
the results of clinical and instrumental examina-
tion. Mixed etiology (metabolic + alcohol-related)
has been diagnosed in case of regular alcohol con-
sumption in patients with manifestations of meta-
bolic syndrome according to the Recommendations
of Experts of the Russian Scientific Society of
Cardiologists [18].

Other liver pathology as a cause of steatosis has
been excluded.

Signs of metabolic syndrome have been detect-
ed in patients with NAFLD and FLD of mixed
genesis, which have been assessed according to
the following criteria: the main criterion — cen-
tral (abdominal) type of obesity, waist circumfer-
ence is equal exceeds 94 cm; additional criteria are
blood pressure > 130,85 mmHg or treatment of
arterial hypertension with medical drugs; increased
triglyceride levels (= 1.7 mmol/L); decrease in
the level of high-density lipoprotein cholesterol
(HDL-C) (<1.0 mmol/L); content enhancement
of low-density lipoprotein cholesterol (LDL-C)
> 3.0 mmol/L; fasting plasma glucose concentration
> 6.1 or 7.8 mmol/L — 2 hours after glucose toler-
ance test. Metabolic syndrome has been considered as
reliable when three criteria were present: one main
and two additional criteria [18].

As a comparison group, 38 men (average age —
47.9 + 14.3 years) have been selected; they had a
healthy lifestyle, and consumed alcohol not more
than once a month in doses not exceeding 20 g
per day in terms of pure ethanol, without any
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manifestation of pathology of internal organs and
onset of metabolic syndrome.

All examined persons have undergone a study
of biochemical parameters, including liver function
tests, lipid profile parameters; liver steatosis index
called FLI (Fatty Liver Index) [16], NAFLD liver
fat score [19] and CARO [20] have been deter-
mined. The degree of liver fibrosis severity has
been determined using the technique of indirect
elastometry of the liver on FibroScan® 502 device
(Echosens, France) (from FO to F4 according to
METAVIR scale). It has not exceeded F1 in pa-
tients with FLD, but it has corresponded to FO
degree in the comparison group.

Electrical and viscoelastic parameters of erythro-
cytes have been studied in all examined patients us-
ing the diagnostic technique of dielectrophoresis in a
non-uniform alternating electric field by means of an
electrooptical cell detection system [13]: mean cell diam-
eter (um), fractions of discocytes, spherocytes, deformed
cells (%), polarizability of cells at different frequencies
of the range (m?), relative polarizability (ratio of the
index value at 10° Hz to 10° Hz), summarized index
of rigidity (N-m), viscosity (Pa-s), electrical con-
ductivity of membranes (Sm/m), indices of red
blood cells (RBC) destruction (at different frequen-
cies of the range) (%) and RBC aggregation (relative
units), amplitude of RBC deformation at 10° Hz (m),
degree of cell deformation at 5 x 10° Hz (%), RBC
membrane capacitance (F), velocity of RBC motion
to the electrodes (um/s), position of crossover fre-
quency (Hz), value of dipole moment (Cl-m). The
original CELLFIND software package has been
used for cell image recognition and computer data
processing. The reproducibility error of the tech-
nique is equal to 7—12 %.

Statistical data processing has been per-
formed using IBM SPSS Statistics v. 26.0 (IBM
Corp., USA). In case of normal distribution
(Kolmogorov — Smirnov test), the mean (M) and
standard deviation (SD) have been calculated.
When comparing two normally distributed sam-
ples, the Student’s t-test has been used. In the
absence of a normal distribution, a median (Me),
and 25th and 75th percentiles (Me (25 %; 75 %))
have been calculated, and the reliability of the
differences in the values has been assessed using
non-parametric test criteria (e.g., the Mann —
Whitney U-test, the Kraskell — Wallis test), the
Pearson’s chi-squared test has been applied. The
critical significance level of the null hypothesis
(p) has been assumed to be equal to 0.05. The re-
lationships between the traits have been assessed
by calculating Pearson’s linear correlation coeffi-
cient and Spearman’s rank correlation coefficient.

The orthogonal partial least squares discrimi-
nant analysis (OPLS-DA) has allowed us to iden-
tify the differences, the unpaired ¢-test (comparison
of parameter levels of patient groups in pair) and

the Volcano plot and a system of machine learning
algorithm named Random Forest have been used, us-
ing MATLAB software (R2019a, Math Works) and
the R programming language [21]. A ROC analysis
has also been performed.

Results

The presence of hepatic steatosis in all examined
patients has been confirmed by values of the FLI
liver steatosis index exceeding 60 (with a proba-
bility of more than 78 %) [16], and the NAFLD
liver fat score exceeding —0.64 (with sensitivity
86 %, specificity 71 %) [17]. All patients with
NAFLD and mixed-genesis FLD have shown evi-
dence of the metabolic syndrome, such as abdomi-
nal obesity, arterial hypertension, hypertriglycer-
idemia, hypercholesterolemia, we have also found
statistically significant increase in insulin, fast-
ing blood glucose, and uric acid. The CARO in-
dex value of less than 0.33 indicates the presence
of insulin resistance in all patients with NAFLD
and a mixed-genesis FLD [20].

Patients with FLD of an alcohol-relat-
ed and mixed genesis had an AUDIT test score
of > 8 points and positive answers to 3—4 ques-
tions on the CAGE questionnaire. Most of the
patients observed with alcohol-related FLD have
consumed alcohol regularly (more than 2—3 times
per week) over a period of 8 to 22 years, the sin-
gle dose of alcohol consumed has amounted to
128.5 + 80.8 g and the weekly dose was
653.7 + 473.2 g expressed as pure ethanol. 65.1 %
of patients have indicated a preference for strong al-
coholic drinks (vodka, cognac, whiskey), 30.2 % of
persons have consumed alcoholic drinks of various
strengths, including strong alcohol. Patients with
mixed-genesis FLD (metabolic + alcohol-related)
have also consumed alcohol on a regular basis at
a frequency of > 1 time per week with a prefer-
ence for strong alcoholic drinks in ~60 % of cas-
es, but with lower single and weekly alcohol doses
(108.2 + 65.3 and 219.8 + 120.7 g, respectively,
expressed as pure ethanol).

The activity of most hepatic enzymes (transami-
nases, GGTP, alkaline phosphatase), the content of
total bilirubin and serum iron, reflecting liver dama-
ge, were higher in patients with FLD than in the
comparison group, staying within the reference val-
ues or with minimal deviations from them, which
did not exclude the presence of steatohepatitis [22].
Activity of AST and GGTP, de Ritis ratio, direct
bilirubin and serum iron content have been higher
in patients with alcoholic genesis of FLD compared
to other groups, which indirectly confirms the se-
verity of toxic effects of high doses of ethanol on
hepatocytes [23]. The content of total protein and
albumin in patients with FLD has been comparable
with the values of the male comparison group. This
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fact evidences a preservation of protein-synthetic
function of the liver. Dyslipidaemia has been de-
tected in all groups of patients with FLD, the high-
est levels of total cholesterol and triglycerides have
been found in the group with mixed genesis of the
disease; HDL-C in patients with alcoholic FLD was
higher than in NAFLD, which probably reflects the
presence of regular alcohol consumption [23]. The
liver stiffness investigated by indirect elastometry
has tended to increase in patients with NAFLD,
mixed-genesis FLD compared to a group of healthy
men [24]. Liver density has turned out to be sig-
nificantly higher in patients with alcoholic genesis
of FLD than in the control group (p = 0.028). This
confirms that ethanol is a relevant factor for fibro-
genesis [23].

Patients with FLD have differed from the compar-
ison group by a lower proportion of discocytic and a
higher proportion of spherocytic, deformed forms of
erythrocytes. The RBCs of patients with FLD have
indicated lower values of amplitude of RBC defor-
mation, membrane capacity, velocity of RBC mo-
tion to the electrodes, dipole moment value, polar-
izability at high electric field frequencies of 10° and
0.5 x 10% Hz, and relative polarizability compared
to the control group, and, in contrast, higher levels
of summarized indices for viscosity, rigidity, electri-
cal conductivity, RBC aggregation and destruction
at all electric field frequencies, and polarizability at
low field frequencies of 0.1 x 106 and 0.05 x 105 Hz
(p < 0.000001). A shift of the crossov frequen-
cy into the high frequency range (more than
0.5 x 10° Hz) has been detected in patients with
FLD. The most pronounced deviations in the pa-
rameters of erythrocytes compared with healthy
individuals have been found in patients with alco-
hol-related and mixed-genesis FLD [12—15].

In the alcoholic genesis of FLD, the index
of RBC destruction has turned out to be sta-
tistically significantly higher at a frequency of
5 x 10° Hz (p = 0.016), the crossover frequen-
cy was more shifted to the high-frequency range
(p = 213 x 10%). On the contrary, the cell
membrane capacity (p 1.21 x 10"), the de-
gree of change in the amplitude of RBC deforma-
tion at a frequency of 5 x 10° Hz (p = 2.38 x 10%),
the polarizability of cells at a frequency of 10° Hz
(p =9.38 x 10%), the velocity of RBC motion to the
electrodes (p = 4.32 x 109), the magnitude of the
dipole moment (p = 1.66 x 10°), and the relative
polarizability (p = 2.35 x 10°) were lower in AFLD
compared with NAFLD [15].

A normalization of electrical and viscoelastic in-
dices of erythrocytes has been performed on the me-
dian (centred on the mean value) to create a differ-
ential diagnostic model in the pair “FLD of mixed
etiology vs. NAFLD” (Fig. 1).

To identify differences in the normalized levels
of erythrocyte parameters in patients with FLD of
mixed etiology and NAFLD, a discriminant anal-
ysis (OPLS-DA) has revealed a list of erythrocyte
parameters that differ significantly between the
groups depending on the RBC levels (Fig. 2A).

The use of the Volcano plot method (unpaired
statistics) has ensured the establishment of electri-
cal and viscoelastic parameters of erythrocytes that
are most significant for distinguishing patients with
non-alcoholic and mixed-genesis FLD (Table 1).

The polarizability of cells at a frequency of 10° Hz
(p = 6.49 x 10%), crossover frequency position
(p = 0.0005), the capacity of the cell membrane
(p = 0.00077), relative polarizability (p = 0.001),
the index of destruction of erythrocytes at a fre-
quency of 10° Hz have turned out to be the most
significant for distinguishing NAFLD and FLD of
mixed etiology (p = 0.047). At the same time, the
polarizability of cells at a frequency of 10 Hz, rela-
tive polarizability, and cell membrane capacity have
turned out to be higher in NAFLD compared with
the mixed-genesis FLD. In contrast, the crossover
frequency in mixed-genesis FLD was shifted to the
high frequency range, and cell hemolysis was more
expressed at 10° Hz than in NAFLD.

Figure 3A shows the ranking of the studied elec-
trical, viscoelastic parameters of erythrocytes ac-
cording to their contribution to the distinction be-
tween FLD with non-alcoholic and mixed etiology.
The contribution to the distinction has been provid-
ed by such characteristics as the proportion of de-
formed cells, electrical conductivity, index of RBC
aggregation, which are higher with mixed genesis of
FLD and the degree of deformation of erythrocytes
at a frequency of 5 x 10° Hz, the magnitude of the
dipole moment, which, on the contrary, are higher
with NAFLD.

The associations of some parameters of eryth-
rocytes significant for the differential diagnosis of
FLD have been studied, such as membrane capacity
and polarizability at a frequency of 10° Hz. The
strongest direct (» > 0.5) connections have been
found between the capacity of erythrocyte mem-
branes and the magnitude of the dipole moment
(p = 0.002), the degree of deformation at a frequen-
cy of 5 x 10° Hz, the amplitude of RBC deforma-
tion at a frequency of 106 Hz (p = 0.0001), the rela-
tive polarizability (p = 0.006), the velocity of RBC
motion to electrodes (p < 0.0001), and a strong
feedback has been established with the equilibrium
frequency position (p = 0.0015). The polarizability
at a frequency of 105 Hz was directly and strongly
associated with the polarizability at a frequency of
5 x 10° Hz (p = 0.007), as well as with the velo-
city of RBC motion to the electrodes (p = 0.0038),
the degree of cell deformation at a frequency of
5 x 10° Hz (p = 0.001) and vice versa — with the
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Figure 1. Normalization of the values of electrical and viscoelastic parameters of erythrocytes in groups of pa-
tients with FLD of non-alcoholic and mixed etiology (on the left — parameter values before normalization, on the
right — after normalization)

Pucynox 1. Hopmanusanms BeJTMYIH 3JIEKTPHYECKIX W BA3KOYNPYTHX TTapaMeTPOB 3PUTPOINTOB B TPYIIAX MallleH-
toB ¢ JKBII neankorosbHol n cMentannoil stuosoruu (cjiesa — 3HaYeHUs apaMeTpPoOB [0 HOPMaJIM3alii, clpaBa —
HocJie HopMaJnu3alum)

Before normalization — [lo mopmasmsanmu; Summarized rigidity index (N-m) — OGoGueHHbIii mokasarenb
xkectkoctn  (H-m); After normalization — Tlocne nopmammsaumym; Deformation amplitude at frequency
of 10 Hz (m) — Ammmryaa nedopmarm va gacrore 106 Tir (m); Dipole moment (Cl-m) — [Innosmabiii Moment (Kir-m);
Average RBC diameter (um) — Cpeanuii guamerp spurporura (Mxm); Proportion of deformed cells (%) — Toas
nedopmupoBannbix kaetok (%); Membrane capacity (F) — Emxocts Mem6pan (D); Density — Ilnortrnocts; Cross-
over frequency position (Hz) — Tlonoxenue pasuosectoii yacrorsl (Ti); Index of RBC destruction at frequen-
cy of .. Hz (%) — Wnpekc mecrpykumm Ha uactore .. I'm (%); Index of RBC aggregation (relative units) —
Nugexc arperanmm (yer. en.); Velocity of RBC motion to the electrodes (um/s) — CKOpocTh ABMIKEHUST KJIETOK
k asekrpogam (Mrm/c); Relative polarizability — Ornocurenbaas nossipusyemocts; Deformation degree at
5 x 10° Hz (%) — Crenenb gedopmanuu Ha yacrore 5 x 10° Ty (%); Polarizability at ... Hz (m?) — [oaspusyemoctsb
na vacrore ... i (M%); Predominant cell shape (relative units) — IpeoGragaomas dopma kiaerok (yca. ex.); Elec-
trical conductivity of membranes (Sm/m) — Duekrponposoauocts Mem6pan (Cm/Mm); Magnitudes — Bennuutbi;
Summarized viscosity index (Pa-s) — O6Go6mennbiii mokasareap Bsaskoctn (ITa-c); Normalized magnitudes —
HopMaiu30BaHHbIE BEJIUYUHDL.

index of RBC destruction at a frequency of 10° Hz
(p = 0.004).

The cluster analysis performed (Fig. 4) has al-
lowed us to identify three main clusters, which in-
clude most of the patients of the studied groups.
It is likely that different clusters included patients
with FLD with varying severity of necroinflamma-
tory changes in liver tissue.

The ROC analyses performed for individual RBC
parameters to distinguish patients with NAFLD
from mixed-genesis NAFLD has demonstrated suf-
ficient levels of diagnostic accuracy: for membrane
capacity — AUC = 0.759, sensitivity 66.7 %, spec-
ificity 79.5 %; for degree of cell deformation at
5 x 10° Hz — AUC = 0.807, sensitivity 70 %, spec-
ificity 84.6 %; for cell polarizability at 10¢ Hz —
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Figure 2. Discriminant analysis for distinguishing the levels of electrical, viscoelastic parameters of erythrocytes
in patients with FLD of mixed etiology: A — from non-alcoholic origin of FLD (pink cloud, pink dots — levels of
erythrocyte parameters in the NAFLD group; green cloud, green dots — in the group of patients with FLLD mixed
genesis); B — from the alcoholic origin of FLD (red cloud, red dots — levels of erythrocyte parameters in the
alcoholic FLD group; green cloud, green dots — in the group of patients with FLD of mixed genesis)

Pucynox 2. JInCKPUMUHAHTHBII aHAIN3 71 PA3JIUYEHUST YPOBHEH 3JIEKTPUYECKUX, BS3KOYIIPYTHX TTapaMeTpoOB apu-
tporuTos nanuentos ¢ JKBII cMemanHoii stnonornu: A — or neankoroabHoro rexesza KBII (pozosoe o61ako, po-
30Bble TOUKH — YPOBHU HapameTpos aputporutoB B rpynne HAYKBII; 3esnenoe obsako, 3eeHble TOUKH — B IPyTINe
nanuentos ¢ JKBII cmemannoro renesa); B — or ankorosbHoro renesa YKBII (kpacHoe 06/1aKko, KpacHble TOUKH —
YPOBHHU TIapaMeTpPOB 3pUTPOLUTOB B rpynie ankorosbHoil JKBII; 3ereHoe o6rako, 3ejeHble TOYKM — B IPYIIE Ma-
mmentos ¢ JKBII cMenmaHHOTO reHesa)

Table 1. Electrical and viscoelastic parameters of erythrocytes, studied by the Volcano plot method
(unpaired statistics), in patients with FLD of various etiologies (NAFLD vs. FLD of mixed etiolo-
gy) — markers for differentiation

Tabauua 1. DiexTpuyuecKue ¥ BSI3KOYNPYTHe TIapaMeTpbl 9PUTPOLUTOB, UCCJIEOBAHHbIE METOJIOM
Volcano plot (Henmaphasi cratucruka), y maiuentoB JKBIT pasiuunoii atuonornu (HAKBII nporus
JKBII cMenranHoii atrosornu) — Mapkepsl st auddepeHupoBaHust

Electrical an;l Vistcl?elastic parameters F;gtor of change vl
3./te1cmpul.;e§1?;4e l;toz}:;;ifoynpyzue ugfu'g:gffzib log2(FC) ‘?I’_’;v:,’.‘;”"‘,:l;’ —log10(p)
napamempul 3pumpouumos (FC)
I on oo v wncmome 10% T, 1.6423 0.71569 6.49E-05 4.188
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Figure 3. Ranking of electrical, viscoelastic parameters of erythrocytes according to their contribution to differ-
entiation between FLD of mixed origin: A — from non-alcoholic FLD, b — from alcoholic FLD

Pucynox 3. PanxxupoBaHue 2JeKTPUYECKUX, BSI3KOYIIPYTHX apaMeTPOB APUTPOIUTOB MO BKJIALY B quddepeHinpo-
Banue Mexxay sKBII cmemannoro rene3a: A — ot HeasnkoroabHoii JKBII, B — ot ankorombHoit KBIT

Crossover frequency position (Hz) — Tosioskenue pasaosectoit yacrorst (Tir); Summarized viscosity index (Pa-s) —
O6o6uennbiii nokaszarens Bsaskoctu (ITa-c); Deformation degree at 5 x 10° Hz (%) — Crenenb pedopmaruun Ha
vacrore 5 x 10° T (%); Summarized rigidity index (N-m) — O6o6uiennbiii mokaszaresn sxectkoctu (H-m); Electrical
conductivity of membranes (Sm/m) — daexrponposoanocts Mem6pan (Cm/M); Predominant cell shape (relative
units) — IpeoGaagaiomas dpopma kaerok (yeiu. ex.); Membrane capacity (F) — Emkoctb MmemGpan (D); Proportion
of deformed cells (%) — Moas gedopmuposannbix kiertok (%); Polarizability at ... Hz (m®) — ITousipusyeMoctnb
na wacrore .. [ (m®); Index of RBC destruction at frequency of .. Hz (%) — MHaeKkc AeCTPYKILUE HAa YACTOTE ...
T'n (%); Relative polarizability — Otnocutenpnas nomspusyemoctb; Average RBC diameter (um) — Cpeaunii
muamerp aputporura (MxMm); Index of RBC aggregation at 106 Hz (relative units) — Wugekc arperanum
na uacrore 10° T (yca. ex.); Value of accuracy reduction — 3nauenue cHuskenust TouHoctu; Dipole mo-
ment (Cl-m) — /[lumombnbii Moment (Ka-m); Values of significant variants — Beanuumnpl 3HauMMBIX
Bapuantos; Deformation amplitude at frequency of 10° Hz (m) — Awmmiuryga aedopMmaluu Ha 4acrore
106 Ty (m); High/Low — Bpicoko,/Husko; FLD of mixed genesis — JKBII cmemannoro renesa; Velocity of RBC
motion to the electrodes (um/s) — CkopocTh aBwkeHns1 KaeTok K snextpomam (Mm/c); NAFLD — HAJKBII,
AFLD — AJKDBII.
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Figure 4. Cluster analysis (K-means clustering) of elec-
trical and viscoelastic parameters of erythrocytes in pa-
tients with NAFLD and FLD of mixed genesis

Pucynox 4. Knacrepuniii anamus (K-means clustering)
ANIEKTPUYECKUX ¥ BSIBKOYIPYTHX TapaMeTPOB 9PHUTPOIIN-
toB y marentoB ¢ HAJKBII n JKBII cMmermannoro reresa

AUC = 0.784, sensitivity 80 %, specificity 69.2 %;
for crossover frequency position — AUC = 0.748,
sensitivity 63.3 %, specificity 87.2 %. The com-
bined model has turned out to be optimal in
terms of sensitivity and specificity with a min-
imum number of erythrocyte indices, includ-
ing the following parameters: the degree of de-
formation of erythrocytes at a frequency of
5> x 10° Hz, cell polarizability at a frequency of
10¢ Hz and membrane capacity, providing an AUC
of 0.829 (CI: 0.742—0.916), sensitivity of 80.9 %,
specificity of 83.3 %.

When considering the pair of “FLD of mixed
genesis vs. alcohol-related FLD”, procedures for
normalization of parameter levels have consistent-
ly been implemented, after which a discriminant

analysis has been performed (Fig. 2B), a Volcano
plot study (Table 2), and the parameters of eryth-
rocytes have been ranked according to the degree
of their contribution to the distinction of the
mixed-genesis FLD from the alcohol-related FLD
(Fig. 3B).

It can be seen on Figure 2B that there is a small-
er number of differing levels of erythrocyte param-
eters in this pair of “FLD of mixed genesis vs. al-
cohol-related FLD” than in “FLD of mixed genesis
vs. NAFLD”, which has been confirmed by the data
of the Volcano plot (Table 2). Only two indicators
of RBCs have been established that statistically
significantly distinguish mixed-genesis FLD from
AFLD — these are the index of RBC destruction at
a frequency of 5 x 10° Hz, which was higher with
AFLD (p = 0.0007), and the capacity of cell mem-
branes, which has turned out to be higher than with
mixed-genesis FLD (p = 0.011).

The ranking of the contribution of electrical
and viscoelastic parameters of erythrocytes to the
distinction between mixed-genesis FLD and alco-
hol-related FLD has demonstrated the significance
of polarizability at 10° Hz, the proportion of de-
formed cells, and the velocity of RBC motion to
the electrodes, which were higher in patients with
mixed-genesis FLD than in alcohol-related FLD
(Fig. 3B).

The ROC analysis (Fig. 5B) has showed low-
er levels of diagnostic accuracy in distinguishing
alcohol-related FLD and mixed-genesis FLD com-
pared with the pair “NAFLD vs. FLD of mixed
genesis”. Thus, the use of individual erythro-
cyte indices in the pair “Alcohol-related FLD vs.
FLD of mixed genesis” has provided either suffi-
cient levels of sensitivity with low specificity —
for the index of RBC destruction at 5 x 10° Hz
(AUC=0.718, sensitivity 86.7 %, specificity 59.3 %),
for the proportion of deformed cells (AUC = 0.668,
sensitivity 77.3 %, specificity 59.3 %); or sufficient
specificity with low sensitivity — for polarizability at
10¢ Hz (AUC = 0.705, sensitivity 63.3 %, specificity
74.1 %), for membrane capacity (AUC = 0.636, sensi-
tivity 58.1 %, specificity 74.1 %).

Table 2. Electrical and viscoelastic parameters of erythrocytes, studied by the Volcano plot method
(unpaired statistics), in patients with FLD of various etiologies (alcoholic FLD versus FLD of mixed

origin) — markers for differentiation

Tabauua 2. DneKTpUuecKue W BSI3KOYNPYTHe TapaMeTpbl IPUTPOIUTOB, HCCIEe/JOBAHHBIE METOIOM
Volcano plot (uemapuas craructuka), y nanmentoB JKBII pasnnunoii atuonornu (amkorombrast YKBII
nporus JKBII cMemanHoro renesa) — Mapkepbl 11 quddepeHunpoBaHus
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Figure 5. ROC curves for electrical and viscoelastic parameters of erythrocytes in distinguishing patients with
FLD of mixed origin: A — from NAFLD (lines: 7/ — position of crossover frequency (Hz); 2 — membrane capac-
itance (F); 3 — polarizability of cells at a frequency of 10° Hz (m?); 4 — degree of deformation of erythrocytes
at a frequency of 5 x 10° Hz (%); 5 — combined model, including three parameters: the degree of deformation
of erythrocytes at a frequency of 5 x 10° Hz, cell polarizability at a frequency of 10 Hz and membrane capaci-
tance); B — from AFLD (lines: / — membrane capacity (F); 2 — proportion of deformed cells (%); 3 — polariz-
ability of cells at a frequency of 10° Hz (m?®); 4 — index of destruction of erythrocytes at a frequency of 5 x 10° Hz (%);
5 — combined model, including three parameters: erythrocyte destruction index at a frequency of 5 x 10°> Hz, cell
polarizability at a frequency of 10° Hz and membrane capacitance)

Pucynox 5. ROC-kpuBble /171 3JTeKTPUUECKUX U BSIBKOYIPYTHUX TTapaMeTPOB 9PUTPOIUTOB B PA3IMYEHUN TTAIIMEHTOB
¢ JKBII cmemannoro renesa: A — or HAYKBII (unun: 1 — nonoxenue pasHosecHoit yactorsl (I'11); 2 — eMKOCTb
mem6pan (D); 3 — moasgpusyeMocTb Kiaetok Ha vacrore 109 I'm (M?); 4 — crenenp aedopMaly SpUTPOLUTOB Ha va-
crore 5 x 10° I'y (%); 5 — KOMOMHMpPOBaHHAsS MOJEJb, BKJIIOYAIOMAS TPU IlapaMeTpa: cTeneHb ae(popMalii 9pu-
TpOIMTOB Ha yacrore 5 x 10° T, nmoasipusyeMoctb KaeTok Ha wacrore 106 T u emrocts MeMmGpan); B — ot AJKBII
(mmu: 1 — emrocts MeMOpan (D); 2 — gona gedopMupoBaHHbIX KIeToK (%); 3 — IOAAPU3YeMOCTb KJIETOK Ha
gacrore 10% I'm (M?); 4 — WHAEKC AECTPYKLIMM SPUTPOLUTOB Ha yactore 5 X 10° I'm (%); 5 — KoMOMHMpOBaHHAsS
MOJIeJib, BKJIIOUAIOINIAsl TP IapaMerpa: MHIAEKC AECTPYKIUU IPUTPOIUTOB HA yactore 5 x 10° I, momsipusyeMocTb
kaerok Ha yactore 10° Ty 1 emkocTh MeMOpaH)

The most optimal model in terms of sensitivity
and specificity with a minimum list of indicators
has turned out to be a model consisting of three
characteristics — the index of RBC destruction
at a frequency of 5 x 10° Hz, membrane capaci-
ty, and polarizability at a frequency of 10° Hz —
AUC = 0.751 (CI: 0.611—0.908), sensitivity 79.5 %,
specificity 74.7 % (Fig. 5B).

The correlation analysis has revealed associations
of the most significant parameters of erythrocytes
and indicators of alcohol consumption patterns for
distinguishing the mixed-genesis FLD from alco-
hol-related FLD.

Correlations of erythrocyte parameters with
some manifestations of metabolic syndrome have
been established. Here are the most significant

values. The capacity of RBC membranes was in-
versely correlated with waist circumference
(r = —0.419, p = 0.02); the index of RBC de-
struction at a frequency of 10° Hz was direct-
ly associated with BMI (» = 0.417, p = 0.022),
and the degree of obesity (» = 0.399, p = 0.029).
The index of RBC destruction at a frequency of
5 x 10° Hz was directly correlated with the level
of uric acid (r = 0.475, p = 0.0001). The destruction
of erythrocytes at a low frequency of 10° Hz was also
associated with uric acid (» = 0.557, p = 0.0001).
Inverse associations of polarizability indices with
fasting glucose and uric acid levels have been re-
vealed (» = —0.591, p = 0.0001 and r = —0.514,
p = 0.0001, respectively). The index of RBC de-
struction at a frequency of 5 x 10° Hz was associated
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with polarizability at a frequency of 10 Hz and
relative polarizability (» = —0.480, p = 0.003 and
r = —0.518, p = 0.0001, respectively); the index
of RBC destruction at a frequency of 10° Hz was
associated with polarizability at a frequency of 106 Hz
(r = —0.422, p = 0.023).

Discussion

Our previous studies have shown the pecu-
liarities of erythrocyte parameters in patients
with the alcohol-related and non-alcoholic FLD
[12—15], but it has still remained unclear how
the NAFLD and alcohol-related FLD differ from
the mixed-genesis FLD in terms of electrical and
viscoelastic parameters.

The use of dielectrophoresis method for this pur-
pose is due to the possibility of single-step obtaining
information on more than 20 parameters of erythro-
cytes, reflecting both the state of cell membranes and
cytoplasm in early terms, before the appearance of ab-
normalities in the traditionally used hemogram [13].

Electrical and viscoelastic indices of erythrocytes
associated with their resistance, membrane state,
surface charge and ability to deform have turned
out to be the most significant parameters for dif-
ferentiating FLLD types. For a pair of “NAFLD vs.
mixed-genesis FLD”, five parameters have turned
out to be essential for distinguishing, as follows.
The polarizability at a frequency of 10° Hz, the rela-
tive polarizability, and the membrane capacity were
higher for patients having NAFLD. In contrast, an
increased index of RBC destruction at 10> Hz and
a more pronounced shift of crossover frequency into
the high-frequency range was associated with FLD
of mixed genesis. A subsequent analysis, taking into
account the ranking of the influence of erythrocyte
parameters on the distinction between the mixed-gen-
esis FLD and NAFDL, has revealed the significance
of the degree of erythrocyte deformation at 5 x 10° Hz,
which has been incorporated afterwards into the di-
agnostic model. According to the Volcano plot, only
two parameters are significant for the distinction
in the pair “Mixed-genesis FLD vs. alcohol-related
FLD”, namely a high index of RBC destruction at a
frequency of 5 x 10° Hz in the alcohol-related FLD
and a higher membrane capacity in the mixed-gene-
sis FLD. A subsequent analysis has revealed a con-
tribution to the difference in this pair and the polar-
izability of cells at a frequency of 10° Hz.

There are known data on increased hemolysis
of erythrocytes associated with alcohol intoxica-
tion [25, 26], hyperglycemia and hyperinsulinemia
[27, 28], cytolysis syndrome in diffuse liver diseas-
es [29, 30], dyslipidemia [31, 32], as well as on
elevated uric acid levels [33]. The presence of as-
sociations between the above-described factors and
the index of RBC destruction has been revealed.

It should be noted that the degree of hemolysis at
a low frequency of 10° Hz was one of the differ-
entiating markers of the mixed-genesis FLD and
NAFLD, reflecting a chronic toxic effect of ethanol
on cells in the combined metabolic and alcoholic
genesis of FLD, which was missing in patients with
NAFLD. The shift of the crossover frequency into
the high-frequency range has also reflected a result
of long-term exposure of cells to high doses of eth-
anol, which had been shown earlier [12] and deter-
mined the role of this index in differentiating the
groups with the NAFLD and mixed-genesis FLD.
In the pair “mixed-genesis FLD vs. alcohol-related
FLD”, the index of RBC destruction was also sig-
nificant at high frequency of electric field equal to
5 x 10° Hz. In this case, the alcohol factor is present
in both groups, but single and weekly doses of eth-
anol intake for the alcohol-related FLD were higher
than for the mixed-genesis FLD. The dose-depen-
dent effect of ethanol on the severity of hemolysis
has been shown in experimental studies of A. Bertola
et al. [34], C. Zheng et al. [35], as well as in a
prospective study made by S. Mueller et al. [36].
In a large cohort of alcohol abusers (n = 439), mac-
roscopic signs of hemolysis have been found in 10 %
of all studied samples [35]. According to a study by
L.M. Chi et al., ethanol induces the formation of
membrane pores with a diameter of approximately
13 A, which may be associated with disruption of
the structure of RBC membrane cytoskeletal pro-
teins [37], subsequently leading to hemolytic ane-
mia [25, 26, 38]. Free hemes can cause a variety of
prooxidant and proinflammatory effects [39], and
an increase in the serum level of the hemolysis mark-
er CD163 [35].

The index of RBC destruction in studies using di-
electrophoresis is closely related to cell polarizabil-
ity, which reflects cell viability, biological activity
and is closely combined with the electrical param-
eters of the cell [40, 41], the sialic acid content in
the membrane, an electrophoretic mobility of cells
and indices of RBC aggregation [42]. Experiments
in silico show, that cells from individuals consuming
alcohol systematically are more fragile in response
to phenylhydrazine as the hemolytic agent [35], and
this is consistent with our findings of reduced levels
of the polarizability at 106 Hz and relative polariz-
ability. This circumstance has determined the role of
the polarizability at high frequencies (10 Hz) and
relative polarizability as biomarkers for distinguish-
ing the mixed-genesis FLD from the NAFLD and
alcohol-related FLD.

The ability of an erythrocyte to deform is due to
the liquid nature of the cellular contents, the elas-
ticity of the erythrocyte membrane and the relative
excess of the membrane surface area relative to the
intraerythrocyte volume and the state of hemoglobin
[43, 44]. In patients with metabolically associated
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alcohol-related FLD, RBC changes are exacerba-
ted by the effects of prolonged exposure to ethanol
and its metabolites, as reflected in the degree of
change in amplitude of RBC deformation at 5 x 10°
Hz in the mixed-genesis FLD and NAFLD [45—48].
Hyperglycemia and potentially elevated levels of
HbA1c increase the summarized index of cell rigi-
dity and inversely affect its ability to deform [49],
affecting the summarized index of cell viscosity and
cell deformability.

Changes in the membrane capacity parameters
were more pronounced in the mixed-genesis FLD
than in NAFLD. At the same time, lower values
of membrane capacity have been found in patients
with alcoholic etiology of fatty liver disease in the
pair “Mixed-genesis FLD vs. AFLD”. The presence
of two etiological factors, namely the metabolic and
alcoholic, have suggested more pronounced changes
in this indicator: low values of membrane capaci-
ty have been found in patients with alcoholic etio-
logy of FLD. However, the ethanol doses leading
to structural changes in cell membranes were sig-
nificantly higher in the cases of alcoholic genesis
of FLD, probably with a greater severity of shifts
confirmed by the experiments of C. Zheng et al. on
dose-dependent effects of ethanol [35], accompa-
nied by revealed changes in the cholesterol/phos-
pholipid ratio, and phospholipid fractions, increased
density of protein bands 3, 4.2, 4.9, of actin and
glycophorins [50], with changes in the fatty acid
profile of erythrocyte membranes [51], which has
influenced the index of the erythrocyte membrane
capacity in AFLD to a greater extent.

Conclusion

Thus, the most significant parameters for differ-
entiating the FLD of mixed genesis (metabolic +
alcohol-related) from NAFLD using the Volcano plot
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