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Aim. To study cardiometabolic factors and the PNPLA3 1148M (rs738409 C>G) gene polymorphism in association
with the compensated advanced chronic liver disease (CACLD) in patients with metabolic dysfunction-associated
steatotic liver disease (MASLD).

Materials and methods. A retrospective cross-sectional study was conducted. The total of 108 patients with
MASLD (33 men and 75 women aged 28 to 89 years) involved were divided into two groups based on results of
transient elastography: group 1 - with the presence of cACLD (liver stiffness > 8.0 kPa) - 18 patients and group 2 -
without cACLD (<8.0 kPa) - 90 patients. Cardiometabolic risk factors and the PNPLA3 1148M (rs738409 C>G) gene
polymorphism were studied in both groups. Odds ratios (OR) and 95% confidence intervals (Cl) were calculated, and
a logistic regression model was constructed for the detection of cACLD.

Results. Compared to group 2, patients with cACLD had statistically significant higher prevalence of: arterial
hypertension (p < 0.05), type 2 diabetes mellitus (p < 0.07), obesity (p < 0.05), dyslipidemia (p < 0.05), and PNPLA3
gene polymorphism (p < 0.05). The OR for cACLD in individuals with arterial hypertension was 5.58 (95% Cl: 1.21-
25.71; p <0.05), with type 2 diabetes mellitus — 4.58 (95% CI: 1.59-13.21; p < 0.01), with obesity - 3.83 (95% Cl: 1.17~
12.52; p < 0.05), with dyslipidemia - 6.12 (95% Cl: 1.33-28.20; p < 0.05), in the presence of a polymorphic variant of
the PNPLA3 gene in a hetero or homozygous state — 3.9 (95% Cl: 1.28-11.89; p < 0.05). The binary logistic regression
model for detecting cACLD included type 2 diabetes mellitus, dyslipidemia, and waist circumference. The area under
the ROC curve was 0.81 (95% Cl: 0.70-0.92), sensitivity was 72.2%, specificity was 74.4%, and accuracy was 84.3%.
Conclusion. Type 2 diabetes mellitus, dyslipidemia, and waist circumference are the determining factors for the
development of cACLD in patients with MASLD. The PNPLA3 1148M gene polymorphism does not play a leading role
in the development of progressive MASLD in the study cohort.
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Llenb: 113y4nTh accoumaLmio Kapanometadonmnyeckmx Gbaktopos v nonumopduama reHa PNPLA3 1148M (rs738409
C>G) ¢ pa3BuTNEM KOMMEHCMPOBAHHOO NPOABUHYTOr0 XPOHUYECKOro 3a6oneraHns nederu (KMX3M) y nauneHToB
C MeTaboNMYeCcKm accoUMMPOBAHHOM X1PoBO 6one3Hbio nevern (MAXKBIT).

Matepuanbl u metopgbl. [1pOBEEHO PETPOCMEKTNBHOE OAHOMOMEHTHOE UCCNefoBaHve ¢ BKoYveHrem 108 na-
umeHToB ¢ MAXBI (33 My>XUMHbBI 1 75 XeHLMH B Bo3pacTe 0T 28 10 89 neT), KOTOpble N0 aHHbIM TPaH3MEHTHOM
anacTorpadum 6binu pasfeneHbl Ha ABe rpynnbl: rpynna 1 = ¢ Hannumem KIMX3M ()kecTKoCTb neyenn > 8,0 kMa) -
18 nauveHToB 1 rpynna 2 — ¢ otcyteTrem KIMX3M (<8,0 kMa) — 90 naumeHToB. B 06eux rpynnax n3y4yannch Kapamo-
MeTabonnyeckue GakTopbl pucka, nonumopduam reHa PNPLA3 1148M (rs738409 C>G). PaccuuTaHbl OTHOLIEHNS
waHcos (OLL) n 95% poBepuTenbHble uHTEpBansI ([M), nocTpoeHa Moaenb NOrMCTUYECKON perpeccui o6HapyKe-
Hua KIX3M.

Pesynbratbl. Y nauveHToB ¢ KIMX3M no cpaBHEHUIO C TPYNMOi 2 CTAaTUCTUYECKM 3HAYUMO Yallle BbIABMAMNCD: ap-
TepuanbHas runepteHsus (p < 0,05), caxapHblit anabet 2-ro Tuna (p < 0,01), oxupenue (p < 0,05), ancaunuaemms
(p < 0,05) n nonumopduam reHa PNPLA3 (p < 0,05). OLL ans KMX3M y nnw ¢ apTepranbHoi runepTeHsieil CocTaBnio
5,58 (95% [W: 1,21-25,71; p < 0,05), ¢ caxapHbim anabetoM 2-ro Tuna - 4,58 (95% AW: 1,59-13,21; p < 0,01), c oxu-
peHnem - 3,83 (95% AMW: 1,17-12,52; p < 0,05), ¢ ancamnuaemnein — 6,12 (95% AN: 1,33-28,20; p < 0,05), npu Ha-
nann nonumopdHoro BapuaHTa reHa PNPLA3 B reTepo- Ui roMo3uroTHoM cocTosiHim — 3,9 (95% [1N: 1,28-11,89;
p < 0,05). B Mogenb 6MHapHOIA NOrMCTUYECKOI perpeccui 06Hapyxenns KMX3M Bownn caxapHblit anabeT 2-ro
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TMNa, AVCAMNUAEMIS U OKPYXKHOCTb Tanuu. Mnowaab nog ROC-kpueoit coctaBuna 0,81 (95% [N: 0,70-0,92), uys-
CTBUTENBHOCTb — 72,2%, cneunduyHocTb — 74,4%, To4HOCTb — 84,3%.

3akniouenmne. CaxapHblil AnabeT 2-ro Tuna, AMCAMNUAEMUS U 3HAYEHNS OKPYXKHOCTY Tanuu SBASKOTCA Onpeaens-
towmmmn haktopamu B passutumn KMX3M y naumentoB ¢ MAXKBIT. Monumopdusm reqa PNPLA3 1148M He umeet
BeAyLlero 3Ha4yeHns B pasBuTuK nporpeccupytotlero tedeHns MAXBI B uccnefyemoit koropre.

KnioueBble cnoBa: HeankoronbHas Xunpoeas 601e3Hb nedeHn; PNPLAS; TpaH3MeHTHasa anacTorpadus; KOHTPOM-
pyeMblii NapaMeTp 3aTyxaHns yNbTPasByKa; ANCANNMAEMNS; CaxapHblii ANabeT 2-ro TUNa; OKPYXXHOCTb Tanauu
Py6pukun MeSH:

HEAJIKOTONTbHAA XXMPOBAA BOJTE3Hb MEYEHN — TEHETKA

HEAJIKOTOJTbHAA XXMPOBAA BOJTE3Hb MEYEHW - OCJTOXHEHWSA

HEAJIKOTONTbHAA XXMPOBAA BOJTE3Hb MEYEHN - TATOOK3MONOTNA

KAPAMOMETABO/TMHECKUE GAKTOPbBI PICKA

FEHOTUMMPOBAHNA METO/Ib

Onsa uutuposanua: fomoHoBa B.I1., PaiixenscoH K.J1., MaseHko E.B., MpawHosa M.K., Manud C.B., Hazapos B.[., Cu-
aopeHko [1.B. KomneHcypoBaHHOe NpoABHHYTOE XPOHUYECKOe 3aboNeBaHne NeYeHn y NaluueHToB ¢ MeTabonnyeckm
acCOoLMMPOBAHHOI XMPOBOIA 60NE3HBI0 NEYEHM: aCCOLMaLMa C KapanoMeTabonnyeckmi haxktopamu. CeYeHOBCKMIA
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Non-alcoholic fatty liver disease (NAFLD) is the
most common liver disease worldwide and the leading
cause of liver-related morbidity and mortality [1-4].
According to recent meta-analyses, the global prevalence
of NAFLD is more than 30% and is on the increase [1,
3]. A similar situation can be observed in the Russian
Federation [4].

It is already known that the vast majority of cases of
liver steatosis are associated with metabolic dysfunction.
An international consensus of 2023 clarified the concept
of “metabolic dysfunction-associated steatotic liver
disease” (MASLD) and proposed new criteria: the
presence of liver steatosis in combination with at least
one of the five cardiometabolic risk factors. During
the work on establishing the consensus, it was shown
that 98% of patients with NAFLD meet the criteria for
MASLD [5]. According to Russian experts, despite the
continued use of the term NAFLD in our country in
official medical documentation, the concept of MASLD
and its diagnostic criteria should be actively used in
scientific research [6].

In some patients, MASLD can progress with the
formation of such unfavorable outcomes as liver
cirrhosis, hepatocellular carcinoma (HCC), and increase
mortality associated with liver disease [7]. Since the
severity of fibrosis is one of the strongest predictors for
clinical outcomes of MASLD, special attention is paid to
its diagnosis. Liver biopsy remains the reference method
for this purpose, but it is not suitable for common clinical
practice due to well-known limitations (invasiveness
of the procedure and its possible complications) [8].
Therefore, in recent years, emphasis has been placed on
the use of non-invasive methods for assessing fibrosis,
primarily transient elastography (TE), to identify patients
with a likely progressive course of the disease [9-11].

Practical advantages and accessibility of non-invasive
methods reduces demand for liver biopsy in determining
at what stage the disease is at. The aforementioned and
the need for new methods of risk stratification regarding
clinically significant portal hypertension led to the
emergence of a new term, “compensated advanced
chronic liver disease” (cACLD), in 2015 [12]. It
represents severe fibrosis and compensated cirrhosis as
a continuum, the stages of which are often impossible
to distinguish in clinical practice. To identify cACLD,
threshold values of liver stiffness based on TE data
have been proposed (<10 kPa - excludes cACLD in the
absence of other clinical signs, 10-15 kPa - indicate the
probability of cACLD, which requires additional studies
to confirm, > 15 kPa - highly indicate the presence of
cACLD) [11,13].

In recent years, the threshold values of TE have
been revised for individual liver diseases. Thus, for
NAFLD, it is recommended to use values <8 kPa to
exclude cACLD, and a result > 12 kPa to diagnose
cACLD (in the absence of other known clinical/
visualizing signs of cACLD) [14]. These liver stiffness

threshold criteria are also recommended for use in the
Russian Federation [15].

The high prevalence of the disease, the increase in
morbidity and the frequency of severe complications
determine the importance for studying the various factors
of MASLD progression. The progression of the disease
depends on a number of characteristics such as genetics,
ethnicity, environment, diet and more. These factors
differ across populations and regions of the world [16].
In particular, the polymorphism of the PNPLA3 1148M
gene (Patatin-Like Phospholipase Domain Containing 3,
patatin-like phospholipase domain containing protein-3)
plays a key role in the development of MASLD, but
its influence in different ethnic groups is ambiguous
which is probably explained by epigenetic components
[17]. In the Russian population, the influence of this
polymorphism on the course of MASLD has been studied
only in certain regions and in isolated studies [18-20].

The aim of the study: to study the association
of cardiometabolic factors and the polymorphism of
the PNPLA3 1148M gene (rs738409 C>G) with the
development of MASLD.

MATERIALS AND METHODS

A retrospective cross-sectional study was conducted.
The primary medical records of all patients diagnosed
with NAFLD (K76.0 according to the International
Classification of Diseases, 10th revision) who underwent
liver elastography at the Saint Petersburg State University
Hospital in the period from October 14, 2019 to
November 4, 2022 were analyzed. Liver stiffness and the
severity of steatosis were assessed using a FibroScan®
502 Touch device (Echosens, France) with a controlled
attenuation parameter (CAP) function.

Inclusion criteria for the study: age 18 years and
older, Caucasian race, presence of steatosis according
to TE: CAP > 248 dB/m?, presence of one or more
cardiometabolic risk factors (additional materials on
the journal website https://doi.org/10.47093/2218-
7332.2024.1075.16-table).

Exclusion criteria were: pregnancy, hereditary lipid
metabolism disorders, type 1 diabetes mellitus, HIV
infection, another etiology of liver disease: alcoholic
(ethanol consumption >30 g/day for men and >20
for women), viral (hepatitis B and C), drug-induced,
autoimmune hepatitis, primary biliary cholangitis,
primary sclerosing cholangitis, hemochromatosis,
Wilson’s disease, congenital liver fibrosis, diagnosed
liver cirrhosis and/or signs of portal hypertension
(esophageal varices, portosystemic collaterals, ascites).

Of the 423 patients diagnosed with NAFLD, 108
were included in the study: 33 men and 75 women, aged
28 to 89 years (Fig. 1).

The patients were then divided into two groups
based on the threshold liver stiffness value of 8.0 kPa
according to TE. Group 1 (presence of NAFLD) included
18 patients with liver stiffness > 8.0 kPa, and group 2
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Patients with non-alcoholic fatty liver disease (K76.0) who underwent liver
elastography / [TauyeHTBbI C HeaJIKOrOIbHO KUPOBOI Gosesnbio nevenn (K76.0),

BHYTPEHHWE BOJIESHU

KOTOPBIM BBINIOJTHSJIACH BJIB.CTOFpad)I/Iﬂ neyeHmn
N =423

v

Inclusion criteria: / Kpurepuu Brimodyenust:

- age 18 years and older / Bo3pact 18 siet u crapiie
- Caucasian race / eBporeonugHasi paca

- CAP score > 248 nb/m?/ KII3V > 248 nb/m?

- 21 cardiometabolic risk factor / >1 kapauomeTraboanueckoro gakropa pucka

Non inclusion criteria: / Kpurepun He BK/IIOUeHMsI:

- pregnancy (n = 0) / 6epemenHocTb (n = 0)

- hereditary lipid metabolism disorders (n = 3) / HacJileCTBEeHHbIE HapyIIeHMs
JIUMUIHOTO o6MeHa (n = 3)

- diabetes mellitus type 1 (n = 12) / caxapubiit guaber 1-ro tumna (n = 12)

- HIV infection (n = 7) / BUY-undekuus (n = 7)

- additional etiology of liver disease (n = 235) / JONOJHUTEIbHAST 3TUOJIOT VS
3a6osieBanyst rievenu (n = 235)

- diagnosis of liver cirrhosis and/or signs of portal hypertension (n = 58) /
[IAarHO3 UYPpPO3a [eUeH ) /Wy MPU3HaKM OPTaIbHOI rumepTeHsun (n = 58)

n =108

Meet inclusion criteria / COOTBETCTBYIOT KPUTEPUSIM BKIIIOUEHMST

v

| Liver stiffness / JKectkocTb meuenn

v v
| >8.0 kPa / >8,0 kITa | | <8.0 kPa/<8,0 lTa |
v v

Group 1: cACLD /
I'pynna 1: nHamrune KITX3IT
(n=18)

Group 2: non cACLD /
I'pymnmna 2 orcyrcrsue KITX3IT
(n=90)

FIG. 1. Study enrollment flowchart.

Note: CAP score - The Controlled Attenuation Parameter; cACLD - compensated advanced chronic liver disease.

PWUC. 1. TTorokoBas auarpaMMa BK/IIOUYEHMS IALYIEHTOB B MCC/IeOBaHMe.

Mpumevanwe: KMN3Y — KoHTponupyemblii napameTp 3atyxaHus ynbtpassyka; KIMX3[T - KoMneHcMpoBaHHOE MPOABKHYTOE XPOHWUYECKOE 3a-

601€eBaHNe NeYeHN.

(absence of NAFLD) included 90 patients with liver
stiffness < 8.0 kPa.

In both groups, cardiometabolic risk factors were
studied (https://doi.org/10.47093/2218-7332.2024.1075.
16-table): body mass index (the criteria of the World
Health Organization were used for classification, where
index values >30 kg/m? were regarded as obesity'), waist
circumference, the presence of arterial hypertension
(AH), type 2 diabetes mellitus (T2DM), dyslipidemia.
Dyslipidemia was defined based on presence of one or
more of the following criteria: triglyceride concentration
>1.7 mmol/l, high-density lipoprotein concentration
<£1.0 mmol/l (in men) and <1.3 mmol/l (in women), or
taking lipid-lowering therapy.

All patients had their platelet levels, serum alanine
and aspartate aminotransferase, gamma-glutamyl
transferase, alkaline phosphatase, bilirubin, glucose
levels, and lipid spectrum determined.

The PNPLA3 1148M gene polymorphism (rs738409
C>G) was studied using the polymerase chain reaction in
saliva samples (TestGen kit, Russia) in the laboratory for

diagnostics of autoimmune diseases (Pavlov First Saint
Petersburg State Medical University).

Statistical data processing

The study used parametric and nonparametric
analysis methods. Quantitative indicators were assessed
for compliance with the normal distribution using the
Shapiro-Wilk test (for a sample of less than 50) or the
Kolmogorov-Smirnov test (for a sample of more than
50), as well as asymmetry and excess indicators. When
comparing average values in normally distributed sets
of quantitative data, the Student t-test was calculated;
in cases with no signs of normal data distribution, the
Mann-Whitney U-test was used. Comparison of nominal
data was carried out using the Pearson x* test; in cases
where the number of expected observations in any cell
of the four-field table was less than 5, Fisher’s exact test
was used to assess the significance level of differences.
To quantitatively assess the effect, the odds ratio was
calculated with the boundaries defined at the 95%
confidence interval (CI). The strength of the relationship

! World Health Organization. https://www.who.int/health-topics/obesity/#tab=tab_1 (accessed: 10.05.2024).
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between categorical data was assessed using the Cramer
V coefficient.

The construction of a prognostic model for the risk
of developing cACLD was performed using the binary
logistic regression method. The logistic regression model
included the following data: the presence of AH, T2DM,
obesity, dyslipidemia, WC values, CAP, and the presence
of PNPLA3 gene polymorphism.

To assess the diagnostic significance of quantitative
features in predicting cACLD, the ROC curve analysis
method was used. With its help, the optimal cut-off
value was determined which allows classifying patients
by the risk of cACLD, with the best combination of
sensitivity and specificity. The quality of the prognostic
model obtained by this method was assessed using the
Nigelkirk determination coefficient and the area under
the ROC curve with a standard error and 95% CI.

The critical significance level of the null statistical
hypothesis was taken to be 0.05. Statistical data
processing was performed using the IBM SPSS v.26.0
program (SPSS: An IBM Company, USA).

RESULTS

The main results of anthropometric, laboratory and
instrumental studies are presented in Table 1.

In the group with cACLD, compared to group 2, a
statistically significant increase in laboratory markers
of cytolysis (alanine and aspartate aminotransferases),
as well as gamma-glutamyl transferase was observed
while the concentration of platelets, bilirubin, glucose
and alkaline phosphatase activity did not differ. A higher
average liver steatosis index - CAP was observed in
group 1 than in group 2 (p < 0.01), as well as higher
values of individual cardiometabolic risk indicators:
waist circumference and triglyceride content (Table 1).

The vast majority of patients had abdominal obesity
without significant differences between the groups,
while the waist circumference indicators were higher in
the cACLD group.

Analysis of anamnestic data showed that patients
with cACLD were more likely to have AH, T2DM,
obesity, dyslipidemia, and PNPLA3 gene polymorphism,
than those in group 2. The odds of detecting cACLD in
individuals with AH increased by 5.58 times (95% CI:
1.21-25.71, p < 0.05), with T2DM - by 4.58 times (95%
CI: 1.59-13.21, p < 0.01), in the presence of obesity - by
3.83 times (95% CI: 1.17-12.52, p < 0.05), dyslipidemia
- by 6.12 times (95% CI: 1.33-28.20, p < 0.05),
polymorphic variant of the PNPLA3 gene in hetero- or
homozygous state - 3.9 times (95% CI: 1.28-11.89,
p < 0.05). There was a moderate strength of association
between all these signs and the presence of cACLD
(Cramer’s V range = 0.2-0.3).

Using the binary logistic regression method, a
prognostic model was developed to determine the
probability of developing cACLD depending on the

presence of cardiometabolic factors, the PNPLA3 1148M
gene polymorphism, and the CAP value.

The observed dependence is described by equa-
tion (1): .

Polv e 1)
z=-914+113x X+ 1.77 x X +0.05x X,
where p is the probability of having cACLD, T2DM is
the presence of type 2 diabetes mellitus (0 - absence,
1 - presence), D is the presence of dyslipidemia (0 -
absence, 1 - presence), WC is waist circumference (cm).

The resulting regression model is statistically
significant (p < 0.001). According to the value of the
Nigelkirk determination coefficient, model (1) takes into
account 30.3% of the factors determining the dispersion
of the probability of detecting cACLD. Based on the
values of the regression coefficients, the value of waist
circumference, the presence of dyslipidemia and T2DM
had a direct relationship with the probability of detecting
cACLD. The characteristics of each factor are presented
in Table 2.

The threshold value of the logistic function p was
determined using the ROC curve analysis method. The
resulting curve is shown in Fig. 2.

The area under the ROC curve was 0.81 (95% CI:
0.70-0.92). The value of the logistic function (1) at the
cut-off point was 0.192. The sensitivity and specificity
of the model (1) at this cut-off value were 72.2% and
74.4%, respectively, and the accuracy was 84.3%.

DISCUSSION

In the cohort of patients studied, an association
between detection of cACLD and obesity, waist
circumference, T2DM, AH, dyslipidemia, PNPLA3
gene polymorphism, and the CAP index was shown.
Moreover, in patients with dyslipidemia, an increase in
the level of triglycerides became the determining factor
for identifying cACLD, while other lipidogram indices
(total cholesterol, high-density lipoprotein and low-
density lipoprotein levels) did not differ significantly in
the study groups.

Thrombocytopenia in peripheral blood is considered
one of the early markers of liver cirrhosis [21]. No
significant difference was found in our study: the platelet
count was within the reference values in most of the
patients.

When compiling a prognostic model that took into
account the total contribution of the studied factors,
it was found that only T2DM, waist circumference,
and the presence of dyslipidemia had a significant
impact on the development of cACLD. An analysis of
literature from around the world showed an ambiguous
influence of metabolic factors on MASLD outcomes
in different countries. In the study by F. Kanwal
et al.,, 2020 [22], the independent and combined
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BHYTPEHHWE BOJIE3HU
Table 1. Characteristics of the study groups
Tabnuya 1. XapaKTepucTUKN UCCNIeAyeMbIX rpynn
Group 1 (cACLD)/  Group 2 (non cACLD) /
Variable / MapameTp fpynna 1 (Hanuuue Tpynna 2 (oTcyTcTBUE 3p -value /
KNX3n), n=18 KMX3), n=90 Hatenme p

Age, years / BospacT, nonHbIx net 61.17 £3.06 61.26 + 1.51 n.s.
Sex, men, n (%) / Mon, MyxunHbl, n (%) 7(39) 25 (28) n.s.
Sex, women, n (%) / Mon, xeHwuHbl, n (%) 11 (67) 65 (72) n.s.
Body mass index, kg/m? / Uhgekc macchbl Tena, Kr/m? 33.92+6.09 31.02+6.63 n.s.
Obesity, n (%) / OxwupeHne, n (%) 14 (78) 43 (48) <0.05
Waist circumference, cm / OKpyXHOCTb Tanuu, cM 109.71 £ 16.25 98.41+11.69 <0.01
Abdominal obesity, n (%) / AbgoMuHanbHoe oxupenue, n (%) 18 (100) 80 (89) n.s.
Arterial hypertension, n (%) / ApTepuanbHas runepteHsus, n (%) 16 (89) 53 (59) <0.05
Type 2 diabetes mellitus, n (%) / CaxapHbiit gua6et 2-ro Tuna, n (%) 11 (61) 23 (26) <0.01
Antihypertensive therapy, n (%) / AHTurunepteHausHas Tepanus, n (%) 16 (89) 53 (59) <0.05
Lipid-lowering therapy, n (%) / lunuacHwxatowas Tepanus, n (%) 11 (67) 43 (48) n.s.
Platelets, x10°1 / Tpom6ouuTbl, x10%/n 225.91 + 83.72 262.5+61.5 n.s.
Fasting blood glucose, mmol/I / [ntoko3a KpoBM HaToLLaK, MMOMb/1 6.59 (5.15; 8.05) 5.73(5.33;6.12) n.s.
Total cholesterol, mmol/I / 06wuit xonecTepuH, MMonb/n 6.11+1.25 5.45+1.27 n.s.
JI-1I:/lgr?o?l(;[:)i:zl;l:zo:l:?cts:(%ﬁmnrzng/l-llécm, MMONb/N I e L n.s.
h?/l\:llfne;:;:eymgi?ﬂ;o;:cl:; ?nrzgll-l/ctém, MMOJIb/N 4.05£1.09 3.36£1.17 n.s.
Triglycerides, mmol/l / Tpurnuuepugpl, MMonb/n 2.08 (1.61;2.56) 1.83 (1.16; 2.49) <0.01
Dyslipidemia, n (%) / Lucaunugemus, n (%) 16 (89) 51 (57) <0.05
ALT, U/L / ANT, Eg/n 73.02 (44.11;101.93)  46.14 (39.11; 53.18) <0.05
AST, U/L/ ACT, En/n 54.94 (38.55;71.34)  32.17(27.23;37.12) <0.01
Alkaline phosphatase, U/L / Llenoynas pocdatasa, Ea/n 103.62 + 38.61 110.52 £ 65.11 n.s.
Gamma-glutamyl transferase, U/L / Famma-rnyTamuntpancoepasa, Eg/n - 114.22 (46.71;181.72)  71.42 (42.13; 100.74) <0.05
Total bilirubin, ymol/I / Bunupy6ut o6wmit, MKMonb/n / 17.28 (4.26;30.31)  15.44 (11.74;19.14) n.s.
Liver stiffness, kPa / XXecTkocTb neveHu, kMa 10.92 +3.69 5.53+1.08 <0.0001
CAP, dB/m?/ KN3Y, ab/m? 321.42 +25.33 295.81 £ 42.62 <0.01
PNPLA3 1148M (IM+MM) 13(72) 36 (40) <0.05

Note: cACLD - compensated advanced chronic liver disease; ALT - alanine aminotransferase; AST - aspartate aminotransferase; CAP -
controlled attenuation parameter; PNPLA3 1148M - Patatin-Like Phospholipase Domain Containing 3; n.s. — not significant.

MpumMedarme: KMX3M - KoMneHcUpoBaHHOE NPOABMHYTOE XPOHWYecKoe 3a6oneBaHue nedvenu; AJIT — anaHuHoBas amuHOTpaHchepasa;
ACT - acnaparnHoBas amuHoTpaHchepasa; KM3Y — KoHTponupyemblii napaMeTp 3aTyxaHus ynbTpassyka; PNPLA3 1148M - Patatin-Like
Phospholipase Domain Containing 3, nataTuH-noo6HbIN fomeH Gocdonnnasbl, coaepxalluii 6enok-3; n.s. — not significant, He 3HaunMo.

influence of T2DM, obesity, AH, and dyslipidemia
on the risk of developing cirrhosis and HCC in the
American population was studied. The lowest risk
of progression was observed in patients with one or
no sign of metabolic dysfunction. It was noted that
each additional metabolic factor increased the risk
of liver cirrhosis and HCC: in the presence of AH
and dyslipidemia, the risk increased by 1.8 times; a
combination of T2DM, obesity, dyslipidemia, and AH
increased the risk by 2.6 times [22].

In the Mexican population, logistic multivariate
regression analysis showed that T2DM, AH, high total
cholesterol, and hypertriglyceridemia increased the risk
of liver fibrosis, but only T2DM and hypertriglyceridemia
significantly increased the risk of cirrhosis [23].
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The AMORIS study, conducted on a Swedish cohort
of patients, showed that obesity was associated with
the development of HCC, but not cirrhosis, while other
metabolic factors (dyslipidemia, hyperglycemia, T2DM)
were associated with a high risk of both HCC and
cirrhosis [24].

In a European cohort of patients, T2ZDM was shown
to be an independent risk factor for the progression of
NAFLD to HCC or cirrhosis, while obesity and AH in this
population did not significantly affect the development
of adverse outcomes [25], which is consistent with our
data.

As of interest, although the PNPLA3 gene
polymorphism is associated with the progressive
course of MASLD, our study has found it less
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Table 2. Cardiometabolic factors and PNPLA3 1148M polymorphism in a model for detecting compensated advanced
chronic liver disease
Ta6nuya 2. Kappnometabonuueckue gpakropbl u nonumopduam PNPLA3 1148M B Mopenn BbisiBNEeHUS
KOMMEHCUPOBAHHOTO NPOABUHYTOI0 XPOHMYECKOr0 3a60/1eBaHUs NeYeHN

Unadjusted OR (95% Cl) / Adjusted OR (95% Cl) /
Factor / ®akTop HeckoppekTupoBaHHoe p-value / CKoOppeKTUpoBaHHOe p-value /
o 3HaveHue p o 3HaveHue p
OLL (95% W) / OLL (95% [I1)
Arterial hypertension / AptepuanbHas runepTeHsus 5.58 (1.21-25.71) 0.016 3.28 (0.62-17.33) n.s.
Type 2 diabetes mellitus / CaxapHblit guabeT 2-ro Tuna 4.58 (1.59-13.21) 0.005 3.09(1.05-9.92) 0.047
Obesity / OxupeHune 3.13(1.1-8.9) 0.02 1.21(0.23-6.34) n.s.
Waist circumference, cm / OKpyHOCTb Tanuu, M 1.08 (1.02-1.15) 0.006 1.05(1.01-1.11) 0.018
Dyslipidemia / Imcnnnugemus 6.12 (1.33-28.19) 0.015 5.89 (1.21-28.67) 0.028
CAP, dB/m?/ KN3Y, 45/m2 1.01 (1.00-1.03) 0.002 1.01 (0.99-1.02) n.s.
PNPLA3 1148M (IM+MM) 3.9 (1.28-11.88) 0.018 1.29 (0.63-2.63) n.s.

Note: OR - odds ratio; Cl — confidence interval; CAP - controlled attenuation parameter; PNPLA3 1148M - Patatin-Like Phospholipase Domain

Containing 3; n.s. - not significant.

Mpumeyarve: Ol — oTHoweHue WwaHcoB; AN — noBepuTenbHbli uHTepBan; KM3Y — KOHTPONMpyeMblii NapamMeTp 3aTyxaHus ynbTpasByka;
PNPLA3 1148M - Patatin-Like Phospholipase Domain Containing 3, nataTH-noao6HbliA foMeH Gochonnnasbl, cofepxaliuii 6enok-3; n.s. -

not significant, He 3HauMMo.

significant comparatively to T2DM, dyslipidemia
and waist circumference. In some studies, it was
gene polymorphisms that played a leading role in the
development of fibrosis in non-alcoholic steatohepatitis,
compared to cardiometabolic risk components [26, 27].
Thus, according to a large study involved 13,298 US
residents, the presence of PNPLA3 gene polymorphism
was associated with excess fat accumulation in the liver,
development of fibrosis and an increase in mortality
from liver disease [26]. At the same time, a meta-
analysis did not reveal a significant association between
PNPLA3 gene polymorphism and simple steatosis in the
Asian population, while a strong association was found

1
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FIG. 2. ROC curve for detection of compensated advanced
chronic liver disease.

PUC. 2. ROC-kpuBasi BbISBIE€HUS KOMIIEHCUPOBAHHOTO IIPO-
JBUHYTOTO XPOHUYECKOTO 3a60JIeBAHNUS TIEUEHM.

in Europeans. The same meta-analysis of the relationship
between polymorphism and the development of non-
alcoholic steatohepatitis has obtained a convincing
data on the influence of the polymorphic allele on the
development of progressive forms of liver disease in
both the European and Asian populations. In Europeans,
the odds of developing non-alcoholic steatohepatitis
were higher than in Asians: 3.11 (95% CI: 1.82-5.33, p <
0.0001) versus 2.33 (95% CI: 1.83-2.96, p < 0.00001),
respectively [28].

Data from another meta-analysis also demonstrate
different odds of developing NAFLD in different
populations: the odds ratio and 95% CI for Caucasian,
Asian, and Hispanic populations were 3.29 (2.47-4.39),
2.43 (2.06-2.87), and 3.98 (2.71-5.86), respectively, all
p < 0.001 [29].

We created a prognostic model for identifying
NAFLD, which includes non-invasive parameters
(the presence of T2DM, dyslipidemia, and waist
circumference values). Thus, our model does not include
laboratory data, but is based on anamnesis and on a single
anthropometric parameter, unlike the most screening
indices for determining the risk of the late stages of
the disease (FIB-4 index (Fibrosis-4 index)) and NFS
(Nonalcoholic Fatty Liver Disease Fibrosis Score), that
are commonly accepted [9] and recommended for use
in the Russian Federation [15, 27, 30]. Therefore, it can
be used for screening to identify high-risk groups for
progressive MASLD in common clinical practice. In
addition, this model was created for the first time in a
study of a cohort of patients meeting the new criteria for
MASLD, not NAFLD, and is also aimed specifically at
identifying cACLD. It is important that it was developed
based on data of patients living in the Russian Federation.
The model is characterized by average sensitivity and
specificity and requires validation and further evaluation
in patients from other regions of the country.

22 CEYEHOBCKU BECTHUK T. 15, Ne 3, 2024 / SECHENOV MEDICAL JOURNAL VOL. 15, No. 3, 2024



The limitations of the study are a small sample of
patients, assessment of the effect of only one mutation
of the PNPLA3 1148M rs738409 C>G gene. In further
studies, it is advisable to evaluate the contribution of
polymorphisms of other genes that are important for
the formation of MASLD (such as TM6SF2, MBOAT?7,
HSD17B13, GCKR, APOB) in patients residing in
different regions of the Russian Federation.
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