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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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of the article under the title “References”. All references cited in the text must be listed. The list of refer-
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: Non-alcoholic fatty liver disease (NAFLD) is
one of the most prevalent metabolic disorders and is closely
associated with insulin resistance and cardiometabolic risk. In
men of working age, NAFLD frequently progresses to hepatic
fibrosis and contributes to early cardiovascular remodelling,
which significantly increases morbidity and mortality due to
cardiovascular complications rather than liver-related outcomes.

Methods: A cross-sectional clinical-analytical study was
conducted in 206 men aged 25-60 years with confirmed
NAFLD. Liver fibrosis was assessed by FibroScan®. Serum
LOX-1, LDLR and LRP-1 levels were measured using ELISA.
Echocardiography, carotid intima-media thickness (cIMT),
and flow-mediated dilation (FMD) were performed to evaluate
cardiovascular function. Statistical analysis included ANOVA
and correlation analysis (p < 0.05).

Results: Progression of liver fibrosis (F2-F3) was associated
with increased insulin resistance, atherogenic dyslipidemia,
and reduced hepatic synthetic function (p < 0.05). Patients
with advanced fibrosis demonstrated early cardiovascular
remodelling, including increased cIMT, higher left ventricular
mass index, impaired diastolic function (E/e"), and decreased
FMD (p <0.05). A significant increase in LOX-1 and a reduction
in LDLR and LRP-1 expression indicated a shift toward a pro-
atherogenic receptor phenotype (p < 0.001).

Conclusion: Hepatic fibrosis in NAFLD is closely associated
with an adverse cardiometabolic profile. Elevated LOX-1 levels
may serve as an early biomarker of endothelial dysfunction and
increased cardiovascular risk, supporting earlier identification and
more intensive management of high-risk patients with NAFLD.

Key words. Non-alcoholic fatty liver disease (NAFLD),
hepatic fibrosis, insulin resistance, cardiovascular risk,
endothelial dysfunction.

Introduction.

Non-alcoholic fatty liver disease (NAFLD) is one of the most
prevalent chronic disorders of the hepatobiliary system and is
closely associated with components of the metabolic syndrome.
According to epidemiological data, the prevalence of NAFLD
in the adult population reaches 25-30%, while in individuals
with obesity and insulin resistance it exceeds 60% [1-4].
Among working-age men, the occurrence of hepatic steatosis
and fibrotic liver changes is particularly high, contributing to a
substantial socio-economic burden [5-7].

The contemporary understanding of NAFLD considers it
not as a localized liver pathology but as a systemic metabolic
condition characterized by lipotoxicity, oxidative stress, and
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chronic low-grade inflammation. As the disease progresses from
steatosis to fibrosis, structural and functional alterations develop
within the vascular wall and myocardium, leading to increased
cardiovascular morbidity and mortality. Notably, the leading
causes of death in patients with NAFLD are not liver-related
complications, but coronary artery disease, cardiac arrhythmias,
and chronic heart failure [8-12].

One of the key mechanisms linking NAFLD to cardiovascular
remodeling is the dysregulation of lipoprotein metabolism
at the receptor level. Upregulation of LOX-1 enhances
the uptake of oxidized low-density lipoproteins (oxLDL),
promotes endothelial activation, and accelerates atherosclerotic
progression [13-16]. Conversely, reduced activity of LDLR
and LRP-1 decreases the clearance of circulating lipoproteins,
thereby exacerbating atherogenic lipid overload of the vascular
wall. These alterations are particularly pronounced in the
presence of insulin resistance and visceral obesity [17-20].

Despite growing evidence supporting the metabolic and
inflammatory pathways underlying NAFLD, the relationship
between alterations in lipid receptor expression, the severity of
hepatic fibrosis, and the features of cardiovascular remodeling
remains insufficiently understood-especially in male populations
of Central Asia, which are characterized by high rates of
abdominal obesity and low physical activity.

Objective: To determine the relationship between metabolic
disturbances, the degree of hepatic fibrosis, and indicators of
cardiovascular remodeling in men with non-alcoholic fatty liver
disease.

Materials and Methods.

This study was conducted as a cross-sectional clinical-
analytical investigation with elements of prospective follow-up.
The research was carried out at the Republican Scientific and
Practical Medical Center of Therapy and Medical Rehabilitation
(Tashkent, Uzbekistan) during 2022-2024. The study protocol
was approved by the local Institutional Ethics Committee
(Protocol No. 5 dated 06 March 2022). Written informed
consent was obtained from all participants prior to enrolment.

A total of 206 men aged 25-60 years (mean age 44.8 + 8.6
years) with confirmed non-alcoholic fatty liver disease (NAFLD)
were included. The study sample was ethnically homogeneous
(Uzbek population).

Inclusion criteria: Liver steatosis verified by ultrasound
or eclastography; no history of alcohol abuse (<20 g ethanol/
day); negative hepatitis B and C viral markers; absence of
autoimmune liver disease; preserved renal function (¢GFR > 60
mL/min/1.73 m?).
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Exclusion criteria: Liver cirrhosis (METAVIR F4); heart
failure class I1I-IV (NYHA); active inflammatory or oncological
disease; use of statins or glucocorticoids within 3 months prior
to inclusion.

Assessment of Liver Fibrosis:

Liver fibrosis was assessed using transient elastography
(FibroScan®, Echosens, France) and graded by METAVIR
scale: FO-F1 -steatosis/minimal fibrosis; F2 - moderate fibrosis;
F3 -advanced fibrosis. Patients with F4 were excluded. The
rationale for excluding patients with cirrhosis (F4) was to focus
on early and intermediate stages of structural remodelling,
in which cardiovascular changes are not yet dominated by
profound hemodynamic alterations, portal hypertension or
advanced cachexia. Including F4 patients could have introduced
additional confounding related to cirrhotic cardiomyopathy,
thereby obscuring the relationships between fibrosis severity
and subclinical cardiovascular remodelling in earlier stages.
Steatosis severity was additionally evaluated using the Fatty
Liver Index (FLI) and Hepatic Steatosis Index (HSI).

Biochemical and Metabolic Parameters:

Fasting blood samples were used to determine: Glucose
and insulin with calculation of HOMA-IR (insulin x glucose
/22.5); nipid profile: Total Cholesterol (TC), LDL-C,
HDL-C, Triglycerides (TG); liver function markers: alanine
Aminotransferase (ALT), aspartate Aminotransferase (AST),
Gamma-Glutamyltransferase (GGT), alkaline Phosphatase
(ALP), Total Bilirubin; serum albumin and fibrinogen levels.

Expression of LOX-1, LDLR and LRP-1:

Serum concentrations of LOX-1, LDLR and LRP-1 were
measured using solid-phase ELISA (R&D Systems, USA). Samples
were centrifuged at 3000 rpm and stored at -80°C until analysis.

Cardiovascular Assessment:

Standard 12-lead electrocardiography.

Echocardiography (expert-class device, 2.5-3.5 MHz phased-
array transducer) with evaluation of: Left Ventricular End-
Diastolic Diameter (LVEDD), Left Ventricular End-Systolic
Diameter (LVESD), Left Ventricular Ejection Fraction
(LVEF), Left Ventricular Mass Index (LVMI), Diastolic
function parameters: Transmitral E/A ratio, Tissue Doppler
e'/a’ ratio, E/e’ ratio (indicator of left ventricular filling
pressure).

Carotid Intima-Media Thickness (cIMT) measurements
(B-mode ultrasound).

Flow-Mediated Dilation (FMD) of the brachial artery to
assess endothelial function.

Statistical Analysis: Data analysis was performed using SPSS
13.0 and GraphPad Prism 9.0. Normality was assessed using the
Shapiro-Wilk test. Data were presented as mean £ SD (normal
distribution) or median (Q25-Q75) (non-normal distribution).
Between-group comparisons were conducted using ANOVA,
and correlations were evaluated using Pearson’s test. A p-value
< 0.05 was considered statistically significant.

Results.

Clinical and Metabolic Characteristics of the Study
Population:
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Men with NAFLD demonstrated a high prevalence of
cardiometabolic risk factors. Obesity was detected in 58% of
participants, metabolic syndrome in 52%, arterial hypertension
in 46%, type 2 diabetes mellitus in 22%, and active smoking in
41% of cases. These findings indicate a combined disturbance
of metabolic regulation and vascular homeostasis in this cohort
(Table 1).

Table 1. Summarizes the baseline clinical and anamnestic
characteristics of the NAFLD cohort.

Parameters NAFLD (n =206)
Age, years 473 £0.58
Obesity, n (%) 88 (42.7%)

Body Mass Index (kg/m?) 29.6 £0.32

Stress, n (%) 93 (45.1%)
Smoking history, n (%) 16 (7.8%)
Positive family history, n (%) 95 (46.1%)
Physical inactivity, n (%) 187 (90.7%)

Note: Data are presented as mean £+ SD or n (%).

Liver Enzymes and Inflammatory Activity:

As fibrosis progressed from stages FO-F1 to F2-F3 (Table 2a),
a significant increase in ALT levels (34.6 = 3.5 — 51.1 £ 4.5
U/L; p <0.005) and GGT levels (34.0 + 3.8 — 58.1 £ 6.2 U/L;
p <0.005) was observed, indicating enhanced inflammatory and
oxidative hepatocellular injury. The increase in ALP activity (p
< 0.001) suggests the development of a cholestatic component.
These enzymatic shifts reflect the transition from a metabolically
compensated steatotic phenotype to an inflammation-driven
fibrogenic stage, consistent with the progression toward non-
alcoholic steatohepatitis (NASH). The concomitant rise in
ALT, GGT, and ALP indicates activation of hepatocyte injury
pathways and cholangiocellular stress, suggesting recruitment
of hepatic stellate cells and increased extracellular matrix
deposition. Such biochemical progression underscores the role
of persistent low-grade inflammation and oxidative stress in
amplifying both hepatic fibrosis and systemic cardiometabolic
risk.

Clinical Significance: The increase in ALT, ALP, and GGT
levels as fibrosis progresses from stages F1 to F2 indicates a shift
from a metabolically compensated state to an inflammation-
driven fibrogenic phenotype, which heightens the risk of: further
progression of hepatic pathology, development of endothelial
dysfunction, increased cardiovascular risk. The elevation of
GGT is particularly important, as it correlates with increased
LOX-1 expression and reduced LRP-1 activity, linking these
biochemical alterations to vascular and myocardial remodeling.
Thus, the observed enzyme dynamics reflect the interplay
between hepatic fibrosis and systemic cardiometabolic risk.

Systemic inflammatory activity increased with advancing
hepatic fibrosis: fibrinogen levels were higher at stage F2 (p <
0.05), while albumin concentrations decreased (44.8 — 41.7
g/L; p < 0.001), indicating reduced hepatic synthetic capacity
and metabolic decompensation (Table 2b). At the same time, an
atherogenic shift in the lipid profile was observed at stages F2-
F3, characterized by decreased HDL-C (p < 0.05) and increased
LDL-C and atherogenic coefficient (p < 0.01), reflecting the



Table 2a. Liver Enzymes and Inflammatory Markers in Patients with NAFLD Depending on the Stage of Fibrosis.

Parameters FO0 (n=42) F1 (n=91)
Total Bilirubin (umol/L) 12.8 £0.8 12.6 £0.5
ALT (U/L) 346+3.5 40.1+2.2
AST (U/L) 21.7+1.6 26.1+1.7
ALP (U/L) 75.7+3.0 87.4+2.7
GGT (U/L) 34.0+3.8 44.0£3.5
C-Reactive Protein (mg/L) 48+ 1.7 3.8+0.8

F2 (n=73) Between-group differences

12.7+ 0.6 Po-1 > 0.05; Po-2 > 0.05; P1-2>0.05
51.1+4.5 Po-1 < 0.05; Po-2 < 0.005; Pi-2 < 0.05
274+2.5 Po-1 > 0.05; Po-2 > 0.05; P12 > 0.05
91.8+3.0 Po-1 < 0.005; Po-2 < 0.001; P1-2>0.05
58.1+£6.2 Po-1 > 0.05; Po-> < 0.005; Pi-> < 0.05
44+0.6 Po-1 > 0.05; Po-2 > 0.05; P12 > 0.05

Note: Data are presented as mean = SD. Po-1 - comparison between F0 and F1; Po-2 - comparison between F0 and F2; Pi-2 -comparison between

F1 and F2.

Table 2b. Metabolic and Protein Blood Parameters in Patients with NAFLD Depending on the Stage of Fibrosis.

Parameters FO0 (n =42) F1 (n =91) F2 (n =73) Between-group differences
Glucose (mmol/L) 57+0.1 6.19+£0.2 7.0+£0.3 Po-1 <0.05; Po-2 < 0.001; Pi-> < 0.05
Urea (mmol/L) 5.04+0.2 52+0.1 55+£0.2 Po-1 > 0.05; Po-> > 0.05; P1-2 > 0.05
Creatinine (umol/L) 792 £1.8 77.5+1.5 75.8+1.6 Po-1 > 0.05; Po-> > 0.05; Pi-> > 0.05
Fibrinogen (g/L) 339.6+14.2 3345+7.1 363.8+10.3 Po-1 <0.05; Po-2 < 0.05; P1-2 > 0.05
Albumin (g/L) 44.8 £ 0.6 445+04 41.7+0.6 Po-1 < 0.05; Po-2 < 0.001; Pi-> < 0.001

Note: Data are presented as mean + SD. Po-1 - comparison between F0 and F1; Po-: - comparison between F0 and F2; Pi-: -comparison between

F1 and F2.

development of pronounced cardiometabolic risk.

According to elastography data, fibrosis stages were distributed
as follows: FO-F1 - 39.8%, F2 -31.1%, F3 - 29.1%. Progression
of hepatic fibrosis was accompanied by a consistent increase in
insulin resistance: fasting glucose rose from 5.7 = 0.1 mmol/L
(FO-F1) to 7.0 £ 0.3 mmol/L (F2), while insulin levels increased
from 12.3 to 18.7 uIU/mL, with a corresponding rise in HOMA-
IR (p <0.001).

Clinical Significance:

The increase in glucose levels with advancing fibrosis stages
(Table 2b) confirms the association between NAFLD and insulin
resistance, indicating a shift toward a diabetogenic metabolic
state. Elevated fibrinogen levels demonstrate an enhanced
prothrombotic status, which increases the risk of cardiovascular
complications. The reduction in albumin reflects depletion of
hepatic functional reserve and the transition of the disease into a
state of metabolic decompensation.

All of these changes are pathophysiologically consistent
with the observed alterations in LOX-1, LDLR, and LRP-1
expression and support the central role of the liver in systemic
cardiometabolic regulation.

Cardiovascular Remodelling:

In patients with fibrosis stages F2-F3, significant signs of
early cardiovascular remodelling were observed, as presented
in Table 3.

Table 3. Indicators of Early Cardiovascular Remodeling in Patients
With NAFLD.

Parameter Trend Significance
Carotid Intima-Media Thickness (cIMT) 1 p <0.01
Left Ventricular Mass Index (LVMI) 1 p <0.05
E/e’ Ratio (LV Filling Pressure) i p <0.05
Flow-Mediated Dilation (FMD) l p <0.01

The observed increase in carotid intima-media thickness
(Table 3.) and left ventricular mass index, along with a rise in
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the E/e’ ratio, indicates early structural and functional cardiac
remodelling in patients with advanced fibrosis (F2-F3). The
significant reduction in flow-mediated dilation (FMD) reflects
impaired endothelial function and vascular stiffness. Taken
together, these changes suggest the development of subclinical
cardiovascular dysfunction even in the absence of overt heart
failure. This indicates impaired vascular elasticity, deterioration
of left ventricular diastolic function, and reduced endothelium-
dependent vasodilation - early signs of cardiac dysfunction that
develop even while the ejection fraction remains preserved.

Expression of LOX-1, LDLR, and LRP-1 Receptors:

For the first time, it was demonstrated that the progression
of hepatic fibrosis is accompanied by a significant increase in
LOX-1 levels (p < 0.001), alongside a simultaneous decrease
in the expression of LDLR and LRP-1 (both p < 0.05). This
indicates a shift in the receptor profile toward a pro-atherogenic
phenotype, promoting the accumulation of oxidized low-
density lipoproteins, endothelial dysfunction, and structural and
functional remodelling of the myocardium and vascular wall.
In patients with advanced fibrosis (F2-F3), a marked elevation
in LOX-1 levels (p < 0,001) was observed, in parallel with
reduced LDLR and LRP-1 expression (both p < 0.05), reflecting
a receptor shift favouring vascular atherogenesis. This sequence
of pathobiochemical alterations is illustrated in Figure 1.

Thus, the progression of hepatic fibrosis in men with NAFLD
is associated with increasing insulin resistance, atherogenic
alterations in the lipid profile, activation of systemic
inflammation, and a decline in hepatic synthetic function. These
metabolic disturbances are accompanied by early cardiovascular
remodelling and an imbalance in the LOX-1/LDLR/LRP-1
receptor systems, reflecting the systemic nature of the disease
and its high cardiometabolic risk.

NAFLD — Fibrosis (progression) — 1LOX-1, |LDLR &
LRP-1 — cardiovascular Disease

Figure 1 Pathogenetic model illustrating the relationship
between NAFLD, fibrosis progression, and cardiovascular



" LOX-1 by Fibrosis Stage LDLR by Fibrosis Stage LRP-1 by Fibrosis Stage
e ] L.
20 6
hi 3 ! 0
18
5 hiE
~ o - =
3 6
E 16 o z i -E‘
o o =
£ 1 £y £ |
o 3 - g5
1 . 8 o 18
il 3 =
10 8 4
o s e
B bl e
T . | ? . 3 . ; +
FO Fl F2 FO Fl F2 FO Fl F2
Fibrosis Stage Fibrosis Stage Fibrosis Stage
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Figure 3. Scatter plots demonstrating the relationship between serum LOX-1 levels and (A) carotid intima-media thickness (cIMT) and (B) flow-

mediated dilation (FMD) in men with NAFLD.

complications through altered expression of lipoprotein
metabolism receptors ({LOX-1, |[LDLR, |LRP-1).

Increased expression of the LOX-1 receptor and reduced
activity of LDLR and LRP-1 contribute to endothelial
dysfunction, vascular remodelling, and an elevated risk of
cardiovascular disease.

In addition, Figure 2 illustrates the distribution of LOX-1,
LDLR and LRP-1 levels across fibrosis stages FO, F1 and F2,
demonstrating a stepwise increase in LOX-1 and a parallel
decrease in LDLR and LRP-1 with advancing fibrosis.

The association between LOX-1 expression and vascular
remodeling is further illustrated in Figure 3. Higher LOX-1
levels were associated with increased cIMT and reduced FMD,
supporting the link between pro-atherogenic receptor shifts and
early vascular dysfunction.

Discussion.
The findings of this study support the concept of NAFLD
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as a systemic cardiometabolic disorder that involves not only
hepatic parenchymal injury but also cardiovascular structural
and functional alterations, as well as dysregulation of receptor-
mediated lipid metabolism. The stepwise progression of hepatic
fibrosis from FO-F1 to F2-F3 was accompanied by increasing
insulin resistance, activation of inflammatory pathways, and a
decline in hepatic synthetic capacity. These observations are
consistent with recent reports by Bhatia M et al. (2025) and
the meta-analysis by Younossi et al. (2023), which characterize
NAFLD as a central component of the broader metabolic
continuum rather than an isolated liver pathology [3,17].

In the present study we used the conventional definition of
non-alcoholic fatty liver disease (NAFLD) as recommended in
earlier AASLD and EASL guidelines [11,13]. We acknowledge
that recent international consensus statements have introduced
the terminology of metabolic dysfunction—associated steatotic
liver disease (MASLD) and metabolic dysfunction—associated
steatohepatitis as a refinement of the NAFLD concept [18].



However, to maintain internal consistency and comparability
with the bulk of the literature cited, we retained the NAFLD
nomenclature throughout the manuscript.

The increase in fasting glucose and HOMA-IR observed at
fibrosis stages F2-F3 in our cohort reflects the deepening of
both peripheral and hepatic insulin resistance, accompanied
by compensatory hyperinsulinemia. This aligns with the meta-
analysis by Chalasani N et al. (2023), which identified insulin
resistance as a dominant predictor of fibrosis progression
independent of steatosis severity [11].

The significant elevation in ALT and GGT at advanced
fibrosis stages reflects enhanced cytolytic and oxidative injury
to hepatocytes. The rise in ALP suggests biliary remodelling
and cholestatic inflammatory involvement, characteristic of the
transition to NASH (non-alcoholic steatohepatitis) as defined in
the AASLD guidelines (2023). The reduction in serum albumin
at F2 indicates impaired hepatic protein synthesis and metabolic
decompensation, while the increase in fibrinogen observed aligns
with data reported by Eslam M. et al. (2020), linking NAFLD
to a prothrombotic state and endothelial dysfunction [18]. Of
particular importance is the early cardiovascular remodelling
we identified, evidenced by an increase in carotid intima-media
thickness, left ventricular mass index, and impaired diastolic
function (elevated E/e’), despite preserved ejection fraction. This
corresponds to the model of early subclinical cardiomyopathy
associated with NAFLD described by Targher et al. (2016)
[6]. The reduction in flow-mediated dilation (FMD) further
reflects endothelial dysfunction driven by chronic low-grade
inflammation and increased circulating oxidized lipoproteins.
This mechanistic link was previously highlighted by Byrne
& Targher (2022), who described NAFLD as the “hepatic
component of the cardiometabolic phenotype.” [10]. A key
mechanistic insight from our study is the shift in lipid receptor
expression: increased LOX-1 and decreased LDLR and LRP-1 in
patients with F2-F3 fibrosis. LOX-1 is the principal receptor for
oxidized LDL and is known to drive endothelial inflammation,
apoptosis, and atherosclerotic vascular remodeling (Katayama
et al., 2022) [14]. Concurrent reduction of LDLR and LRP-1
reduces LDL clearance and promotes vascular lipid deposition,
thereby accelerating atherogenesis.

Taken together, the observed sequence -NAFLD — Fibrosis
— LOX-1 activation — Endothelial dysfunction — Cardiac
and vascular remodelling - constitutes a unified pathogenetic
continuum explaining the heightened cardiovascular event risk
in this patient population. These findings are consistent with the
EASL Guidelines (2024), which identify fibrosis stage as the
strongest prognostic determinant, surpassing steatosis severity
or transaminase levels.

An important methodological limitation of our study is the
lack of formal multivariate regression analyses adjusting for
key cardiometabolic confounders such as age, body mass
index, HOMA-IR and LDL-C. Although fibrosis stage and
LOX-1 levels showed consistent associations with cIMT,
LVMI and FMD in unadjusted analyses, these relationships
cannot be interpreted as fully independent of coexisting obesity,
hypertension, diabetes and dyslipidemia. Therefore, our findings
should be viewed as evidence of strong associations between
fibrosis severity, pro-atherogenic receptor shifts and subclinical
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cardiovascular remodelling in men with NAFLD, rather than
definitive proof of an independent causal effect.

Conclusion.

The results of this study confirm that non-alcoholic fatty liver
disease (NAFLD) in working-age men represents a systemic
disorder affecting not only the hepatobiliary system but also the
cardiovascular system.

A key pathogenic mechanism identified in this study is the
upregulation of LOX-1 expression in parallel with reduced
expression of LDLR and LRP-1, which together form a
pro-atherogenic metabolic receptor profile that contributes
to endothelial dysfunction and accelerated atherosclerotic
progression. Thus, hepatic fibrosis in NAFLD should be
considered an integrated marker of cardiometabolic risk,
reflecting synchronous pathological changes in the liver,
vascular wall, and cardiac tissue.

Clinical Implications

* Assessment of hepatic fibrosis using FibroScan® should be
incorporated into the routine diagnostic evaluation of patients
with NAFLD.

* Circulating LOX-1 may serve as an early biomarker of
vascular complications.

+ Patients with fibrosis stages F2-F3 require intensified
management of metabolic risk factors (glycemia, lipids, body
weight, blood pressure).

* At these stages, carly initiation of cardioprotective therapy
(SGLT?2 inhibitors, GLP-1 receptor agonists, statins) is justified.

* Multidisciplinary management (cardiology + hepatology +
endocrinology) is essential to reduce the risk of cardiovascular
progression.

Future Directions.

Further research should aim to clarify the causal relationships
between fibrosis severity and the development of cardiovascular
complications. Long-term prospective studies are needed, as well
as molecular investigations into the regulation of LOX-1, LDLR,
and LRP-1 under metabolic stress conditions. Targeted therapeutic
modulation of these receptors may represent a promising strategy
to reduce cardiovascular risk in patients with NAFLD.

Study Limitations.

This study was conducted in a cohort of men of a single ethnic
origin, which may limit generalizability. The cross-sectional
study design does not allow for establishing causality. Serum
levels of LOX-1, LDLR, and LRP-1 may not fully reflect
their tissue-level expression. In addition, a small group of
apparently healthy individuals initially examined for descriptive
comparison was not included in the final inferential analyses
because of the pronounced imbalance in sample size and the lack
of systematic measurements for all study variables; therefore,
the present work should be considered a single-arm study of
men with NAFLD.

Conclusions.
1. Patients with NAFLD demonstrate a high prevalence of
cardiometabolic risk factors, including obesity (58%),

metabolic syndrome (52%), arterial hypertension (46%),
and type 2 diabetes (22%).



2. The progression of hepatic fibrosis (F2-F3) is associated
with a significant increase in insulin resistance and
atherogenic alterations in the lipid profile (p < 0.001).

3. Elevated ALT, GGT, and ALP levels reflect increasing
cytolytic and cholestatic liver injury.

4. At fibrosis stages F2-F3, early signs of cardiovascular
remodelling were observed, including left ventricular mass
index elevation, carotid intima—media thickening, and
impaired diastolic function (p < 0.05).

5. Increased LOX-1 levels and reduced expression of LDLR
and LRP-1 constitute a pro-atherogenic receptor profile that
links fibrosis progression to vascular complications.

6. NAFLD should be regarded as a systemic cardiometabolic
disease, requiring early prevention of cardiovascular events.
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