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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 

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 elastography; no history of alcohol abuse (<20 g ethanol/
day); negative hepatitis B and C viral markers; absence of 
autoimmune liver disease; preserved renal function (eGFR > 60 
mL/min/1.73 m²).
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Exclusion criteria: Liver cirrhosis (METAVIR F4); heart 
failure class III-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: F0-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 × glucose 
/ 22.5); дipid 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:

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 47.3 ± 0.58
Obesity, n (%) 88 (42.7%)
Body Mass Index (kg/m²) 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 F0-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 
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Parameters F0 (n = 42) F1 (n = 91) F2 (n = 73) Between-group differences
Total Bilirubin (µmol/L) 12.8 ± 0.8 12.6 ± 0.5 12.7 ± 0.6 P₀-₁ > 0.05; P₀-₂ > 0.05; P₁-₂ > 0.05
ALT (U/L) 34.6 ± 3.5 40.1 ± 2.2 51.1 ± 4.5 P₀-₁ < 0.05; P₀-₂ < 0.005; P₁-₂ < 0.05
AST (U/L) 21.7 ± 1.6 26.1 ± 1.7 27.4 ± 2.5 P₀-₁ > 0.05; P₀-₂ > 0.05; P₁-₂ > 0.05
ALP (U/L) 75.7 ± 3.0 87.4 ± 2.7 91.8 ± 3.0 P₀-₁ < 0.005; P₀-₂ < 0.001; P₁-₂ > 0.05
GGT (U/L) 34.0 ± 3.8 44.0 ± 3.5 58.1 ± 6.2 P₀-₁ > 0.05; P₀-₂ < 0.005; P₁-₂ < 0.05
C-Reactive Protein (mg/L) 4.8 ± 1.7 3.8 ± 0.8 4.4 ± 0.6 P₀-₁ > 0.05; P₀-₂ > 0.05; P₁-₂ > 0.05

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

Note: Data are presented as mean ± SD. P₀-₁ - comparison between F0 and F1; P₀-₂ - comparison between F0 and F2; P₁-₂ -comparison between 
F1 and F2.

Parameters F0 (n = 42) F1 (n =91) F2 (n =73) Between-group differences
Glucose (mmol/L) 5.7 ± 0.1 6.19 ± 0.2 7.0 ± 0.3 P₀-₁ < 0.05; P₀-₂ < 0.001; P₁-₂ < 0.05
Urea (mmol/L) 5.04 ± 0.2 5.2 ± 0.1 5.5 ± 0.2 P₀-₁ > 0.05; P₀-₂ > 0.05; P₁-₂ > 0.05
Creatinine (µmol/L) 79.2 ± 1.8 77.5 ± 1.5 75.8 ± 1.6 P₀-₁ > 0.05; P₀-₂ > 0.05; P₁-₂ > 0.05
Fibrinogen (g/L) 339.6 ± 14.2 334.5 ± 7.1 363.8 ± 10.3 P₀-₁ < 0.05; P₀-₂ < 0.05; P₁-₂ > 0.05
Albumin (g/L) 44.8 ± 0.6 44.5 ± 0.4 41.7 ± 0.6 P₀-₁ < 0.05; P₀-₂ < 0.001; P₁-₂ < 0.001

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

Note: Data are presented as mean ± SD. P₀-₁ - comparison between F0 and F1; P₀-₂ - comparison between F0 and F2; P₁-₂ -comparison between 
F1 and F2.

development of pronounced cardiometabolic risk.
According to elastography data, fibrosis stages were distributed 

as follows: F0-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 
(F0-F1) to 7.0 ± 0.3 mmol/L (F2), while insulin levels increased 
from 12.3 to 18.7 µIU/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) ↑ p < 0.01
Left Ventricular Mass Index (LVMI) ↑ p < 0.05
E/e′ Ratio (LV Filling Pressure) ↑ p < 0.05
Flow-Mediated Dilation (FMD) ↓ p < 0.01

The observed increase in carotid intima-media thickness 
(Table 3.) and left ventricular mass index, along with a rise in 

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) → ↑LOX-1, ↓LDLR & 
LRP-1 → cardiovascular Disease

Figure 1 Pathogenetic model illustrating the relationship 
between NAFLD, fibrosis progression, and cardiovascular 
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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 F0, 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 

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 F0-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]. 

Figure 2. Box plots showing serum levels of LOX-1 (A), LDLR (B) and LRP-1 (C) in patients with NAFLD stratified by fibrosis stage (F0, F1, 
F2). The boxes represent the interquartile range (IQR), the horizontal line within each box shows the median, and whiskers denote the 5th-95th 
percentiles.

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.
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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 

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, early initiation of cardioprotective therapy 
(SGLT2 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%).
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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.

Conflict of interest.
Authors declare about not having financial and personal 

interests.

REFERENCES
1. Kasper P, Martin A, Lang S, et al. NAFLD and cardiovascular 
diseases: a clinical review. Clinical Research in Cardiology. 
2020;110:921-937.
2. Duell PB, Welty FK, Miller M, et al. Nonalcoholic Fatty Liver 
Disease and Cardiovascular Risk: A Scientific Statement from 
the American Heart Association. Arteriosclerosis Thrombosis 
and Vascular Biology. 2022;42.
3. Bhatia MK, Garg A, Ali J, et al. Association of NAFLD and 
cardiovascular events: a systematic review and meta-analysis. 
Journal of Clinical Gastroenterology. 2025.
4. Leake I. NAFLD and risk of cardiovascular disease. Nature 
Reviews Gastroenterology and Hepatology. 2019;16:706.
5. Niederseer D, Wernly B, Aigner E, et al. NAFLD and 
cardiovascular diseases: epidemiological, mechanistic and 
therapeutic considerations. Journal of Clinical Medicine. 
2021;10:467.
6. Targher G, Byrne CD, Lonardo A, et al. Non-alcoholic fatty 
liver disease and risk of incident cardiovascular disease: a meta-
analysis. Journal of Hepatology. 2016;65:589-600.
7. Mantovani A, Csermely A, Petracca G, et al. Non-alcoholic 
fatty liver disease and risk of fatal and non-fatal cardiovascular 

events: updated systematic review and meta-analysis. Liver 
International. 2021;41:903-913.
8. Di Sessa A, Umano GR. The association between non-
alcoholic fatty liver disease and cardiovascular risk in children. 
Children. 2017;4:57.
9. Alsharif W, Alsaif F, Alghamdi A, et al. Gender-specific 
phenotypes and metabolic risk in non-alcoholic fatty liver 
disease. Liver International. Online ahead of print.
10. Byrne CD, Targher G. NAFLD: a multisystem disease 
affecting the heart. Gut. 2022;71:1695-1696.
11. Chalasani N, Younossi Z, Lavine JE, et al. AASLD Practice 
Guidance on the clinical assessment and management of 
NAFLD. Hepatology. 2023;77:1335-1357.
12. Du M, Zhang W, Chen J, et al. Association of liver fibrosis 
scores and cardiovascular disease in older adults: NHANES 
1999-2018. Scientific Reports. 2025;15:6871.
13. EASL–EASD–EASO Clinical Practice Guidelines. 
Management of NAFLD. Journal of Hepatology. 2021;75:761-
804.
14. Katayama T, Higashi M, Kobayashi K, et al. LOX-
1 upregulation links NAFLD to endothelial dysfunction. 
Atherosclerosis. 2022;355:83-92.
15. Kume S, Araki S, Ota A, et al. LOX-1 as a mediator 
of oxidative stress and inflammation in NAFLD-related 
atherosclerosis. Cardiovascular Research. 2022;118:1174-1189.
16. Mantovani A, Petracca G, Csermely A, et al. Non-alcoholic 
fatty liver disease and risk of new-onset heart failure: meta-
analysis. Gut. 2022. Online ahead of print.
17. Younossi ZM, Koenig AB, Abdelatif D, et al. Global 
epidemiology of NAFLD: prevalence, incidence and outcomes. 
Hepatology. 2023;77:1335-1357.
18. Eslam M, Newsome PN, Sarin SK, et al. A new definition 
for metabolic dysfunction-associated fatty liver disease: 
international expert consensus statement. Journal of Hepatology. 
2020;73:202-209.
19. Shi XT, Xu YN, Wang M, et al. Progress in research on 
adipokines in non-alcoholic fatty liver disease. China Medical 
Herald. 2022;19:41-44.
20. Ke Y, Xu C, Lin J, et al. The role of hepatokines in non-
alcoholic fatty liver disease. Journal of Translational Internal 
Medicine. 2019;7:143-148.


	Title

