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Abstract 

Chronic liver disease represents a major global health burden characterized by progressive evolution from 

inflammation to fibrosis, cirrhosis and hepatocellular carcinoma. Accurate evaluation of liver damage is essential for 

diagnosis, prognosis and clinical management. This review summarizes current evidence regarding the role of 

histopathological and immunohistochemical indices in the assessment of liver disease. 

Attention is given to key biomarkers such as alpha-smooth muscle actin (α-SMA), transforming growth factor beta 1 

(TGF-β1), glial fibrillary acidic protein (GFAP) and CD5L which reflect hepatic stellate cell activation, inflammation 

and fibrogenesis. In addition, non-invasive methos including serum-based indices (APRI, FIB-4, GPR) and imaging 

technique are increasingly used in clinical practice. 

Although non-invasive approaches offer significant advantages, histopathological evaluation remains the reference 

standards. The integration of these methods may improve diagnostic accuracy and patient monitoring, although further 

validation of emerging biomarkers is required for clinical implementation and improved patient outcomes. 

 

Keywords: biochemical indices, epidemiological evidence, immunohistochemical parameters, histopathological 

observation 

 
 

 

 

1. INTRODUCTION 

Chronic liver diseases represent a major global health burden characterized by progressive 

structural and functional alteration that may culminate in fibrosis, cirrhosis and hepatocellular 

carcinoma (GBD, 2019; Griffin et al., 2021). The complexity of hepatic pathology requires a 

multidimensional approach for accurate diagnosis, staging and prognosis assessment. In this context 

histopathological and immunohistochemical analyses remain essential tools for understanding the 

mechanism underlying liver injury and fibrogenesis (Casari et al., 2023; Sterling et al., 2025). 

Recent advances have highlighted the importance of specific molecular markers such as alpha-

smooth muscle actin (α-SMA), transforming growth factor beta 1 (TGF-β1), glial fibrillary protein 

(GFAP) and CD5L in reflecting key processes including hepatic stellate cell activation, 

inflammation and extracellular matrix remodelling (Akpolat et al., 2005; Bàrcena et al., 2019; 
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Carpino et al., 2005; Flisiak et al., 2005; Gairing et al., 2023; Morini et al., 2005). Along these, 

biochemical and hematological indices and non-invasive diagnostic methods have gained relevance 

in clinical practice for the evaluation of liver fibrosis and disease progression (Bibi et al., 2024; 

Janulaityte et al., 2025; Sterling et al., 2025). 

The review aims to synthesize current knowledge regarding the role of histopathological markers 

and non-invasive parameters in the evaluation of liver disease with particular emphasis on their 

diagnostic, prognostic and clinical utility. 

 

2. MATERIALS AND METHODS  

Study design 

This paper represents a systematic literature review focused on histopathological, 

immunohistochemical and biochemical markers involved in liver fibrosis and cirrhosis based on the 

PRISMA guidelines (Moher et al., 2009) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. PRISMA Flowchart of studies selection methos 
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Search strategy 

A comprehensive literature search was performed in electronic databases including PubMed, 

Scopus and ScienceDirect. 

The search covered studies published between 2000-2025 mostly. Keywords included: ʺliver 

fibrosisʺ, ʺcirrhosisʺ, ʺalpha-SMAʺ, ʺTGF-β1ʺ, ʺGFAPʺ, ʺCD5Lʺ, ʺbiomarkersʺ, ʺFibroScanʺ, ʺnon-

invasive markersʺ, ʺchronic hepatitis Bʺ, ʺchronic hepatitis Cʺ. 

Inclusion and exclusion criteria 

Inclusion criteria: original research articles, clinical studies and review; studies involving patients 

with chronic liver diseases; studies evaluating histopathological, immunohistochemical, 

biochemical or hematological markers in chronic liver disease  

Exclusion criteria: case reports, editorials, conference abstracts without full text, non-English 

articles, studies lacking relevant data on fibrosis or biomarkers. 

Study selection 

Articles were screened based on title and abstract followed by full-text evaluation. Only studies 

meeting the inclusion criteria were retained. Duplicate records were removed. 

Data extraction 

Relevant data extracted from the studies included: author and year of publication, study design and 

population, type of liver disease, biomarkers analysed (α-SMA, TGF-β1, GFAP, CD5L), main 

findings regarding diagnosis, staging and prognosis. 

Data synthesis 

The selected studies were analysed qualitatively with emphasis on the role of histopathological and 

immunohistochemical markers, the utility of biochemical and hematological indices, the diagnostic 

and prognostic value of non-invasive methods. Findings were grouped and discussed comparatively 

to highlight similarities, differences and clinical relevance. 

 

3. RESULTS AND DISCUSSIONS  

3.1 Histopathological and immunohistochemical analysis of liver lesions, with emphasis on the 

importance of alpha-SMA (α-SMA), TGF beta1 (TGF-β1), GFAP and CD5L markers 

In liver fibrosis, due to the replacement of healthy tissue by (myo)fibroblasts depositing large 

amounts of extracellular matrix proteins, there is loss of hepatocyte function, portal hypertension, 

variceal bleeding and increased susceptibility to infections (Casari et al., 2023). Although in the 

early stage, liver fibrosis is a dynamic and reversible process, from the cirrhotic stage there is 

significant progression to hepatocellular carcinoma. Defining the stage of fibrosis is very important 

for the prognosis and monitoring of liver disease in patients with chronic hepatitis. Various 

histological scoring systems to stage fibrosis and grade inflammation and steatosis have been used: 

Ishak system, Scheuer METAVIR score, Brunt classification (Ishak et al., 1995; Kleiner et al., 

2005; Knodell et al., 1981). 

Transient elastography and platelet-to-spleen ratio as the better noninvasive predictors of variceal 

development and bleeding (Marasco et al., 2019). The clinical study conducted by Răcășan et al. 

(2016) on patients with chronic hepatitis B and C using the noninvasive assessment method of liver 

fibrosis FibroScan showed a very low error rate (an accuracy of 79.16%, respectively 80% 

compared to PBH in patients with HCV, respectively HBV), the method being simple and 

reproducible. 
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Staging of liver cirrhosis is predominantly performed by the Child-Pugh score (three stages: A to 

C), which was created in the 1970 s, the first popular scoring systems for cirrhosis, which takes into 

account laboratory parameters such as serum bilirubin, albumin levels, INR but also clinical 

parameters (presence of ascites and hepatic encephalopathy) (Bibi et al., 2024). The Child-Pugh 

score also has disadvantages such as the subjectivity of the classification of ascites and 

encephalopathy and the ceiling effect resulting from a low score range (Peng et al., 2016). 

To overcome the limitations of the Child-Pugh score, the MELD score was developed, which 

estimates 3-month mortality based on laboratory parameters: serum bilirubin, creatinine, and INR 

(Kamath et al., 2001). The MELD-Na score was created by adding serum sodium to the initial 

MELD equation, as hyponatremia highly correlates with poor outcomes in cirrhosis (Biggins et al., 

2006). The model for end-stage liver disease (MELD) score, and its sodium-adjusted variant MELD 

Na has been implemented for liver transplant prioritization (Naik & Moorthy, 2025). The ability of 

Child-Pugh and MELD scores to predict individual complications of cirrhosis – ascites, hepatic 

encephalopathy, variceal hemorrhage, spontaneous bacterial peritonitis (SBP), hepatorenal 

syndrome (HRS), and hepatocellular carcinoma (HCC) – is still under investigation (Naik & 

Moorthy, 2025). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. Mechanism of liver fibrogenesis and progression to cirrhosis and hepatocellular carcinoma (HCC) 
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Moorthy, the authors found that the CPS was more accurate in predicting ascites (Angeli et al., 

2018), while the MELD and MELD-Na scores predicted hepatic encephalopathy and hepatorenal 

syndrome more reliably. 

Current noninvasive assessments are developed in relation to cross-sectional, histopathologic scores 

and do not account for the dynamic progression of fibrogenesis (Sterling et al., 2025). The “direct” 

markers used for staging liver fibrosis are mostly complex macromolecules derived from 

myofibroblasts and extracellular matrix remodeling (glycoproteins - hyaluronate, laminin, 

procollagen 3, collagen type 4, collagenases and their inhibitors, cytokines related to the 

fibrinogenic process: alpha-SMA, TGF-beta 1, TNF-alpha), while the “indirect” markers reflect 

inflammation and/or portal hypertension (Sterling et al., 2025). 

In the case of liver damage (viruses, alcohol, steatosis), stellate cells become activated, lose their 

vitamin A storage capacity and differentiate into myofibroblasts, starting to produce large amounts 

of alpha-SMA. Stellate cell transcription has been claimed to be controlled by α-SMA (Mann & 

Smart, 2002). Activation of hepatic stellate cells represents the initial stage in the development of 

fibrosis (Friedman, 1993), and the appearance of alpha-SMA positive cells often precedes the 

visible deposition of collagen (structural fibrosis). Alpha-SMA (alpha-smooth muscle actin) is 

considered a reliable marker of hepatic stellate cell (HSC) activation – (Akpolat et al., 2005; 

Carpino et al., 2005; Morini et al., 2005), being useful for identifying early stages of fibrosis, 

although α-SMA positivity in a few stellate cells of the liver is normal. 

Akpolat et al., (2005) investigated the predictive importance of alpha-SMA and concluded that in 

liver biopsy samples, α-SMA may represent a valuable marker in the evaluation of stellate cell 

activation and fibrosis progression and an early indicator of the development of fibrosis. Alpha-

SMA is a reliable marker of hepatic stellate cell activation, which precedes the deposition of fibrous 

tissue even in the context of chronic recurrent HCV hepatitis after liver transplantation (Carpino et 

al., 2005). 

In male Wistar rats with experimentally induced fibrosis, Cardoso-Lezama et al. (2024) found that 

serum α-SMA levels were significantly correlated with hepatic α-SMA levels as well as with the 

severity of hepatic fibrosis, suggesting that serum α-SMA can be considered a potential reliable and 

noninvasive biomarker for early hepatic fibrosis. Alpha-SMA is therefore a highly accurate tool in 

liver biopsy to confirm that fibrosis is active and progressive, reflecting the number of 

myofibroblasts producing extracellular matrix. 

Chronic liver inflammation leads to the activation of Kupffer cells that locally release 

proinflammatory cytokines such as TNF-α and interleukins (IL) 1β and 6 (Capuron & Miller, 

2011; Laye et al., 2000). Transforming growth factor (TGF-β) is a multifunctional protein in the 

cytokine family, which activates hepatic stellate cells to deposit extracellular matrix and stimulates 

fibrosis formation (Gressner et al., 1993). The natural source of TGF-β is platelets, from which the 

cytokine is released immediately because of their degranulation and occurs directly after injury or 

because of immunological reactions (Braczkowski et al., 2024). 

TGF-β strongly suppresses hepatocyte proliferation, stimulates the production of extracellular 

matrix proteins by stellate cells, and mediates apoptosis, unbalanced TGF-β activity during 

regeneration can lead to liver fibrosis (Sanderson et al., 1995). Dysfunctional TGF-β signaling can 

play key roles in numerous pathological processes, including fibrotic diseases and inflammatory 

diseases, as well as tumors (Deng et al, 2024). Fibrotic diseases are closely associated with the 

hyperactivity of TGF-β signaling (Deng et al., 2024). The effects of TGF-β signaling tissue fibrosis 

(Border et al., 1990) have been studied shortly after the discovery of the cytokine. 
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TGF-β1 has an important role in the pathogenesis of viral hepatitis, being considered the main 

mediator of fibrogenesis in the liver, with increased levels being correlated with disease severity 

(Brenner, 2009; Flisiak et al, 2005). In fibrotic livers, TGF-β1 expression increases markedly with 

fibrogenic activity (Sakaguchi et al., 2002). Flisiak et al. (2005) underlines the role of TGF-beta1 in 

the pathogenesis of acute viral hepatitis, which seems to be related to the degree of hepatocyte 

damage, but not to its mechanism or etiology. TGF-β can enhance viral infection through certain 

pathogen-specific mechanisms as in cases of hepatitis C virus (HCV) infection (Lin et al., 2008). 

In the early stages of tumor formation, TGF-β acts as a tumor suppressor during but turns into a 

tumor promoter at later stages of tumor development (Deng et al., 2024). 

The role of TGF-β and PDGF-mediated signaling pathways in both fibrogenesis and tumorigenesis, 

following the activation of hepatic stellate cells (HSCs), was highlighted by Beno et al. (1995). To 

rectify the dysfunction of TGF-β in different kinds of diseases, a series of methods for regulating 

TGF-β activity have been developed by intervening at the level of biosynthesis, activation, and 

signaling (Border, 1990). A series of studies using inhibitors and antagonists of the TGF-β-

mediated signaling pathway (LY2109761, Smad7, tyrosine kinase inhibitor PTK/ZK, 

pentoxifylline) have shown a decrease in connective tissue growth factor (CTGF) synthesis and a 

reduction in tumor growth (Beno et al., 1995; Hernández et al., 2007; Mikula et al., 2006; Narmada 

et al., 2013). 

Serum and tissue levels of TGF-β have shown potential as predictors or indicators of the 

development, complication, response, recurrence, and outcomes of various kinds of diseases, but 

TGF-β or related factors as clinical biomarkers still need further development and assessment 

(Deng et al., 2024). 

TGF-β has been shown to play a key role in many physiological and pathological processes of 

the liver, and its concentration may be a potential diagnostic and prognostic marker in liver 

diseases (Braczkowsky et al., 2024). 

GFAP (Glial Fibrillary Acidic Protein) is a cell structural protein with a role in various 

physiological processes such as the maintenance of the blood–brain barrier, and astrocyte migration 

and proliferation (Gairing et al., 2023). Although GFAP expression is a key step in the astrocytes 

differentiation and constitutes the hallmark response of astrocytes to injury, it is also used in the 

study of liver diseases as a marker of early activation of hepatic stellate cells (Gairing et al., 2023). 

GFAP expression has been correlated with vascular remodeling and fibrosis progression, being 

unevenly distributed in the liver depending on the stage of the disease, GFAP-positive stellate cells 

are distributed in the earlier stages and confined to the periphery of the hepatic lobule in the 

advanced ones, and is a marker related with the acquisition of contractile properties in a 

subpopulation more closely associated with precocious stages of the fibrosis. (Carotti et al., 2008). 

GFAP could represent a useful marker for early hepatic stellate cells activation (Abdelhak et al., 

2018). 

Gairing et al. (2023) observed that GFAP levels are associated with hepatic encephalopathy in 

patients with cirrhosis, suggesting that astrocyte injury may already occur in patients with cirrhosis 

and subclinical cognitive deficits and that’s GFAP could be explored as a novel biomarker. GFAP 

may be useful for detecting early fibrosis in patients with chronic hepatitis C (CHC), helping to 

identify mild stages before cirrhosis develops (Carotti et al., 2008). Today, even very low GFAP 

levels in the blood can be detected using high-sensitivity assays (Abdelhak et al., 2018). 

CD5L (CD5 antigen-like)/AIM (apoptosis inhibitor of macrophage) is a member of the scavenger 

receptor cysteine-rich (SRCR) family (Gebe et al., 1997; Miyazaki et al., 1999) and is secreted 
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primarily by macrophages (including Kupffer cells in the liver). CD5L is predominantly found in 

the blood in a form combined with immunoglobulin (Ig) M (Takimoto-Sato et al., 2023). CD5L is a 

marker of inflammation and macrophage activation, intervening not only in the regulation of 

inflammation (Kim et al., 2021; Sánchez-Rodríguez et al., 2022; Yang et al., 2023) but also in the 

regulation of lipid metabolism (Miyazaki et al., 2011; Sanchez-Moral et al., 2021) and in the 

pathogenesis of hepatocellular carcinoma (Luo et al., 2021; Shimizu et al., 2022; Yamazaki et al., 

2014). Thus, CD5L plays an essential role in the development of conditions determined by acute or 

chronic inflammation, including infectious, metabolic and autoimmune diseases (Sanchez-Moral et 

al., 2021). 

In liver pathology, CD5L is expressed primarily by macrophages (including Kupffer cells) and 

hepatocytes under stress conditions, such as chronic inflammation, fibrosis, and tumor (Aran et al., 

2018). CD5L is overexpressed in HCC tumor tissue compared to adjacent non-tumor tissue. CD5L 

activates the UPR and autophagy mechanisms in the liver cancer lines Huh7, thereby providing a 

novel molecular link between the unfolded protein response (UPR) and autophagy in liver cancer 

(Aran et al., 2018). 

 
Table 1 Immunohistochemical markers involved in liver fibrogenesis 

 

MARKER CELLULAR 

TYPE / 

SOURCE 

MAIN 

BIOLOGICAL 

ROLE 

SIGNIFICANCE 

IN FIBROSIS 

CLINICAL 

UTILITY/ 

DIAGNOSTICS 

α-SMA 

(alpha- 

smooth 

muscle actin) 

Activated stellate 

cells (HSCs), 

myofibroblasts 

(Akpolat et al., 

2005; Carpino et 

al., 2005; Morini 

et al., 2005) 

Myofibroblast 

differentiation 

marker; involved in 

contractility and 

extracellular matrix 

synthesis 

Early indicator of 

HSC activation; 

precedes collagen 

deposition 

Evaluation of 

fibrogenic activity; 

sensitive marker for 

early stages 

(Akpolat et al., 

2005; Cardoso-

Lezama et al., 2024) 

TGF-β1 

(Transforming 

Growth 

Factor beta 1) 

Platelets 

(Braczkowski et 

al., 2024), 

stellate cells, 

macrophages 

Major 

profibrogenic 

cytokine; 

stimulates ECM 

synthesis and 

inhibits hepatocyte 

regeneration 

Correlated with 

fibrosis severity 

(Deng et al., 

2024); central 

mediator of 

fibrosis 

progression 

(Brenner, 2009; 

Flisiak et al, 

2005) 

Potential prognostic 

biomarker 

(Braczkowsky et al., 

2024; Deng et al., 

2024); therapeutic 

target 

GFAP (Glial 

Fibrillary 

Acidic 

Protein) 

Subpopulation of 

hepatic stellate 

cells (Carotti et 

al., 2008) 

Structural protein 

involved in early 

HSC activation 

(Gairing et al., 

2023) 

Increased 

expression in 

early stages of 

fibrosis 

Marker for early 

detection of fibrosis 

(Carotti et al., 2008; 

Abdelhak et al., 

2018); possible 

serum biomarker 

(Gairing et al., 
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2023) 

CD5L (CD5 

antigen-

like/AIM) 

Macrophages 

(Kupffer cells), 

hepatocytes 

under stress 

(Aran et al., 

2018) 

Regulates 

inflammation (Kim 

et al., 2021; 

Sánchez-Rodríguez 

et al., 2022; Yang 

et al., 2023), lipid 

metabolism 

(Miyazaki et al., 

2011; Sanchez-

Moral et al., 2021) 

and cell survival 

Levels increase 

with severity of 

fibrosis and 

inflammation 

(Bárcena et al. 

(2019) 

 Marker of 

inflammation and 

disease progression; 

useful in monitoring 

(Bárcena et al., 

2019; Caussy et al., 

2018; Gangadharan 

et al., 2007; Gray et 

al, 2009; Yamazaki 

et al., 2014) 

TNF-α Macrophages Proinflammatory 

cytokine that 

initiates the 

inflammatory 

cascade 

Contributes to 

HSC activation 

and fibrosis 

progression 

Indirect marker of 

liver inflammation 

Laminin Extracellular 

matrix 

Component of the 

basement 

membrane 

Increases in 

advanced fibrosis 

Direct marker of 

fibrosis (Sterling et 

al., 2025) 

Hyaluronic Extracellular 

matrix 

Glycoprotein 

involved in tissue 

remodeling 

Correlated with 

the degree of 

fibrosis 

Non-invasive serum 

biomarker 

 

Bárcena et al. (2019) explored the role of CD5L in hepatic inflammation and fibrosis with human 

samples from hepatitis and cirrhotic patients and the widely used rodent model of CCl4-induced 

fibrosis and reported that serum levels of CD5L significComponent of the basement membraneand 

correlated to the stage of liver fibrosis (which suggests that serum CD5L is strongly associated with 

liver disease severity). Also, by immunohistochemistry in liver tissues, some correspondence has 

been identified between circulating CD5L and its hepatic protein expression levels. Therefore, 

CD5L is a useful immunohistochemical marker to assess macrophage activation, liver fibrosis and 

the presence of hepatocellular carcinoma, closely correlated with the progression and severity of 

chronic liver damage. 

Gangadharan et al. (2007) studied the possibility of using new serological biomarkers for the 

diagnosis of liver fibrosis in patients diagnosed with hepatitis C, including CD5L. The increase in 

CD5L levels reflects active liver inflammation, a central mechanism in most liver diseases 

(hepatitis, NASH, cirrhosis). Thus, in patients with advanced liver damage, increased levels of 

CD5L were recorded (regardless of the nature of the disease) significantly correlated with other 

parameters characteristic of liver function (Bárcena et al., 2019; Caussy et al., 2018; Gangadharan 

et al., 2007; Gray et al, 2009; Yamazaki et al., 2014)  

Numerous studies have shown that serum CD5L levels increase progressively with the degree of 

liver damage (Bárcena et al., 2019) and correlate with histological scores (Bárcena et al., 2019) and 

tissue expression (Bárcena et al., 2019), being useful not only for diagnosis but also for staging. 

However, Sánchez-Rodríguez et al. (2022) found significant reductions in plasma extracellular 

vesicles (EVs) in patients with cirrhosis, regardless of its severity, with considerable changes in the 
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content of CD5L and lipid mediators as the disease progressed. Due to its simple methodology and 

reproducibility, CD5L is a promising candidate for expanded clinical use in the screening and 

monitoring of liver diseases (Sanchez-Moral et al., 2021). 

Non-invasive methods have become an important tool in clinical practice, with an increasing 

number of such methods now available, methods validated especially in patients with chronic 

hepatitis C. The future of cirrhosis management is focused on personalized prediction, integrating 

objective scoring models with patient-level variables—comorbidities, nutrition, quality of life, and 

inflammatory status. 

 

3.2 Analysis of biochemical and hematological indices in chronic hepatitis B, C, alcoholic and non-

alcoholic cirrhosis 

Due to the pathological complexity of liver diseases and high mortality, it is necessary to use blood 

biomarkers that accurately reflect the state of liver damage, with increasing emphasis on the use of 

non-invasive tests in the diagnosis and staging of fibrosis (Dumitrache et al., 2025). 

The defining element in the detection and monitoring of viral hepatitis is the detection and 

measurement of liver fibrosis (Răcășan et al., 2016). In addition to liver biopsy (invasive method), 

non-invasive methods are also widely used (serum methods - single parameters or scores that 

combine several parameters - and imaging methods - FibroScan, FibroMax). In recent years, 

emphasis has been placed on the development of multiple noninvasive blood biomarkers and 

imaging modalities or tests to determine the presence and severity of liver fibrosis, steatosis and 

clinically significant portal hypertension (Sterling et al., 2025). 

The use of biochemical and hematological indices is essential for the early diagnosis and 

monitoring of the progression of liver diseases (hepatitis B, C, alcoholic and non-alcoholic 

cirrhosis). Although there are overlaps in the clinical picture, each etiology presents changes in the 

level of liver enzymes, synthesis proteins and blood figured elements. The analysis of biochemical 

and hematological indices allows the differentiation between inflammation (hepatitis) and severe 

degradation of the organ (cirrhosis), as well as the identification of the etiological cause. Indirect 

markers of liver fibrosis are increasingly used, markers that reflect changes in liver function: 

platelet count, AST, ALT, GGT, gamma globulins, albumin, prothrombin time (Friedman, 2003; 

Sebastiani & Alberti, 2006). Routine hematological, biochemical and coagulation tests provide vital 

information about liver health, indirectly reflecting immune activity, fibrotic progression and the 

extent of liver cell damage (Janulaityte et al., 2025). Fibrosis assessment based on blood tests has 

the advantage of investigating the interaction between inflammatory response and fibrogenesis 

(Sterling et al., 2025). 

Hepatocyte injury can be assessed by measuring alanine aminotransferase ALT (ALT) and aspartate 

aminotransferase AST (AST), which increases rapidly in the blood when liver cells are inflamed or 

damaged (viral hepatitis, fatty liver, alcohol) and are essential for assessing liver health and 

diagnosing liver disease (Bibi et al., 2024). ALT is the most specific liver enzyme, with elevations 

directly indicating liver damage, while AST is elevated not only in liver disease but also in heart or 

muscle damage. Both liver enzymes showed elevated expression in HCV infected individuals, but 

ALT is a more specific biomarker compared to AST of HCV infection and liver damage (Amjad et 

al., 2021). The AST/ALT ratio (AAR) was one of the first non-invasive markers used, values > 1, 

due to increased AST release, decreased AST clearance and/or impaired ALT synthesis, being 

indicative of liver cirrhosis (a disadvantage is that it cannot be used for fibrosis) (Lai et al., 2024). 
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Cholestasis (blockage of the bile ducts) can be assessed by measuring alkaline phosphatase (ALP) 

and γ-glutamyltransferase GGT (Gamma-GT), with elevations of these markers indicating bile duct 

obstruction, cholestatic hepatitis, or alcohol consumption. Calvopina et al. (2022) demonstrated 

utility of the gamma-glutamyl transpeptidase-to-platelet ratio (GPR) in predicting fibrosis severity 

in children with cystic fibrosis-related liver disease. 

Non-invasive indices from routine tests (hematological, biochemical, and coagulation tests) and 

derived indices (FIB-4, APRI, AST/ALT ratio, PLR, NLR, SII, AISI, PNI, HALP, PAR, NAR) 

provide valuable information about the inflammatory and nutritional status of patients with hepatitis 

C, the values differing depending on sex and degree of viremia (Janulaityte et al., 2025). 

Recent research (Xuan et al., 2025) highlights the elevated GGT to HDL-C ratio (GHR) as a 

powerful, novel, non-insulin-based marker for identifying metabolic dysfunction, particularly in the 

prediction of Non-Alcoholic Fatty Liver Disease (NAFLD), GHR being considered a better 

predictor of these conditions than GGT or HDL-C alone. GPR generally outperforms older markers 

like APRI and FIB-4 in detecting significant advanced fibrosis. 

Differentiation by scores is also currently used. Numerous studies have demonstrated the prognostic 

value of indices such as the fibrosis-4 index (FIB 4) and AST to platelet ratio index (APRI) in 

assessing fibrosis (Sterling et al., 2006). 

The AST/platelet ratio (APRI) is used to classify fibrosis and cirrhosis, but approximately 50% of 

cases remain undiagnosed (Sebastiani & Alberti, 2006; Wai et al., 2003). APRI has been proposed 

as a noninvasive and readily available tool for the assessment of liver fibrosis in chronic hepatitis C 

(Loaeza-del-Castillo et al., 2008). FIB-4 is an index that uses platelets, ALT, AST and age, and has 

good performance in detecting severe fibrosis and cirrhosis in chronic hepatitis C (Vallet-Pichard et 

al., 2007). 

The Forns index is a score that provides information about significant fibrosis (but not cirrhosis) 

resulting from the combination of age, GGT and platelets, with an accuracy between 50% and 85% 

reported in hepatitis C (Forns et al., 2002; Sebastiani & Alberti, 2006). 

To quantify fibrosis and steatosis, the FibroMax/FibroScan scores are used, which analyze complex 

sets of markers (alpha-2-macroglobulin, haptoglobin, apolipoprotein A1). The most validated non-

invasive procedure for fibrosis of various etiologies is Fibrotest, which combines GGT, total 

bilirubin, haptoglobin, alpha-2-macroglobulin, apolipoprotein A1, age and sex (Imbert-Bismut et 

al., 2001). There are also other fibrosis markers such as: Pohl Score, FIBROspect II, European 

Liver Fibrosis Group Algorithm (ELFGA), and Hepascore. Ekin et al. (2023) evaluated the 

efficiency of nine non-invasive markers for predicting liver fibrosis in patients with chronic 

Hepatitis B: Aspartate aminotransferase to Platelet Ratio Index (APRI), Fibrosis-4 score (FIB-4), 

Aspartate aminotransferase to Alanine aminotransferase Ratio (AAR), AAR to Platelet Ratio Index 

(AAPRI), Gamma glutamyl transpeptidase to Platelet Ratio (GPR), King’s Score, Fibro quotient 

(Fibro-Q), S Index and Platelet to Lymphocyte Ratio (PLR) and concluded that GPR ((GGT/ upper 

limit of normal for GGT) / PLT (109/L) x 100), King’s Score ((Age (years) x AST x INR) / PLT 

(109/L)) and S-Index ((1000 x GGT) / (PLT (109/L) x Albumin²)) have the best diagnostic values 

for fibrosis staging, providing a valuable non-invasive alternative on liver biopsy. 

The evaluation of the liver's synthetic function can be performed by determining albumin (its level 

decreases when the liver is severely affected, as occurs in cirrhosis) and prothrombin time (INR/PT) 

– if it increases, the liver no longer synthesizes coagulation factors. INR alone cannot portray the 

complex interaction of pro- and anticoagulants in cirrhosis (Intagliata et al., 2021). APP (albumin 

platelet product) can diagnose fibrosis stage, especially (Fujita et al., 2021). 
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Table 2. Non-invasive biomarkers and scores for liver disease assessment 

 
Marker/ Score Parameters 

included 
Clinical 
Significance 

Advantages Limitations References 

APRI AST, PLT Assesses 
fibrosis and 
cirrhosis 

Simple, 
inexpensive 

Limited 
sensitivity 
(~50% missed 
cases) 

Wai et al, 2003; 
Sebastiani& 
Alberti, 2006 

FIB-4 Age, AST, ALT, 
PLT 

Detects 
advanced 
fibrosis 

Widely 
validated 

Influenced by 
age 

Vallet-Pichard 
et al., 2007 

GPR GGT, PLT Predictor of 
significant 
fibrosis 

Better than 
APRI/FIB-4 in 
some studies 

Limited 
standardization 

Ekin et al, 
2023; Sterling 
et al., 2025 

GHR GGT, HDL-C Predictor of 
NAFLD and 
metabolic 
dysfunction 

Nove land 
promising 

Requires 
further 
validation 

Xuan et al., 
2025 

Forns Index Age, GGT, PLT Detects 
significant 
fibrosis 

Moderate 
accuracy (50-
85%) 

Cannot detect 
cirrhosis 

Forns et al., 
2002; 
Sebastiani & 
Alberti, 2006 

FibroTest Multiple 
biomarkers 

Accurate 
fibrosis 
assessment 

Highly 
validated 

Expensive, less 
accessible 

Imbert-Bismut 
et al., 2001 

Inflammatory 
indices 
NLR, PLR, SII 
 

Hematological 
parameters 

Reflect 
systemic 
inflammation 

Easily derived Non-specific Janulaityte et 
al., 2025; tang 
et al, 2025 

 

The evaluation of detoxification and metabolism function can be performed by means of bilirubin 

levels (total, direct or indirect); its increase leads to jaundice (yellowing of the skin/eyes) and 

indicates the inability of the liver to process the degradation products of hemoglobin. 

Hyperbilirubinemia is a known marker of liver and bile alterations and has prognostic value in 

certain liver diseases (hepatic cirrhosis can be accompanied by progressive bilirubin elevations) 

(Guerra Ruiz et al., 2021). 

Chronic liver diseases leading to advanced fibrosis and cirrhosis are associated with bleeding 

disorders and thrombocytopenia due to splenomegaly and impaired hepatocyte synthesis (Rautou et 

al., 2023). Platelets have been observed to play an important role in fibrosis (Mandel et al., 2022). 

Low platelet levels (thrombocytopenia) correlate with the severity of liver dysfunction, fibrosis, 

portal hypertension, and splenomegaly (Van der Meer et al., 2012), some patients also display 

platelet functional defects (Lambert, 2016). Patients with acute or chronic liver diseases frequently 

present with complex alterations in the hemostatic system (Lisman et al., 2002) including reduced 

levels of coagulation factors and changes in platelet count (Casari et al., 2023). 

Anemia also occurs frequently in liver disease due to bleeding (esophageal varices), nutritional 

deficiencies, or hemolysis. Changes in white blood cell count (leukopenia/leukocytosis) may 
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indicate infection or bone marrow suppression. Changes in leukocyte, erythrocyte, and platelet-

related markers may indicate immune dysregulation and early fibrotic changes (Tang et al., 2025). 

Clinical studies have shown that higher platelet count is associated with less fibrosis (Wang et al, 

2018). 

For predicting liver fibrosis and cirrhosis in patients with chronic hepatitis B, Chen et al. (2013) 

recommends the use of RDW to Platelet Ratio (RPR). Ding et al. (2021) recommends the INR-to-

platelet ratio (INPR) as a novel, non-invasive index for predicting liver fibrosis in patients with 

chronic hepatitis B (CHB). Hypercoagulability and thrombosis illustrate the impact that hepatic 

imbalances can have on tightly controlled effector cascades in hemostasis (Rautou et al., 2023). 

The combined determination of biochemical and hematological indices provides an image of liver 

“health”, the severity of fibrosis and disease progression without the need for invasive or costly 

procedures, being indispensable indices for rapid diagnosis and correct risk management (Tang et 

al., 2025). Dumitrache et al. (2026) conducted a single-center cross-sectional study that highlighted 

the prognostic utility in staging liver fibrosis of some serological biomarkers (AST, ALT, TBIL, 

ALB, PLT, INR, GGT, CD5L and TGFβ1) and non-serological indices (AST/ALT ratio, ALBI 

score, GPR, APRI, FIB-4, INPR and FibroQ) in four etiologies (including CHB, CHC, ALC and 

NALC) 

HCV infection modifies hematological, biochemical and coagulation parameters in a gender- and 

viremia-dependent manner (Janulaityte et al., 2025). 

There are no validated blood biomarker thresholds that correlate with fibrosis stage in HCV 

patients, and they are associated with high rates of false-negative results for advanced fibrosis after 

antiviral therapy in patients with HBV or HCV (Sterling et al., 2025). 

 

3.3 Incidence of chronic liver diseases B, C, alcoholic and non-alcoholic cirrhosis in the 

population, highlighting comorbidities and mortality risk 

Worldwide, in 2017, approximately 1.5 billion people suffered from chronic liver disease (CLD): 

non-alcoholic fatty liver disease (NAFLD) - 60%, chronic hepatitis B virus (HBV): 29%, hepatitis 

C virus (HCV): 9% and alcohol-related liver disease (NAFLD): 2% (GBD, 2019). 

Chronic infections with hepatitis B (HBV) and C (HCV) viruses are major public health problems, 

associated with a series of liver comorbidities, which can frequently progress to liver cirrhosis, liver 

cancer (hepatocellular carcinoma) and require careful monitoring. Liver disease is considered the 

11th leading cause of death worldwide, with figures likely underestimated (Griffin et al., 2021).  

Europe has the highest burden of liver disease in the world, with an increasing trend in many 

countries (Pimpin et al., 2018). The etiology of liver disease in Europe follows a geographical 

pattern, with alcohol being predominant in Western countries, while in Eastern countries viral 

hepatitis B and C are the most common causes, with a higher prevalence of hepatitis C (Pimpin et 

al., 2018). 

People infected with the hepatitis C virus are often asymptomatic for many years, but it slowly 

damages the liver, leading to cirrhosis, hepatocellular carcinoma (HCC) (Cooke et al., 2024). 

According to data from the World Health Organization (2024), globally in 2022 there were 

approximately 304 million people living with chronic HBV or HCV infection (254 million with 

HBV and 50 million with HCV) and 2.2 million new infections during the same period. WHO 

estimates that over 6,000 new infections with viral hepatitis B and C occur daily, and approximately 

1.3 million deaths occur annually due to liver complications, such as cirrhosis and liver cancer 

(WHO, 2024). Although the World Health Organization (WHO) aims to achieve 90% vaccination 
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coverage at birth by 2030, global coverage of birth doses is only 46% overall (Al-Busafi & 

Alwassief, 2024). 

Despite the availability of effective interventions to prevent and treat hepatitis B and C, these 

diseases remain the leading causes of cirrhosis, especially in low- and middle-income countries 

(GBD, 2019). 

The incidence and prevalence of HBV vary substantially between different geographical regions, 

reflecting the diverse impact of socio-economic factors, health policies and preventive measures 

(Gnyawali et al., 2024). Thus, in Sub-Saharan Africa and East Asia, HBV prevalence rates exceed 

8% (due to perinatal transmission and horizontal transmission during early childhood (Fofana et al., 

2023), while countries in Western Europe and North America have significantly lower HBV 

prevalence rates, often below 2% (Al-Busafi & Alwassief, 2024). 

In WHO reports, the cumulative incidence of HBV and HCV globally decreased slightly in 2022 

compared to 2019 (2.2 million compared to 2.5 million new cases), reflecting advances in HBV 

vaccination and HCV treatment (WHO, 2024). However, the same report shows that only a small 

proportion of infected people had access to treatment; thus, in 2022, only about 13% of people with 

chronic HBV infection and about 36% of those with HCV had been diagnosed, and antiviral 

treatment was received by only about 3% (HBV) and about 20% (HCV) (WHO, 2024).The 

European Centre for Disease Prevention and Control has estimated that there are 2.4 million 

individuals with chronic HCV infection in the EU/EEA (GBD, 2019).  

However, Eastern European countries, including Romania, report higher HBV prevalence rates 

compared to Western countries (Bivegete et al., 2023), cost-effective interventions are needed to 

continue the prevention and treatment of viral hepatitis (Iacob et al., 2024). Based on 4 studies 

conducted on 1048 patients with cirrhosis in Romania, between 2000 and 2018, the incidence of 

HBV infections was approximately 21% and that of HCV approximately 29% (data processed by 

Alberts et al., 2022). 

The screening program LIVE(RO)2 results show significant demographic and epidemiological 

patterns of HBV prevalence in Romania showed an overall prevalence rate of chronic HBV 

infection of 1.67% (Iacob et al., 2024). In Romania, HBVs prevalence was higher among males 

than females. Risk factors associated with HBsAg seropositivity in this study were male sex, rural 

residence, contact with infected individuals, and certain medical procedures (e.g., hemodialysis, 

blood transfusions). 

The global incidence of HCV infection in 2020 was 1.43-1.5 million individuals (0.7% of the 

population) – a decrease compared to 2015 of 0.9%, like HBV. The highest prevalence in 2020 in 

eastern Europe (2.9%) – Polaris Observatory HCV Collaborators, 2022. 

Specialized studies show that there are significant gender differences in the epidemiology and 

clinical characteristics of HBV infections (Liu et al., 2022). The prevalence of chronic HBV 

infection is higher in men compared to women, as shown by numerous specialized studies (Iacob et 

al., 2024; Su et al., 2007). 

Also, the possibility of progression to more severe forms is higher in men compared to women 

(Stroffolini et al., 2015). Sanai et al., (2019) conducted a retrospective observational study showing 

that CHB patients in Saudi Arabia were older in 2015 compared to 2010 and 2012 and more likely 

to develop comorbidities, including cirrhosis. 

Most studies show a higher prevalence of chronic hepatitis C in men, especially in middle-aged men 

(Bhattarai et al., 2022), with lower levels of education, unemployed and often unmarried, living 

predominantly in urban areas. Some studies show an increased prevalence of chronic hepatitis C in 
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women (Pennap, 2010; Imran et al., 2012) - often linked to unsafe medical or obstetric procedures. 

Key risk factors include intravenous drug use (IVDU), blood transfusions, and unsafe medical 

procedures, with Genotype 1 being the most common (Posuwan et al., 2024; Talić Drlje et al., 

2025).  

The demographic profile of patients with chronic hepatitis C (HCV) has evolved significantly with 

the advent of new antiviral therapies (DAAs) and varies depending on the geographical region and 

dominant risk factors (Devarbhavi et al., 2023; Stasi et al., 2024). 

The most common comorbidities among patients with hepatitis C include type 2 diabetes, 

cardiovascular disease, and liver cirrhosis (Tsai et al., 2023). The risk of developing cirrhosis over 

the next 20 years in patients with chronic hepatitis C is estimated at 15-30% (2). The fact that 

worldwide about 42% of patients with cirrhosis are infected with HBV suggests the significant role 

HBV plays in liver disease progression (Iacob et al., 2024).  Although the mortality of chronic liver 

disease caused by HBV and HCV has decreased from 1990 to 2019, the number of deaths will 

continue to increase until 2030 (Ou et al., 2024). 

Mortality from liver diseases is approximately 2 million deaths annually, (4% of all deaths), one in 

three deaths being female (WHO, 2017). Chronic HBV and HCV infections were responsible for 

96% of the 1.3 million deaths caused by hepatitis viruses worldwide in 2015, 720,000 of which 

occurred in the cirrhosis stage (WHO, 2017). The trend reported by (Ciardullo et al., 2024) for the 

last 10 years regarding the relative contribution of different liver diseases to the development of 

end-stage liver disease was a reduction in chronic viral hepatitis and an increase in deaths related to 

alcoholic liver disease ALD and metabolic dysfunction–associated steatotic liver disease MASLD. 

The EASL-HEPAHEALTH (2018) – Burden of liver disease in Europe report from 2018 states that 

over 150,000 of the deaths recorded annually in Europe are determined by complications of chronic 

liver disease; the same report emphasizes that Romania has the highest mortality (36 deaths per 

100,000 inhabitants) due to chronic liver disease. 

Chronic hepatitis B (CHB) affected approximately 296 million people globally in 2019, leading to 

approximately 820,000 deaths, while chronic hepatitis C (CHC) affected approximately 58 million 

people and led to 290,000 deaths (WHO, 2024). 

In 2022, viral hepatitis was one of the leading causes of death worldwide after COVID-19 - chronic 

hepatitis B (CHB) caused about 820,000 deaths, while chronic hepatitis C (CHC) caused 290,000 

deaths (WHO, 2024).  

It is estimated that 21% of patients diagnosed with chronic HCV infection, about 66% had been 

treated with direct-acting antivirals (DAAs) by the end of 2019 (Devarbhavi et al., 2023; Stasi et al., 

2024). 

Worldwide, in 2017, approximately 1.5 billion people suffered from chronic liver disease (CLD): 

non-alcoholic fatty liver disease (NAFLD) - 60%, chronic hepatitis B virus (HBV): 29%, hepatitis 

C virus (HCV): 9% and alcohol-related liver disease (NAFLD): 2% (GBD, 2017). In a large review 

published by Alberts et al. (2022) the authors report a prevalence of 42% of HBV infection and 

21% of HCV infection in patients with cirrhosis registered worldwide. The authors report 

significant differences between regions: a lower rate of HBV infection in patients with cirrhosis in 

Europe, America and Oceania compared to Asia and Africa. 

Excessive alcohol consumption, obesity, and liver virus infections are the main etiological factors 

of chronic liver diseases (Pimpin et al., 2018). 

Type 2 diabetes is a major risk factor for metabolic steatohepatitis and doubles the risk of 

developing advanced liver fibrosis, cirrhosis, and hepatocellular carcinoma (Ciardullo et al., 2024). 
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However, mortality among patients with type 2 diabetes caused by liver disease decreased from 

1.13 to 0.64 deaths per 1000 person-years from 2010 to 2019 (Ciardullo et al., 2024). The 

prevalence of obesity and type 2 diabetes has increased worldwide (Sunt et al., 2022). It is 

estimated that approximately 43% of the population consumes alcohol (Devarbhavi et al., 2023), 

with an estimated annual consumption of 6.4L of alcohol/person aged at least 15 years (Rossow & 

Makela, 2021). Alcohol consumption and metabolic-associated fatty liver disease are increasingly 

recognized as contributing factors to cirrhosis (Iacob et al., 2024). Alcohol is the main cause of 

cirrhosis worldwide (approximately 60% of cirrhosis cases in Europe, North America and Latin 

America are caused by alcohol consumption (Avila et al., 2020; Pimpin et al., 2018; Stein et al., 

2016). The contribution of alcohol consumption to the determinism of cirrhosis is higher at 

European level (country range 16-78%) and lower in Asia (0-41%) (Alberts et al., 2022). In recent 

years, there has been an increase of the incidence of alcoholic hepatitis in young people (15-44 

years) and women (WHO, 2017; Singal et al., 2021). A slight global decrease in the age-

standardized incidence rate for alcoholic cirrhosis among women was reported during the period 

1992-2021 by Zhang et al. (2025), with significant variations depending on the socio-demographic 

index. 

There is an important link between the strength of alcohol consumed and the progression to 

cirrhosis; most patients with alcohol-related liver disease who progress to cirrhosis are heavy 

drinkers (Sheron et al., 2014). Alcohol acts synergistically with other risk factors for liver disease, 

such as obesity and viral infections (for a BMI above 35 kg/m2, alcohol hepatotoxicity doubles 

(Hart et al., 2010). Obesity and metabolic syndrome may synergistically potentiate the severity of 

alcoholic cirrhosis (Aberg et al., 2018). 

Nonalcoholic fatty liver disease (NAFLD) is one of the most common chronic liver diseases 

worldwide, with an increasing prevalence of up to 10–30% in the general population (Younossi et 

al., 2018). It is estimated that between 7–30% of patients with NAFLD may develop an 

inflammatory disease called nonalcoholic steatohepatitis, which appears to be a more aggressive 

form of the disease, which more frequently progresses to advanced fibrosis and cirrhosis. 

Nonalcoholic fatty liver disease, the hepatic manifestation of metabolic syndrome, is already the 

leading cause of chronic liver disease worldwide and of cirrhosis considered to be cryptogenic 

(Andronesc et al., 2018; Li et al., 2018). 

The average prevalence of non-alcoholic fatty liver disease (NAFLD) worldwide was estimated at 

38% in 2016, a significantly increased value compared to 2005 (26%) (Teng et al., 2023). NAFLD 

has a different distribution depending on geographical region, ethnicity, genetic variants and 

lifestyle (135, 139), with the prevalence being higher in men (40%) compared to women – 26% 

(138).  

At the European level, the prevalence of NAFLD has been estimated at 23-33% of the population, 

with important differences depending on the category in which the study is carried out (Younossi et 

al., 2018; Riazi et al., 2022), with lower values, of around 20%, in Hungary and Romania (Tarnoki 

et al., 2012). Much higher prevalences of NAFLD have been reported among obese individuals 

(69%) and diabetic patients (69.5%) (Pimpin et al., 2018).  

NAFLD can also occur in the absence of obesity or clinical criteria for metabolic syndrome. As a 

result of the increasing incidence of metabolic risk factors and the aging population, the burden of 

this condition is estimated to double by 2030 compared to 2016 (Younossi et al., 2018; Estes et al., 

2018).  
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4. CONCLUSIONS 

Chronic liver disease remains a major global health concern with a progressive evolution from 

inflammation to fibrosis, cirrhosis and hepatocellular carcinoma requiring accurate and early 

diagnostic approaches. 

Histopathological and immunohistochemical evaluation continues to represent the gold standard for 

assessment of liver fibrosis providing essential insights into disease mechanism. Among the studied 

markers α-SMA, TGF-β1, GFAP, CD5L play key roles in reflecting hepatic stellate cell activation, 

inflammatory processes and fibrogenesis proving their value as potential diagnostic and prognostic 

tools. 

At the same time, non-invasive methods including biochemical and hematological indices and 

composite score (APRI, FIB-4, GPR) have gained increasing importance due to their accessibility, 

reproducibility and clinical applicability. However, these methods still present limitations 

particularly in accurately distinguishing intermediate stages of fibrosis and in reflecting the dynamic 

nature of disease progression. 

The integration of histopathological markers with non-invasive parameters represents a promising 

direction for improving the accuracy of liver disease assessment and patient stratification. A 

combined, personalized approach that incorporates molecular biomarkers, clinical scores and 

patient-specific factors may significantly enhance early diagnosis, monitoring and therapeutic 

decision-making. 

Despite significant advances further studies are needed to validate novel biomarkers, standardize 

diagnostic thresholds and improve the predictive value of non-invasive methods across different 

etiologies of liver disease. 
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