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BIOCHEMICAL MARKERS OF LIVER CIRRHOSIS: FROM LIVER FAILURE TO CLINICAL PROGNOSIS



Abstract
Liver cirrhosis represents the advanced stage of chronic hepatic injury and is characterized by progressive fibrosis, regenerative nodular formation, portal hypertension, and gradual loss of hepatic functional reserve. Biochemical markers remain central to the clinical assessment of cirrhosis because they provide accessible information on hepatocellular injury, cholestasis, synthetic function, renal impairment, electrolyte imbalance, and systemic complications. Conventional laboratory parameters, including aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, gamma-glutamyl transferase, bilirubin, albumin, prothrombin time, international normalized ratio, platelet count, creatinine, sodium, and ammonia, are widely used in the evaluation and follow-up of patients with chronic liver disease. However, these markers should be interpreted in relation to the clinical stage of disease, because individual tests may remain normal in compensated cirrhosis and may not accurately reflect the full extent of hepatic dysfunction. Composite scoring systems such as Child-Pugh, MELD, MELD-Na, APRI, FIB-4, and ALBI improve clinical interpretation by combining biochemical and clinical variables for fibrosis assessment, prognostic stratification, and risk evaluation. Emerging blood-based biomarkers may further support the evaluation of fibrosis, renal dysfunction, inflammation, and short-term deterioration, although many require additional validation before routine clinical use. This review summarizes the pathophysiological basis, diagnostic relevance, prognostic value, and clinical limitations of major biochemical markers used in liver cirrhosis, emphasizing the need for integrated interpretation rather than reliance on isolated laboratory abnormalities.
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1. Introduction
Liver cirrhosis constitutes the terminal phase of chronic hepatic injury, resulting from etiologies such as viral hepatitis, alcohol-related liver disease, metabolic dysfunction-associated steatotic liver disease (MASH), autoimmune hepatitis (AIH), and cholestatic liver disorders, and represents a significant global cause of morbidity and mortality (B. Sharma & John, 2026; P. Sharma, 2022). Histologically, cirrhosis is defined by extensive fibrosis and the formation of regenerative nodules. Clinically, it encompasses a spectrum from compensated disease to decompensated states, which may include ascites, variceal hemorrhage, hepatic encephalopathy, jaundice, renal failure, and hepatocellular carcinoma (Battle et al., 2025; Brandão et al., 2006; Schuppan & Afdhal, 2008). Owing to the invasive nature and sampling limitations of liver biopsy, clinicians rely heavily on biochemical tests and non-invasive assessments to evaluate hepatic injury, synthetic function, and risk of complications(Anstee et al., 2022; Choi, 2025; Sumida, 2014). A significant practical challenge is that many so-called “liver function tests” do not directly assess hepatic function(Gabeta et al., 2025; Hall & Cash, 2012; P. Sharma, 2022). Aminotransferases primarily indicate hepatocellular injury, whereas cholestatic enzymes reflect bile duct injury or impaired bile flow. In contrast, synthetic markers such as albumin and prothrombin time more accurately measure the true hepatic functional capacity(Giannini, 2005; McGill, 2016). Laboratory results may remain normal or near normal in individuals with compensated cirrhosis. The diagnostic complexity increases when biochemical parameters are interpreted in isolation(Battle et al., 2025; Chong et al., 2025). Therefore, a multidisciplinary approach is essential for the accurate interpretation and clinical application of these biochemical markers. A central limitation in clinical practice is that most liver function tests do not directly assess the liver’s capacity to perform its physiological functions(Gabeta et al., 2025; Hall & Cash, 2012; P. Sharma, 2022). The combination of aminotransferases, which suggests hepatocellular injury, with cholestatic enzymes, which indicate bile duct injury or impaired bile flow, aids in localizing the site of hepatic injury. Synthetic markers such as albumin and prothrombin time provide more accurate assessments of the hepatic functional reserve(Giannini, 2005; McGill, 2016). Laboratory abnormalities in compensated cirrhosis may be subtle or absent, and isolated biochemical changes can delay diagnosis(Battle et al., 2025; Chong et al., 2025). Clinical interpretation must consider the limitations and contexts of the biochemical findings.
2. Methodology
This review is based on recent literature reviews, reference materials, and indexed papers from publicly available biomedical sources. The literature evaluated included biochemical parameters in cirrhosis, liver function tests, blood-based biomarkers of chronic liver disease, and non-invasive measures of fibrosis. 
3. Pathophysiology of Biochemical Abnormalities in Cirrhosis
Cirrhosis is characterized by progressive distortion of the hepatic architecture, reduction in the functional mass of hepatocytes, impairment of sinusoidal blood flow, portal hypertension, alteration in bile secretion, and systemic circulatory dysfunction(Anand, 2024; Battle et al., 2025; Iwakiri & Trebicka, 2021; B. Sharma & John, 2026). In chronic inflammation, hepatic stellate cells are activated and the extracellular matrix is deposited. This leads to fibrosis and nodular regrowth, compromising metabolic and excretory functions. As cirrhosis advances, synthetic function becomes increasingly compromised, bilirubin metabolism is altered, renal dysfunction occurs, and portal hypertension is manifested by thrombocytopenia and hyponatremia(Koyama & Brenner, 2017; Rodríguez-Negrete et al., 2024; Somnay et al., 2024; Zhang et al., 2026).Biochemical abnormalities are not observed in all phases of the illness(Kadwe et al., 2026; Vo & Trinh, 2024). In early compensated cirrhosis, the remnant hepatocyte reserve is sufficient to maintain near-normal levels of albumin, bilirubin, and coagulation factors, despite substantial fibrosis and portal hypertension. However, decompensated cirrhosis is commonly accompanied by hypoalbuminemia, prolonged INR, hyperbilirubinemia, thrombocytopenia, increased creatinine, and dilutional hyponatremia, all of which are prognostic indicators(Grüngreiff et al., 2021; A. Kumar et al., 2012; Ripoll et al., 2015).
4. Biochemical Assessments 
4.1. Aminotransferases
Aspartate Aminotransferase (AST), Alanine Aminotransferase (ALT)Aspartate aminotransferase and alanine aminotransferase are often used as indicators of hepatocellular damage, they do not directly represent hepatic synthesis or excretory capacity(Prati et al., 2002; Thakur et al., 2024). AST is also found in extrahepatic tissues, such as the skeletal muscle and heart, whereas ALT is more hepatocyte-specific. In cirrhosis, aminotransferase levels may be modestly increased and may normalize in advanced cirrhosis due to a decrease in viable hepatocyte mass. Therefore, normal AST and ALT values may not rule out the possibility of cirrhosis(Goorden et al., 2013; Kim, 2020; Nemergut & Littlewood, 2006).The AST-to-ALT ratio is generally clinically relevant. An increased AST/ALT ratio > 1 is associated with advanced fibrosis and cirrhosis, although an AST/ALT ratio of approximately 2:1 or higher can indicate alcohol-related liver disease, particularly when GGT and clinical history are considered(Liu et al., 2024; Xuan et al., 2024). Aminotransferase levels do not correlate well with the histologic severity of pre-existing cirrhosis and have minimal prognostic value in isolation. Their principal usefulness may lie in revealing active hepatocellular injury and in contributing to composite fibrosis scores such as APRI and FIB-4(Dumitrache (Păunescu) et al., 2025; Erhardtsen et al., 2021; Jin et al., 2026; Mózes et al., 2023).
4.2. Alkaline Phosphatase and Gamma-Glutamyl Transferase
Alkaline phosphatase and gamma-glutamyltransferase are markers of cholestatic injury and reduced bile flow, respectively. Alkaline phosphatase (ALP) levels can be elevated in cirrhosis, particularly in cases of biliary obstruction or cholestatic liver diseases, such as primary biliary cholangitis or primary sclerosing cholangitis. However, isolated increases in ALP levels should be interpreted with caution, as ALP is generated by bone and other tissues, and confirmation with gamma-glutamyl transferase (GGT) tests or imaging is sometimes needed(Cabrera-Abreu & Green, 2002; Ndrepepa et al., 2018; Reshetnyak & Maev, 2023; Siddique & Kowdley, 2012). GGT is a sensitive, non-specific biomarker that is elevated in cholestatic conditions and alcohol-induced liver damage. Alcohol use and biliary disease can cause increased GGT levels in cirrhosis, but they are not specific for the stage of the disease. Biochemical studies in cirrhosis have demonstrated that GGT is among the laboratory variables correlated with the severity of the disease and structural changes in the liver. Therefore, ALP and GGT should be considered instruments for pattern identification, rather than independent severity markers(Haijer et al., 2023; Lonardo & Ndrepepa, 2022; Thakur et al., 2024; Xing et al., 2022).
Serum bilirubin is an important biochemical marker of cirrhosis, reflecting hepatic uptake, conjugation, and excretion. Hyperbilirubinemia is common in patients with low functional reserve and is a key component of the Child-Turcotte-Pugh and MELD grading systems. In cirrhosis, increased bilirubin levels are usually a sign of impaired hepatocellular excretion or intrahepatic cholestasis; however, hemolysis and genetic disorders may also affect bilirubin levels and should be considered when patterns are atypical(Guerra Ruiz et al., 2021; McGill, 2016; Ndabakuranye et al., 2022; Ramírez-Mejía et al., 2024). Bilirubin possesses significant prognostic value. Elevated bilirubin levels are associated with increased decompensation, acute-on-chronic liver failure, and a higher mortality risk. Serial bilirubin measurements are generally more informative than single assessments, as fluctuations may indicate disease progression, concurrent hepatic injury, or therapeutic response(Castillo-Castañeda et al., 2024; Mathurin et al., 2003; Shinagawa et al., 2008; Zhang et al., 2026).
4.3. Albumin
Albumin is the only product of the liver and serves as a crucial marker of hepatic synthetic function(Baral, 2025; Wu et al., 2024). Hypoalbuminemia is frequent in advanced cirrhosis and is associated with low oncotic pressure, ascites, edema, increased risk of infection, and poor survival. Albumin is included in the Child-Pugh classification and albumin-bilirubin (ALBI) score, both of which are predictive(Grüngreiff et al., 2021; Khatua et al., 2025; Pompili et al., 2023; Yao et al., 2025; Zuñiga-Aguilar & Ramírez-Fernández, 2022). Albumin, which is exclusively synthesized by the liver, is of considerable clinical importance. Inflammatory states, malnutrition, renal protein loss, protein-losing enteropathy, and dilutional effects of fluid retention can all reduce serum albumin concentrations. Furthermore, recent research indicates that albumin functionality may be impaired even when total albumin levels do not reflect the extent of structural or oxidative modifications, highlighting the clinical relevance of qualitative changes in albumin(Allison & Lobo, 2024; Duvall et al., 2023; Jin et al., 2026).
4.4. Prothrombin Time and International Normalized Ratio (INR)
Most clotting factors in the extrinsic and common coagulation pathways are synthesized by the liver; prothrombin time and international normalized ratio are significant measures of hepatic synthetic function. In cirrhosis, an elevated PT/INR is often a surrogate marker of decreased synthesis of coagulation factors II, V, VII, and X and is linked to progressive illness and poor prognosis. INR is a significant part of the MELD score and is used for staging cirrhosis(Forkin et al., 2018; Kalas et al., 2021; Lv et al., 2023; Northup & Caldwell, 2013; Zermatten et al., 2020). However, PT/INR has serious interpretative restrictions. Currently, cirrhosis is recognized as a condition of rebalanced hemostasis with lower levels of procoagulant and anticoagulant substances. This led to the conclusion that INR alone is not a good predictor of the risk of spontaneous bleeding. Other conditions that can affect PT/INR include vitamin K deficiency, cholestasis, anticoagulant use, and disseminated intravascular coagulation. Therefore, PT/INR is usually considered a marker of disease severity rather than a direct measure of bleeding risk(Davis et al., 2025; Islam et al., 2022; Leonardi et al., 2017; Lisman & Porte, 2010; Singh et al., 2022).
4.5. Platelets count
Thrombocytopenia is an early and common hematological abnormality in cirrhosis. The mechanism is complex and comprises hypersplenism secondary to portal hypertension, reduced hepatic thrombopoietin production, bone marrow suppression, and increased peripheral destruction. Platelet counts decrease in parallel with the onset of portal hypertension, thus providing a useful indirect index of progressive fibrosis and portal hypertensive load(Fernández-Garibay et al., 2025; Fierro-Angulo et al., 2024; Lingas, 2023; Ramírez-Mejía et al., 2024; Scharf, 2021; Sigal et al., 2016). Platelet count is incorporated into several non-invasive fibrosis assessment models, including APRI and FIB-4. Non-invasive strategies for identifying patients at a very low risk of varices often combine hepatic stiffness measurements with platelet-based thresholds. Although platelet count alone does not predict bleeding risk, it remains valuable for detecting clinically significant portal hypertension and monitoring disease progression(Ding et al., 2021; Gotlieb et al., 2020; Ismaiel et al., 2025; Johannessen et al., 2022; Loomba & Adams, 2020; Moon et al., 2025; Surana et al., 2021). 
4.6. Serum Creatinine
Renal impairment is a key driver of outcomes in cirrhosis, as reflected by the blood creatinine component of the MELD score(P. Sharma, 2022; Thakur et al., 2024). Elevated creatinine levels can be associated with hepatorenal syndrome, acute kidney damage, renal impairment due to infections, or chronic kidney disease in patients with advanced cirrhosis(P. Sharma, 2022). Renal impairment in decompensated liver disease is a predictor of poor survival, and even small elevations in creatinine levels are clinically significant(Bittencourt, 2015; Jo et al., 2019; Popa et al., 2025; Singal et al., 2025). However, creatinine has known limitations in patients with cirrhosis. Decreased muscle mass, hepatic creatine production, increased body water, and sarcopenia may all lead to an underestimation of the extent of renal failure, as assessed by blood creatinine levels. This has led to research on alternative renal biomarkers, such as cystatin C and NGAL, which may enhance the early identification of kidney impairment and prognostic assessment in patients with cirrhosis(Appenrodt & Lammert, 2018; Ávila et al., 2025; Caregaro et al., 1994; Thongprayoon et al., 2016).
4.7. Serum - Na level
Hyponatremia is a common and clinically significant biochemical anomaly in patients with advanced cirrhosis(Gaglio et al., 2012; Reddy & Khanam, 2021). It is mostly related to severe circulatory failure, splanchnic vasodilatation, decreased effective arterial blood volume, activation of vasoconstrictive mechanisms, and non-osmotic vasopressin production, resulting in the retention of water. Hyponatremia is associated with refractory ascites, hepatic encephalopathy, hepatorenal syndrome, and increased mortality(Flores et al., 2025; Jung & Chang, 2023; Praharaj & Anand, 2022; Song et al., 2025). Serum sodium was incorporated into the MELD-Na model because of its strong prognostic value. This modification enhances the prediction of short-term mortality in patients with advanced cirrhosis compared to that of the MELD score alone. Consequently, serum sodium serves not only as an electrolyte marker but also as an indicator of severe circulatory and renal dysfunction in patients with advanced liver disease(Flores et al., 2025; Huo et al., 2008; Londoño et al., 2007; Vaa et al., 2011).
4.8. Ammonia
Portosystemic shunting leads to the accumulation of neurotoxic nitrogenous chemicals, and liver detoxification is impaired. Among these chemicals, ammonia is the most significant in the pathophysiology of hepatic encephalopathy. Elevated blood ammonia levels are related to portal hypertension and the risk of encephalopathy in cirrhosis. Ammonia measurement is technically sensitive to collection and processing settings, and ammonia levels do not correlate well with the severity of encephalopathy in all patients(Aldridge et al., 2015; Elwir & Rahimi, 2017; Morales-Galicia et al., 2025; Schindler et al., 2020). Therefore, ammonia should not be used as the sole diagnostic or exclusionary test for hepatic encephalopathy. Clinical evaluation remains essential, and ammonia measurement is most valuable as supportive evidence in the appropriate clinical context. Although ammonia is physiologically important, it has diagnostic limitations(Bellafante et al., 2023; Deutsch-Link & Moon, 2023; Louissaint & Rosenblatt, 2022).
4.9. Composite Indices and Derived Measures: Child Pugh Score
Cirrhosis prognosis classifications are based on the Child-Turcotte-Pugh score (bilirubin, serum albumin, prothrombin time/international normalized ratio, ascites, and hepatic encephalopathy). It is characterized by the simplicity and integration of biochemical and clinical factors. However, observer heterogeneity in the subjective assessment of ascites and encephalopathy may make the score less accurate than that of many current models for short-term mortality prediction(Muraleedharanpillai et al., 2025; Zhe-bin et al., 2021).
4.10. MELD, MELD-Na
The MELD (model for end-stage liver disease) score utilizes creatinine, INR, and bilirubin to determine mortality risk. The MELD-Na score adds sodium to the equation, thereby improving risk prediction. These models are widely used for transplant prioritization and are among the most proven prognostic tools for predicting cirrhosis. The drawbacks include reduced sensitivity to portal hypertension-related difficulties that arise before significant biochemical deterioration and dependence on serum creatinine, which is known to be incorrect in sarcopenic individuals(Aghazadeh et al., 2025; Kim, 2020; Leise et al., 2011).
4.11. APRI, FIB-4, ALBI score
The AST-to-Platelet Ratio Index and FIB-4 are low-cost, non-invasive assays derived from routine laboratory tests that are widely used for the diagnosis of severe fibrosis and cirrhosis, particularly in viral hepatitis and resource-limited settings. The ALBI score, based on albumin and bilirubin levels, may be an objective evaluation of hepatic functional reserve and has become increasingly important, especially for prognostic assessment. The simplicity and availability of these indices make them appealing; however, their diagnostic accuracy varies with disease etiology and clinical settings. Therefore, locally relevant cut-offs and confirmatory tests are important(Binay et al., 2026; Dong et al., 2022; Elsabaawy et al., 2025; Liguori et al., 2025).
5. Novel hematological biomarkers
The field has expanded beyond conventional liver tests to include novel blood-based biomarkers that may aid in the identification of fibrosis, portal hypertension, renal impairment, inflammation, and short-term clinical deterioration. Some cohorts have intriguing biomarkers, such as Wisteria floribunda agglutinin-positive Mac-2-binding protein, cystatin C, neutrophil gelatinase-associated lipocalin, liver-type fatty acid-binding protein, copeptin, and soluble urokinase plasminogen activator receptor(S. Sharma, 2014). Some indicators seem more relevant for the prognostication or early detection of kidney damage and acute decompensation than for the baseline diagnosis. Inflammatory indicators are becoming increasingly important in cirrhosis because of the role of bacterial translocation, systemic inflammation, and immunological dysfunction in decompensation and acute-on-chronic liver failure (AOC-LF). Infection markers and side effects have been studied, including C-reactive protein, procalcitonin, and hematologic inflammatory ratios. These latest tests are not yet widely standardized but suggest a trend toward a more comprehensive assessment of cirrhosis using biomarkers(Costa et al., 2021; Dirchwolf, 2015; Finnberg‐Kim et al., 2025; Kronsten & Shawcross, 2025; Nedunchezhian et al., 2025; Rodríguez-Negrete et al., 2024).
6. Discussion
Biochemical markers are crucial in cirrhosis as they provide additional information on hepatic injury, cholestasis, synthetic dysfunction, portal hypertension, renal impairment, and systemic disturbance(Angeli et al., 2018; Ljubuncic et al., 2000; Selimovic et al., 2021; Verzár et al., 2025). No single biochemical parameter fully captures the complexity of cirrhosis, the most informative evaluation integrates multiple markers with the clinical stage and disease etiology(Albhaisi et al., 2025; Cequera & García De León Méndez, 2014; Innes et al., 2022; Schneider et al., 2026). This review highlights the importance of composite scoring systems, such as Child-Pugh, MELD-Na, ALBI, APRI, and FIB-4, in contemporary hepatology practice, and the importance of clearly differentiating between signs of hepatocellular damage and markers of true hepatic function. AST and ALT indicate ongoing hepatocellular injury but are poor indicators of functional reserve in advanced cirrhosis(Burra et al., 2025; Giannini, 2005; P. Sharma, 2022; S. Sharma, 2014). Bilirubin, albumin, PT/INR, creatinine, sodium, and platelet count have a better correlation with prognosis as they quantify excretory failure, synthetic failure, portal hypertension, renal dysfunction, and circulatory collapse{Citation} (APASL ACLF Research Consortium (AARC) for APASL ACLF working Party. et al., 2019; Chen et al., 2025; Fang et al., 2026). It is vital to recognize the primary limitations of the investigation of biochemical parameters(P. Sharma, 2022). Albumin is influenced by malnutrition and inflammation, INR is an unreliable predictor of bleeding, creatinine underestimates renal dysfunction in sarcopenia, and ammonia does not correlate well with the severity of encephalopathy(Covre Coan, 2025; Kaji et al., 2021; Miwa et al., 2026; Verzár et al., 2025). Chemistry can be nearly normal in patients with compensated cirrhosis. Thus, without imaging, elastography, endoscopy, or validated non-invasive grading, reassuring blood findings do not preclude the presence of severe fibrosis(R. Kumar et al., 2023; S. Sharma, 2014). The most important biochemical parameters from a prognostic point of view in decompensated cirrhosis are bilirubin, albumin, INR, creatinine, and sodium, as they are components of widely used severity models and are consistently associated with mortality(Battle et al., 2025; Lu et al., 2026; Wan et al., 2020; Yao et al., 2025; Zhang et al., 2026). Platelet count and derived fibrosis indices are valuable for diagnosing portal hypertension and advanced fibrosis at earlier stages(Boccatonda et al., 2026; Ishida et al., 2020; Moon et al., 2025; Zhong et al., 2020; Zhou et al., 2026). New blood-based biomarkers may enhance risk prediction, but need additional standardization and validation before they can replace existing laboratory procedures(Cequera & García De León Méndez, 2014; Hunold et al., 2026; S. Sharma, 2014).
Conclusion
Biochemical evaluation is an essential component of the diagnosis, staging, prognostication, and monitoring of liver cirrhosis. Conventional markers such as bilirubin, albumin, prothrombin time, international normalized ratio, platelet count, creatinine, sodium, aminotransferases, alkaline phosphatase, and gamma-glutamyl transferase provide important information on hepatocellular injury, cholestasis, synthetic failure, portal hypertension, renal dysfunction, and circulatory disturbance. Their clinical value is greatest when interpreted together with disease stage, etiology, physical findings, imaging, and validated non-invasive assessments. Composite scores, including Child-Pugh, MELD, MELD-Na, APRI, FIB-4, and ALBI, provide a more structured approach to risk assessment than isolated laboratory values. Nevertheless, each biochemical marker has limitations. Aminotransferases may be normal in advanced disease, albumin may be influenced by nutrition and inflammation, INR does not directly predict bleeding risk, creatinine may underestimate renal dysfunction, and ammonia has limited diagnostic reliability when used alone. Newer biomarkers may enhance future assessment, but current clinical practice continues to depend mainly on established laboratory parameters combined with overall clinical judgment.
Limitations
This review is limited by its narrative design and reliance on previously published literature rather than primary data analysis. The methodology does not include a detailed description of database selection, search strategy, screening process, or inclusion and exclusion criteria, which limits reproducibility. The discussion focuses mainly on routinely available biochemical markers and selected emerging biomarkers, but it does not provide a quantitative comparison of diagnostic accuracy, prognostic performance, or clinical utility across different etiologies of cirrhosis. Several biochemical tests are influenced by extrahepatic factors such as inflammation, malnutrition, renal function, muscle mass, cholestasis, and concurrent illness, which may affect interpretation in clinical practice. The review also does not evaluate patient-level outcomes, treatment response, or cost-effectiveness of biomarker-based approaches. Therefore, the conclusions should be interpreted as a concise academic summary of biochemical assessment in cirrhosis rather than as a systematic or guideline-level evaluation.
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