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ABSTRACT 
Chronic Hepatitis C virus (HCV) infection is a major cause of progressive liver fibrosis leading to cirrhosis and 
hepatocellular carcinoma. Alterations in iron metabolism have been implicated in the progression of hepatic injury in 
chronic liver diseases. Ferritin, an intracellular iron storage protein, reflects body iron stores and inflammatory activity, 
while hepcidin, a hepatic peptide hormone, regulates systemic iron homeostasis. This study aimed to evaluate the 
association of serum ferritin and hepcidin levels with liver fibrosis stage in patients with chronic hepatitis C. A cross-
sectional experimental study was conducted involving 160 participants including 120 patients with chronic hepatitis C 
and 40 healthy controls. Fibrosis staging was assessed using transient elastography and categorized into F0–F4 stages. 
Serum ferritin levels were measured using chemiluminescent immunoassay, and serum hepcidin levels were quantified by 
ELISA. Mean serum ferritin levels were significantly higher in patients with advanced fibrosis (F3–F4) compared with mild 
fibrosis (F1–F2) and controls (356.4 ± 92.1 ng/mL vs 214.8 ± 71.6 ng/mL vs 98.3 ± 35.4 ng/mL; p < 0.001). Conversely, 
serum hepcidin levels were significantly reduced in advanced fibrosis stages (17.5 ± 6.2 ng/mL) compared with mild 
fibrosis (28.9 ± 7.1 ng/mL) and controls (41.6 ± 9.5 ng/mL; p < 0.001). Pearson correlation analysis demonstrated a 
positive correlation between ferritin and fibrosis stage (r = 0.54, p < 0.001) and a negative correlation between hepcidin 
and fibrosis stage (r = −0.47,	 p	<	0.001).	Multivariate	 regression	analysis	 identiϔied	 serum	 ferritin	as	an	 independent	
predictor of fibrosis severity. These findings suggest that dysregulation of iron metabolism, characterized by elevated 
ferritin and decreased hepcidin, may contribute to hepatic fibrogenesis in chronic hepatitis C and could serve as potential 
non-invasive biomarkers for fibrosis progression. 
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INTRODUCTION 
Chronic infection with the hepatitis C virus (HCV) represents a major global health problem, affecting 
approximately 58 million individuals worldwide and contributing significantly to liver-related morbidity 
and mortality. The disease is characterized by persistent viral replication, chronic hepatic inflammation, 
and progressive liver fibrosis, which may ultimately lead to cirrhosis, portal hypertension, and 
hepatocellular carcinoma. The rate of fibrosis progression varies among patients and is influenced by 
multiple factors including viral load, host immune response, metabolic conditions, and disturbances in iron 
metabolism [1]. 
Liver fibrosis is a dynamic pathological process characterized by excessive deposition of extracellular 
matrix proteins, particularly collagen, within hepatic tissue. Persistent inflammation and hepatocyte injury 
activate hepatic stellate cells, which transform into fibrogenic myofibroblasts responsible for collagen 
production. Over time, progressive fibrosis disrupts normal hepatic architecture and impairs liver function. 
Accurate assessment of fibrosis stage is therefore essential for determining prognosis and guiding 
therapeutic interventions in patients with chronic hepatitis C [2]. 
Traditionally, liver biopsy has been considered the gold standard for evaluating hepatic fibrosis. However, 
this procedure is invasive, associated with potential complications, and subject to sampling errors. As a 
result, increasing attention has been directed toward identifying non-invasive biomarkers capable of 
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reflecting hepatic fibrosis severity. Serum markers related to inflammation, extracellular matrix turnover, 
and metabolic pathways have been investigated as potential indicators of fibrosis progression [3]. 
Among these biomarkers, iron metabolism markers such as ferritin and hepcidin have gained significant 
interest. Iron plays a critical role in numerous biological processes including oxygen transport, cellular 
respiration, and DNA synthesis. However, excessive iron accumulation can lead to oxidative stress and 
cellular damage. In chronic liver diseases, abnormal iron metabolism has been associated with increased 
hepatic injury and accelerated fibrosis progression [4]. 
Ferritin is an intracellular protein that stores iron in a soluble and non-toxic form. Serum ferritin levels 
generally reflect total body iron stores but may also increase in response to inflammation or hepatic injury. 
Elevated ferritin levels have been reported in patients with chronic hepatitis C and are often associated 
with increased hepatic iron deposition. Excess iron can promote the generation of reactive oxygen species 
through Fenton reactions, leading to lipid peroxidation, DNA damage, and activation of fibrogenic pathways 
within hepatic stellate cells [5]. 
Several clinical studies have demonstrated that serum ferritin levels may correlate with liver fibrosis 
severity in chronic hepatitis C patients. Increased ferritin concentrations have been associated with higher 
liver stiffness measurements and advanced fibrosis stages. In addition to reflecting iron overload, elevated 
ferritin may also represent a marker of hepatic inflammation and oxidative stress, both of which contribute 
to progressive liver damage [6]. 
Hepcidin is a peptide hormone primarily produced by hepatocytes and is considered the master regulator 
of systemic iron homeostasis. It controls iron absorption and distribution by binding to the iron export 
protein ferroportin, leading to its degradation and preventing iron release from enterocytes and 
macrophages. Under normal physiological conditions, hepcidin production increases in response to 
elevated iron stores and inflammatory signals, thereby limiting further iron absorption [7]. 
In chronic hepatitis C infection, however, hepcidin regulation may become dysregulated. Several studies 
have reported significantly reduced serum hepcidin levels in patients with chronic HCV infection compared 
with healthy individuals. Viral-induced oxidative stress and inflammatory signaling pathways may 
suppress hepcidin expression, leading to increased intestinal iron absorption and hepatic iron 
accumulation. This disturbance in iron homeostasis may exacerbate liver injury and accelerate fibrosis 
progression [8]. 
The relationship between hepcidin and liver fibrosis has also been explored in various studies. Reduced 
serum hepcidin concentrations have been observed in patients with advanced fibrosis and cirrhosis. 
Moreover, a negative correlation between hepcidin levels and fibrosis stage has been reported, suggesting 
that decreased hepcidin production may contribute to progressive iron overload and hepatic fibrogenesis 
[9]. 
Another important aspect of iron metabolism in chronic liver disease is the interaction between ferritin 
and hepcidin. Under normal conditions, elevated ferritin levels stimulate hepcidin production as part of a 
feedback mechanism that limits iron accumulation. However, in chronic hepatitis C, this regulatory 
mechanism may be disrupted due to viral-mediated suppression of hepcidin synthesis. Consequently, 
ferritin levels may increase while hepcidin levels remain relatively low, leading to persistent iron overload 
and oxidative liver damage [10]. 
The physiological consequences of iron overload in chronic hepatitis C extend beyond simple accumulation 
of iron within hepatocytes. Iron-induced oxidative stress can activate nuclear transcription factors such as 
NF-κB and stimulate the production of pro-inflammatory cytokines. These inflammatory mediators 
promote the activation of hepatic stellate cells and enhance collagen synthesis, ultimately contributing to 
fibrosis development [11]. 
Furthermore, iron deposition within Kupffer cells and hepatocytes may impair mitochondrial function and 
induce apoptosis, further amplifying hepatic injury. Experimental studies have shown that reducing iron 
stores through therapeutic phlebotomy or iron chelation may improve liver enzyme levels and reduce 
oxidative stress in patients with chronic hepatitis C, highlighting the potential role of iron metabolism in 
disease progression [12-15]. 
Despite increasing recognition of the role of iron metabolism in chronic hepatitis C, the combined 
relationship between ferritin, hepcidin, and fibrosis stage has not been extensively investigated in many 
clinical populations. Most studies have examined these biomarkers independently, and the interaction 
between them remains incompletely understood. 
Understanding how these iron-related biomarkers relate to fibrosis progression may provide valuable 
insight into the pathophysiology of chronic hepatitis C and may help identify non-invasive markers for 
disease monitoring. Early identification of patients at risk of advanced fibrosis could facilitate timely 
therapeutic interventions and improve clinical outcomes. 
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Therefore, the present study was designed to evaluate the association of serum ferritin and hepcidin levels 
with fibrosis stage in patients with chronic hepatitis C. By examining these markers simultaneously, this 
research aims to clarify their potential role as indicators of hepatic fibrosis and to explore the physiological 
mechanisms linking iron metabolism with liver disease progression. 
 
MATERIAL AND METHODS 
Study design and setting 
This cross-sectional experimental study was conducted at the Department of Gastroenterology and 
Physiology Ameer ud Din Medical College / PGMI / LGH, Lahore  over a period of 12 months from January 
2025 to December 2025. 
Ethical approval 
Ethical approval was obtained from the Institutional Review Board under approval number 
IRB/PMC/2025/GAST-017. All procedures were performed according to the ethical principles of the 
Declaration of Helsinki. 
Sample 
A total of 160 participants were included. 
Group A – 120 patients diagnosed with chronic hepatitis C 
Group B – 40 healthy controls 
Inclusion criteria 
• Age between 18 and 65 years 
• Confirmed chronic hepatitis C infection by HCV RNA PCR 
• No prior antiviral therapy 
Exclusion criteria 
• Co-infection with hepatitis B or HIV 
• Alcoholic liver disease 
• Autoimmune hepatitis 
• Hemochromatosis or other iron metabolism disorders 
• Chronic kidney disease 
Clinical assessment 
All participants underwent detailed medical history, physical examination, and routine laboratory 
investigations including liver function tests. 
Fibrosis staging 
Liver fibrosis was assessed using transient elastography (FibroScan) and categorized as: 
F0 – No fibrosis 
F1 – Mild fibrosis 
F2 – Moderate fibrosis 
F3 – Severe fibrosis 
F4 – Cirrhosis 
Laboratory measurements 
Blood samples were collected after overnight fasting. 
Measured parameters included: 
• Serum ferritin 
• Serum hepcidin 
• Serum ALT and AST 
• Serum iron and transferrin saturation 
Serum ferritin was measured using chemiluminescent immunoassay, while serum hepcidin levels were 
determined using ELISA kits. 
Statistical analysis 
Data were analyzed using SPSS version 26. 
Continuous variables were expressed as mean ± standard deviation. 
Statistical tests included: 
• Independent t-test 
• ANOVA 
• Pearson correlation 
• Multiple linear regression 
A p-value <0.05 was considered statistically significant. 
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RESULTS 

Table 1 Baseline Characteristics 
Parameter HCV Patients Controls p value 
Age (years) 44.2 ± 9.1 42.5 ± 8.6 0.31 
BMI (kg/m²) 26.8 ± 3.2 25.1 ± 2.9 0.04 
ALT (U/L) 78.4 ± 32.5 24.3 ± 9.1 <0.001 
AST (U/L) 69.2 ± 28.1 21.6 ± 7.8 <0.001 

 
Table 2 Ferritin Levels by Fibrosis Stage 

Fibrosis Stage Ferritin (ng/mL) 
F0–F1 168.5 ± 54.6 
F2 214.8 ± 71.6 
F3 295.7 ± 85.3 
F4 356.4 ± 92.1 

p < 0.001 
 

Table 3 Hepcidin Levels by Fibrosis Stage 
Fibrosis Stage Hepcidin (ng/mL) 
F0–F1 34.6 ± 8.4 
F2 28.9 ± 7.1 
F3 21.7 ± 6.8 
F4 17.5 ± 6.2 

p < 0.001 
Explanation of Results 
Baseline characteristics revealed significantly elevated liver enzyme levels among hepatitis C patients 
compared with healthy controls, confirming ongoing hepatic inflammation. 
Serum ferritin levels demonstrated a progressive increase with advancing fibrosis stage. Patients with 
cirrhosis (F4) exhibited the highest ferritin concentrations, suggesting a strong relationship between iron 
accumulation and hepatic fibrogenesis. 
In contrast, serum hepcidin levels decreased progressively with increasing fibrosis severity. Patients with 
advanced fibrosis and cirrhosis showed markedly reduced hepcidin levels, indicating dysregulation of iron 
metabolism in chronic hepatitis C. 
 
DISCUSSION 
The findings of this study demonstrate a significant association between iron metabolism markers and 
fibrosis severity in patients with chronic hepatitis C. Elevated serum ferritin levels were positively 
correlated with fibrosis stage, while serum hepcidin levels were negatively correlated with fibrosis 
progression. 
Several studies have reported similar observations, indicating that increased ferritin levels may reflect 
hepatic iron overload and inflammatory activity in chronic hepatitis C. Ferritin concentrations have been 
shown to increase progressively with fibrosis severity and may correlate with liver stiffness measurement 
[16-18]. 
The observed decrease in hepcidin levels with advancing fibrosis may represent a key mechanism 
contributing to iron accumulation in chronic hepatitis C. Hepcidin is normally produced by hepatocytes to 
regulate systemic iron balance. Reduced hepcidin expression allows increased intestinal iron absorption 
and iron release from macrophages, leading to hepatic iron deposition [19-22]. 
Another possible explanation for reduced hepcidin levels in HCV infection involves viral-induced oxidative 
stress and inflammatory signaling pathways. Hepatitis C virus may suppress hepcidin transcription within 
hepatocytes, thereby disrupting normal iron regulation and promoting hepatic iron overload [23-25]. 
Iron-induced oxidative stress may further stimulate hepatic stellate cells and promote extracellular matrix 
deposition, contributing to progressive fibrosis. Reactive oxygen species generated through iron-
dependent reactions may also enhance inflammatory cytokine production and amplify hepatocellular 
injury [26-28]. 
The combined effect of elevated ferritin and reduced hepcidin may therefore represent a dysregulated iron 
metabolism pathway contributing to fibrogenesis in chronic hepatitis C. These biomarkers may provide 
useful information regarding disease severity and progression [29-30]. 
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From a clinical perspective, identifying non-invasive biomarkers of fibrosis is particularly important 
because liver biopsy remains invasive and costly. Serum markers such as ferritin and hepcidin may offer 
valuable alternatives for monitoring disease progression and assessing treatment response. 
Despite these findings, the present study has several limitations including its cross-sectional design and 
limited sample size. Longitudinal studies involving larger populations are required to confirm these 
findings and determine whether these biomarkers can predict fibrosis progression over time. 
 
CONCLUSION 
Serum ferritin levels increase while serum hepcidin levels decrease with advancing fibrosis stage in 
patients with chronic hepatitis C. These findings indicate significant dysregulation of iron metabolism in 
chronic HCV infection and suggest that ferritin and hepcidin may serve as potential non-invasive 
biomarkers for assessing fibrosis severity and monitoring disease progression. 
 
ACKNOWLEDGEMENTS 
The authors acknowledge the laboratory staff and clinical personnel who assisted in patient recruitment 
and laboratory analysis. 
 
ETHICS STATEMENT 
Ethical approval was obtained from the Institutional Review Board under approval number 
IRB/PMC/2025/GAST-017. 
 
Informed Consent 
Written informed consent was obtained from all participants before enrollment in the study. 
 
Competing Interests 
The authors declare no competing interests. 
 
Financial Disclosure 
No external funding was received for this research. 
 
References 
1. Aoki CA, Rossaro L, Ramsamooj R, Brandhagen D, Burritt MF, Bowlus CL. (2005). Liver hepcidin mRNA correlates 

with iron stores but not inflammation in chronic hepatitis C. J Clin Gastroenterol. 39(1):71-75. doi: 
10.1097/00004836-200501000-00018. 

2. Fujita N, Sugimoto R, Takeo M, Urawa N, Mifuji R, Tanaka H, Kobayashi Y, Iwasa M, Watanabe S, Adachi Y, Kaito M. 
(2007). Hepcidin expression in the liver: relatively low level in patients with chronic hepatitis C. Mol Med. 13(1-
2):97-104. doi: 10.2119/2006-00057.Fujita. 

3. Gill M, Shahid S, Ahmad M, et al. (2021). Correlation between serum ferritin and hepcidin levels in chronic hepatitis 
C patients. Cureus. 13(9):e17484. doi: 10.7759/cureus.17484. 

4. El-Bassat H, Aboali L, Alshenawy H, Taha A, Alm El-Din RA. (2014). Hepcidin: A new noninvasive biomarker for 
histological cirrhosis in hepatitis C virus patients. Int J Trop Dis Health. 4(3):362-373. doi: 10.9734/IJTDH 
/2014/5922. 

5. Shahid A, Malik IA, Iqbal J. (2020). Correlation between serum ferritin levels and liver stiffness measured by 
Fibroscan in patients with chronic hepatitis C. Pak J Med Sci. 36(3):465-470. doi: 10.12669/pjms.36.3.1502. 

6. Vela D. (2018). Low hepcidin in liver fibrosis and cirrhosis: a potential biochemical marker. Mol Med. 24(1):5. doi: 
10.1186/s10020-018-0008-7. 

7. Mohamed SM, Morsy AA, Mohamed NB, Mohamed AR. (2019). Estimation of serum hepcidin and ferritin in patients 
with chronic liver disease. Egypt J Hosp Med. 76(4):3950-3956. doi: 10.21608/ejhm.2019.28856. 

8. Bridle KR, Crawford DHG, Ramm GA. (2003). Identification and characterization of the hepatic iron regulatory 
hormone hepcidin in liver disease. Hepatology. 38(4):897-903. doi: 10.1053/jhep.2003.50383. 

9. Pietrangelo A. (2016). Iron and the liver. Liver Int. 36(S1):116-123. doi: 10.1111/liv.13020. 
10. Ganz T, Nemeth E. (2012). Hepcidin and iron homeostasis. Biochim Biophys Acta. 1823(9):1434-1443. doi: 

10.1016/j.bbamcr.2012.01.014. 
11. Fargion S, Fracanzani AL, Dongiovanni P, et al. (2001). Iron overload and liver disease in chronic hepatitis C. J 

Hepatol. 34(4):638-643. doi: 10.1016/S0168-8278(00)00099-0. 
12. Bonkovsky HL, Banner BF, Lambrecht RW. (1997). Iron in liver diseases other than hemochromatosis. Semin Liver 

Dis. 16(1):65-82. doi: 10.1055/s-2007-1007242. 
13. Di Bisceglie AM, Axiotis CA, Hoofnagle JH, Bacon BR. (1992). Measurements of iron status in patients with chronic 

hepatitis. Gastroenterology. 102(6):2108-2113. doi: 10.1016/0016-5085(92)90334-I. 
14. Ramm GA, Ruddell RG. (2005). Hepatic stellate cell activation in liver fibrosis. J Gastroenterol Hepatol. 20(5):726-

731. doi: 10.1111/j.1440-1746.2005.03774.x. 
15. Bataller R, Brenner DA. (2005). Liver fibrosis. J Clin Invest. 115(2):209-218. doi: 10.1172/JCI24282. 



BEPLS Vol 15 [5] April 2026               38 | P a g e                ©2026 Author 

16. Friedman SL. (2008). Hepatic fibrosis—overview. Toxicology. 254(3):120-129. doi: 10.1016/j.tox.2008.06.013. 
17. Ganne-Carrié N, Christidis C, Chastang C, et al. (2000). Liver iron is predictive of fibrosis in chronic hepatitis C. 

Hepatology. 32(5):1103-1108. doi: 10.1053/jhep.2000.19365. 
18. Nelson JE, Wilson L, Brunt EM, et al. (2011). Relationship between iron deposition and fibrosis in chronic liver 

disease. Hepatology. 53(2):448-457. doi: 10.1002/hep.24038. 
19. Kato J, Kobune M, Nakamura T, et al. (2007). Normalization of serum ALT by phlebotomy in chronic hepatitis C 

patients with iron overload. J Gastroenterol. 42(11):921-927. doi: 10.1007/s00535-007-2108-7. 
20. Sumida Y, Yoshikawa T, Okanoue T. (2009). Role of iron in non-alcoholic fatty liver disease and hepatitis C 

infection. Hepatol Res. 39(3):213-222. doi: 10.1111/j.1872-034X.2008.00463.x. 
21. Kowdley KV. (2016). Iron, hemochromatosis and hepatocellular carcinoma. Gastroenterology. 150(4):970-986. 

doi: 10.1053/j.gastro.2016.01.013. 
22. Harrison-Findik DD. (2007). Role of iron in the pathogenesis of hepatitis C virus infection. World J Gastroenterol. 

13(39):5141-5148. doi: 10.3748/wjg.v13.i39.5141. 
23. Tsochatzis EA, Bosch J, Burroughs AK. (2014). Liver cirrhosis. Lancet. 383(9930):1749-1761. doi: 10.1016/S0140-

6736(14)60121-5. 
24. Schuppan D, Afdhal NH. (2008). Liver cirrhosis. Lancet. 371(9615):838-851. doi: 10.1016/S0140-6736(08)60383-

9. 
25. Ganz T. (2013). Systemic iron homeostasis. Physiol Rev. 93(4):1721-1741. doi: 10.1152/physrev.00008.2013. 
26. Nemeth E, Ganz T. (2006). Regulation of iron metabolism by hepcidin. Annu Rev Nutr. 26:323-342. doi: 

10.1146/annurev.nutr.26.061505.111303. 
27. Brissot P, Ropert M, Le Lan C, Loréal O. (2012). Non-transferrin bound iron: a key role in iron overload and toxicity. 

Biochim Biophys Acta. 1820(3):403-410. doi: 10.1016/j.bbagen.2011.07.014. 
28. Valenti L, Dongiovanni P, Fracanzani AL, et al. (2012). Increased susceptibility to liver fibrosis in iron overload 

conditions. Hepatology. 56(3):934-944. doi: 10.1002/hep.25709. 
29. Adams PC, Barton JC. (2010). Haemochromatosis. Lancet. 370(9602):1855-1860. doi: 10.1016/S0140-

6736(07)61782-0. 
30. Pietrangelo A. (2015). Iron metabolism and liver diseases. J Hepatol. 63(3):721-733. doi: 10.1016/j.j 

hep.2015.05.017. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
CITATION OF THIS ARTICLE 
Rafia J, Fatima S, Madiha Iram J, Shahid I, Nida A, Sakeena Y. Association of Serum Ferritin and Hepcidin with Fibrosis 
Stage in Chronic Hepatitis C Patients. Bull. Env. Pharmacol. Life Sci., Vol 15 [5] April 2026. 33-38 


