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ABSTRACT 

Background: Patients with chronic hepatitis C (CHC) often have increased liver iron, a condition associated with 

more rapid progression to cirrhosis. Hepcidin decrease is a possible pathophysiological mechanism of iron overload 

in these patients. 

Objective: The aim of the present work was to assess serum hepcidin in patients with chronic hepatitis C as an iron-

regulating hormone. 

Patients and Methods:  This study included 45 patients with CHC as patients group and 15 healthy individuals who 

served as a control group. All were subjected to full history taking, clinical examination, pelvi-abdominal ultrasound, 

laboratory investigations such as liver function tests, kidney function tests, complete blood count, prothrombin time, 

INR, C-reactive protein, serum iron, ferritin, transferring saturation and serum hepcidin level by ELISA. 

Results: Serum hepcidin (ng/ml) was highly significantly lower in CHC patients than in controls. Serum iron (µg/dl), 

serum ferritin (µg/l) and serum transferrin saturation (%) were significantly higher in CHC patients than in controls. 

Conclusion: Hepcidin levels in patients with CHC were significantly lower than that in HCV‑ negative individuals. 

It is an important factor in iron abnormalities and is detected in such cases in which serum iron levels, serum ferritin 

and transferrin saturation were significantly high in CHC patients compared to HCV‑ negative healthy individuals. 

The suppression of this hormone by hepatitis C virus is likely an important factor in liver iron accumulation. 
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INTRODUCTION 

Globally, an estimated 71 million people have 

chronic hepatitis C virus infection. Hepatitis C virus 

causes both acute and chronic infection. New HCV 

infections are usually asymptomatic. Around 30% (15–

45%) of infected persons spontaneously clear the virus 

within 6 months of infection without any treatment. The 

remaining 70% (55–85%) of persons will develop 

chronic HCV infection. Of those with chronic HCV 

infection, the risk of cirrhosis ranges between 15% and 

30% within 20 years (1). CHC patients frequently 

develop mild to moderate iron overload. Many 

experimental and clinical studies suggested that 

excessive iron in CHC is a cofactor promoting the 

progression of liver damage (2). With the discovery of 

hepcidin, the liver has emerged as the central organ in 

the regulation of systemic iron homeostasis (3). Hepcidin 

is 25-amino acid peptide hormone primarily 

synthesized by hepatocytes. Hepcidin expression is 

modulated by iron stores. Hepcidin expression is also 

induced by inflammation, infection and suppressed by 

hypoxia and anaemia (4, 5). Each part of iron metabolism 

including absorption, restoration, recycling and 

utilization is regulated by hepcidin and any 

abnormalities in the process of iron metabolism may 

lead to excessive iron burden. In chronic hepatitis C 

patients, excessive iron deposition has been found in  

 

both hepatocytes and reticuloendothelial cells although 

the mechanism is not fully clarified (6). Iron is toxic to 

liver leading to ROS (reactive oxygen species) 

production and progression of liver disease (7). Some 

previous studies aimed to detect serum hepcidin level in 

different causes of liver diseases and their results need  

 

further validation (8). In our study, we tried to detect 

serum hepcidin level using ELISA technique in 

different stages of chronic HCV-induced liver disease. 

 

PATIENTS AND METHODS: 
This study was conducted on 60 participants. 

These participants were classified into two main 

groups; control group of healthy individuals and 

patients group .Control group included 15 healthy 

individuals of matched age and sex. In control group, 8 

(53.3%) were males & 7 (46.7%) were females. Their 

ages ranged from 18 to 57 years, with a mean age of 

36.20 ± 11.68 years old. Patients group was subdivided 

into 3 subgroups according to modified Child Pugh 

classification. These subgroups were A, B and C and 

included 45 patients with CHC. In patients group, 21 

(48.9%) were males & 24 (51.1%) were females. Their 

ages ranged from 19 to 57 years, with a mean age of 

40.77 ± 10.91 years old.  
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Ethical approval: 

 Approval from the Local Research Ethical 

Committee 0f Zagazig University was obtained. 

Informed consent from each patient was obtained 

before enrolment in the study.  

  

Exclusion criteria 
 Associated hepatitis B virus infection, α1 

antitrypsin deficiency, Wilson’s disease, 

haemochromatosis, alcoholic liver disease, 

autoimmune hepatitis, associated HCC, acute 

inflammatory disorder, previous treatment with 

antiviral agents, associated HIV infection and CKD.  

 

All patients were subjected to the following:  
Full history taking, full clinical examination, pelvi-

abdominal ultrasound, routine laboratory investigations 

such as liver function tests, kidney function tests, 

complete blood count, prothrombin time, INR,C-

reactive protein, serum iron, serum ferritin, transferring 

saturation and serum hepcidin level by ELISA. Serum 

iron (µg/dl) was evaluated using Iron Ferro Zine 

Colorimetric method. Serum ferritin (ng/ml) was 

evaluated using Abcam’s ferritin competitive human 

in‑ vitro ELISA kit. 

 

Statistical analysis 
Recorded data were analyzed using the statistical 

package for social sciences, version 20.0 (SPSS Inc., 

Chicago, Illinois, USA). Quantitative data were expressed 

as mean± standard deviation (SD). Qualitative data were 

expressed as frequency and percentage. Independent-

samples t-test of significance was used when comparing 

between two means. Chi-square (x2) test of significance 

was used in order to compare proportions between two 

qualitative parameters. The confidence interval was set 

to 95% and the margin of error accepted was set to 5%. 

The p-value was considered significant as the 

following: P-value <0.05 was considered significant.  

 P-value <0.001 was considered as highly 

significant.  

 P-value >0.05 was considered insignificant. 

 

RESULTS 
Serum hepcidin (ng/ml) was detected in both main 

groups. There was a highly significant decrease in CHC 

patients when compared to healthy controls, with a 

mean of 49.3 ± 13.4 and 102.6 ± 10.6, respectively (P < 

0.001) as shown in Table (1). 

 

Table (1): Comparison between the studied groups regarding serum hepcidin (ng/ml) 

Item Controls (n= 15) Patients (n=45) t- P 

Serum hepcidin (ng/ml): 

Mean ± SD 102.6 ± 10.6 49.3 ± 11.4 13.966 0.001(S) 

 

 

Fig. (1): Comparison of serum hepcidin (ng/ml) between the studied groups 

 

Serum hepcidin (ng/ml) in CHC patients’ subgroups was 45.1 ± 3.6 in group A, 66.5 ± 5.7 in group B and 

36.4 ± 2.7 in group C as shown in Figure (1). 

As regards serum iron (µg/dl) in both groups, there was a highly significant increase in CHC patients when compared 

to healthy control, with a mean of 119.7± 9.9 and 95.9 ± 4.9 respectively (P < 0.001) as shown in Table (2). 
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Table (2): Comparison between the studied groups about serum iron ( mcg/dl) 

Item Controls (n=15) Patients  (n=45) t-  P 

Serum iron (mcg/dl): 
Mean ± SD 95.9 ± 4.9 119.7±9.9 -8.924 0.001(S) 

As regards serum iron (µg/dl) in CHC patients’ subgroups, group A was 117 ± 4.5, group B was 110.4 ± 2.7 and 

group C was 131.7 ± 4.9 as shown in Figure (2). 

 

Fig. (2): Comparison of serum iron (mcg/dl) between the studied groups 

 

As regards serum ferritin (µg /l) in both groups, there was a highly significant increase in CHC patients 

when compared to healthy controls, with a mean of 134.4 ± 17 and 85.3 ± 12.2 respectively (P < 0.001) as shown in 

Table (3). 

 

Table (3): Comparing between the studied groups regarding ferritin 

Item  Control (n=15) Patients  (n=45) t-  P 

Ferritin (µg/l): 

Mean ± SD 

 

85.3 ± 12.2 

 

134.4 ± 17 

 

-10.252 

 

0.001(S) 

Serum Transferrin saturation (%) was significantly higher in CHC patients than in controls, with a mean of 32.5 ± 

3.7 and 27.7 ± 1.5 respectively (P < 0.001). 

As regards hepcidin/ferritin ratio, we found that there was a high statistically significant difference between CHC 

patients and healthy controls, as it was lower in CHC group (0.031 ± 0.008 and 0.161 ± 0.041 respectively) as shown 

in Table (4). 

 

Table (4): Hepcidin/ferritin ratio of the studied groups.  

Item  Controls(n=15) Patients (n=45) t- P 

Hepcidin/ferritin ratio 

Mean ± SD 0.161 ± 0.041 0.031 ± 0.008 

 

71.32 

 

0.001(S) 

 

DISCUSSION 

Hepatitis C virus causes both acute and chronic 

infection. New HCV infections are usually 

asymptomatic. Around 30% (15–45%) of infected 

persons spontaneously clear the virus within 6 months 

of infection without any treatment. The remaining 70% 

(55–85%) of persons will develop chronic HCV 

infection. Of those with chronic HCV infection, the risk 

of cirrhosis ranges between 15% and 30% within 20 

years (1). The liver is the major iron storage organ in the 

body. Chronic hepatitis C is one of the liver diseases 

that show excess hepatic iron accumulation (9). Elevated 

iron-related serum markers and increased hepatic iron 

accumulation are relatively common and correlate with 

the severity of hepatic inflammation and fibrosis in 

patients with chronic hepatitis C. Oxidative stress and 

increased iron levels strongly favor DNA damage, 

genetic instability, and tumorgenesis (10). The 

mechanisms underlying hepatic iron accumulation in 

chronic hepatitis C infection have not been fully 

understood. The hepatic peptide hormone hepcidin is 

the major regulator of iron metabolism and reduction of 

the hepcidin transcription activity by hepatitis C virus 
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(HCV)-induced reactive oxygen species may account 

for that (11). 

The regulation of hepcidin is very complex and 

may depend on many variables, including the particular 

stage of the systemic and/or hepatic inflammatory 

conditions and the circulating transferrin-bound iron 

and intracellular iron stores. This might explain the 

variations in hepatic iron concentrations reported 

among patients with HCV-related chronic liver disease 
(12). Animal and cellular models have suggested that 

HCV infection may directly modulate hepcidin 

expression. HCV-induced reactive oxygen species 

(ROS) have been shown to raise iron level by reducing 

hepcidin transcription in animals (13). Hepcidin has a 

central role in iron homoeostasis, as it decreases iron 

release from macrophages and iron absorption from 

intestinal enterocytes. Its correlation to CHC, hepatic 

iron load and fibrosis is controversial between different 

studies (14). 

In control group, there were 8 (53.3%) males & 7 

(46.7%) females. Their ages ranged from 18 to 57 years, 

with a mean age of 36.20 ± 11.68 years old. Patients’ 

group was subdivided into 3 subgroups according to 

modified Child Pugh classification. These subgroups 

(A, B and C) included 45 patients with CHC. In 

patients’ group 21 (48.9%) were males & 24 (51.1%) 

were females. Their ages ranged from 19 to 57 years, 

with a mean age of 40.77 ± 10.91 years old. There was 

no significant difference between the two groups as 

regards age and sex, indicating no bias in this study. 

However, there was a statistically significant difference 

between the studied groups as regards laboratory 

findings (P < 0.05). 

In our study, the mean age in control group was 

34.6 ±1 0.3 and in CHC patients as follow: A group was 

45.6 ± 13.3, B group was 54.5 ± 10.7 and C group was 

59.1 ± 9.5. There was no statistically significant 

difference between the two main groups. Statistically 

significant difference was detected between patients’ 

subgroups (Group B Vs C) as p value was < 0.05.  

In our study, there was a statistically significant 

difference (P > 0.05) between the studied groups as 

regards alanine aminotransferase (ALT) and aspartate 

aminotransferase (AST) with a mean of 64 ± 15 and 

67.57 ± 15.5, respectively, in CHC patients’ group 

versus 29.8 ± 4.3 and 25.9 ± 6.5 in control group. This 

is in agreement with the findings of Marzouk et al. (15). 

In our study, there was a high statistically 

significant difference between groups regarding blood 

picture (P-value < 0.05) and no statistically significant 

difference was detected between patients’ subgroups 

(Group B Vs. C).  

Our study revealed that there was a high 

statistically significant difference between groups 

regarding serum Bilirubin (mg/l) with a mean of 1 ± 0.2 

in control group and in CHC patients group with a mean 

of 1 ± 0.6 in A, 2 ± 0.8 in B and 4.95 ± 0.5 in C. 

In the current study, there was a high statistically 

significant difference between groups regarding serum 

Albumin (gm/l) levels with a mean of 4.2 ± 0.5 in 

control group and in CHC patients group with a mean 

of 4.3 ± 0.42 in A, 3.1 ± 0.5 in B and 2.3 ± 0.9 in C. 

In the present work, there is a high statistically 

significant difference between groups regarding serum 

creatinine (mg/dl) levels with a mean of 0.9 ± 0.5 in 

control group and in CHC patients group with a mean 

of 0.951 ± 0.4 in A, 1.1 ± 0.43 in B and 1.9 ± 1.4 in C. 

Our study revealed that there was a high 

statistically significant difference between groups 

regarding serum urea (mg/dl) levels with a mean of 30 

± 9 in control group and in cases group with a mean of 

23.9 ± 7.8 in A, 45.3 ± 15.5 in B and 104.1 ± 70.2 in C. 

Our study revealed that there was a high 

statistically significant difference between groups 

regarding coagulation profile (PT) with a mean of 12 ± 

1.2 in control group and in CHC patients’ group with a 

mean of 14.5 ± 1.5 in A, 19.9 ± 1.9 in B and 25 ± 4.9 in 

C. 

Our study revealed that CHC patients have highly 

significantly lower hepcidin (ng/ml) concentrations 

than those of matched control. Mean serum hepcidin in 

control group was 102.6 ± 10.6 and in patients group 

was 49.3 ± 13.4. There was a high statistically 

significant difference between the studied groups being 

higher in the control group. This is in agreement with 

the findings of Nishina et al. (13), Nagashima et al. (16), 

Fujita et al. (17) and Girelli et al (18) who stated that 

serum hepcidin was significantly lower in CHC patients 

than in controls. They attributed this to the suppressive 

effect of ROS, which is induced by HCV on hepcidin 

production. However, our study is not in agreement 

with the findings of Wrighting and Andrews (19) and 

Trinder et al. (20) who attributed that to the upregulation 

of hepcidin production by proinflammatory cytokines, 

particularly interleukin‑ 6 that counteracts ROS-

induced hepcidin suppression. 

Our study revealed that serum hepcidin level in 

B group w2as 66.5 ± 5.7 and this is higher than patients 

in A and C while slightly lower than control level. This 

is in agreement with Tsochatzis et al (21) who had a 

midway view seeing that HCV infection down regulates 

serum hepcidin, whereas increased inflammation and/or 

fibrosis tend to restore its levels. 

Our study revealed that the mean serum iron 

(mcg/dl) was statistically significantly higher in CHC 

patients’ group than those of matched controls were. In 

control group, it was 95.9 ± 4.9 and in patients’ group 

was 119.7 ± 9.9 (in A group 117 ± 4.5, in B group 110.4 

± 2.7 and in C group 131.7 ± 4.9). There is a high 

statistically significant difference between the two 

groups. This is in agreement with El Wakil et al (22) who 

found that serum iron levels were higher in the CHC 

group than in the control group, however there was no 

statistically significant difference between the two 

studied groups. This is in disagreement with Marzouk 

et al (15) who found a highly statistically significant 

difference between the studied groups, as it was lower 

in the CHC group than in the control group. 
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Our study revealed that CHC patients had high 

significantly higher ferritin (µg/l) concentrations than 

those of matched controls. In control group, it was 85.3 

± 12.2 and in patients’ group was 134.4 ± 17 (A group 

117.4 ± 10.72, in B group 135.6 ± 9.5 and in C group 

151.4 ± 10.8). There was a high statistically significant 

difference between the two groups (P-value < 0.05). 

This is in agreement with Fujita et al. (17) who found 

that serum ferritin was significantly higher in the CHC 

group than in the control group. In addition, Sugimoto 

et al. (23) found that serum ferritin was significantly 

higher in the CHC group than in the control group (P < 

0.001). El Wakil et al. (22) found that serum ferritin was 

significantly higher in the CHC group than in the 

control group (P < 0.05) and Marzouk et al. (15) found 

that serum ferritin was significantly higher in the CHC 

group than in the control group (P < 0.001). 

Our study revealed that the mean transferrin 

saturation (%) is higher in CHC patients group than 

those of matched controls. In control group, it was 27.7 

± 1.5 and in patients group, it was 32.5 ± 3.7 (in A group 

32.6 ± 1.7 in B group 28.4 ± 1.4 and in C group 36.5 ± 

1.8). There was a high statistically significant difference 

between the two main groups (P-value < 0.05). This is 

in agreement with the findings of Fujita et al. (17), 

Sugimoto et al. ( 23) and Aoki et al.  (24) who found no 

statistically significant relation between serum hepcidin 

level and the severity of inflammatory activity (P > 

0.05). 

 

CONCLUSION 

 Hepcidin levels (ng/ml) in patients with CHC 

were significantly lower than that in HCV‑ negative 

individuals. It is an important factor in iron 

abnormalities and is detected in such cases in which 

serum iron (µg/dl) levels, serum ferritin (µg /l) and 

Transferrin saturation % were significantly high in 

CHC patients compared to HCV‑ negative healthy 

individuals. Hepcidin regulation by iron stores is 

maintained in CHC, the suppression of this hormone by 

hepatitis C virus is likely an important factor in liver 

iron accumulation in this condition. 

 

RECOMMENDATION 

1) Large-scale studies for Hepcidin and iron are 

needed in different etiologies of chronic liver 

disease. 

2) Further studies that depend on much more accurate 

methods for detection of Hepcidin level in chronic 

liver disease. 
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