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ABSTRACT
Background: Hepatitis C virus affect iron metabolism leading to iron overload which associated with liver
damage.
Aim: estimation of the level of serum hepcidin and ferritin in chronic hepatitis C, cirrhosis and hepatocellular
carcinoma on top of hepatitis C.
Methods: this study was conducted on 60 Egyptian patients (study group); Group I comprise 20 patients with
chronic HCV infection, Group II comprise 20 patients with HCV cirrhosis, Group III comprise 20 patients with
HCC due to HCV infection, and also, control group comprise 20 apparently healthy individuals. All patients
and control were subjected to history taking, clinical examination, abdominal ultrasound, computed tomography
on abdomen. Laboratory investigations include complete blood picture, renal function tests, liver function tests,
and viral hepatitis marker. Antinuclear antibody, Alpha-fetoprotein, serum iron, serum ferritin and serum
hepcidin.
Results: There was highly significant decreased in S. iron level in group I, II and III in comparison to control
group (p=0.000). There was highly significant increase in S. Ferritin level in group II and group III in
comparison to control group and in group III in comparison to group I. Also, there was significant increase in
S. Ferritin level in group II in comparison to group I. There was highly significant decrease in S. hepcidin level
in group II and group III in comparison to control group, in group II and group III in comparison to group I and
in group III in comparison to group II. S. Hepcidin has highly significant negative correlation with S. ferritin in
group I, II and III.
Conclusion: Low levels of serum iron, ferritin and hepcidine were observed in HCV cirrhotic and HCC
compared to control group.
Keywords: HCV, cirrhosis, serum iron, serum ferritin, serum hepcidin.
INTRODUCTION
Hepatitis C virus infection is a major global
health challenge, it is estimated that more than 80
million people are chronically infected worldwide,
with 3-4 million new infection and 350,000 death
occurring each year because of HCV related
complications(1).
The Egypt Demographic and Health
Surveys (EDHS) measured antibody prevalence
among the adult populations aged 15-59 years at
14.7% in 2009 (2) and 10.0 % in 2015(3).
Hepatitis C virus remains the leading cause
of chronic liver disease, accounting for 50% to 70%
of primary liver cancers (4). The incidence of chronic
liver disease is increasing (5).
Hepatocellular carcinoma (HCC), the most
common primary liver represents cancer, the sixth
most common cancer worldwide, which results in
the third cause of death from cancer per year (6).
Egypt has rising rates of HCC (7).
Hepcidin is acysteine – rich circulating
bioactive peptide that is predominantly secreted
from the liver and excreted in the urine (8). It also

cause a release of iron by macrophages and
hepatocytes (9).
Hepcidin controls plasma iron concentration
and tissue distribution of iron. It inhibits intestinal
iron absorption by enterocytes in the duodenum
through its binding to ferroportin and inducing its
internalization and degradation (10). Theses
mechanisms result in decrease of serum iron
concentration and increased intracellular iron
content (11). The liver is the main iron storage organ
a third of the body's total iron is deposited in
hepatocyte, in the portal tracts, sinusoidal
mesenchymal cells and reticuloendothelial cells (12).
It also plays a fundamental role in iron metabolism,
as both transferrin (the main transporting protein)
and ferritin (the major storage protein) are
synthesized here (13).
AIM OF THE WORK
Estimation of the level of serum hepcidin and
ferritin in chronic hepatitis C, cirrhosis and
hepatocellular carcinoma on top of hepatitis C.
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flapping tremors, foetorhepaticus, confusion &
personality changes).
Laboratory investigations
All study groups were subjected to the
following; complete blood count (CBC),
prothrombin time (PT) and internationl Normalized
Ratio (INR). Liver Function testes including:
Asparate amino transferase (AST), Alanine amino
transferase (ALT), Alkaline Phosphatase (ALP),
serum bilirubin, and serum albumin. Kidney
function testes including seum urea and creatinin.
Assay of Alpha feto-protein (AFP) and Antinuclear
–antibody (ANA). Assay of serum iron and ferritin
using Enzym Linked Immuno Assay (ELISA).
Assay of serum hepcidin using fully automated
photometric analyzer Cobas C3 11.
Imaging: all study groups were subjected to
ultrasonography and triphasic CT on the abdomen.

PATIENTS AND METHODS
This case-control study was conducted on
sixty Egyptian patients with chronic liver disease
(CHC) according to clinical, laboratory and imaging
examination and twenty apparently healthy control
subjects matched with the patients according to age
and sex were included as a control group. They were
selected from those attended to Tropical Medicine
department, Al Zahraa University hospital from
March 2017 to August 2017.
The study was approved by the Ethics
Board of Al-Azhar University.
Group I Chronic HCV (n=20). Group II
Chronic HCV Cirrhotic Patients (n=20). Group III
HCC Due To HCV Infection (n=20). Control group,
this group comprise 20 apparently healthy
volunteers.
Inclusion criteria
Adult patients of both sexes with seropositivity of
HCV Ab.

Statistical analysis
Statistical analysis was performed by using
the Statistical Package for Social Science (SPSS)
program (version 23).
Parametric data was summarized using
mean± SD, whereas non-parametric data was
summarized as median, and interquartile range
(IQR) for quantitative variables, while frequency
and percentages were used for qualitative variables.
The p-value was considered significant as the
following:
P > 0.05: Non significant.
P < 0.05: Significant.
P < 0.01: Highly significant.

Exclusion criteria
Associated Hepatitis B virus infection, family
history of haemochromatosis, hepatic tumors
unrelated to HCV, hemolytic diseases, and patient
with recent history of bleeding or blood transfusion
and autoimmune liver disease.
After giving an informed consent, all the
individuals included in this study were subjected to
the following: full history taking, symptoms of upper
and lower GIT symptoms (as abdominal pain,
dyspepsia, haematemesis and melena), liver cell
failure (Jaundice, ascites, oedema of lower limbs),
bleeding tendency (epistaxis, bleeding gums & skin
bruises), and symptoms suggestive hepatic
encephalopathy (HE) (inverted sleep rhythm,

RESULTS
This study was conducted on 60 patients; 30
males and 30 females. Age of the patients was
ranged from 40-68 years.

Table (1): Comparison between the studied groups regarding age and sex

Age
(years)
Sex

Mean ± SD
Range
Female
Male

Control
group
No. = 20
37.90±8.31
23 – 53
14 (70%)
6 (30%)

Group I

Group II

Group III

No. = 20
40.95 ± 12.14
19 – 62
10 (50%)
10 (50%)

No. = 20
56.10±9.15
40 – 72
13 (65%)
7 (35%)

No. = 20
61.20±7.28
49 – 72
7 (35%)
13 (65%)

P1
0.308
0.197

P2

0.001**

0.001*
*

0.736

0.057

P-value > 0.05: Non-significant, P-value < 0.05: Significant, P-value < 0.01: Highly significant
P1: Control group vs group I, P2: Control group vs group II, P3: Control group vs group III

1818

P3

Safia Mohamed et al.
Group I

Group II

Group III

120%
100%

100%

100%
85%
75%

80%

75%
70%
65%

65%

60%
55%

60%
45%

45%

40%

30%
25%
20%
15%

20%

10%
5%
0%

0%

0%

0%
Fatigue

Abdominal pain

Dyspepsia

Constipation

Bleeding tendency

Inverted sleep rhythm

Weight loss

Figure (1): Comparison between patients groups as regard symptoms.
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Figure (2): Comparison between patients groups as regard signs.
Table (2): Results of abdominal ultrasound among the patients groups

Size

Liver

Surface

Texture
Focal
Lesions
(FL)

Spleen Size
Ascites

Average
Enlarge
Shrunk
Irregular
Regular
Bright
Coarse
Homogenou
s
No FL
single FL
Multiple FL
Average
Enlarge
Marked
Mild
No Ascites

Group I
(chronic
HCV)
No.
%
4
20%
16
80%
0
0%
0
0%
20
100%
15
75%
0
0%

Group II
(Cirrhotic patients)

Group III
(HCC patients)

No.
0
0
20
20
0
0
20

%
0%
0%
100%
100%
0%
0%
100%

No.
0
0
20
20
0
0
20

%
0%
0%
100%
100%
0%
0%
100%

5

25%

0

0%

0

0%

20
0
0
13
7
0
0
20

100%
0%
0%
65%
35%
0%
0%
100%

20
0
0
0
20
12
5
0

100%
0%
0%
0%
100%
60%
25%
0%

0
6
14
0
20
13
3
0

0%
30%
70%
0%
100%
65%
15%
0%
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Table (3): Results of triphasic abdominal CT in HCC (Group III) patients.
CT
N
N of Fl
Single
Multiple
Size
>5
<5
Portal vein
Patent
Thrombosed
Lymph node involvement
Secondaries

Group III (N=20)
(HCC patients)
%

6
14

30.0%
70.0%

11
9

55.0%
45.0%

20
0
0
0

100%
0.0%
0.0%
0.0%

Table (4): Results of blood picture in the studied groups
Group I
(chronic
HCV)
No. = 20
No. = 20
7.00 ± 1.82
4.87 ± 1.65
4.74 ± 0.31
4.65 ± 0.63
13.58 ± 1.20
12.60 ± 1.72
263.40 ± 8.82 181.10 ± 6.87
20 (15–23)
20 (15–37.5)
Control
Group

3

WBCs (10 /uL)
RBCs (106/uL)
HB g/dl
Platelet (103uL)
ESR mm/h

Mean ± SD
Mean ± SD
Mean ± SD
Mean ± SD
Median (IQR)

Group II
(cirrhotic
patients)
No. = 20
5.09 ± 1.15
3.69 ± 0.63
11.97 ± 1.23
74.57 ± 4.91
51.5 (22.0–86)

Group III
(HCC patients)
No. = 20
4.81 ± 1.21
3.79 ± 0.64
10.74 ± 1.05
79.80 ± 4.99
58.5 (50–102.5)

Table (5): Comparison of blood picture among the studied groups
WBCs
RBCs
Platelet
ESR
Parameters
HB g/dl
(103/uL)
(10*6/uL)
(103uL)
mm/h
0.004**
0.802
0.022*
0.001**
0.452
P1
0.010*
0.005**
0.001**
0.001**
0.001**
P2
0.003**
0.001**
0.001**
0.001**
0.001**
P3
0.775
0.023*
0.148
0.001**
0.008**
P4
0.933
0.001**
0.001**
0.001**
0.001**
P5
0.711
0.562
0.006**
0.762
0.083
P6
P1: Control group vs group I, P2: Control group vs group II, P3: Control group vs group III
P4: Group I vs group II, P5: Group I vs group III, P6: Group II vs group
Table (6): Results of liver function tests and AFP in the studied groups
Control
Group I
Group II
Group III
Group
(chronic HCV) (Cirrhotic patients) (HCC patients)
No. = 20
No. = 20
No. = 20
No. = 20
ALT (U/L)
Mean ± SD
24.15 ± 4.57
29.20 ± 5.71
29.95 ± 1.08
31.05±5.72
AST (U/L)
Mean ± SD
23.50 ± 5.62
31.40 ± 5.82
52.50 ± 2.31
56.65 ± 9.38
Albumin (g/dl) Mean ± SD
4.19 ± 0.45
4.00 ± 0.33
2.60 ± 0.58
2.60 ± 0.46
ALP U/L
Mean ± SD
73.95 ± 19.66 81.60 ± 21.60
97.55 ± 6.49
189.65 ± 6.76
Bilirubin T
Median (IQR) 0.5 (0.35 – 0.8) 0.55 (0.4 – 0.75)
1.9 (1.15 – 3.2)
1.9 (1.45 – 2.15)
(mg/dl)
PC
Mean ± SD
89.95 ± 9.62
86.75 ± 11.13
48.10 ± 8.10
54.88 ± 9.33
AFP ng/ml
Median (IQR) 6 (4.35 – 8.05) 7.25 (4.65 – 9.0)
7.0 (4.5– 10.1)
457.5 (310.5 – 985)
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Table (7): Comparison of liver function tests and AFP among the studied groups
ALT
AST
Albumin
ALP
Bilirubin
Parameters
PC
(U/L)
(U/L)
(g/dl)
(U/L)
T
0.227
0.148
0.21
0.334
0.753
0.296
P1
0.166
0.001** 0.000** 0.004**
0.004**
0.001**
P2
0.059
0.001** 0.000** 0.001**
0.001**
0.001**
P3
0.869
0.001** 0.000**
0.061
0.001**
0.001**
P4
0.609
0.00**
0.000** 0.001**
0.001**
0.001**
P5
0.761
0.500
0.973
0.001**
0.684
0.035*
P6
P1: Control group vs group I, P2: Control group vs group II, P3: Control group vs group III
P4: Group I vs group II, P5: Group I vs group III, P6: Group II vs group

AFP
ng/ml
0.514
0.357
0.001**
0.797
0.001**
0.001**

Table (8): Results of serum iron, serum ferritin and hepcidinin the studied groups
Control
Group
No. = 20

Group I
(chronic HCV)
No. = 20

Group II
(Cirrhotic patients)
No. = 20

Group III
(HCC patients)
No. = 20

S.Iron
Mean ± SD
117.10 ± 23.70
84.25 ± 28.69
88.45 ± 47.71
65.45 ± 15.36
(ug/dl)
S.Ferritin
Median (IQR) 35.4 (26.8 – 46) 57.75 (26.75 – 77.8) 93.1 (45.95 – 137.5) 119 (51.8 – 191.7)
(ng/ml)
S.Hepcidin
Median (IQR) 3.12 (2.75 – 3.3)
2.75 (2.29 – 3.0)
1.15 (1.05 – 1.8)
0.8 (0.55 – 1.05)
(ng/ml)
Table (9): Comparison of S.iron, ferritin and hepcidin among the studied groups
S.Iron (ug/dl)
S.Ferritinng/ml
S.Hepcidinng/ml
Parameters
0.001**
0.062
0.058
P1
0.005**
0.001**
0.001**
P2
0.001**
0.001**
0.001**
P3
0.692
0.035*
0.001**
P4
0.08
0.009**
0.001**
P5
0.053
0.245
0.004**
P6
P1: Control group vs group I, P2: Control group vs group II, P3: Control group vs group III
P4: Group I vs group II, P5: Group I vs group III, P6: Group II vs group
Table (10): Cut off point, Sensitivity, Specificity, PPV, NPV, AUC for Serum Hepcidin Level and Serum
Ferritin Level in Differentiation Between Control Group and Group II

S. hepcidin
S. ferritin

Cut off
point
≤ 2.2
>47.7

AUC

Sensitivity

Specificity

1.000
0.880

100.00
75.00

100.00
85.00
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Figure (2): ROC curve for serum hepcidin level and serum ferritin level in differentiation between control group
and group II.
Table (11): Cut off Point, Sensitivity, Specificity, PPV, NPV, AUC for Serum Hepcidin Level and Serum Ferritin
Level in Differentiation Between Control Group and Group III.
Cut off point
AUC
Sensitivity
Specificity
+PV
-PV
S. hepcidin
≤2.1
1.000
100.00
100.00
100.00
100.00
S. ferritin
>46.6
0.915
85.00
80.00
81.0
84.2

Figure (5): ROC curve for serum hepcidin level and serum ferritin level in differentiation between control group and
group III.
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comparison to control group, in group III in
comparison to control group and in group III in
comparison to group I. Also, there was significant
increase in S. Ferritin in group II in comparison to
group I with no significant differences in group I in
comparison to control group and in group II in
comparison to group III.
Our results were in agreement with
Oikonomou et al. (22) who made a study on 192
patients with decompensated cirrhosis. They found
that high serum ferritin is associated with worse
outcomes in patients with decompensated cirrhosis.
Also, Finkenstedt et al. (23) confirmed in
their study that high serum ferritin and transferrin
saturation are associated with poor survival in liver
cirrhosis.
Also, Pietrangelo et al(24) reported that
serum ferritin was higher in CHC cirrhotic patients
than controls and the levels also correlated with the
severity of the disease.
Also, our study was in agreement with
Tawfik et al.(25) whom concluded in their study that
serum ferritin was higher in HCC patients than nonHCC liver cirrhosis.
As regard serum hepcidin, there was highly
significant decrease in S. hepcidin level in group II
and group III in comparison to control group, in
group II and group III in comparison to group I and
in group III in comparison to group II with no
significant difference in group I in comparison to
control group.
This goes in agreement with Mohamed et
(26)
al.
who stated that Serum hepcidin was
significantly lower in CHC cirrhotic patients than
in controls and hepcidin level was significantly
decreased in HCC cases than liver cirrhosis, CHC
and controls.
Also, our results were in agreement with
Terrence et al. (27) who made a study on patients
with CLD and healthy controls. Patients were
categorized into compensated CLD (with or
without cirrhosis) and decompensated CLD. They
found that patients with cirrhosis had significantly
lower hepcidin and hepcidin-ferritin ratio levels
compared with those without cirrhosis and this
indicates that this ratio may serve as a potential
biomarker for advanced fibrosis and cirrhosis.
Pietrangelo et al.(24) reported a decrease in
serum hepcidin along with increased serum ferritin
in decompensated cirrhotics and the levels also
correlated with the severity of the disease.
Ryan et al.(28) reported a decrease in serum
hepcidin and increase in serum ferritin in patients
with liver cirrhosis. As hepatic synthetic
dysfunction progress in end stage liver disease,
reduced production of hepcidin, the liver-derived

DISCUSSION
Hepatitis C virus infection is one of the main
causes of chronic liver disease worldwide (4)..The longterm hepatic impact of HCV infection is highly
variable, from minimal changes to chronic hepatitis,
fibrosis, and cirrhosis with or without hepatocellular
carcinoma. The number of chronically infected persons
worldwide may be approximately 177 million (14).
Although the causative factor responsible for
the initiation of hepatic disease processes in patients
with chronic hepatitis C (CHC) is a single insult, i.e
HCV infection, it has become increasingly evident that
the involvement of cofactors is critical in determining
disease progression. Importantly, CHC often appears to
be associated with disturbances in iron homeostasis,
with serum ferritin and hepatic iron stores being
elevated in approximately 50% of patients (15).
Because iron is a redox-active metal,
catalyzing free radical reactions, and because there is
substantial evidence to implicate redox active
mechanisms in the pathogenesis of CHC, iron has been
highlighted as an important element affecting the
natural history of CHC (15).
Disruption of hepcidin regulation has been
postulated as a possible mechanism causing iron
overload in acquired conditions, including alcoholic
liver disease (16) and CHC (17).
Our study was conducted to estimate the level
of serum hepcidin and ferritin in chronic hepatitis C
(CHC), cirrhosis and hepatocellular carcinoma (HCC)
on top of HCV cirrhosis.
As regard s. iron, there was highly
significant decreased in S. iron level in group I, II
and III in comparison to control group with no
significant differences in group II and group III in
comparison to group I and in group II in
comparison to group III. These results were in
agreement with Marzouk et al.(18); El Lehleh et
al. (19) whom found that serum iron was decreased
in CLD patients compared to control group.
Also, these results were in agreement with
Fujita et al. (20) who found that mild anemic state
was a complication in CHC patients. This anemia
may also influence the relatively diminished
hepatic hepcidin production in these patients.
However, these results were not in
agreement with Mohamed et al. (21) who concluded
that serum iron was significantly higher in CHC
patients compared to the control group. These
discrepancies may be because of the low number of
patients and the difference in number of patient
groups in stages of liver diseases (Child A=16,
Child B=26, Child C=3).
As regard S. ferritin, there was highly
significant increase in S. Ferritin in group II in
1823
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iron regulatory hormone may occur. Hepcidin may
be further suppressed by oxidative stress, which is
prevalent in decompensated cirrhosis. Deficient
hepcidin production leads to hyperferritinaemia and
hepatic iron deposition, which would exacerbate
the original insult.
Also, our results were in agreement with
Fujita et al.(20) who found that hepcidin levels did
not differ significantly in CHC patients from those
in healthy controls.
However, our results were not in agreement
with El Wakil et al.(29) whom reported significantly
increased serum prohepcidin values in CHC
patients compared to the control subjects.
To explain the differences between our
results and those of other investigators regarding
serum hepcidin and its relation to hepatic
pathological changes we can, theoretically, say that
in the early phase of CHC, hepcidin may be
prominently suppressed by HCV but as iron
accumulates, the negative influence of viral factors
may be masked by the positive stimulation of iron
while, in advanced stages such as cirrhosis,
hepcidin may be further decreased by impaired
protein synthesis due to markedly reduced
functional hepatic mass.
Also, our results were not in agreement
with Girelli et al.(30) whom made study on 81
untreated CHC patients and 57 controls and
concluded that serum hepcidin was reduced in
patients with CHC. This may be due to low number
of CHC patients involved in our study (GI=20
patients).
Mohamed et al.(26) reported that that serum
hepcidin was lower in HCC patients than non-HCC
liver cirrhosis.
In our study, there was highly significant
negative correlation with S.ferritin in group I, II and
III. This was in agreement with El Lehleh et al.(19)
whom reported negative correlation between
S.ferritin and hepcidin.
As regard the cut off value of S.Hepcidin
level in differentiation between control group and
group II was ≤ 2.2, area under curve = 1, with
sensitivity of 100%, specificity of 100%, positive
predictive value of 100% and negative predictive
value of 100%. Farid et al. (2012) show that
hepcidin can be considered highly valid marker in
case of CHCV infection at cut off =1.09, AUC
=0.100,
sensitivity=100%,
specificity=99%,
PPV=97%, NPV=100% and accuracy=100%.
Also, the cut off value of S.ferritin level in
differentiation between control group and group II
was >47.7, area under curve = 0.880, with
sensitivity of 75%, specificity of 85%, positive
predictive value of 83.3% and negative predictive

value of 77.3%. Lange et al. (2011) was define the
best cut off value of S.ferritin in discrimination of
HCV cases was >200.
We reported the cut off point of S.Hepcidin
level in differentiation between control group and
group III was ≤ 2.1, area under curve = 1, with
sensitivity of 100%, specificity of 100%, positive
predictive value of 100% and negative predictive
value of 100%. Mohamed et al. (2014)2 was define
the best cut off value of S. Hepcidin in
discrimination of HCC cases from other liver
diseases was ≤ 42.7, area under curve = 0.9, with
sensitivity of 92%, specificity of 90%.This
disagreement may be due to high number of HCC
patients involved in this study (n=49).
Also, the cut off value of S. ferritin level in
differentiation between control group and group III
was >46.6, area under curve = 0.915, with
sensitivity of 85%, specificity of 80%, positive
predictive value of 81% and negative predictive
value of 84.2%. Lau (2008) was define the best cut
off value of S. ferritin in discrimination of HCC
cases was=240, sensitivity=98% and specificity of
99%.
CONCLUSION
Low level of serum iron were observed in
chronic hepatitis C, cirrhotic and HCC patients
when compared to healthy individuals
Level of serum ferritin was highly significant
increased in cirrhotic and HCC patients when
compared to healthy individuals.
Level of serum hepcidin was highly significant
decreased in cirrhotic and HCC patients when
compared to healthy individuals.
There was negative correlation of serum
hepcidin with s. ferritin in different studied patient
groups.
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