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Anemia in Chronic
Hepatitis C

| Original Article] HepCIdIn as a Marker of Anemia

In Chronic Hepatitis C Infections
Hafiz Ather Farooq!, Ayesha Samad Dogar? and Sadia ljaz?

ABSTRACT

Obijective: To determine the level of serum hepcidin and iron studies in patients of chronic hepatitis C with anemia
and to calculate sensitivity, specificity, negative predictive value ,positive predictive value, diagnostic accuracy of
serum hepcidin and to differentiate between patients of iron deficiency anemia and anemia of chronic disease.

Study Design: Diagnostic Study.

Place and Duration of Study: This study was conducted at the Department of Pathology, Post Graduate Medical
Institute (PGMI) Lahore. Subjects were taken from Medical Outdoor / Liver Clinic, Lahore General Hospital from
01.06.2015 to 30.06.2016.

Materials and Methods: The study included 70 diagnosed patients of chronic hepatitis C which were divided into
IDA group and ACD group. The IDA group comprised of 17(73.91%) males and 6(26.09%) females, while in ACD
group there were 39(82.98%) males and 8(17.02%) females. The parameters studied were blood hemoglobin, total
iron binding capacity, serum iron, percent transferrin saturation, serum ferritin and serum hepcidin and subsequent
data was recorded. Mean + standard deviation, frequency distribution and percentages were calculated. Using serum
ferritin as a standard 2x2 table was made to determine diagnostic accuracy of serum hepcidin.

Results: In the present study mean hemoglobin, MCV, serum iron, TIBC, ferritin and hepcidin in IDA and ACD
groups were 7.21 + 1.29 g/dL ,8.69+0.86 g/dL, p-value < 0.001, 63.30 + 8.04 fL and 86.51+6.61, p-value < 0.001,
30.98 + 13.50, 34.36 + 17.53 pg/dl, p-value > 0.05, 431.91+145.05 pg/dl and 230.51 + 89.74 pg/dl, p-value < 0.001,
20.37+ 4.08 and 154.07 = 144.01, p-value < 0.001, 2.39 + 1.39 and 15.17 + 7.21 ng/ml, p-value < 0.001
respectively. The Sensitivity, Specificity, Positive Predictive Value and Negative Predictive Value of serum hepcdin
levels was 91.3%, 87.23%, 77.78% and 95.35% respectively. Diagnostic accuracy of serum hepcdin levels was
88.57% with positive regression coefficient (beta) and hepcidin Odds ratio for Hepcidin was 71.750.

Conclusion: Low levels of serum hepcidin levels are significantly associated with decreased iron parameters in iron
deficient patients of chronic hepatitis C and hepcidin could be a useful indicator of iron deficiency anemia and to
differentiate iron deficiency anemia from anemia of chronic disease. Patients with decreased hepcidin level might
get benefit by the use of iron therapy.
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INTRODUCTION

Hepatitis C virus is a single-stranded enveloped RNA
virus having positive polarity. This virus is a member of
the hepaci viruses genus which belongs to Flaviviridae
family.
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This is one of the most essential infectious agents for
the human which is able to cause varying degree of
liver disease. This virus is seen in almost all the regions
of the world and almost 170 million are infected this
comprises for greater than 3% of the world’s
population. The Hepatitis C virus can reside in the host
for a long period.!

HCV spreads mainly by blood contact accompanying
intravenous drug use, transfusions and ill sterilized
instruments. According to one estimate about 130-200
million people of the world are diseased by Hepatitis C
virus.2

The iron is kept in its soluble state by the attachment of
transferrin and which also acts as a main transporter for
the release of iron to the cells through transferrin
receptor, TfR1 and synthesis of toxic radicals is
prevented by it. Almost 30% Transferrin in human is
iron saturated. A level of saturation less than 16%
entitles iron deficiency, and saturation more than 45%
is a mark for overload of the iron. And when saturation
level is more than 60%, the iron which is not attached
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to the transferrin initiates accumulation and may cause
damage of the parenchyma cells.®

Iron homeostasis in mammals is mainly controlled by
hepcidin. Hepcidin is a 25-amino acid peptide hormone
with a multifaceted linkage of 4 disulfide bonds.*
Ferroportin enables the outward movement of iron from
intestinal cells, liver cells and macrophages after
hepcidin binding, leads to reduced release of iron.> A
large diversity of factors, like hemojuvelin, transferrin
receptor-2, bone morphogenetic protein 6, transferrin,
the HFE gene, hypoxia and inflammation are involved
in the regulation of hepcidin level.®

Hepcidin  transcription is also regulated by
inflammation. Cytokines such as IL-6 facilitate this
reaction by prompting of hepcidin mRNA transcription
by a signal transducer and activator of transcription
3 (STAT3), which then attaches to a STAT-responsive
element inside the promoter of hepcidin. It has been
reported that in patients with anemia of chronic
inflammation or due to any severe inflammatory
disorder, a 100-fold increase in urinary excretion of
hepcidin observed. An infusion of IL-6 in human may
prompts excretion of urinary hepcidin within two hours
resulting in hypoferremia. This indicates that up-
regulation of hepcidin which is mediated by IL-6 as a
result of inflammation, have a key role in imbalance of
iron homeostasis which is detected in acute as well as in
chronic inflammatory diseases.” A  noteworthy
relationship between hepcidin and serum ferritin has
been observed as hepcidin transcription is mainly
controlled according to concentration of iron in these
patients. In this way conflicting the effects of HCV
made despotic factors of hepcidin and hepcidin
inspiration factors due to raised iron which are possibly
included in the direction of hepcidin transcription in
these patients of hepatitis C. 8

Decreased or undetectable level of hepcidin is seen in
iron deficiency, increased level in conditions like
transfusion-induced iron overload and inflammatory
diseases, and also showed high association with serum
ferritin levels. It has been observed by Girelli, Nemeth
and Swinkels that the patients of anemia of chronic
disease are also threatened for having deficiency of
iron. 12 According to Tomas Ganz hepcidin is controlled
in response to both by the erythropoietic requirements
for iron and by iron concentrations. In mouse models,
hepcidin-1 mRNA was shown to be suppressed by
anemia and hypoxia and induced by iron loading.®

The patients with chronic disorders like chronic renal
failure, inflammatory bowel disease, or using drugs like
nonsteroidal anti-inflammatory drugs or antithrombotic
drugs often present with chronic blood loss. In such
situation hepcidin can distinguish iron deficiency
anemia and anemia of chronic disease better than
traditional marker such as iron studies. Patients having
both iron deficiency combined with inflammatory
disorders characteristically present with reduced serum

hepcidin as compared to those patients presenting with
only anemia of chronic disease.

AIM OF THE STUDY

The aim of this study is to demonstrate the role of
serum Hepcidin in progress of anemia and in the
control of iron homeostasis in chronic hepatitis C
patients pointing the differentiation of the types of
anemia in these patients.

Therefore this project is envisaged to study anemia in
these patients and their evaluation by using serum
Hepcidin as a new diagnostic tool to differentiate
anemia in chronic hepatitis C patients, which will lead
to better evaluation and management of these patients.

MATERIALS AND METHODS

The study was conducted at the Department of
Pathology, Post Graduate Medical Institute (PGMI)
Lahore. Subjects were taken from Medical Outdoor /
Liver Clinic, Lahore General Hospital from 01.06.2015
to 30.05.2016 for 12 months. Non probability
convenience sampling technique was used. The study
was performed on 70 subjects. The patients were
divided into two groups according to the results.
Groupl or Iron deficiency anemia (IDA) group:
Inclusion criteria for this group was: low Hb (male<13
g/dl and female <12 g/dl), TSAT <20% and Ferritin
concentrations <30 ng/ml. Group 2 or Anemia of
chronic disease (ACD) group: Inclusion criteria for this
group was: Hb concentration <13 g/dl for male and <12
g/dl for female and low TSAT <20% and normal 30-
100 ng/dl or increased Serum Ferritin concentration
>100ng/ml.
Ten ml of venous sample was collected under aseptic
measures. About 3 ml blood sample was placed into
EDTA vacutainer for hemoglobin determination. The
remaining quantity of blood was collected in yellow
vials and left for a while without anticoagulant to allow
to clot. Then serum sample was obtained by
centrifugation at room temperature at 3000 rpm/10
minutes to assay serum iron, serum ferritin, TIBC
serum transferrin saturation and serum hepcidin. The
serum was stored at -20 °C until analysis.
Inclusion criteria:
1. Patients with age range of 20-60 years and of both
Sexes.
2. All patients with chronic Hepatitis C positive
determined by PCR-HCV RNA for 6 months.
3. Hemoglobin level <12g/dl females and <13g/dl
males determined by hematology analyzer.
Exclusion criteria:
1. Patients with a history of repeated and / or recent
blood transfusions, hematinic/parenteral iron
therapy.
Significant gastrointestinal bleeding, alcoholism.
Coexisting HBV or human immunodeficiency
virus infection.
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4. De-compensated cirrhosis, liver disorders other
than HCV infection.

5. Current or previous antiviral therapy.

6. Connective tissue disorders such as Rheumatoid
Acrthritis, Systemic Lupus Erythematosus.

7. Evidence of renal disease.

8. Evidence of malignancy.

RESULTS

Distribution of Age in the Study Groups: The
minimum age in the IDA study group was 28 years and
maximum age was 57 years the Mean + SD 42.91+7.01.
The minimum age in the ACD study group was 25
years and maximum age was 60 years the Mean + SD
41.701+9.12 (Table 3.1). The mean age of patients was
42.10 £ 8.45 where as in IDA and ACD group mean
age was 42.91+7.01 years and 41.70 + 9.12 years, the
mean age in both groups was the same.

Table-No.1: Comparison of Age in both groups

IDA ACD Total
17(73.91%) 39(82.98) 56
6(26.09)% 8(17.02) 14

23 47 70

Key: IDA = Iron deficiency anemia, ACD = Anemia
of chronic disease, n = frequency and %= Percentage

Table No.2: Comparison of Hb (g/dL) in both groups

Mean S.D

Hb g/dL IDA (n=23) 7.21 1.29
ACD (n=47) 8.69 0.86

Total (n=70) 8.20 1.23

Key: IDA = Iron deficiency anemia, ACD = Anemia
of chronic disease, Hb = Hemoglobin, n = frequency

Table-5: Comparison of S/Ferritin ng/ml in both
groups

Mean | S.D | Minimu | Maximu p-
m m value
IDA | 20.37 | 4.08 14.30 28.00 <0.00
(n=2 1b
_ L3
£ | ACD | 154.0 | 1440 34.00 690.00
2| (n=4 7 1
= [0
g Total | 110.1 | 1335 14.30 690.00
< | (n=7 4 4
Key: IDA = Iron deficiency anemia, ACD = Anemia

of chronic disease, n = frequency, b. Mann Whitney U
test was applied.

Table No.6 Comparison of S/Hepcidin ng/ml in both
groups

Mean| S.D [Minimum|Maximum| p-value

_ IDA |2.3911.39] 1.50 7.10 [<0.001°
E |(n=23)
2
% ACD (15.17|7.21] 2.30 29.10
'S |(n=47)
o
< | Total |10.97(8.48| 1.50 29.10

(n=70)
Key: IDA = Iron deficiency anemia, ACD = Anemia

of chronic disease, n = frequency, b. Mann Whitney U
test was applied.

Table No.7: Diagnostic comparison of S/Hepcidin
ng/ml in both groups

0% =
\ell\?ads a/;))p"e(lij’ercentage, Hb, a. Independent sample test Study Group Total
Table No.3: Comparison of MCV in both groups IDA ACD
Mean S.D S/Hepcidin <27 21 6 27
MCV IDA (n=23) 63.30 8.04 na/ml i
ACD (n=47) 86.51 6.61 g >2.7 2 41 | 43
Total (n=70) 78.89 13.05 Total 23 47 70

Key: IDA = Iron deficiency anemia, ACD = Anemia
of chronic disease, Hb = Hemoglobin, n = frequency
and % = Percentage, MCV = Mean cell volume, b.
Mann Whitney U test was applied

Table No.4: Comparison of TIBC (ug/dl) in both
groups

Mean SD
TIBC IDA (n=23) 431.91 145.05
po/di ACD (n=47) 230.51 89.74
Total (n=70) 296.69 145.45
Key: IDA = Iron deficiency anemia, ACD = Anemia

of chronic disease, TIBC= Total Iron Binding Capacity,
n = frequency and % = Percentage, b. Mann Whitney
U test was applied.

The Sensitivity, Specificity, Positive Predictive Value
and Negative Predictive Value of serum hepcdin levels
was 91.3%, 87.23%, 77.78% and 95.35% respectively.
Diagnostic accuracy of serum hepcdin levels was
88.57% with positive regression coefficient (beta) and
hepcidin Odds ratio for was 71.750 that shows there
71.750 time more chances of IDA in cases having
Hepcidin <2.7.

DISCUSSION

In both anemia and state of hyposideremia, the raised
level of serum hepcidin helps to differentiate anemia of
chronic disease from iron deficiency anemia. A
condition of mixed anemia can arise in conditions with
chronic inflammatory diseases due to bleeding with or
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without malnutrition. Under such conditions, the
hyposideremia could neutralize the inflammation
mediated hepcidin increase. A true iron deficiency may
develop from non-intestinal absorption by hepcidin,
when inflammation is present for a long time . In such
settings, it is difficult to detect iron deficiency using
traditional iron biomarkers, but hepcidin may be
helpful. Patients with inflammatory disorders and
concomitant iron deficiency typically have reduced
serum hepcidin levels as compared with those with pure
anemia of chronic disease. 1°

In the present study the mean MCV in IDA group was
63.30 £ 8.04 fL and in mean MCV in ACD group was
86.51+6.61 fL with significantly lower MCV in IDA
groups, p-value< 0.001. According to Naqvi et al., 2014
MCYV in his iron deficiency anemia patients was 78.15
+ 2.71 fL.*? The results of the present study were
similar to Duru et al., 2014 who showed MCV levels in
iron deficient anemia patients and anemia of chronic
disease patients to be63.30 + 5.9 and 75.32 + 8.50 fL
with a p-value < 0.001.%2 In one study by van Santen et
al., 2011 mean MCV value in iron deficient anemia
patients and anemia of chronic disease patients were
82.9 (80.8-87.3) and 91.4 (89.9-96.6) with a p-value <
0.03.1

In the present study the mean total iron binding
capacity (TIBC) ug/dl was significantly higher in IDA
group 431.91+145.05 pg/dl as compared to ACD group
230.51 + 89.74 ug/dl, p-value < 0.001.This was similar
to Naqvi et al., 2014 where he reported mean TIBC in
his iron deficiency anemia patients to be 470 + 4.3
mg/dl.? Our results were in accordance with Duru et
al., 2014 who showed mean serum TIBC levels in iron
deficiency anemia patients and anemia of chronic
disease patients to be 443.46 + 43.96 and 310.30 + 94.7
mg/dl with a p-value < 0.001.%°

In the present study mean Ferritin in IDA and ACD
group was 20.37+ 4.08 and 154.07 £ 144.01 ng/ml with
significant difference, p-value< 0.001. According to
Naqvi et al., 2014 mean ferritin level in his iron
deficiency anemia patients was 9.09 + 1.35 ng/mL.%?
Duru et al., 2014 showed that mean serum ferritin
levels in iron deficiency anemia patients and anemia of
chronic disease patients were 4.10 + 3.29 and 111.8 +
158.2 ng/ml, p-value < 0.00L.2 According to Van
Santen et al., 2011 mean Ferritin levels in iron deficient
anemia patients and anemia of chronic disease patients
were 11.5 (8.3-22.8) and 191 (102-262), p-value <
0.001 which was similar to our results.** In the study
conducted by Eun et al., 2015, he found the serum
ferritin levels in iron deficient anemia patients and
anemia of chronic disease patients to be 11.38 + 10.13
and 111 + 54.95 ug/ml which are again similar to our
results.’®

In the present study the mean S/Hepcidin ng/ml in IDA
group was 2.39 + 1.39 and 15.17 + 7.21 ng/ml with
lower Hepcidin values in IDA when compared to ACD

group, p-value < 0.001.This was in accordance with van
Santen et al., 2011 and Choi et al., 2012.1416 Results of
Van Santen et al., 2011 study showed mean hepcidin
levels in his iron deficient anemia patients and anemia
of chronic disease patients to be 0.4 (0.4-0.8) and 7.4
(2.6-11.0) nmol/liter , p-value < 0.001.** Choi et al.,
2012 has stated a serum hepcidin level of 2.07 + 2.30
ng/ml, p- value < 0.0001 for his iron deficient anemia
patient.’® Eun et al., 2015 found the serum hepcidin
levels in iron deficient anemia patients and anemia of
chronic disease patients to be 2.31 + 3.24 and 10.52 +
11.6 ug/ml which were similar to our results.!®
According to van Santen et al., 2011 serum hepcidin at
< 2.4 nmoles/liter had a sensitivity of 89% and a
specificity of 88% to distinguish iron deficiency anemia
from anemia of chronic disease (combined state) from
anemia of chronic disease similar to our present study
results.’* Choi et al., 2012 showed serum hepcidin level
of 2.07 £ 2.30 ng/ml, p- value < 0.0001 for his iron
deficient anemia patient and according to his study
hepcidin at 6.895ng/mL had a sensitivity of 79.2% and
specificity of 82.8% to make the diagnosis of iron
deficiency.’® Pasricha et al., 2011 has reported that
serum hepcidin less than 8ng/mL showed a sensitivity
of 41.5% and a specificity of 97.6% while hepcidin less
than 18ng/ml showed a sensitivity of 79.2% and a
specificity of 85.6% for the diagnosis of iron deficiency
anemia.'’

There remains substantial uncertainty for the precise
cutoffs of these indices to define iron deficiency and
state of chronic inflammation. According to Pasricha et
al., 2011 anemic patients without inflammation with
hepcidin less than 0.5 nmol/l were considered to have
iron deficiency anemia. And the patients with
inflammation and hepcidin below 2.4 nmol/l or in case
with hepcidin between 2.4 and 7.6 nmol/l combined
with reduced reticulocyte hemoglobin, were considered
to have combined iron deficiency anemia and anemia of
chronic disease. Patients with inflammation and
hepcidin above 7.6 nmol/l were considered to have
anemia of chronic disease.!’

Van Santen et al., 2011 has confirmed the use of
hepcidin for the identification of iron deficiency anemia
either alone or with concomitant inflammation in his
patients with rheumatoid arthritis.**

CONCLUSION

In conclusion, the discovery of hepcidin has increased

the possibility of understanding the disturbances of iron

homeostasis especially in iron deficiency anemia and

anemia of chronic disease. Our study demonstrated that

1. Low levels of serum hepcidin were significantly
associated with decreased iron parameters including
serum ferritin in iron deficient patients of chronic
hepatitis C which could be a useful indicator of iron
deficiency anemia.
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2.

Serum hepcidin and serum ferritin were normal in
anemia of chronic disease group which was useful
to label the anemia of chronic disease in patients of
chronic hepatitis C.

The diagnostic comparison of serum hepcicin and
serum ferritin showed a high sensitivity, specificity
and diagnostic accuracy of serum hepcidin for the
diagnosis of iron deficient patient and to
differentiate these patients from anemia of chronic
disease in chronic hepatitis C.

Author’s Contribution:

Concept & Design of Study:  Hafiz Ather Farooq
Drafting: Ayesha Samad Dogar
Data Analysis: Sadia ljaz

Revisiting Critically: Hafiz Ather Farooq
Final Approval of version: Hafiz Ather Farooq

Conflict of Interest: The study has no conflict of
interest to declare by any author.

REFERENCES

1.

Shakeri M, Nomani H, Mobarhan M, Sima H,
Gerayli S, Shahbazi S, et al. The Prevalence of
Hepatitis C Virus in Mashhad, Iran: A Population-
Based Study. Hepatitis Monthly 2013;13(3).
Gravitz L. Introduction: A smouldering public-
health crisis. Nature 2011;474(7350):S2-54.
Hentze M, Muckenthaler M, Galy B, Camaschella
C. Two to Tango: Regulation of Mammalian Iron
Metabolism. Cell 2010;142(1):24-38.

Jordan J, Poppe L, Haniu M, Arvedson T, Syed R,
Li V, et al. Hepcidin Revisited, Disulfide
Connectivity, Dynamics, and Structure. J
Biological Chemistry 2009;284(36):24155-24167.
Peslova G, Petrak J, Kuzelova K, Hrdy |, Halada P,
Kuchel P, et al. Hepcidin, the hormone of iron
metabolism, is bound specifically to o-2-
macroglobulin in blood. Blood 2009;113(24):
6225-6236.

Nakanishi T, Hasuike Y, Otaki Y, Kida A,
Nonoguchi H, Kuragano T. Hepcidin: another
culprit for complications in patients with chronic
kidney disease?. Nephrol Dialysis Transplantation
2011;26(10):3092-3100.

Pietrangelo A, Dierssen U, Valli L, Garuti C,
Rump A, Corradini E, et al. STAT3 Is Required for

10.

11.

12.

13.

14.

15.

16.

17.

IL-6-gp130-Dependent Activation of Hepcidin In
Vivo. Gastroenterol 2007;132(1):294-300.

Hino K, Nishina S, Hara Y. Iron metabolic disorder
in chronic hepatitis C: Mechanisms and relevance
to hepatocarcinogenesis. J Gastroenterol Hepatol
2013;28:93-98.

Ganz T. Hepcidin and iron regulation, 10 years
later. Blood 2011;117(17):4425-4433.

Girelli D, Nemeth E, Swinkels D. Hepcidin in the
diagnosis of iron disorders. Blood 2016;127(23):
2809-2813.

D'Angelo G. Role of hepcidin in the
pathophysiology and diagnosis of anemia. Blood
Research 2013;48(1):10.

H Naqgvi S, Faizan-ul-Hassan Naqvi S, H. Naqvi |,
Farhan M, Abbas T, Yang L, et al. Serum
Hepcidin: Its Correlation with Serum Ferritin,
Serum Iron and Hemoglobin in Patients of Iron
Deficiency Anemia. Immunology, Endocrine &
Metabolic Agents in Medicinal Chemistry
2015;14(2):105-113.

Duru N. Serum hepcidin, iron metabolism and
infection parameters in children with anemia of
inflammation and with iron deficiency anemia.
Turkish Journal of Biochemistry-Turk Biyokimya
Dergisi 2015; 39(4), pp.529-533

van Santen S, van Dongen-Lases E, de Vegt F,
Laarakkers C, van Riel P, van Ede A, et al.
Hepcidin and hemoglobin content parameters in
the diagnosis of iron deficiency in rheumatoid
arthritis patients with anemia. Arthritis &
Rheumatism 2011;63(12):3672-3680.

Eun SY, Yu SK, Chan YP, Jong DK, Hye JS, et al.
Improvement in the diagnostics of iron deficiency
anemia using multiple marker combinations. Sains
Malaysiana 2015; 44(12):1653-1659.

Choi H, Song S, Lee J, Kim H, Yang H. Serum
hepcidin levels and iron parameters in  children
with iron deficiency. Korean J Hematol 2012;
47(4):286.

Pasricha S, McQuilten Z, Westerman M, Keller A,
Nemeth E, Ganz T, et al. Serum hepcidin as a
diagnostic test of iron deficiency in premenopausal
female blood donors. Haematologica 2011;
96(8):1099-1105.



