Int J Clin Exp Pathol 2016;9(6):6549-6553
www.ijcep.com /ISSN:1936-2625/IJCEP0022462

Original Article
Clinical significance of serum hepcidin for the treatment
of anemia in maintenance hemodialysis patients
Yuxia Liu, Ruiqing Zhang, Liqin Zhu
Department of Nephrology, Tongji University School of Medicine, Shanghai 200123, China
Received December 22, 2015; Accepted April 27, 2016; Epub June 1, 2016; Published June 15, 2016
Abstract: Anemia is a frequent complication in the maintenance hemodialysis (MHD) patients. However, data on serum hepcidin level as a guide in MHD patients are limited. We aimed to investigate the clinical significance of serum
hepcidin level on erythropoiesis-stimulating agents (ESAs) and/or intravenous iron therapy among MHD patients.
A total of 32 MHD patients receiving ESAs and iron therapy were enrolled; 30 age-and gender-matched healthy
subjects were selected as controls. Serum levels of hepcidin, ferritin, iron, transferrin saturation, and erythropoietin
were determined. Serum hepcidin level was significantly higher in MHD patients than the control group (424±174.2
ng/mL and 72.4±12.3 ng/mL; P<0.01). Serum hepcidin level in MHD patients was positively correlated with serum
iron (r=0.68, P=0.005), serum ferritin (r=0.62, P=0.0045), and transferrin saturation (r=0.7, P=0.001). A negative
correlation was observed between hepcidin and reticulocyte count (r=-0.63, P=0.015). Moreover, serum hepcidin
almost restored to normal level after hemodialysis. EPIAO alone but not intravenous iron sucrose could effectively
reduce hepcidin level. In conclusion, serum hepcidin level is increased in MHD patients. Hepcidin may involve in the
disturbance of iron metabolism and regulation of erythropoiesis in these patients. Reduction of hepcidin level and
sufficient ESAs supplementation can improve erythropoiesis and restore iron homeostasis.
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Introduction
Anemia is a frequent complication of chronic
kidney disease and end-stage renal disease
(ESRD). Insufficient production of erythropoietin and iron deficiency is the main cause of anemia in maintenance hemodialysis (MHD) patients. Use of erythropoiesis-stimulating agents
(ESAs) has significantly improved the outcome
of renal anemia. Unfortunately, a considerable
percentage of MHD patients are often suboptimal response to ESAs [1, 2]. Absolute and functional iron deficiency has been considered as
the main cause of the hyporesponsiveness to
ESAs [3]. Moreover, excessive iron supplementation can aggravate iron overload and subsequently induce oxidative stress [4].
Hepcidin is a novel hepatocyte-derived peptide
hormone and plays a crucial role in iron homeostasis. Elevated hepcidin attenuated iron overload through decreasing iron absorption and
increasing sequestration within the reticuloendothelial system under the condition of iron

repletion [5]. Increased inflammation and decreased clearance of hepcidin can lead to higher serum level of hepcidin in MHD patients [6,
7]. Hepcidin has been suggested as a tool for
managing iron therapy in hemodialysis patients
on ESAs [8]. However, whether serum hepcidin
may help clinicians predicting and monitoring
iron therapy in MHD patients remains debating
[9, 10].
In the current study, we investigated the clinical
significance of serum hepcidin level on ESAs
and/or intravenous iron therapy among MHD
patients and provided recommendations for
iron supplementation in these patients.
Materials and methods
Participants
This study was approved by the ethics committee of Tongji University and written informed
consent was obtained from all participants. A
total of 32 MHD patients were recruited from
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Table 1. Baseline clinical characteristics and laboratory parameters
MHD
Healthy
patients
controls P-value
(n=32)
(n=30)
Age (years)
64.2±11.3 35.2±7.4 P<0.01
Gender (male/female)
19/13
18/12
P>0.01
Time on dialysis (years)
4.0±0.1
Ultrafiltration volume (L)
2.3±0.7
Kt/V
1.52±0.3
Serum iron (µmoL)
18.2±2.1 20.4±4.6 P>0.01
Serum ferritin (µg/L)
456±38.7 138±8.6 P<0.01
Transferrin saturation (%)
37±4
38±3
P>0.01
Reticulocyte (× 109)
29.6±4.2 32.4±3.8 P>0.01
Hemoglobin (g/L)
124±1.4
128±1.8 P>0.01
Hs-CRP (mg/dL)
2.7±0.4
2.1±0.3 P<0.05
Hepcidin (ng/mL)
424±174.2 72.4±12.3 P<0.01
Variables

Kt/V; K, dialyzer clearance; t, time; V, volume of water contained
within the body; Hs-CRP, high-sensitivity C-reactive protein.

the Blood Purification Center of the Affiliated
Hospital of Tongji University from October 2013
to June 2015. Of these patients, 19 cases were
male and 13 female, with a mean age of
64.2±11.3 years old. The patients were further
divided into three subgroups (intravenous iron
alone, EPIAO alone, and combination of intravenous iron and EPIAO) depending on their treatment. The underlying diseases in the intravenous iron group were chronic nephritis (n=3),
hypertensive renal impairment (n=2), diabetic
nephropathy (n=3), obstructive nephropathy
(n=1), and polycystic kidney (n=1). The combination of intravenous iron and EPIAO group
included chronic nephritis (n=4), diabetic
nephropathy (n=3), hypertensive renal impairment (n=2), IgA nephropathy (n=2), and
unknown origin (n=1). Thirty healthy persons
(mean age 35.2±7.4 years; male/female 18:12)
with normal serum levels of urea and creatinine
were selected as the controls.
Patients satisfying the following inclusion criteria were included: 1) they had renal-related
anemia (hemoglobin level ≤110 g/l for women
or ≤120 g/l for men); 2) undergone maintenance hemodialysis 2-3 times/week for at least
6 months; and 3) received stable ESAs and iron
therapy for 3 weeks or longer prior to the enrolment. Patients were excluded if they had severe
liver disease, malignant tumors, active or chronic hemorrhage, intermittent blood transfu-
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sion, chronic hypoxic disease, or application of antibiotics owing to severe infection
within the last four weeks.
Data collection and measurements
Clinical characteristics and biochemical
parameters, including medical history, age,
gender, cause of chronic kidney disease,
hemoglobin, reticulocyte, serum iron, serum ferritin, transferrin saturation, serum
erythropoietin, and high-sensitivity C-reactive protein (hs-CRP) were collected on the
enrolment. The estimation of the adequacy
of dialysis were calculated using singlepool Kt/V for urea as follows: spKT/V = -In
(R-0.008t) + (4-3.5R) × UF/W. Serum hepcidin level was measured by the enzymelinked immunosorbent assay (ELISA) using
a commercially available kit from American
R&B Company before and after dialysis.
The levels of hemoglobin, reticulocyte,
serum iron, serum ferritin, transferrin saturation, serum erythropoietin, and hs-CRP were
determined by the standard laboratory methods.
Treatment
All the MHD patients were divided into a iron
sucrose group (Venofer 100 mg/week, Beijing
Novartis Pharma Ltd. n=10; mean age 65.4±8.2
years), a recombinant human erythropoietin
group (EPIAO, n=10; mean age 67.2±10.2
years), and a combination of intravenous iron
and EPIAO group (Venofer 100 mg/week plus
EPIAO; n=12; 58.4±10.3 years). The appropriate dose of EPIAO depended on the previous
treatment. The EPIAO dose was reduced by
25% when the hemoglobin level reached 110
g/l for the female or 110 g/l for the male. All
the patients adopted dialyzer membrane (Weigao products) an area of 1.4 square meters
under Gimbo dialyzers. After 2 weeks’ treatment, all the serum parameters were determined before hemodialysis.
Data analysis
Continuous data were expressed as mean ±
standard deviation (SD). T tests were applied to
observe the mean difference between MHD
patients and healthy controls. Spearman rank
test was applied to investigate correlations
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Table 2. Comparison between the different treatment groups
Variables
Dosage of drugs

Iron sucrose (n=10)

EPIAO (n=10)

Iron sucrose + EPIAO (n=12)

Iron sucrose 100 mg/week 512±46 IU/kg/week Iron sucrose 100 mg/w + 342±52 IU/kg/week

Hepcidin (ng/mL)
On enrolment

412±168.4

421±172.8

Week 2 after treatment

434±171.3

286.4±94.2

430±178.3
#

412±171.4

Hemoglobin (g/L)
On enrolment
Week 2 after treatment

128±3

119±4

123±3

126±3.2

118±5

122±3

Serum ferritin (µg/L)
On enrolment

512±87

560±76

620±68

Week 2 after treatment

581±89

512±68

654±74

On enrolment

31.8±4.2

26.8±3.6

27.6±6.3

Week 2 after treatment

45.6±5.4*

31.4±3.8

44.8±5.6#

On enrolment

34±8

39±5

38.2±4

Week 2 after treatment

42±7

38±4.8

36.6±5

Reticulocyte (× 109)

Transferrin saturation (%)
*

Serum erythropoietin (mg/dL)

*

On enrolment

9.2±2.8

9.2±2.7

8.3±2.1

Week 2 after treatment

6.7±3.2

68.5±48.6#

19.2±6.2#

P<0.05; #P<0.01.

between serum hepcidin and other biomarkers.
All the statistical analyses were conducted by
using SPSS software 16.0. A P-value <0.05 was
considered statistically significant.
Results
Baseline clinical characteristics
As shown in Table 1, in healthy controls, serum
ferritin level was 138±8.6 µg/L, while a significantly higher serum ferritin value of 456±38.7
µg/L was observed in MHD patients (P<0.01).
Serum hepcidin level of MHD patients was significantly higher than those in the healthy controls (424±174.2 vs. 72.4±12.3 ng/ml, P<0.01).
There were no statistically differences between
MHD patients and healthy controls with respect
to serum iron, transferrin saturation, reticulocyte, hemoglobin, and CRP level (all P>0.05).
Hemodialysis significantly decreased serum
hepcidin level (424±174.2 vs. 72.4±12.3 ng/
ml, P<0.01). Spearman rank analysest indicated that serum hepcidin showed significant positive correlation with serum iron (r=0.68), serum
ferritin (r=0.62), transferrin saturation (r=0.70),
and reticulocyte (r=-0.63). However, there were
no significant correlation between serum hepcidin level and hs-CRP, hemoglobin or spKT/V.
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Changes of serum hepcidin after treatment
After two weeks’ treatment, we detected serum
hepcidin, hemoglobin, reticulocyte, transferrin
saturation, serum ferritin, and serum erythropoietin level before hemodialysis. Treatment
with intravenous iron sucrose alone, serum
hepcidin level was slightly increased and serum
erythropoietin level showed no obvious reduction (all P>0.05); while reticulocyte and transferrin saturation level significantly increased
(all P<0.05). EPIAO treatment alone significantly increased serum erythropoietin level and
decreased serum hepcidin level (all P<0.01).
Treatment with iron sucrose combined with
EPIAO significantly increased serum erythropoietin and reticulocyte level (all P<0.01) but not
significantly reduced serum hepcidin level
(P>0.05) (Table 2).
Discussion
This study reveals that serum hepcidin level is
higher in MHD patients than the healthy controls. Hepcidin level in MHD patients is positively correlated with serum iron, serum ferritin,
and transferrin saturation, negatively correlated with reticulocyte. A significant reduction in
hepcidin levels is observed after treatment
with EPIAO for two weeks. However, this effect
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is not observed in iron sucrose alone or combined with EPIAO treatment. Intravenous iron
sucrose is an effective agent for the maintenance iron therapy.
The positive correlation between serum hepcidin and iron parameters may reflect the known
regulation of hepcidin of the iron metabolism.
This finding was supported by other studies [1113]. However, inconsistent results remain exist.
There was no significant correlation between
ferritin and hepcidin level in a more recent publication [14]. There are many factors involved in
hepcidin production, including artificial fluid
retention, infection or inflammation. Inflammation and iron overload has been shown to
increase hepcidin synthesis, whereas increased
erythropoiesis suppresses hepcidin production
[15, 16]. However, there were no significant
differences on hs-CRP levels between MHD
patients and healthy controls, which suggesting inflammation appeared to be not prominent
in our patients. Therefore, inflammation may be
not a confounding factor in the current study.
Insufficient production of erythropoietin and
iron deficiency is the main cause of anemia
among MHD patients. An optimal iron status is
critical to achieve maximum benefits from
ESAs. Absolute or functional iron deficiency
could reduce benefits from ESAs. Hepcidin
interfers iron recycling by blocking iron absorption from the duodenum and iron release from
the liver or macrophages [17]. Hepcidin could
serve as an indicator of functional iron deficiency in MHD patients [18]. In this study, increase
in EPIAO doses in epoetin-treated patients
resulted in a significantly decline in serum hepcidin level and rise of serum erythropoiesis
concentration. Elevated serum erythropoiesis
could suppress hepcidin production. While
intravenous iron sucrose alone or in combination with EPIAO did not obviously affect the
serum hepcidin level. Higher serum hepcidin
level in intravenous iron sucrose-treated patients might be correlated with increasing iron
loading or decreasing availability of iron for low
serum erythropoiesis level. These findings indicated that removal of serum hepcidin level and
blockage of external cause of hepcidin production may reduce the dose of ESAs and improve
the iron absorption and utilization.
There are several limitations in this study. First,
the sample size of participants was relatively
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small, which may have a lower statistical power.
Second, this study was not a randomized controlled trial, patients selection bias cannot be
excluded. Finally, decline in glomerular filtration
rate affected the serum hepcidin level and the
difference in glomerular filtration rate might
have influenced our observed results.
In conclusion, the current study shows that
serum hepcidin level in MHD patients is positively correlated with serum iron, serum ferritin,
or transferrin saturation, and negatively correlated with reticulocyte in the MHD patients.
EPIAO alone but not intravenous iron sucrose
treatment is associated with a decline in serum
hepcidin level. Reduction of serum hepcidin
level and sufficient ESAs supplementation may
improve erythropoiesis and restore iron homeostasis.
Acknowledgements
This work was supported by scientific research
project of Dongfang Hospital Affiliated to Tongji
University of Shanghai (DFQH-M12).
Disclosure of conflict of interest
None.
Address correspondence to: Liqin Zhu, Department
of Nephrology, Tongji University School of Medicine,
No. 1800, Yuntai Road, Shanghai 200123, China.
Tel: +86-021-38804518; Fax: +86-021-58798999;
E-mail: hlglyx@126.com

References
[1]

[2]

[3]
[4]

KDOQI; National Kidney Foundation. KDOQI
clinical practice guidelines and clinical practice recommendations for anemia in chronic
kidney disease. Am J Kidney Dis 2006; 47:
S11-145.
Malyszko J, Malyszko JS and Mysliwiec M.
Hyporesponsiveness to erythropoietin therapy
in hemodialyzed patients: potential role of prohepcidin, hepcidin, and inflammation. Ren Fail
2009; 31: 544-548.
Richardson D. Clinical factors influencing sensitivity and response to epoetin. Nephrol Dial
Transplant 2002; 17 Suppl 1: 53-59.
Szczech LA, Barnhart HX, Inrig JK, Reddan DN,
Sapp S, Califf RM, Patel UD and Singh AK.
Secondary analysis of the CHOIR trial epoetinalpha dose and achieved hemoglobin outcomes. Kidney Int 2008; 74: 791-798.

Int J Clin Exp Pathol 2016;9(6):6549-6553

Hepcidin in maintenance hemodialysis
[5]

Rishi G, Wallace DF and Subramaniam VN.
Hepcidin: Regulation of the master iron regulator. Biosci Rep 2015; 35: e00192.
[6] Zaritsky J, Young B, Wang HJ, Westerman M,
Olbina G, Nemeth E, Ganz T, Rivera S,
Nissenson AR and Salusky IB. Hepcidin--a potential novel biomarker for iron status in chronic kidney disease. Clin J Am Soc Nephrol 2009;
4: 1051-1056.
[7] Rubab Z, Amin H, Abbas K, Hussain S, Ullah MI
and Mohsin S. Serum hepcidin levels in patients with end-stage renal disease on hemodialysis. Saudi J Kidney Dis Transpl 2015; 26:
19-25.
[8] Costa E, Swinkels DW, Laarakkers CM, RochaPereira P, Rocha S, Reis F, Teixeira F, Miranda
V, do Sameiro Faria M, Loureiro A, Quintanilha
A, Belo L and Santos-Silva A. Hepcidin serum
levels and resistance to recombinant human
erythropoietin therapy in haemodialysis patients. Acta Haematol 2009; 122: 226-229.
[9] Tessitore N, Girelli D, Campostrini N, Bedogna
V, Pietro Solero G, Castagna A, Melilli E,
Mantovani W, De Matteis G, Olivieri O, Poli A
and Lupo A. Hepcidin is not useful as a biomarker for iron needs in haemodialysis patients on maintenance erythropoiesis-stimulating agents. Nephrol Dial Transplant 2010; 25:
3996-4002.
[10] van der Weerd NC, Grooteman MP, Bots ML,
van den Dorpel MA, den Hoedt CH, Mazairac
AH, Nube MJ, Penne EL, Gaillard CA, Wetzels
JF, Wiegerinck ET, Swinkels DW, Blankestijn PJ
and Ter Wee PM. Hepcidin-25 in chronic hemodialysis patients is related to residual kidney
function and not to treatment with erythropoiesis stimulating agents. PLoS One 2012; 7:
e39783.

6553

[11] Kato A, Tsuji T, Luo J, Sakao Y, Yasuda H and
Hishida A. Association of prohepcidin and hepcidin-25 with erythropoietin response and ferritin in hemodialysis patients. Am J Nephrol
2008; 28: 115-121.
[12] Sany D, Elsawy AE and Elshahawy Y. Hepcidin
and regulation of iron homeostasis in maintenance hemodialysis patients. Saudi J Kidney
Dis Transpl 2014; 25: 967-973.
[13] Nakanishi T, Hasuike Y, Otaki Y, Kida A,
Nonoguchi H and Kuragano T. Hepcidin: another culprit for complications in patients with
chronic kidney disease? Nephrol Dial Transplant 2011; 26: 3092-3100.
[14] Taheri N, Mojerloo M, Hadad M, Mirkarimi H,
Nejad RK and Joshaghani HR. Comparison of
serum levels of hepcidin and pro-hepcidin in
hemodialysis patients and healthy subjects.
Saudi J Kidney Dis Transpl 2015; 26: 34-38.
[15] Ganz T and Nemeth E. Hepcidin and iron homeostasis. Biochim Biophys Acta 2012; 1823:
1434-1443.
[16] Nicolas G, Chauvet C, Viatte L, Danan JL,
Bigard X, Devaux I, Beaumont C, Kahn A and
Vaulont S. The gene encoding the iron regulatory peptide hepcidin is regulated by anemia,
hypoxia, and inflammation. J Clin Invest 2002;
110: 1037-1044.
[17] Fung E and Nemeth E. Manipulation of the
hepcidin pathway for therapeutic purposes.
Haematologica 2013; 98: 1667-1676.
[18] Swinkels DW and Wetzels JF. Hepcidin: a new
tool in the management of anaemia in patients with chronic kidney disease? Nephrol Dial
Transplant 2008; 23: 2450-2453.

Int J Clin Exp Pathol 2016;9(6):6549-6553

