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 ABSTRACT 
Background: Chronic kidney disease is associated with increase serum 

hepcidin level which contributes to severity of anemia and to resistance of 

erythropoiesis stimulating agents and dysregulation of iron hemostasis. 

Serum hepcidin correlates positively with ferritin in patients on 

hemodialysis. Subjects and Methods: fifty patients of end stage renal 

disease(ESRD) on regular hemodialysis and on erythropoietin therapy, 

twenty seven males, twenty three females and twenty subjects as control. 

Group matched for age, gender were clinically assessed and laboratory 

investigations were done in the form of serum urea, creatinine, iron profile 

(serum iron, ferritin, total iron binding capacity), serum erythropoietin, 

serum hepcidin, and hemoglobin. Results: There is significant negative 

correlation between hepcidin and hemoglobin, iron, total iron binding 

capacity and erythropoietin (P<0.01) and positive significant correlation 

between serum hepcidin and serum ferritin (P<0.05) in both male and 

female groups. Hepcidin and serum ferritin are higher in patients groups 

than control but erythropoietin is lower in patients groups than control with 

statistical significance (P<0.01). 
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INTRODUCTION 

nemia of chronic renal disease is a 

multifactorial problem. Inflammation 

and impaired renal clearance increase 

plasma hepcidin, inhibiting duodenal iron 

absorption and sequestration iron in 

macrophages, this can cause iron deficiency, 

resistance to endogenous, exogenous 

erythropoietin. 
[1] 

Hepcidin is a small defensin-like peptide 

produced primarily by hepatocytes and 

macrophages. It is considered the main 

regulator of iron metabolism. Through 

controlling dietary iron absorbed inthe 

duodenum and the iron release by reticulo-

endothelial cells. It is upregulated by different 

stimuli such as iron overload and 

inflammation and downregulated by anemia, 

iron deficiency and hypoxia.
[2]

 

     Chronic kidney disease (CKD) is 

associated with increase serum hepcidin 

levels, which contributes to the severity of 

anemia and to resistance of erythropoiesis 

stimulating agents and dysregulation of iron 

hemostasis.
[3] 

     Ferritin is a significant predictor of 

hepcidin levels in absence of apparent 

inflammation. Serum hepcidin levels 

correlated positively with ferritin in patients 

on hemodialysis and is considered a marker of 

inflammation as highly sensitive –CRP. 
[4] 

     Recombinant human erythropoietin has 

been used in chronic renal failure patients 

suffering from chronic anemia and although it 

improves outcome of patients on regular 

chronic dialysis but few numbers of patients 

have recorded failure of response to epoetin 

therapy. Many factors are contributed to 

resistance such as iron deficiency either 

functional or absolute, infection and 

inflammation disrupt iron metabolism and 

increase release of pro-inflammatory 

cytokines that inhibit erythropoiesis.
[5]

 

     Our study aims to evaluate the role of 

serum hepcidin in predicting the therapeutic 

efficacy of erythropoiesis-stimulating agent 

treatment in patients with chronic renal 

failure. 

 

 

 

A 
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SUBJECTS AND METHODS 

This study was carried out in Benha 

Teaching Hospital Clinical Pathology and 

Internal Medicine Departments. 

The study included a total number of 

seventy subjects, twenty healthy persons and 

fifty patients. The patients groups are classified 

according to gender into males group (group I) 

and females group (group II) as reference range 

of iron, ferritin and TIBC are different between 

males and females. The patients are  presenting 

to the Benha teaching hospital for renal dialysis. 

Their diagnosis was confirmed by medical 

history, clinical examination , laboratory 

investigations and radiological examination.   

These subjects were classified into: 

Group I  

Twenty seven males patients with renal 

failure, their age ranged from 29 to 67 years with 

(meanSD) of (50.2±10.2). They suffer from 

chronic renal failure and are subjecting to regular 

hemodialysis 3 times per week . 

Group II 

Twenty three females patients with renal 

failure, their age ranged between 32 and 60 

years with (mean  SD) of  (48.8±8.4). They 

suffer from chronic renal failure and are subjecting 

to regular hemodialysis 3 times per week . 

Group III (Control group)  

Twenty healthy subjects, 10 males and 10 

females their age ranged between 27 and 57 

years with (mean  SD) of (45.1±8.9), were 

chosen from healthy subjects who do not suffer 

from any diseases, hemostatic defects, kidney or 

liver diseases and didn’t receive any medical 

treatment at least 2 weeks before obtaining the 

samples. 

Methods: 

All subjects were subjected to the 

following:  

1-History taking and clinical examination. 

2- Laboratory investigations : 

 Complete blood count (CBC) using 

sysmexkx 21 Roche diagnostic 

Urea using Diamon diagnostic reagents 

based on Berthelot enzymatic 

colorimetric method.
[6] 

 Serum creatinine using Spectrum 

Diagnostic reagents based on buffered 

kinetic Jaffé reaction without 

deproteinization.
[7] 

 Serum iron and TIBC using Spectrum 

Diagnostic reagents.
[8]

 

 Serum ferritin using Vidas-Biomerieux 

based on enzyme linked fluorescent 

assay (ELFA) technique. The assay 

principle combines a one step enzyme 

immunoassay sandwich method with a 

final fluorescent detection.
[9] 

 Serum erythropoietin by ELISA using 

DRG* EPO ( Erythropoietin) (EIA-

3646) kits.
[10] 

Serum hepcidin measurements by ELISA 

technique using Cusabio reagents from 

Cusabio Biotech Co., LTD (USA). The 

assay employs quantitative sandwich 

immunoassay technique.
[11]

 

Blood Sampling: 

9 mls venous blood were obtained by 

venipuncture divided into: 

*2 mls blood on K2 EDTA, the concentration 

of K2 EDTA is 1.5 + 0.25 mg/ml blood   for 

complete blood count (CBC). 

*2 mls blood in a plain tube without 

anticoagulant for hepcidin assay. Samples are 

allowed to clot for 2 hours at room temperature 

before centrifugation for 15 minutes at 1000 
x
g 

. Separated serum was aliquoted and stored at -

20 °C. 

*2 mls blood in a plain tube without 

anticoagulant between 7.30 am and12 noon for 

erythropoietin assay. Samples are allowed to 

clot between 2°C and 8°C for 2 hours before 

centrifugation in refrigerated centrifugation for 

15 minutes at 1000 
x
g . Separated serum was 

aliquot and stored at -20 °C. 

*3 mls blood in a plain plastic tube without 

anticoagulant. Samples are allowed to clot for 

half an hour at 37°C before centrifugation for 

15 minutes at 1000 
x
g  for measurement serum 

urea, creatinine, serum iron, TIBC and serum 

ferritin. 

Statistical analysis: The collected data was 

tabulated and analyzed using SPSS software 

version 14 (SPSS Inc, Chicago, ILL 

Company). Data were expressed as mean ± 

SD, standard deviation, ANOVA, least 

significant difference (LSD) and  Pearson 

correlation studies. 

RESULTS 

      Our study included 50 patients 27 (54%) 

♂ in group I, 23 (46%) ♀ in group II and 20 
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subjects as control group (group III), their age 

ranges from (27-67years) selected from 

hemodialysis unit of Benha teaching hospital. 

Patients suffers from end stage renal disease 

(ESRD) and on regular hemodialysis 3 

sessions per week and they have taken 

erythropoiesis stimulating agent therapy 

regularly.  

      The statistical analysis of laboratory 

results of ♂,♀ groups and control group 

showed the following: 

      Serum hepcidin was high in both patients 

groups but higher in ♀group with (mean ± 

SD) (344±149.2) than ♂ group  (387±112.02) 

versus (139.7±43.6) for the control group and 

with statistical significance difference 

between groups (P<0.01).  

      Hemoglobin was lower in both ♂,♀ 

groups compared to control (mean ± SD), 

(9.3±1.5),(8.8±1.4) versus (13.9±1.2) and 

with statistical significance (P<0.01). 

     Serum ferritin level was also elevated in 

patients than control group and more higher in 

♂ than♀ patients with (mean ± SD), 

(254.9±89.8),(187.9±66.5), versus 

(87.3±13.02) and also with statistical 

significance (P<0.01), also age, urea, 

creatinine were higher in patients groups with 

statistical significance (P<0.01), but serum 

erythropoietin was lower in patients groups 

than control and also, serum iron, TIBC 

capacity and with statistical significance 

(P<0.01). Table (1), figure (1) 

     The least significant difference (LSD) 

between male and female groups in different 

laboratory parameters showed: Significant 

difference in serum ferritin (P<0.01) and 

serum iron (P<0.05), but serum urea, 

creatinine, hemoglobin, TIBC, erythropoietin, 

hepcidin were insignificantly different 

between males and females groups (P> 0.05). 

Table (2) 

     Significant negative correlation between 

hepcidin and serum hemoglobin, iron, total 

iron binding capacity and erythropoietin 

(P<0.01) in the females group and  in the 

male group (P<0.05) . (figure 2,3) 

     NO significant correlation between 

hepcidin and serum urea and creatinine in 

both ♂,♀ groups. Moreover, serum hepcidin 

and serum ferritin had positive significant 

correlations (P<0.01) in ♂ group and in ♀ 

group (P<0.05). Table (3), figure (4). 

 

Table (1): Simple analysis of variance (ANOVA) for group I (males group), group II (females 

group) and group III (control group) 

 

P F Group III 

mean±SD 

Group II 

mean±SD 

Group I 

mean±SD 

 

 <0.01**  62.7 26.3   ±4.5 82.0 ±21.7 85.04±23.5 Urea  mg/dl 

 <0.01**  89.4 0.79  ±0.17 5.08 ±1.29 5.3   ±1.6 Creatinine  mg/dl 

 <0.01**  93.68 13.9  ±1.2 8.8 ±1.4 9.3  ±1.5 Haemglobin  g/dl 

 <0.01**  16.1 88.7 ±22.3 57.6±17.8 68.1 ±14.9 Iron  ug/dl 

 <0.01**  29.48 307.3±53.8 201 ±40.2 222 ±49.9 TIBC  % 

 <0.01**  34.6 87.3±13.02 187.9 ±66.5 254.9±89.8 Ferritin  ng/ml 

 <0.01**  45.3 23.9  ±8.8 7.9 ±4.0 10.6 ±4.3 Erythropoietin mIu/ml 

 <0.01**  28.9 139.7±43.6 387±112.02 344±149.2 Hepcidin ng/ml 

>0.05^ 1.77 45.1±8.9 48.8±8.4 50.2±10.2 Age Years 

   
mean, standard deviation (SD), F and P value. 

P >0.05 (Non Significant) = ^ 

P <0.05 (Significant) = * 

P <0.01 (Highly Significant) = ** 

Group I : Male patients with chronic renal failure . 
Group II : Female patients with chronic renal failure. 

Group III: Control group. 
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Figure (1):  Comparison of hepcidin mean in the different studied groups: 

 
Table (2): Least significance difference (LSD) of the different parameters measured  in the 

different study groups 
  

GI and GIII 

LSD               P 

GII and GIII 

LSD               P 

GI and GII 

LSD                P 

 

<0.01** 58.7 <0.01** 55.7 >0.05 ^ 3.04 Urea 
mg/dl 

<0.01** 4.53 <0.01** 4.28 >0.05^    0.24 Creatininemg/dl 

<0.01** 4.59 <0.01** 5.04 >0.05 ^ 0.456 Haemglobing/dl 

<0.01** 20.58 <0.01** 31.02 <0.05 *   10.4 Iron ug/dl 

<0.01** 85.2 <0.01** 105.7 >0.05 ^ 20.44 TIBC% 

<0.01** 167.6 <0.01** 100.6 <0.01**   66.9 Ferritin ng/ml 

<0.01** 13.26 <0.01** 15.9 >0.05 ^ 2.72 ErythropiotinmIu/ml 

<0.01** 204.4 <0.01** 247.6 >0.05 ^ 43.2 Hepcidinng/ml 

P >0.05 (Non Significant) = ^ 

P <0.05 (Significant) = * 

P <0.01 (Highly Significant) = ** 

Group I : Male patients with chronic renal failure . 
Group II : Female patients with chronic renal failure. 

GroupIII: Control group.  

 

Table (3): Pearson correlations between hepcidin and  the different parameters (urea, creatinine, 

haemoglobin, iron, TIBC, Ferritin and Erythropoietin) in the different studied groups. 

Hepcidin (ng/ml)  

GroupIII 

r               P 

GroupII 

r               P 

GroupI 

r               P 

-0.172   >0.05^ 0.192     >0.05^ -0.009     >0.05^ Urea  mg/dl 

0.094    >0.05^ 0.103     >0.05^ -0.077     >0.05^ Creatinine  mg/dl 

-0.299   >0.05^ -0.730    <0.01** -0.481     <0.05* Haemglobin  g/dl 

0.137    >0.05^ -0.826    <0.01** -0.464     <0.05* Iron   ug/dl 

0.235    >0.05^ -0.776    <0.01** -0.469     <0.05* TIBC  % 

0.203    >0.05^ 0.5        <0.05*   0.83        <0.01** Ferritin ng/ml 

0.266    >0.05^ -0.863    <0.01** -0.489     <0.05* Erythropoietin mIu/ml 

P >0.05 (Non Significant) = ^ 

P <0.05 (Significant) = * 

P <0.01 (Highly Significant) = ** 

Group I : Male patients with chronic renal failure . 
Group II : Female patients with chronic renal failure.  

GroupIII: Control group. 
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Figure (2): Correlation between hepcidin and erythropoietin in group I 

 

 
Figure (3): Correlation between hepcidin and Haemoglobin in groupI I 

 

 
Figure (4):Correlation between hepcidin and ferritin in group I 
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Figure (5): Correlation between hepcidin and ferritin in group II 

 

 

DISCUSSION 

 Hepcidin is involved in iron 

restrict erythropoiesis associated iron 

deficiency anemia and anemia of chronic 

disorders in chronic renal failure. 

Hepcidin-25 regulates iron homeostasis 

binding the iron transporter ferroportin 

causing its degradation. Moreover it 

decreases release of iron from 

intracellular stores and its intestinal 

absorption.
[12],[13]

 

          Hepcidin may play a significant 

role in the pathogenesis of chronic 

kidney disease (CKD) complications 

associated with disturbed iron 

metabolism. Patients with 

hyperferritinemia have impaired hepcidin 

expression. As in hemochromatosis it is 

associated with an attenuation of 

atherosclerosis, thus hepcidin might 

accelerate atherosclerosis by preventing 

iron exit from macrophage and other 

cells in the arterial wall.
[14] 

 

         Prohepcidin is the precursor of 

hepcidin, iron overload and inflammation 

increase hepcidin expression, whereas 

anemia and hypoxia suppress it. In a 

study done by (El Ftheriads et al., 2006) 

showed that prohepcidin level may be 

associated with the factors that inhibit 

erythropoiesis in hemodialysis patient. 
[15],[16] 

      In a cross sectional study on 505 non 

dialysis CKD patient, not treated with 

parenteral iron. Hepcidin level was 

significantly increased according to CKD 

stage without any association with 

estimated GFR, in contrary hepcidin 

level was found to be negatively 

associated with hemoglobin 

concentration in high ferritin group.
[17] 

       In our study, serum hepcidin was 

higher in both ♂,♀ groups of patients of 

end stage renal disease ESRD on regular 

hemodialysis in comparison to control 

group with statistical significance 

(P<0.01) and  its concentration was 

higher in ♀ group. table (1),(2), figure 

(1) 

     This is matched on study done on 103 

CKD patients versus 100 healthy 

individuals. Hepcidin-25 concentrations 

was significantly increased compared to 

healthy subjects. 
[12]

, also a study on 

patients with combined heart, renal 

failure and anemia, hepcidin levels was 

increased in comparison to healthy 

reference populations. 
[18],[19],[20] 

     In this study hepcidin was negatively 

correlated to serum hemoglobin, serum 

iron and total iron binding capacity 

(P<0.01). (Table 3),  figure (3). 

     Which is matched with on a study on 

Japanese dialysis patients with 

erythropoietin (Epo resistant anemia), 

multiple factors are included such as iron 

deficiency and inflammation and 
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increased interleukin-6, high sensitive 

CRP may contribute to this condition. 
[21] 

     Ferritin is considered a significant 

predictor of hepcidin levels in absence of 

apparent inflammation and hepcidin also 

correlated with ferritin in patients on 

hemodialysis and is considered a marker 

of inflammation as highly sensitive 

CRP.
[5] 

     In comparison to our study serum 

ferritin was elevated in patients than 

control group and was found to be more 

in ♂ than ♀ of studied group and the 

correlation with control group was 

significant (P<0.01) and was positively 

significant correlated with hepcidin 

(P<0.05). Table (1), (2), (3), figure (4), 

(5).This is concomitant with a study done 

by (Costo et al., 2008) on 50 patients on 

hemodialysis versus 25 control , 

prohepcidin level, serum ferritin and also 

CRP, IL6 were higher especially in non 

responder group to Epo therapy than 

control and demonstrated that 

prohepcidin, may be a good marker of 

resistance of epo therapy in 

heamodialysis patients.
[22]

 

Also (Zaritky et al., 2009) found 

association between hepcidin and soluble 

transferrin receptor and suggested 

hepcidin as biomarker of iron status and 

erythropoietin resistance.
[23] 

     Recombinant human erythropoietin 

had been used in chronic renal failure 

patients which improve outcome of 

patient on regular chronic hemodialysis, 

but failure of response to epoetin therapy 

was recorded. Epo resistance is used to 

describe patients in whom the target 

hemoglobin not achieved despite a 

greater than usual dose of erythropoietin-

stimulating agent about 35% to 65% of 

hemodialysis patients show signs of 

inflammation suppress of bone marrow 

erythropoiesis secondary to release of 

cytokines in addition to protein energy 

malnutrition and wasting, low serum 

albumin.
[24],[25] 

     Oxidative stress may contribute to the 

hypo responsiveness to epotein therapy 

directly through promoting lipid 

peroxidation in cell membranes which 

leads to erythrocyte fragility and reduce 

life span.
[26] 

     Moreover, severe 

hyperparathyroidism and aluminum 

overload decrease response to erythroid 

progenitor cells, also nutritional disorders 

such as vitamin B12, folic acid and 

vitamin C deficiency.
[27] 

     Also the resistance to erythropoietin 

therapy in hemodialysis patients may be 

associated with higher adiponectin levels 

and inflammatory process altered iron 

metabolism leads to functional iron 

deficiency in lean patients in comparison 

with overweight, obese patients.
[28] 

     In this study erythropoietin was lower 

in patient groups than control with 

statistically significance (P<0.01) while 

there was insignificant correlation 

between male and female groups of 

patients, but there was negative 

correlation with serum hepcidin with 

statistic significance (P<0.01).table (1), 

(2), (3), figure (2).  This is matched by a 

study on CKD patients on hemodialysis 

and hyporesponsive to erythropoietin 

therapy serum hemoglobin was lower 

and both serum ferritin and hepcidin 

concentration were high which reflects 

subclinical inflammation.
[29],[30],[31] 

     (Rabab et al., 2015) also demonstrated 

significant correlation between patients 

on maintenance hemodialysis and epo-

therapy with serum hepcidin, 

hemoglobin, total iron binding capacity, 

serum iron especially non Epo responder 

in comparison to control and also suggest  

a role of hepcidin in Epo resistance 

group.
[30]

While (Weiss et al., 2009) 

demonstrated that using high or low flux 

bio compatible dialyser may affect 

hepcidin concentration and recommend 

Epo therapy not iron therapy reduces 

hepcidin.
[23]

 

CONCLUSION 

     Serum hepcidin level contributes to 

severity of anemia and resistance of 

erythropoiesis stimulating agent on CKD 

patients on regular hemodialysis, 

although recombinant human 

erythropoietin has been used to correct 

anemia of chronic renal disease but few 
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number of patients fail to respond. So 

hepcidin can be used as a marker of iron 

status and erythropoietin resistance. 

     Iron status should be checked 

regularly to those patients and correction 

with parenteral iron is recommended, 

also infection, inflammatory conditions 

and nutritional status should be evaluated 

and treated and also regular adherence to 

erythropoietin therapy in proper dose. 
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