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Abstract 
Background and objectives: Hepcidin is a key regulator of iron homeostasis, but its study in 

the setting of chronic kidney disease (CKD) has been hampered by the lack of validated 

serum assays. Design, setting, participants, & measurements: This study reports the 

measurements of bioactive serum hepcidin using a novel competitive ELISA in 60 patients, 

20 of them (CKD 4) and 20 CKD 5) patients, 20 ESRD on dialysis and 20 as a control 

group. Results: When compared with their respective controls hepcidin was significantly 

increased in CKD 4, CKD 5, and ESRD (65254 ng/ml). Multivariate regression analysis was 

used to assess the relationship between hepcidin and indicators of anemia, iron status, 

inflammation, and renal function. There was a correlation between ferritin and hepicidin and a 

correlation between hepicidin and degree of anemia. Also there was correlation between 

elevated level of hepicidin and parathyroid hormone. Conclusions: These findings suggest 

that increased hepcidin across the spectrum of CKD may contribute to abnormal iron 

regulation and erythropoiesis and may be a novel biomarker of iron status and erythropoietin 

resistance. 
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Introduction 

Recombinant erythropoietin (rhEPO) has 

transformed anemia therapy in patients with 

chronic kidney disease (CKD). However, 

rhEPO resistance, often asso-ciated with 

iron deficiency and inflame-mation, remains 

a challenging problem 
(1–4)

. Current 

available iron indices do not reliably 

identify iron-restricted erythropoiesis, often 

a sequela of inflammation, or those patients 

who would likely benefit from parenteral 

iron therapy
(5–7)

. To address these issues, it 

is crucial to understand the molecular mech-

anisms that link inflammation, iron balance, 

and erythropoiesis. 

 

Hepcidin, an acute phase reactant protein 

produced in the liver, is a recently 

discovered key regulator of iron homeo-

stasis. Hepcidin inhibits intestinal iron 

absorption and iron release from 

macrophages and hepatocytes
(8)

. Because 

hepcidin production is increased by 

inflammation, and high hepcidin concen-

trations limit iron availability for erythro-

poiesis, hepcidin likely plays a major role in 

the anemia of inflammation and rhEPO 

resistance. 

Due to the previous absence of an accurate 

serum assay, most studies of hepcidin in 

humans have been performed using a 

urinary assay. Because such an assay may 

not reliably reflect serum hepcidin levels in 

patients with CKD, previous studies have 

instead attempted to measure the serum 

levels of prohepcidin, the peptide precursor 

of hepcidin
(9–11)

. However, these studies 

have been difficult to interpret because the 

relationship between prohepcidin, hepcidin, 

and iron parameters remains was used to 

detect a positive correlation between serum 

hepcidin and ferritin levels in CKD
(11,17)

, but 

this technique is limited by its semiquan-

titative nature and requirement for equip-

ment that is not widely available. 

 

Because of its renal elimination
(18,19)

 and 

regulation by inflammation
(01–02)

, it is possi-

ble that progressive renal in- sufficiency 

leads to altered hepcidin metabolism, 
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subsequently affecting enteric absorption of 

iron and the availability of iron stores. In 

this study, using a novel assay, we present 

quantitative measurements of bioactive 

serum hepcidin in patients with CKD
(10–16)

.  

 

Materials and Methods 
This study included 81 subjects; 61 

patients, In addition to 01 apparently 

healthy subjects of matched age and sex 

chosen as control group. They were divided 

into the following groups: 

Group I: 

Included 01 patients CKD stage 4 GFR 

range between 15 ml/min to 09 ml/min, 

which are calculated by MDRD, 9 (45 %) 

males and 11 (55 %) females, their ages 

ranged from 18 to 65 years.  

 

Group II: 

Included 01 patients with CKD stage 5 but 

not on RRT: GFR   below 11ml/min which 

measured by MDRD associated with 

anemia, 10 (61:) males and 8(41 %) 

females, their ages ranged from 05 to 65 

years  

 

Group III: 

Included 01 patients with ESRD GFR < 

11ml/min with anemia, 12 (65 %) males 

and 7 (25 %) females, their ages ranged 

from 18 to 65 years.  

 

Group IV: 

Included 01 apparently healthy subjects of 

matched age and sex; 9 (45:) males and 11 

(55:) females, their ages ranged from 18 to 

65 years.                                          

 

- Exclusion criteria: 

1- Previously diagnosed non-renal cause of 

anemia 

0- Evidence of active or occult bleeding, 

blood transfusion within the past four 

months. 

2- History of malignancy, end-stage liver 

disease, or chronic hypoxia. 

4- Recent hospitalization or infection 

requiring antibiotics within the past four 

weeks. 
 

- All participants were subjected to the 

following 

1- History taking 

Careful history taking with special stress on 

anemia manifestations; duration, blood 

transfusion and family history. 

2- Physical  examination  

General examination and abdominal 

examination  

 

3- Lab. Investigations 

 Routine investigations: 

1- Complete blood count (CBC). 

0- Renal function tests (blood urea, serum 

creatinine). 

2- Liver function tests (ALT, AST, serum 

albumin and total protein). 

4- HB Electrophoresis. 

5- Serum iron and serum ferritin assay. 

6- Erythrocytes sedimentation rate (ESR). 

7- C- reactive protein. 

8- HCV by enzyme immunoassay (EIA). 

9- Calcium , phosphorous and PTH. 

10-Special investigations: 
Hepcidin level assay by enzyme immune-

assay (EIA). 

 

Statistical Analysis Of The Data Collected:  

Analysis of data was done by IBM 

computer using SPSS (statistical program 

for social science version 12) as follow: 

 Description of quantitative variables as 

mean, SD and range  

 Description of qualitative variables as 

number and percentage  

 Chi-square test was used to compare 

qualitative variables between groups. 

 Fisher exact test was used instead of chi-

square when one expected cell or more are 

less than 5.  

 Unpaired t-test was    used to compare two 

groups as regard quantitative variable. 

 Paired t–test was used to compare 

quantitative variables in the same group  

 One WAY ANOVA test (analysis of 

variance) was used to compare more than 

two groups as regard quantitative variable.  

 Mann Whitney test was used instead of 

unpaired t-test in non parametric data 

SD>51: mean. 

 Spearman correlation test was used to 

rank different variables positively or 

inversely.  

 ROC (receiver operator characteristic 

curve) was used to find out the best cut of 

value and validity of certain variable.  
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 Sensitivity = true ve +/true +ve + false –

ve= ability of the test to detect +ve cases 

Specificity = true -ve/true-ve+ false +ve=  

 

Results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Our results show negative correlation between GFR and hepicidin and relation between 

hepicidin and stage of CKD also our results showed negative correlation between hemoglobin 

level and hepicidin. And positive coorelation between hepicidin and ferritin. 
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also we recorded positive correlation between parathyroid hormone and hepicidin. 
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Discussion  

Using a novel validated assay (Ganz T et 

al., 0118) we report the quantitative 

measurements of bioactive serum hepcidin 

in adult non dialysis CKD and ESRD on 

dialysis.  

 

In this study, we have demonstrated that 

serum hepcidin is progressively elevated 

across the spectrum of CKD. As expected 

from studies in other populations, the 

elevation of hepcidin appears multifactorial, 

particularly given its known regulation by 

iron stores, erythropoiesis, and inflam-

mation (Ganz T. et al., 0117). 

 

The most important finding in this study 

was the inverse association between GFR 

and hepcidin in different stages of CKD. 

Hepcidin is excreted in urine and 

metabolized by the kidney (Park et al., 

0111), (Swinkels DW et al., 0118), 

(Kulaksiz H et al., 0115).  

 

The impairment of one or both of these 

processes may cause hepcidin accumulation 

as GFR decreases.  

 

The highest levels of hepcidin were 

observed in the CKD 5D group. Some 

elevation of hepcidin in this group would be 

expected given more intensive iron therapy 

reflected by higher average ferritin and 

percent iron saturation. Previous studies in 

populations with normal renal function have 

shown that oral or parenteral iron loading 

induces hepcidin production (Ganz T 

0117), (Nemeth E  et al., 0114), (Pigeon C 

et al., 0111).  

 

Elevated levels of hepcidin were present in 

the CKD5D group despite the increased use 

of rhEPO to stimulate erythropoiesis, which 

typically inhibits hepcidin produ-ction  (Pak 

M et al., 0116).  

 

Finally, in the multivariate model that 

included all CKD stages, hepcidin was 

predicted by whether the patient had stage 

5D CKD versus stages 0 to 4 CKD. 

Although further studies are warranted, this 

finding adds additional support to the 

concept that worsening renal insufficiency 

leads to increased hepcidin levels. 

Kulaksiz and his colleagues, 0115 

measured Pro-hepcidin in healthy subjects 

and those with renal impairment. It was 

significantly increased in the serum of 

patients suffering from chronic renal 

insuffiency compared with that in the 

control group, but they gave no comment on 

Hb level, and they were not on regular HD 

but in our study we showed elevation in 

serum hepicidin in all stages of CKD and 

we gave a correlation between hemoglobin 

level and hepicidin level. 
 

In all stages of CKD populations, a strong 

correlation was observed between hepcidin 

and markers of iron status by multivariate 

analysis, especially with ferritin, the 

primary storage molecule for cellular iron 

and a marker of tissue iron stores (Kalantar-

Zadeh K et al., 0116), (Wish et al., 0116).  
 

This is consistent with numerous studies in 

non-CKD populations that have docum-

ented a positive correlation between ferritin 

and hepcidin. (Ganz T 0117), (Swinkels 

DW et al., 0118), (Malyszko J. et al., 

0117). 

 

The serum hepcidin concentration exhibited 

a statistically significant correlation with 

serum ferritin concentrations in both patient 

subsets, but no statistically significant 

correlations were observed between serum 

hepcidin and other laboratory markers of 

iron status (Dallalio et al., 0112). 
  
Similar to our results, CKD and dialysis-

dependent groups had significantly incre-

ased hepcidin levels, with hepcidin 

inversely correlating with GFR. Two major 

types of hepcidin assays are becoming 

available. In the first, hepcidin peptides can 

be detected and measured by mass spectro-

metry, usually after a chromatographic or 

selective adsorption purification step. 

Internal standards are used to improve the 

accuracy of this type of assay.  The second 

type of assay, used in this study and the 

study by (Ashby et al., 0119), uses an anti-

hepcidin antibody in a competitive binding 

assay between a radiolabeled or tagged 

hepcidin and the sample. 

 

Although the two types of assays correlate 

extremely well (un- published data), the 

http://joe.endocrinology-journals.org/search?author1=H+Kulaksiz&sortspec=date&submit=Submit
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absolute values reported by the assays vary 

by as much as ten-fold.  

The reason for this discrepancy may include 

hepcidinbinding factors in sera and urine, 

differing hepcidin standards and their state 

of aggregation, and the tendency of hep-

cidin to adsorb to assay surfaces. Provided 

that a suitable reference population is used 

for each study, these factors do not affect 

the conclusions reached. 

 

Efforts are underway to resolve these 

differences and to provide technical 

standardization of the hepcidin assays. 

We also found at our study a negative e 

correlation between serum albumin and 

hepicidin level.  

 

Our result is corresponding to a cohort 

study of 52 patients were followed for 10 

months. Its association with albumin and 

hemoglobin levels at the start of the study 

and at 6 and 10 months thereafter were 

looked for. In all patients, there was 

correlated positively between the albumin 

level and with the hemoglobin level (Teruel 

et al., 0115). 

 

References 

1. Kalantar-Zadeh K, McAllister CJ, 

Lehn RS, Lee GH, Nis- senson AR, 

Kopple JD: Effect of malnutrition 

inflammation complex syndrome on 

EPO hyporespon-siveness in mainte-

nance hemodialysis patients. Am J 

Kidney Dis 40:761–772, 0112 

0. Macdougall IC, Cooper AC: Erythro-

poietin resistance: The role of inflame-

mation and pro-inflammatory cyto-

kines. Nephrol Dial Transplant 17 

[Suppl 11]: 29 – 42, 0110 

2. Stenvinkel P: The role of inflammation 

in the anaemia of end-stage renal 

disease. Nephrol Dial Transplant 16 

[Suppl 7]: 26 – 41, 0111 

4.   Chonchol M, Lippi G, Montagnana M, 

Muggeo M, Targher, G: Association of 

inflammation with anaemia in patients 

with chronic kidney disease not 

requiring chronic dialysis. Nephrol 

Dial Transplant 02: 584–592, 0118  

5. Kalantar-Zadeh K, Kalantar-Zadeh K, 

Lee GH: The fascinating but deceptive 

ferritin: To measure it or not to mea- 

sure it in chronic kidney disease? Clin 

J Am Soc Nephrol 1[Suppl 1]: S9 –

S18, 0116 

6. Wish JB: Assessing iron status: 

Beyond serum ferritin and transferrin 

saturation. Clin J Am Soc Nephrol 1 

[Suppl 1]: S4 –S8, 0116 7. Singh AK, 

Coyne DW, Shapiro W, Rizkala AR: 

Predictors of the response to treatment 

in anemic hemodialysis pa- tients with 

high serum ferritin and low transferrin 

saturation. Kidney Int 7111162–1171, 

0117 

7. Ganz T: Molecular control of iron 

transport. J Am Soc Nephrol 18: 294–

411, 0117 

8. Malyszko J, Malyszko JS, Pawlak K, 

Mysliwiec M: Hepcidin, iron status, 

and renal function in chronic renal 

failure, kidney transplantation, and 

hemodialysis. Am J Hematol 81: 820–

827, 0116 

9. Kato A, Tsuji T, Luo J, Sakao Y, 

Yasuda H, Hishida A: Association of 

prohepcidin and hepcidin-05 with 

erythropoietin response and ferritin in 

hemodialysis patients. Am J Nephrol 

08: 115–101, 0118 

11. Taes YE, Wuyts B, Boelaert JR, De 

Vriese AS, Delanghe JR: Prohepcidin 

accumulates in renal insufficiency. 

Clin Chem Lab Med 40: 287–289, 

0114 

11. Hadley KB, Johnson LK, Hunt JR: 

Iron absorption by healthy women is 

not associated with either serum or 

urinary prohepcidin. Am J Clin Nutr 

84: 151–155, 0116 

10. Kemna E, Pickkers P, Nemeth E, van 

der Hoeven H, Swinkels D: Time-

course analysis of hepcidin, serum 

iron, and plasma cytokine levels in 

humans injected with LPS. Blood 116: 

1864–1866, 0115 

12. Brookes MJ, Sharma NK, Tselepis C, 

Iqbal TH: Serum pro-hepcidin: Mea-

suring active hepcidin or a non-func- 

tional precursor?Gut 541169–171, 

0115 

14. Kemna EH, Kartikasari AE, van Tits 

LJ, Pickkers P, Tjalsma H, Swinkels 

DW: Regulation of hepcidin: Insights 

from biochemical analyses on human 

serum samples. Blood Cells Mol Dis 

file:///C:/Users/mimo/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/CRP.HDX/CRP13.htm
file:///C:/Users/mimo/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/CRP.HDX/CRP13.htm


MJMR, Vol. 25, No. 1, 2014, pages (69-55).                                                            El-Din et al., 

 
 

55                                                      Hepcidin A Potential Novel Biomarker for Iron Status in Chronic Kidney Disease 

 

41: 229–246, 0118 

15. Roe MA, Spinks C, Heath AL, Harvey 

LJ, Foxall R, Wim- peris J, Wolf C, 

Fairweather-Tait SJ: Serum prohep-

cidin concentration: No association 

with iron absorption in healthy men; 

and no relationship with iron status in 

men carrying HFE mutations, here-

ditary haemochromatosis patients 

undergoing phlebotomy treatment, or 

pregnant women. Br J Nutr 971544-

549, 0117 

16. Tomosugi N, Kawabata H, Wakatabe 

R, Higuchi M, Yamaya H, Umehara H, 

Ishikawa I: Detection of serum 

hepcidin in renal failure and inflame-

mation by using Pro- teinChip System. 

Blood 118: 1281–1287, 0116 

17. Park CH, Valore EV, Waring AJ, Ganz 

T: Hepcidin, a urinary antimicrobial 

peptide synthesized in the liver. J Biol 

Chem 076: 7816 –7811, 0111 

18. Swinkels DW, Girelli D, Laarakkers C, 

Kroot J, Campostrini N, Kemna EH, 

Tjalsma H: Advances in quantitative  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

19. hepcidin measurements by time-of 

flight mass spectrometry. PLoS ONE 

2: e0716, 0118 

01. Nicolas G, Chauvet C, Viatte L, Danan 

JL, Bigard X, De- vaux I, Beaumont C, 

Kahn A, Vaulont S: The gene encod- 

ing the iron regulatory peptide hep-

cidin is regulated by anemia, hypoxia, 

and inflammation. J Clin Invest 111: 

1127– 1144, 0110 

01. Nemeth E, Rivera S, Gabayan V, 

Keller C, Taudorf S, Pedersen BK, 

Ganz T: IL-6 mediates hypoferremia of 

in- flammation by inducing the syn-

thesis of the iron regulatory hormone 

hepcidin. J Clin Invest 112: 1071–

1076, 0114 

00. Weiss G, Goodnough LT: Anemia of 

chronic disease. N Engl J Med 250: 

1111–1102, 0115 

02. 1156 Clinical Journal of the American 

Society of Nephrology Clin J Am Soc 

Nephrol 4: 1151–1156, 0119 

  


