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CLINICAL STUDY

The relationship of Prohepcidin levels with anemia and inflammatory
markers in non-diabetic uremic patients: a controlled study
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Abstract

Introduction: Hepcidin, a small peptide hormone synthesized in the liver, plays central role
in regulation of iron metabolism. Hepcidin generation in chronic kidney disease (CKD) is
dependent on iron status, anemia, inflammation, and hypoxia and erythropoietin levels. In our
study, the relationship between Prohepcidin levels and inflammation and iron indices in
non-diabetic uremic patients was investigated. Methods: This study has a cross-sectional
design which includes four groups: Non-diabetic 21 patients with stage 4 CKD (predialysis),
20 hemodialysis (HD) and 21 peritoneal dialysis (PD) patients and 17 healthy volunteers as
the control group. Complete blood count, iron, total iron binding capacity (TIBC), ferritin,
high-sensitive C-reactive protein (hsCRP), fibrinogen, parathyroid hormone, interleukin (IL)-6
and Prohepcidin levels were recorded. Results: Serum Prohepcidin levels in the predialysis, HD,
PD and the control groups were 119.6 ± 45.1 ng/mL, 140.2 ± 41.8 ng/mL, 148.2 ± 35.0 ng/mL
and 93.8 ± 21.9 ng/mL, respectively (p50.001). Prohepcidin was positively correlated with urea
(r¼ 0.345, p¼ 0.002), creatinine (r¼ 0.465, p50.001), phosphorus (r¼ 0.253, p¼ 0.025), hsCRP
(r¼ 0.275, p¼ 0.019), duration of dialysis treatment (r¼ 0.443, p50.001), fibrinogen (r¼ 0.467,
p50.001) and IL-6 (r¼ 0.615, p50.001) levels. A negative correlation was detected between
Prohepcidin levels and albumin (r¼�0.286, p50.001), TIBC (r¼�0.573, p50.001), GFR
(r¼�0.473, p50.001), hemoglobin (r¼�0.351, p¼ 0.002) and hematocrit (r¼�0.342,
p¼ 0.002) levels. Discussion: Prohepcidin levels increase with deepening anemia and show
positive correlation with inflammatory markers. Therapeutic interventions regarding
Prohepcidin action on inflammatory status may play a role in the treatment of anemia due
to inflammation. Functional iron deficiency is frequent in uremic patients. It may be beneficial
to measure Prohepcidin level together with ferritin among these patients.
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Introduction

Renal anemia is one of the most important problems

that affect quality of life in chronic kidney disease (CKD).

Renal anemia is mainly related to erythropoietin (EPO) and

iron deficiencies.1 Hepcidin is synthesized in the liver; and

is described as the homeostatic regulator of iron absorption

from the gut, iron turnover in macrophages and iron release

from hepatic stores. Hepcidin inhibits cellular iron release

by way of binding to and stimulating the destruction

of ferroportin. The synthesis of hepcidin is increased by

iron load and decreased by presence of anemia and hyp-

oxia.2,3 The measurement of the biologically active hepcidin-

25 is difficult due to technical and financial reasons.

Therefore, Prohepcidin which is easier to measure due to its

higher immunogenicity, is more commonly used in clinical

investigations. Prohepcidin levels have been found to be

elevated and negatively correlated with glomerular filtration

rate in uremic patients. There are studies in which

Prohepcidin levels were correlated with iron indices and

hematologic parameters while there are others failing to show

this relationship.4–6

The aim of our study was to evaluate the relation of

Prohepcidin levels with iron parameters and inflammatory

markers in non-diabetic uremic patients.

Methods

Patient groups

This is a cross-sectional study involving uremic patients

followed in our clinic. The study was conducted with four

groups of patients who gave written informed consent:

Group 1 (predialysis group)

Patients with stage-4 CKD (glomerular filtration rate between

15–29 mL/min measured at two different times within the last

six months).
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Group 2 [hemodialysis (HD) group]

Patients on chronic HD program thrice a week for more than

three months who met the dialysis adequacy criteria proposed

by international guidelines.

Group 3 [peritoneal dialysis (PD) group]

Patients on chronic PD program for more than three

months who met the dialysis adequacy criteria proposed by

international guidelines.

Group 4 (control group)

Age matched healthy individuals.

Exclusion criteria were the presence of diabetes mellitus,

age under 18 or above 80 years, any active infection, bleeding

episode, parenteral iron treatment or blood transfusion

within the last one month, severe malnutrition, malignancy,

acute or chronic liver disease, use of immunosuppressive

medications, hemoglobin level below 8 g/dL, hemochroma-

tosis, thalassemia or any other systemic disease related with

anemia and dialysis duration less than three months.

The age, gender, body mass index (BMI), causes of

primary kidney disease and duration of dialysis treatment

were recorded. The levels of glucose, urea, creatinine, uric

acid, cholesterol, triglyceride, total protein, albumin, leuko-

cyte count, hemoglobin, hematocrit, iron, total iron binding

capacity (TIBC), ferritin, high sensitive C-reactive protein

(hsCRP), fibrinogen, interleukin-6 (IL-6) and Prohepcidin

levels were studied and recorded.

Laboratory methods

Blood sample was obtained after 12 hours of fasting.

Samples were taken just before the midweek session in

HD group. Serum sample for the measurement of IL-6 and

Prohepcidin were kept at �80 �C. Creatinine clearance was

calculated by using CKD-EPI formula.

Biochemical and hematological parameters were studied

by appropriate methods using Roche COBAS MIRA auto-

analyzer (Basel, Switzerland) and ABX Pentra DX120

machine (Montpellier, France), respectively. Ferritin levels

were measured by immunoassay method while hsCRP levels

by turbidimetric method. IL-6 level was studied using

EASIA Biosource kit (BioSource Europe, Nivelles,

Belgium) by enzyme sensitive immunoassay method. For

the measurement of Prohepcidin levels by enzyme linked

immunosorbent assay (ELISA); DRG� Hepcidin Prohormon

ELISA (EIA-4015) kit (Marburg, Germany) was used.

Statistical methods

Statistical analysis was conducted by using Statistical

Package for Social Sciences (SPSS) for Windows ver. 16.0

package program (SPSS Inc., Chicago, IL). Numerical values

were expressed as mean ± standard deviation (SD). For

comparison of the groups; Student t-test or Mann–Whitney

U test were used when necessary. For comparison of more

than two groups; one-way ANOVA or Kruskal–Wallis test

were used. Correlation analysis was conducted by using

Pearson correlation test. Parameters found to be related with

Prohepcidin levels were analyzed by multivariate analysis.

p50.05 was regarded as statistically significant.

Results

Sixty-two patients and 17 healthy volunteers were included in

the study. Causes of primary kidney diseases were hyperten-

sion (n¼ 13), chronic glomerulonephritis (n¼ 10), chronic

pyelonephritis (n¼ 7), autosomal dominant polycystic kidney

disease (n¼ 5), uropathologies (n¼ 4) and amyloidosis

(n¼ 4); while it was unknown in 19 patients.

The demographic, clinical and laboratory data of the

groups are presented in Table 1. The mean serum Prohepcidin

levels in the predialysis, HD, PD and the control groups were

119.6 ± 45.1 ng/mL, 140.2 ± 41.8 ng/mL, 148.2 ± 35.0 ng/mL

and 93.8 ± 21.9 ng/mL; respectively (Table 1 and Figure 1).

Hematological and iron-related parameters are presented in

Table 2.

Prohepcidin levels in each patient group were statistically

significantly higher than the control group. Patients in

the PD group had higher Prohepcidin level compared with

those in predialysis group (p¼ 0.014). Uremic patients

(predialysis + HD + PD groups) had higher Prohepcidin level

than the control group (136.0 ± 42.0 ng/mL vs. 93.8 ± 21.9 ng/

mL; p50.001). Prohepcidin levels were similar in

patients using erythropoiesis stimulating agents or not

(141.7 ± 45.4 ng/mL vs. 141.9 ± 42.40 ng/mL; p¼ 0.99).

Prohepcidin was positively correlated with urea (r¼ 0.345,

p¼ 0.002), creatinine (r¼ 0.465, p50.001), hsCRP

(r¼ 0.275, p¼ 0.019), fibrinogen (r¼ 0.467, p50.001) and

IL-6 (r¼ 0.615, p50.001) levels. Albumin (r¼�0.286,

p50.001), TIBC (r¼�0.573, p50.001), creatinine clear-

ance (r¼�0.473, p50.001), hemoglobin (r¼�0.351,

p¼ 0.002) and hematocrit (r¼�0.342, p¼ 0.002) levels

were negatively correlated with Prohepcidin levels. A nega-

tive relationship of Prohepcidin with TIBC was detected

with linear regression analysis (Figure 2).

When correlation analysis was repeated dividing all

patients into two groups (uremic patients and control

group); Prohepcidin levels were correlated with creatinine

clearance (r¼ �0.71, p50.001), IL-6 (r¼ 0.58, p¼ 0.018)

in the control group; while TIBC (r¼�0.44, p50.0001) was

related with Prohepcidin levels. Linear regression analysis

results revealed that creatinine clearance (B¼�0.89, beta¼
�0.75 and p50.001) was effective on Prohepcidin levels in

the control group; while only TIBC (B¼�0.26, beta¼ 0.075

and p¼ 0.001) and the patient group (B¼ 12.1, beta¼ 0.23

and p¼ 0.043) were the parameters determining Prohepcidin

in the uremic patients.

Discussion

In our study we detected that uremic patients had signifi-

cantly higher Prohepcidin levels than the control group.

Moreover, the negative correlation detected between

Prohepcidin and creatinine clearance in the control

group was consistent with the current literature.4–6 This

is probably due to renal clearance of Prohepcidin.7 The

only significant intergroup difference was between PD and

predialysis groups.
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Serum Prohepcidin level was found to be negatively

correlated with hemoglobin, hematocrit and TIBC; and was

positively correlated with hsCRP, IL-6 and fibrinogen levels.

The strong correlation of Prohepcidin with iron parameters

and inflammatory markers demonstrated that Prohepcidin

reflects hepcidin activity accurately in both uremic and

non-uremic population. Although TIBC levels of the groups

were similar; ferritin levels were different; and there was

no correlation between Prohepcidin levels and ferritin levels.

This might have been related to medications given to the

patients and the acute phase reactant nature of ferritin.

So TIBC has been found in our study to be the determinant

of Prohepcidin level, not ferritin. Studies with HD patients

showed that intravenous iron treatment leads to increased

Figure 1. The distribution of hepcidin levels
of the groups. HD: hemodialysis, PD: peri-
toneal dialysis.

Table 1. The demographic and clinical data of the groups.

Predialysis Group
No¼ 21 (mean ± SD)

HD Group No¼ 20
(mean ± SD)

PD Group No¼ 21
(mean ± SD)

Control Group
No¼ 17 (mean ± SD) p Value

Female/male 12/9 8/12 14/7 9/8 0.388
Age (year) 54.9 ± 14.3 49.8 ± 12.0 47.7 ± 12.1 54.0 ± 7.2 0.196
BMI (kg/m2) 26.6 ± 3.5 23.6 ± 4.1 28.4 ± 7.7 28.0 ± 4.6 0.017
Glucose (mg/dl) 105 ± 24 99 ± 25 110 ± 24 100 ± 9 0.089
Urea (mg/dl) 110 ± 36 111 ± 34 97 ± 19 31.7 ± 10 50.001
Creatinine (mg/dl) 3.53 ± 1.39 7.43 ± 2.05 7.89 ± 2.74 0.77 ± 0.13 50.001
Kt/V – 1.5 ± 0.2 2.01 ± 0.25 –
GFR (ml/dk) 20.1 ± 7.6 – – 104 ± 17 –
Total protein (g/dl) 6.7 ± 0.7 7.1 ± 0.7 6.6 ± 0.72 7.1 ± 0.8 0.081
Albumin (g/dl) 3.8 ± 0.5 4.1 ± 0.4 3.6 ± 0.3 4.1 ± 0.3 50.001
Calcium (mg/dl) 8.9 ± 0.8 9.1 ± 0.9 9.0 ± 0.6 9.7 ± 0.5 0.002
Phosphorus (mg/dl) 4.5 ± 0.9 4.1 ± 1.1 5.2 ± 1.4 3.5 ± 0.5 50.001
Cholesterol (mg/dl) 198 ± 57 185 ± 47 196 ± 47 208 ± 37 0.441
Triglyceride (mg/dl) 142 ± 65 211 ± 134 179 ± 117 116 ± 59 0.004
Uric acid (mg/dl) 7.7 ± 1.6 5.2 ± 1.5 5.7 ± 1.4 5.1 ± 1.3 50.001
hsCRP (mg/l) 1.07 ± 0.85 0.88 ± 0.64 1.09 ± 1.38 0.52 ± 0.62 0.094
Fibrinogen (mg/dl) 380 ± 80 436 ± 116 582 ± 108 344 ± 107 50.001
IL-6 (pg/ml) 16.0 ± 19.3 40.2 ± 67.0 48.5 ± 109.2 10.6 ± 14.9 0.033
Prohepcidin (ng/ml) 119.6 ± 45.1 140.2 ± 41.8 148.2 ± 35.0 93.8 ± 21.9 50.001

Note: HD: hemodialysis, PD: peritoneal dialysis, hsCRP: high sensitive C-reactive protein, IL-6: interleukin-6, BMI: body mass index, GFR:
glomerular filtration rate.

Table 2. Hematological and iron-related parameters.

Predialysis Group
(mean ± SD)

HD Group
(mean ± SD)

PD Group
(mean ± SD)

Control Group
(mean ± SD) p Value

Leukocyte (mm3) 8238 ± 2385 6743 ± 1999 7358 ± 1553 6935 ± 2112 0.159
Hemoglobin (g/dl) 11.2 ± 1.9 11.7 ± 1.2 10.7 ± 1.7 13.5 ± 1.1 50.001
Hematocrit (%) 33.1 ± 5.41 35.3 ± 3.5 32.1 ± 5.2 40.5 ± 3.3 50.001
Iron (mcg/dL) 54.4 ± 24.9 58.6 ± 19.5 73.1 ± 32.1 81 ± 41 0.108
TIBC (mcg/dL) 282 ± 72 247 ± 57 255 ± 62 352 ± 70 50.001
TSAT (%) 20.5 ± 12.1 24.7 ± 9.7 29.4 ± 14.8 24.0 ± 13.8 0.052
Ferritin (ng/ml) 182 ± 156 769 ± 389 269 ± 135 82.7 ± 57.5 50.001

Note: HD: hemodialysis, PD: peritoneal dialysis, TIBC: total iron binding capacity, TSAT: transferrin saturation.
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serum hepcidin, Prohepcidin and urinary Prohepcidin

levels.8,9 Therefore, patients receiving parenteral iron within

the last month were excluded from the study. Besides, we

excluded patients with active hemorrhage, deep anemia, use

of immunosuppressive medications, parenteral iron treatment,

and transfusion all of which may affect Prohepcidin levels.

Besides, inclusion of these subjects also would affect the

objectiveness of the study especially regarding comparison

with the control group in which none of the patients had the

mentioned factors.

Malyszko et al.5 studied 33 CKD, 104 HD and 70 renal

transplant patients and found that hepcidin and ferritin

levels were high in all groups compared with the control

group. Hepcidin was correlated with total protein, albumin,

creatinine and GFR in CKD patients. Hepcidin levels

in HD patients were correlated with triglyceride, albumin,

urea, creatinine, residual renal functions and hsCRP.

Moreover; hepcidin was found to be correlated with total

protein, ferritin, post-transplantation duration, creatinine

and GFR in patients with renal allografts. It was correlated

with only triglyceride and ferritin in the control group.

They concluded that elevated hepcidin level is associated

with chronic low-grade inflammation and impaired renal

function. We demonstrated a positive correlation between

Prohepcidin and hsCRP, IL-6, fibrinogen and impaired renal

function; and negative correlation with anemia of increasing

severity.

Zaritsky et al.10 compared 48 pediatric and 32 adult patient

with stage 2–4 CKD; and 26 pediatric PD patients for

hepcidin, iron parameters, inflammatory markers and renal

function. Hepcidin levels were measured as 127.3 ng/mL,

269.9 ng/mL and 652.4 ng/mL. With multivariate analysis;

hepcidin was correlated with ferritin in the first and second

groups and with ferritin and transferrin saturation in the

third group. Moreover; ferritin and CRP were found to be

correlated with hepcidin in the PD group. It was commented

that elevated hepcidin may be a new marker for iron

status and erythropoietin resistance in CKD. Our findings of

higher Prohepcidin level in uremic patients and correlation

with creatinine clearance and TIBC are consistent with this

study.

Chronic inflammation plays role in the pathogenesis of

anemia related with CKD and chronic inflammatory diseases

through various ways including disturbed iron metabolism

causing increased hepcidin synthesis. Hence, interventions

targeting hepcidin may be effective in the treatment of

inflammation related anemia. Moreover; measurement of

hepcidin together with iron indices may be helpful in

the diagnosis and management of anemia seen in patients

with CKD.2,9,11 The role of hepcidin in anemia related

with chronic kidney disease has been clearly defined in

many studies.12 Inflammation is an important factor in the

development of anemia in these patients. Canavesi et al stated

that hepcidin is upregulated by inflammation.13 Similarly,

we found in our study that hsCRP levels were higher in the

dialysis groups and there was a positive correlation between

hsCRP and prohepcidin levels.

Some studies reported correlation between hepcidin and

ferritin.9,11 Both of these parameters increase in case of low

grade inflammation as in CKD; and decrease in the presence

of iron deficiency. There is need for further controlled studies

for hepcidin levels to be mentioned in international guidelines

as a more valuable marker than ferritin for determination

of iron status of patients with CKD. In our study, we excluded

patients with overt infectious or inflammatory diseases to

omit the effect of these pathologies on ferritin which is

an acute phase reactant also. But considering the study

population, they may have subtle infections due to vascular

access or other reasons; and also inflammation directly

related to chronic kidney disease. This may be the reason of

lack of correlation between Prohepcidin and ferritin levels.

Meanwhile, the higher ferritin levels in HD group compared

to the PD group may be related with more frequent use of

parenteral iron in HD patients. It is clear that this finding was

not related to the acute phase nature of ferritin regarding

lower mean hsCRP levels in HD group, although statistically

not significant.

Diabetes mellitus is a disease in which many systems are

involved including inflammatory pathways as well as glucose

and lipid metabolism. Besides, diabetes mellitus is associated

with infectious complications. Therefore, inclusion of diabetic

subjects in both the patient and control groups would lead to

heterogeneity and would affect the results. So we excluded

diabetic subjects.

Previous studies reported correlation between hepcidin

and triglyceride levels. Xue et al.14 found this correlation in

patients with renal allografts. Samouilidou et al.15 reported

that hepcidin level is correlated with triglyceride levels

in patients with end stage renal disease. Both Prohepcidin

and triglyceride levels were higher in uremic patients

(p¼ 0.004), but here was no statistically significant correl-

ation between them.

Although; there are limited number of studies showing

that serum hepcidin level is not valuable in the evaluation

of response to treatment with erythropoiesis stimulating

agents in HD patients;9,11 this needs to be studied further.

Measurement of hepcidin levels would add to prediction of

response to treatment of anemia with parenteral iron and

erythropoiesis stimulating agents.12

The major limitations of our study are its cross-

sectional nature and small number of patients which

prevent to make a cause-result relation. In addition,

discrepancies between the groups regarding some parameters

Figure 2. Relationship of prohepcidin with total iron binding capacity.
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(hsCRP and BMI) may weaken the results of the study.

The comparison of hepcidin with Prohepcidin in a wider and

more homogenous population of patients may be more

informative.

Conclusion

We detected that Prohepcidin level is elevated in uremic

patients with CKD. Moreover; the strong correlation between

Prohepcidin and inflammatory markers is striking indicating

increased inflammation in the presence of anemia.

Measurement of hepcidin level together with iron indices

would be valuable in the diagnosis and treatment plans of

CKD patients who have functional iron deficiency.
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