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ABSTRACT

Background: Hepcidin-25, the bioactive form of hepcidin, is a key regulator of iron 
homeostasis as it induces internalization and degradation of ferroportin, a cellular iron 
exporter on enterocytes, macrophages and hepatocytes. Hepcidin levels are increased in 
chronic hemodialysis (HD) patients, but as of yet, limited information on factors associated 
with hepcidin-25 in these patients is available. In the current cross-sectional study, potential 
patient-, laboratory- and treatment-related determinants of serum hepcidin-20 and -25, 
were assessed in a large cohort of stable, prevalent HD patients. 

Methods: Baseline data from 405 patients (62% male; age 63.7±13.9 [mean SD]) enrolled in 
the CONvective TRAnsport STudy (CONTRAST; NCT00205556) were studied. Predialysis 
hepcidin concentrations were measured centrally with matrix-assisted laser desorption/ 
ionization time-of-!ight mass spectrometry. Patient-, laboratory- and treatment related 
characteristics were entered in a backward multivariable linear regression model.

Results: Hepcidin-25 levels were independently and positively associated with ferritin 
(p<0.001), hsCRP (p<0.001) and the presence of diabetes (p=0.02) and inversely with the 
estimated glomerular "ltration rate (p=0.01), absolute reticulocyte count (p=0.02) and 
soluble transferrin receptor (p<0.001). Men had lower hepcidin-25 levels as compared 
to women (p=0.03). Hepcidin-25 was not associated with the maintenance dose of 
erythropoiesis stimulating agents (ESA) or iron therapy. 

Conclusion: In the currently studied cohort of chronic HD patients, hepcidin-25 was 
a marker for iron stores and erythropoiesis and was associated with in!ammation. 
Furthermore, hepcidin-25 levels were in!uenced by residual kidney function. Hepcidin-25 
did not re!ect ESA or iron dose in chronic stable HD patients on maintenance therapy. 
#ese results suggest that hepcidin is involved in the pathophysiological pathway of renal 
anemia and iron availability in these patients, but challenges its function as a clinical 
parameter for ESA resistance.
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INTRODUCTION

Hepcidin is a key regulator of iron homeostasis in humans. It induces internalization and 
degradation of ferroportin, which is a cellular iron exporter on enterocytes, macrophages 
and hepatocytes.1, 2 Hence, hepcidin reduces iron absorption from the gut and iron release 
from reticuloendothelial and hepatocyte stores. #e bioactive form is hepcidin-25, a mainly 
protein-bound aminoacid of 2.8 kD, whereas hepcidin-20 and hepcidin-22 are its isoforms 
with unknown biological function.2, 3 #e expression of hepcidin is regulated in response to 
iron administration, erythropoietic demand, hypoxia and in!ammatory signals.2, 4

Hepcidin is excreted with the urine. In patients with chronic kidney disease (CKD), 
serum levels of the active hepcidin-25 and its isoforms are increased.5, 6 In patients with 
end stage renal disease (ESRD) on dialysis, even higher levels of hepcidin have been 
observed.5, 6 Hepcidin is the intermediary between available iron stores on the one hand, 
and erythropoiesis on the other hand. Furthermore, it has been suggested that hepcidin 
is an important tool to predict the response to erythropoiesis stimulating agents (ESA).7-9 
#erefore, hepcidin might be useful to assess the functional iron availability in patients with 
renal failure as high levels might indicate a blockade of iron release from its stores.10

In several studies, patient-, laboratory- and treatment characteristics of CKD and 
ESRD patients have been related with hepcidin levels. Many studies have shown a relation 
between ferritin levels and hepcidin, both in CKD5, 6, 9, 11 and in hemodialysis (HD) 
patients.5, 12-15 Furthermore, studies in CKD and HD patients have shown associations with 
hepcidin and various other parameters such as residual kidney function (RKF),6, 11, 16 ESA 
dose11 and markers of in!ammation including C-reactive protein (CRP), tumor necrosis 
factor $ (TNF-$) and interleukin-6 (IL-6).7, 15 In these studies, hepcidin has been measured 
with di%erent techniques, mainly competitive immunoassays and mass spectrometry (MS) 
based methods, impeding direct comparisons.3, 17, 18 Furthermore, most studies on hepcidin 
in HD patients included a limited number of patients, precluding multivariate statistics.

In the current study, patient-, laboratory- and treatment characteristics that are associated 
with hepcidin levels are evaluated with a state-of-the-art hepcidin assay in a prospective cohort 
of over 400 chronic HD patients, included in the CONvective TRAnsport Study (CONTRAST). 

MATERIALS AND METHODS

Patients and study design
Baseline data from patients enrolled in the CONTRAST study (NCT00205556) were used. 
#e rationale and the design of the CONTRAST study have been described before.19 In 
short, prevalent HD patients were recruited from 2004 until 2010 and randomized to 
either continue treatment with low !ux HD, or switch to treatment with post-dilution 
online hemodia"ltration, both with ultrapure dialysate, with a variable follow up until 
December& 2010. Primary endpoint of the study is all cause mortality and anemia 
management is a secondary endpoint. A total of 714 patients were recruited from 29 dialysis 
centers. In the design phase of CONTRAST, a protocol for blood sampling and storage 
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was added, speci"cally for future studies on newly identi"ed markers that would become 
potentially relevant and of interest. Hepcidin is an example of such a marker. In 17 of the 29 
dialysis centers, in which blood sampling and storage was logistically feasible, predialysis 
blood samples from participating patients were drawn and stored at -80 °C. #e selection of 
centers participating in this sub-study was made prior to enrolment. #e present analyses 
were based on a subset of patients from the main study, namely those participants (n=405) 
from who additional blood samples were collected.

Patients were eligible for inclusion in the main study if they were treated two or three 
times per week with HD for at least two months. Exclusion criteria were age below 18 
years, treatment with hemo(dia)"ltration or high-!ux HD in the six months prior 
to randomization, a life expectancy less than three months due to non-renal disease, 
participation in another clinical intervention trial evaluating cardiovascular outcomes and 
severe incompliance regarding frequency and/or duration of dialysis treatment. 

#e study was conducted in accordance with the Declaration of Helsinki and was 
approved by a central medical ethics committee and by all local medical ethics review 
boards. Written informed consent was obtained from all patients prior to enrolment. 
Patients provided informed consent for storage of blood samples for later analysis.

Treatment protocol
Included patients were stable for at least two months with a minimum dialysis spKt/Vurea of 
1.2 per treatment and they were treated with either polysulfone (PS) or polyarylethersulfone 
(PAES) low-!ux dialyzers with a UF coe'cient varying between 10 and 21 ml/mmHg/h and 
a surface area from 1.3 to 2.2 m2: F6HPS, F7HPS, F8HPS and F10HPS (Fresenius Medical 
Care, Bad Homburg, Germany) and Poly!ux 14L, 17L and 21L (Gambro Corporation AB, 
Lund, Sweden). Dialysis was performed with ultrapure dialysis !uids, containing less than 
0.1 colony forming units per mL and less than 0.03 endotoxin units per mL. 

Routine patient care and prescription of medication was practiced according to the 
opinion of the attending nephrologist and based on the Quality of Care Guidelines of 
the Dutch Federation of Nephrology. #e Dutch Quality of Care Guideline on anemia 
management was derived from the European Best Practice Guidelines20 and the KDOQI 
guidelines.21-23 ESA and iron supplements were administered via the venous bloodline at the 
end of a dialysis session. Decisions on dose changes and the timing of these changes were 
made according to the opinion of the treating nephrologist. 

Laboratory protocol
Predialysis blood samples were drawn and routine laboratory assessments were analyzed 
in the local hospitals by standard laboratory techniques. #e total iron-binding capacity 
(TIBC) was considered to represent serum transferrin level24 and the transferrin saturation 
ratio (TSAT) was either provided by the local laboratory or calculated as serum iron divided 
by the TIBC. Hepcidin, soluble transferrin receptor (sTfR), hsCRP and IL-6 measurements 
were preformed centrally. For this purpose, predialysis blood samples were centrifuged at 
1500 g and 4 °C for 10 minutes and stored at -80 °C. 
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Serum hepcidin-20 and -25 measurements were centrally performed by a validated 
combination of weak cation exchange (WCX) bead-based hepcidin enrichment followed by 
time-of-!ight mass spectrometry (WCX-TOF-MS).17 For the quanti"cation of hepcidin in 
serum, an internal standard (synthetic hepcidin-24, Peptide International Inc., Louisville, 
KY, USA) was used.25 Peptide spectra were generated on a Micro!ex LT matrix-enhanced 
laser desorption/ionisation (MALDI-) TOF-MS platform (Bruker Daltonics GmbH, Bremen, 
Germany). Serum hepcidin-20 and -25 concentrations were expressed as nmol/L and the lower 
limit of detection of this method was 0.5 nmol/L. For hepcidin-25, the intra-assay coe'cients 
of variation (CV) were 3.7% at 7.9 nmol/L, 2.3% at 13.4 nmol/L, and 2.2% at 3.1 nmol/L. #e 
inter-assay CV were 9.1% at 7.8 nmol/L and 3.9% at 12.9 nmol/L.17 #is method enables the 
speci"c measurement of the hepcidin isoforms (hepcidin-25, hepcidin-22 and hepcidin-20)17 
and has been described before in CKD and HD patients.5 It is an update of a previous method 
performed by the same laboratory.25, 26 sTfR (mg/L) was measured immunonephelometrically 
on a BN II System (Dade Behring Marburg GmbH, Marburg, Germany). hsCRP (mg/L) 
was measured with a particle-enhanced immunoturbidimetric assay on a Roche-Hitachi 
analyzer (Roche Diagnostics GmbH, Mannheim, Germany) with a lower quanti"cation limit 
of 0.1&mg/L and an intra-assay variation of 1.9% at the level of 0.57 mg/L and 0.3% at the 
level of 3.00&mg/L. #e inter-assay variation was 1.9% at the level of 0.67 mg/L and 1.2% at 
the level of&3.64 mg/L. IL-6 (pg/mL) was measured with an immunometric assay (Sanquin, 
Amsterdam, #e Netherlands). #e intra-assay variation was 12% at the level of 1 pg/mL and 
8% at the level of 3 pg/mL. #e inter-assay variation was 19% at the level of 0.35 pg/mL (which 
was the lower quanti"cation limit) and 12% at the level of 2.3 pg/mL.

Data collection 
Data on demography, cause of renal failure, history of cardiovascular disease (CVD), 
diabetes mellitus (DM), type of vascular access, dialysis vintage and treatment parameters 
were collected, as well as medication use. ESA was prescribed as epoetin $ or ( (Eprex® or 
Neorecormon® respectively, IU) or darbepoetin $ (Aranesp®, g) and expressed as a dose per 
week. To compare the di%erent types of ESA, prescribed dosages were converted to daily 
de"ned doses (DDD), using conversion factors as provided by the World Health Organization 
(WHO) Drug Classi"cation (http://www.whocc.no/atc_ddd_index/). For darbepoetin $ 
(ATC code B03XA02), DDD is 4.5 )g and for epoetin $ and ( (ATC code B03XA01), DDD 
is 1000 IU. All patients on iron therapy used iron sucrose (Venofer®, mg/week).

RKF was de"ned as a urine production of >100 mL/d. In patients with RKF, the eGFR 
(estimated glomerular "ltration rate) was calculated as the mean of creatinine and urea 
clearance in a 24h urine collection, adjusted for body surface area.27

Statistical analysis
Variables were reported as proportions or means ± standard deviation (SD), or medians with 
25th-75th percentiles when appropriate. #e relation between hepcidin-20 and hepcidin-25 was 
evaluated with a Spearman’s correlation test. All patient characteristics, laboratory parameters 
and treatment characteristics listed in table 1, were considered as possible determinants of 
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Table 1: Patient and treatment characteristics and laboratory parameters.a

N=405
Patient characteristics
Male gender – no. (%) 252 (62)
Age (years) 63.7 ± 13.9 
Caucasian race – no. (%) 333 (82)
Dialysis vintage (years) 1.8 (0.9-3.6) 

Cause of renal failure - no. (%)
- vascular
- diabetes mellitus
- tubulointerstitial nephritis/ glomerulo-nephritis / multisystem disease
- cystic disease
- other/unknown

131 (32)
63 (16)
96 (24)
28 (7)

87 (21)
Diabetes mellitus – no. (%) 85 (21)
History of cardiovascular disease – no. (%) 177 (44)
Current smoker – no. (%) 81 (20)
Body weight (kg)b 71.7 ± 14.6
Systolic blood pressure (mmHg)c 142 ± 18
Diastolic blood pressure (mmHg)c 73 ± 11
BMI (kg/m2) 25.0 ± 4.8 
Residual diuresis – no. (%)d 230 (57)
eGFR (ml/min/1.73 m2)e 2.6 (1.2-5.1) 
Treatment characteristics
Treatment frequency 3x/week – no. (%) 375 (93)
Treatment time (min) 227 ± 23 
Blood!ow (mL/min) 298 ± 39
Dialysis access – no. (%)
- "stula
- gra*
- central catheter 

339 (84)
56 (14)
10 (2)

spKt/V (per dialysis) 1.39 ± 0.20 
Dialyzer – no. (%)
- polysulfone
- polyarylethersulfone
- other

246 (61)
147 (37)

12 (3)
Prescription of ESA- no. (%) 364 (90)
Type of ESA – no. (%)
- darbepoetin $
- epoetin $/(

254 (70)
110 (30)

ESA dose (DDD/week)f 8.9 (6.0-15.4) 
Use of iron replacement therapy – no. (%) 300 (74)
Irondose (mg/week)g 100 (50-100)
Prescription of RAS inhibitors – no. (%) 215 (53)

* continued on the next page
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N=405
Prescription of statin – no. (%) 203 (50)
Laboratory parameters
Hemoglobin (g/dL) 11.9 ± 1.3
Hematocrit 0.36 ± 0.04
MCV (!) 94.9 ± 6.2
Reticulocytes (x109/L) 65.3 ± 30.5
Ferritin (ng/mL) 378 (211-631)
TSAT (%) 24.3 ± 12.4
sTfR (mg/L)h 1.58 (1.24-2.11)
Cholesterol (mg/dL) 143.1 ± 38.7
Albumin (g/dL) 3.6 ± 0.5
hsCRP (mg/L) 3.95 (1.38-10.41)
Il-6 (pg/mL) 2.06 (1.21-3.82)
Hepcidin-20 (nM) 6.3 (3.9-9.3)
Hepcidin-25 (nM)i 13.8 (6.6-22.5)

+aValues represent mean ± SD, median (interquartile range) or proportion (%).
bWeight a*er dialysis (dry weight) de"ned as the mean of three consecutive values
cMean of pre- and post-dialysis blood pressure of three consecutive dialysis sessions.
dDe"ned as >100 mL per day
eeGFR (estimated glomerular "ltration rate) calculated as mean of creatinine and urea clearance in 24h urine 
collection adjusted for body surface area, exclusively in patients with residual diuresis. 
fIn patients on ESA therapy.
gIn patients on iron therapy.
hReference value: 0.76-1.76 mg/L (Dade Behring Marburg GmbH, Marburg, Germany).
iReference value (median [95% range]): men 65-69 years 5.3 (<0.05-13.9); women 65-69 years 4.9 
(<0.05-14.2).28

Conversion factors for units: hemoglobin in g/dL to mmol/L, x 0.62; cholesterol in mg/dL to mmol/L, x 
0.026; albumin in g/dL to g/L, x 10; no conversion necessary for ferritin in ng/mL to µg/L.
BMI=body mass index; ESA=erythropoiesis stimulating agents; RAS= renin angiotensin system; 
TSAT=transferrin saturation ratio; sTfR=soluble transferrin receptor; PTH=parathyroid hormone; 
hsCRP=high sensitive c-reactive protein; IL-6=interleukin-6

hepcidin-25. First, relations between these determinants and hepcidin-25 were studied using 
a backward multivariable linear regression model with a p-value <0.15 as a cut-o% level. 
Subsequently, the determinants that were related with hepcidin-25 (with a p-value <0.15) 
were entered in a second multivariable regression model. In this second regression model, a 
double sided p-value <0.05 was considered statistically signi"cant. #e natural logarithm of 
hepcidin-25 (ln-hepcidin-25) was applied as the dependent variable in all regression models 
since the distribution of hepcidin-25 was positively skewed. #e regression coe'cients&(B) 
were retransformed into percentages of change in hepcidin-25 by using the formula 
(eB-1)&x&100, which means that for each increment in the determinant, hepcidin-25 changed 
with the speci"ed percentage. Additionally, in a separate analysis, all regression models were 
adjusted for participating center to correct for local policies concerning anemia management 
and timing of ESA and iron administration and blood withdrawal. 
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To evaluate whether the relation between a determinant (e.g. hsCRP) and hepcidin-25 
was modi"ed by a second determinant (e.g. ferritin), the possibility of e%ect modi"cation was 
explored by adding an interaction term (e.g. hsCRP x ferritin) to the multivariable regression 
model. If this interaction term turned out to be signi"cant (p<0.05), the relation between the 
determinant and hepcidin-25 was analyzed separately in each stratum of the second determinant.

Statistical analyses were performed with PASW so*ware (version 18.0, SPSS inc. 
Headquarters, Chicago, Illinois, US). 

RESULTS

Blood samples from 405 patients were available. All patient and treatment characteristics 
and laboratory parameters are listed in table 1. Mean (± SD) age of the patients was 
63.7&±&13.9 years and 62% was male. Hepcidin-20 and hepcidin-25 were highly correlated 
(r=0.76; p<0.001; "gure 1). In this section, results for hepcidin-25 are presented. In analyses 
with hepcidin-20 as an outcome parameter, similar results were obtained (data not shown).

Multivariable regression analysis 
In table 2, all determinants of hepcidin showing a p-value <0.15 in the backward 
multivariable linear regression model are listed. In the "nal model (R2=0.49), ferritin, 
hsCRP and the presence of diabetes mellitus showed a positive relation with hepcidin-25, 
whereas male gender, eGFR and sTfR had an inverse relation. Of note, no relation between 

Figure 1: Correlation of Hepcidin-25 with its isoform hepcidin-20.

Hepcidin-20 and -25 were measured with mass spectrometry (WCX- MALDI-TOF-MS, see section on 
laboratory protocol). r=0.76; p-value <0.001
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hepcidin-25 and the weekly ESA dose and the administration of iron supplements was 
observed. Adjustment for participating center did not change the results (data not shown). 

Interaction between determinants
#e relation between hsCRP and hepcidin-25 was modi"ed by the ferritin level, as the 
interaction term (hsCRP x ferritin) was highly signi"cant (p<0.001). #is relation persisted 
a*er adjustment for other determinants of hepcidin-25. As depicted in "gure 2, the relation 
between ferritin and hepcidin-25 was present irrespective of the level of in!ammation 
(lowest hsCRP tertile: B=0.020 per 10 ng/mL; 95%CI -0.015 to 0.026; p<0.001; middle 
hsCRP tertile: B=0.014 per 10 ng/mL; 95%CI 0.010 to 0.018; p<0.001; highest hsCRP tertile: 
B=0.015 per 10 ng/mL; 95%CI 0.010 to 0.020; p<0.001). In fact, the relation between hsCRP 

Table 2: Results from the multivariable regression analysis on hepcidin-25 levels.a

Determinant
Multivariable regression

Bb 95% CIb % changec 95% CIc P-value
Gender (male) -0.188 -0.361 to -0.016 -17.1 -30.3 to -1.6 0.032
Diabetes 0.246 0.034 to 0.458 27.9 3.5 to 58.1 0.023
Current smoker -0.188 -0.390 to 0.014 -17.1 -32.3 to 1.4 0.067
Prescription of statins -0.162 -0.332 to 0.009 -15.0 -28.3 to 0.9 0.063
Prescription of RAS inhibitors 0.113 -0.056 to 0.282 12.0 -5.4 to 28.7 0.053
eGFR (per mL/min/1.73 m2) -0.033 -0.057 to -0.008 -3.2 -5.5 to -0.5 0.008
Hemoglobin (per g/dL) 0.085 0.019 to 0.152 8.9 1.9 to 16.4 0.012
MCV -0.011 -0.025 to 0.004 -1.1 -2.5 to 0.4 0.150
Reticulocytes (per 10 *109/L) -0.034 -0.063 to -0.006 -3.3 -6.1 to -0.6 0.019
Ferritin (per 10 ng/mL) 0.016 0.013 to 0.018 1.6 1.3 to 1.8 <0.001
sTfR (per mg/L) -0.409 -0.544 to -0.274 -33.6 -42.0 to -24.0 <0.001
hsCRP (per mg/L) 0.012 0.007 to 0.017 1.2 0.7 to 1.4 <0.001

aRegression analysis were performed with natural logarithm of hepcidin-25 as dependent variable. Potential 
determinants of hepcidin-25 were selected using a backward multivariable linear regression model with a 
p-value <0.15 used as a cut-o% level in which all patient, treatment and laboratory characteristics as listed 
in table 1 were entered. 
b#e regression coe'cient (B) denotes a natural logarithm. Positive values indicate an increase in hepcidin-25 
and negative values a decrease with one unit increase of the determinant.
cResults of conversion of the regression coe'cient (B) from natural logarithm to a percentage of change: for 
each increase in the determinant with one unit, hepcidin-25 changed with the percentage indicated in this 
column. Positive values indicate an increase in hepcidin-25 and negative values a decrease.
R2 for multivariable regression model=0.49. Further adjustment for participating center did not change the 
results (data not shown).
RAS& =& renin angiotensin system; eGFR& =& estimated glomerular "ltration rate; PS=polysulfone; 
PAES&=&polyarylethersulfone; sTfR=soluble transferrin receptor; hsCRP=high sensitivity c-reactive protein.
Conversion factors for units: hemoglobin in g/dL to mmol/L, x 0.62; cholesterol in mg/dL 
to mmol/L, x 0.026; albumin in g/dL to g/L, x 10; no conversion necessary for ferritin in ng/mL to µg/L.
BMI=body mass index; ESA=erythropoiesis stimulating agents; RAS=renin angiotensin system; 
TSAT=transferrin saturation ratio; sTfR=soluble transferrin receptor; PTH=parathyroid hormone; 
hsCRP=high sensitive c-reactive protein; IL-6=interleukin-6
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and hepcidin-25 was present in all three tertiles of ferritin (lowest tertile: B=0.020 per mg/L; 
95%CI -0.010 to 0.030; p<0.001; middle tertile: B=0.009 per mg/L; 95%CI 0.000 to 0.018; 
p=0.055; highest tertile: B=0.007 per mg/L; 95%CI 0.001 to 0.013; p=0.034). 

No interaction between hemoglobin level and ESA dose on hepcidin-25 levels was observed 
as the interaction term (ESA dose X hemoglobin) was not statistically signi"cant (p=0.588). #e 
absence of a relation between those parameters is readily apparent from "gure 3. 

DISCUSSION

In this cross-sectional study in a cohort of stable prevalent HD patients, hepcidin-25 levels 
were shown to be independently and positively associated with iron stores (as re!ected 
by ferritin levels), in!ammation (hsCRP) and the presence of diabetes, and inversely 
with erythropoiesis (sTfR and reticulocyte count), residual kidney function (eGFR) and 
male gender. Of note, no relations between hepcidin-25 and either ESA dose or iron 
supplementation were observed. 

In our study, ferritin was the strongest determinant of hepcidin, which has been well 
established before in healthy controls,28 CKD patients 5, 6, 9, 11 and in patients with ESRD 
treated with HD and peritoneal dialysis.5, 12-15 Notably, the studies in HD patients included 
mostly low patient numbers. As can be seen from "gure 2, the relation between hepcidin-25 

Figure 2: Relationship between ferritin, hsCRP and hepcidin-25.

Hepcidin-25 was ln-transformed because of a positively skewed distribution. Values were adjusted for 
gender, diabetes, smoking status, prescription of statins and RAS inhibitors, eGFR, hemoglobin, MCV, 
absolute reticulocyte count and the level of soluble transferrin receptor. CRP and ferritin levels were divided 
in tertiles. Numbers in boxes represent number of patients per category. For 6 patients, ferritin and/or hsCRP 
levels were missing.
P-value for interaction factor (hsCRP x ferritin) <0.001
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and ferritin was present irrespective of the level of in!ammation. However, whether hepcidin 
is upregulated in response to increased ferritin levels cannot be concluded from our study.

sTfR has proven to be a valuable tool to assess bone marrow erythropoietic activity and 
iron stores in HD patients treated with ESA.29, 30 However, it could not predict a response 
of intravenous iron administration on the hemoglobin level.31 In our study, an inverse 
association between either sTfR and reticulocyte count, and hepcidin levels was observed, 
a*er multivariable adjustments. Whether low hepcidin levels enhance erythropoiesis, or 
whether increased bone marrow erythropoietic activity suppresses expression of hepcidin, 
cannot be concluded from this cross-sectional study.

We showed a strong association between hepcidin-25 and hsCRP, but not with IL-6. 
Several studies have demonstrated a relation between CRP5, 7, 15, 32 or IL-67, 13 in small groups 
of chronic HD patients, whereas others did not.14 #e explanation for the association 
between hepcidin-25 and hsCRP, and not IL-6, is not readily apparent, especially as 
transcription of hepatic hepcidin is activated by binding of IL-6 to its receptor complex.1 
However, in a murine and human model investigating various factors associated with 
hepcidin expression, the role of IL-6 was limited.33 Furthermore, the IL-6 assay used in our 
study showed a wide inter-assay variability, especially in the lower range. #is could have 
resulted in less accurately measured values of IL-6 as compared to hsCRP, and hence less 
precision in the estimation.

We are the "rst to report an independent association between eGFR and both the 
active hepcidin-25 and the inactive isoform hepcidin-20 in HD patients. As we used a 

Figure 3: Relationship between ESA dose, hemoglobin and hepcidin-25.

Hepcidin-25 was ln-transformed because of a positively skewed distribution. Values were adjusted for 
gender, diabetes, smoking status, prescription of statins RAS inhibitors, eGFR, MCV, absolute reticulocyte 
count, ferritin, hsCRP and soluble transferrin receptor. Only patients on ESA therapy are depicted (n=364). 
Hemoglobin and ESA dose were divided in tertiles. Numbers in boxes represent number of patients per 
category.
P-value for interaction factor (ESA dose x hemoglobin) NS.
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mass-spectrometry assay that speci"cally measures hepcidin-25, our results indicate that 
the observed association between eGFR and hepcidin-25 was not due to the concurrent 
measurement of inactive isoforms. To date, studies on the association between eGFR and 
hepcidin levels in CKD patients have been con!icting.5, 6, 11, 34 Low hepcidin levels (measured 
with a radioimmunoassay) were reported in HD and PD patients with residual diuresis16, 
but RKF was not quanti"ed in that study. Whether the high hepcidin levels in chronic HD 
patients were exclusively caused by decreased renal clearance, or whether other mechanisms 
are involved, cannot be concluded from our data. 

In our study population, hepcidin-25 levels were signi"cantly lower in men as compared 
to women. #is can be explained by the fact that most women in our study will be post-
menopausal, in whom higher hepcidin levels have been demonstrated.28 Furthermore, we 
showed that diabetic patients had higher hepcidin levels. In one study, diabetic patients had 
higher levels of hepcidin than healthy age-matched controls, although this relation was not 
adjusted for possible confounders.35

Interestingly, we did not observe an interaction between ESA dose and hemoglobin levels 
in relation to hepcidin-25 as has been demonstrated before by Ashby et al.11 #erefore, it 
appears that hepcidin, measured with a mass spectrometric assay in chronic HD patients on 
maintenance therapy with ESA, is not a marker of ESA resistance. Whether hepcidin-25 can 
predict an ESA response, as has been shown in patients with the cardio-renal syndrome,9 
cannot be concluded from our cross-sectional data. Nevertheless, in a study in 24 HD 
patients, hepcidin levels of ESA responsive patients did not di%er from those who were ESA 
resistant,12 which is in accordance with our results.

Concerning iron supplementation in HD patients, various e%ects of iron loading on 
hepcidin levels have been reported.14, 36, 37 We did not observe a relationship between hepcidin 
and iron supplementation, which can be explained by the fact that patients in our study 
received maintenance iron therapy instead of a (single) loading dose. Recently, it was shown 
that hepcidin-25 levels did not predict a response to the administration of intravenous iron 
supplementation in HD patients on ESA maintenance therapy.37 Hence, it appears that 
hepcidin is more a marker of iron stores than a predictor of the e%ect of iron therapy.

A number of studies showed that hepcidin levels could be lowered over a single HD 
session,13, 15, 38 although concentrations were back to baseline only one hour a*er the 
treatment.13 Lowering of hepcidin by HD can be partly explained by appearance of (low) 
levels of hepcidin in the ultra"ltrate.5, 16 In addition, it has been shown that hepcidin 
can attach to the membrane of the dialyzer,5 which can be explained by the amphipathic 
and protein-bound structure of hepcidin.2 Prospective research is needed to draw any 
conclusions on the e%ect of di%erent dialyzers on hepcidin-levels.

Limitations and strengths.
Our study is limited by its cross-sectional design, which impedes assessing causal relationships. 
Furthermore, a speci"c treatment protocol for ESA and iron administration and timing of 
blood sampling was not provided. We tried to compensate for this by adjusting the regression 
models for participating center in an additional analysis, as the intervals between ESA and/
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or iron administration and blood sample withdrawal are supposed to be similar within a 
single treatment center. Since this did not change our results, we conclude that the dosing 
schedule was not a major confounder in our study. Another potential limitation of our study 
is the patient selection, based on centers where blood sampling and storage was logistically 
feasible. #is might have introduced a selection bias of which the magnitude and direction 
cannot be estimated. As selective participation or non-participation must have occurred 
based on a logistical aspect, which is most probable not related to factors associated with 
hepcidin or determinants of hepcidin, selection bias seems unlikely. 

#e strength of our study is the large sample size and the prospective data collection. 
As far as we know, our study comprises the largest cohort of HD patients in which hepcidin 
measurements were performed, currently published. #e large sample size facilitates 
multivariable statistics, which is an important method when examining the complex regulation 
of hepcidin.39 Moreover, hepcidin measurements have been performed with a validated mass 
spectrometric technique, enabling speci"c quanti"cation of the bioactive hepcidin-25.

Conclusions
In this cohort of chronic, stable HD patients, hepcidin-25 levels were independently 
associated with iron stores (as re!ected by ferritin levels), erythropoiesis (reticulocyte 
count and sTfR), in!ammation (hsCRP), eGFR, the presence of diabetes and gender. 
Hepcidin-25 was strongly correlated with its bio-inactive isoform hepcidin-20, and similar 
associations with hepcidin-20 were identi"ed. Of note, hepcidin-25 was not associated with 
the maintenance dose of ESA or iron therapy. 

Our "ndings con"rm the role of hepcidin as a biomarker of iron stores and erythropoiesis 
in chronic HD patients and indicate that hepcidin is not a biomarker of ESA resistance in 
patients on ESA maintenance therapy. Furthermore, it underscores the potential important 
role of (limited) RKF in HD patients. However, whether low hepcidin levels in HD patients 
are associated with a favorable outcome in terms of morbidity and mortality is not clear 
yet. Furthermore, whether hepcidin measurements in HD patients provide additional 
information concerning anemia management compared to current available markers such 
as ferritin is questionable.
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ABSTRACT

Background: #e development of atherosclerosis may be enhanced by iron accumulation 
in macrophages. Hepcidin-25 is a key regulator of iron homeostasis, by downregulating the 
cellular iron exporter ferroportin. In hemodialysis (HD) patients, hepcidin-25 levels are 
increased. #erefore, it is conceivable that hepcidin-25 is associated with all-cause mortality 
and/or fatal and non-fatal cardiovascular (CV) events in this patient group. #e aim of the 
current analysis was to study the relation between hepcidin-25 and all-cause mortality and 
both fatal and non-fatal CV events in chronic HD patients.

Methods: Data from 405 chronic HD patients included in the CONTRAST study 
(NCT00205556) were studied (62% men, age 63.7 ± 13.9 years [mean ± SD]). #e 
median (range) follow-up was 3.0 (0.8-6.6) years. Hepcidin-25 was measured with mass 
spectrometry. #e relation between hepcidin-25 and all-cause mortality or fatal and non-
fatal CV events was investigated with multivariate Cox proportional hazard models.

Results: Median (interquartile range) hepcidin-25 level was 13.8 (6.6-22.5) nmol/L. 
During follow-up, 158 (39%) patients died from any cause and 131 (32%) had a CV event. 
Hepcidin-25 was associated with all cause mortality in an unadjusted model (HR 1.14 
per 10 nmol/L, 95% CI 1.03-1.26; p=0.01), but not a*er adjustment for all confounders 
including hsCRP (HR 0.99 per 10 nmol/L, 95% CI 0.85-1.16; p=0.97). At the same time, 
hepcidin-25 was signi"cantly related to fatal and non-fatal CV events in a fully adjusted 
model (HR 1.19 per 10 nmol/L, 95% CI 1.02-1.39, p=0.02). 

Conclusion: Hepcidin-25 was associated with fatal and non-fatal CV events, even a*er 
adjustment for in!ammation. Furthermore, in!ammation appears to be a signi"cant 
confounder in the relation between hepcidin-25 and all-cause mortality. #ese "ndings 
suggest that hepcidin-25 might be a novel determinant of CV disease in chronic HD patients.
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INTRODUCTION

 Cardiovascular (CV) mortality and morbidity are extremely high in chronic hemodialysis 
(HD) patients.1 #e pathogenesis of CV disease in patients with end stage renal disease 
(ESRD) is complex and various mechanisms have been proposed.2 Recently, it was suggested 
that iron accumulation in vascular cells or macrophages in the vascular wall may lead to 
oxidative stress, eventually resulting in atherosclerosis and endothelial dysfunction.3 #is 
may be of eminent importance as chronic HD patients are o*en treated with large amounts 
of intravenous iron.4 Indeed, it has been shown that both ferritin levels and cumulative 
intravenous iron dose were associated with carotid intima–media thickness (cIMT) in 
chronic HD patients.5

In 2001, a peptide with antimicrobial properties was discovered, named hepcidin.6, 7 
#e bioactive isoform hepcidin-25 turned out to be a key regulator of iron homeostasis. 
Hepcidin-25 induces internalization and degradation of ferroportin, which is a cellular 
iron exporter on enterocytes, macrophages and hepatocytes. #e expression of hepcidin 
is regulated in response to iron administration, erythropoietic demand, hypoxia and 
in!ammatory signals.8, 9 Hepcidin is produced by the liver and excreted with the urine.10 In 
CKD patients, hepcidin levels are increased, with even higher levels in those on dialysis.11 
Many studies have reported a strong relation between hepcidin and ferritin in HD 
patients,11-15 whereas the relation with the (maintenance) dose of erythropoiesis stimulating 
agents (ESA) and ESA resistance is controversial.16

Recently, several papers on the relation between hepcidin and CV disease and 
atherosclerosis in di%erent patient groups have been published.17-19 #ese data support the 
hypothesis that hepcidin may be involved in the progression of atherosclerosis, possibly 
by iron trapping in macrophages in atherosclerotic plaques enhancing oxidative stress. 
However, it is unknown whether hepcidin is associated with the high rate of mortality and 
CV disease in HD patients.

#e aim of the current analysis was to study whether hepcidin-25 is related to all-cause 
mortality and/or fatal and non-fatal CV events in a cohort of over 400 chronic HD patients 
included in the CONvectiveTRAnsportSTudy.

SUBJECTS AND METHODS

Patients and study design
Data from patients enrolled in the CONTRAST study (NCT00205556) were used. #e 
rationale and the design of the CONTRAST study have been described before.20 In short, 
prevalent HD patients were recruited from June 2004 until December 2009 and randomized 
to either continue treatment with low !ux HD or switch to treatment with post-dilution 
online haemodia"ltration (HDF), with a follow up until December 2010. Primary endpoint 
of the study was all cause mortality.21 CV disease and anemia management were secondary 
endpoints. A total of 714 patients were recruited from 29 dialysis centres. In the design 
phase of CONTRAST, a protocol for blood sampling and storage was added, speci"cally 
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for future studies on newly identi"ed markers that would become potentially relevant and 
of interest. Hepcidin is an example of such a marker. In 17 of the 29 dialysis centres, in 
which blood sampling and storage was logistically feasible, predialysis blood samples from 
participating patients were drawn and stored at -80 °C. #e selection of centres participating 
in this sub-study was made prior to enrolment. #e present post-hoc analyses were based 
on a subset of patients from the main study, namely those participants (n=405) from who 
additional blood samples were collected.

Patients were eligible for inclusion in the main study if they were treated with HD for 
at least two months. Exclusion criteria were age below 18 years, treatment with hemo(dia)
"ltration or high-!ux HD in the six months prior to randomization, a life expectancy less 
than three months due to non-renal disease, participation in another clinical intervention 
trial evaluating cardiovascular outcomes and severe incompliance regarding frequency 
and/or duration of dialysis treatment. 

#e study was conducted in accordance with the Declaration of Helsinki and was 
approved by a central medical ethics committee and by all local medical ethics review 
boards. Written informed consent was obtained from all patients prior to enrolment. 

Treatment protocol
Before randomization in the main study, all patents were treated with low !ux polysulfone 
(PS) or polyarylethersulfone (PAES) dialyzers (UF coe'cient < 20 mL/mmHg/h and 
surface area 1.3-2.2 m2: F6HPS, F7HPS, F8HPS and F10HPS [Fresenius Medical Care, 
Bad Homburg, Germany] and Poly!ux 14L, 17L and 21L [Gambro Corporation AB, 
Lund, Sweden]). A minimum dialysis spKt/Vurea of 1.2 per treatment was required. A*er 
randomization, patients continued low-!ux HD or switched to treatment with online HDF. 
For HDF, high-!ux dialyzers were used (UF coe'cient > 20 mL/mmHg/h and surface 
area 1.7-2.2 m2: FX80 and FX100 [Fresenius Medical Care, Bad Homburg, Germany] and 
Poly!ux 170H and Poly!ux 210H [Gambro Corporation AB, Lund, Sweden]). Both HD and 
HDF were performed with ultrapure dialysis !uids, containing less than 0.1 colony forming 
units per mL and less than 0.03 endotoxin units per mL.

Routine patient care and prescription of medication was practiced according to the 
opinion of the attending nephrologist and based on the Quality of Care Guidelines of the 
Dutch Federation of Nephrology. 

Laboratory protocol
Predialysis blood samples were drawn and routine laboratory assessments were analyzed 
in the local hospitals by standard laboratory techniques. Hepcidin-25, soluble transferrin 
receptor (sTfR) and high sensitive c-reactive protein (hsCRP) measurements were 
performed centrally. For this purpose, predialysis blood samples were centrifuged at 1500 g 
and 4 °C for 10 minutes and stored at -80 °C. 

Measurement of serum hepcidin-25 was centrally performed by a validated combination 
of weak cation exchange (WCX) bead-based hepcidin enrichment followed by time-of-!ight 
mass spectrometry (WCX-TOF-MS).22 For the quanti"cation of hepcidin-25 in serum, an 
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internal standard (synthetic hepcidin-24, Peptide International Inc., Louisville, KY, USA) 
was used.23 Mass-to-charge spectra were generated by using MALDI-TOF-MS (Micro!ex 
LT BrukerDaltonicsGmbH, Bremen, Germany) with lower limit of detection of 0.5 nmol/L 
and an intra-assay coe'cient of variation of 2.2% at 3.1 nmol/L, 3.7% at 7.9 nmol/L and 
2.3% at 13.4 nmol/L. #e inter-assay coe'cient of variation was 9.1% at 7.8 nmol/L and 
3.9% at 12.9& nmol/L.22 #is method enables the speci"c measurement of hepcidin-25 
and has been described before in CKD and HD patients.11 sTfR (mg/L) was measured 
immunonephelometrically on a BN II System (Dade Behring Marburg GmbH, Marburg, 
Germany). hsCRP (mg/L) was measured with a particle-enhanced immunoturbidimetric 
assay on a Roche-Hitachi analyser (Roche Diagnostics GmbH, Mannheim, Germany) with a 
lower quanti"cation limit of 0.1 mg/L and an intra-assay coe'cient of variation of 1.9% at the 
level of 0.57 mg/L and 0.3% at the level of 3.00 mg/L. #e inter-assay coe'cient of variationof 
the hsCRP assay was 1.9% at the level of 0.67 mg/L and 1.2% at the level of 3.64 mg/L. 

Data collection 
Data on demography, cause of renal failure, history of cardiovascular disease (CVD), 
diabetes mellitus (DM), type of vascular access, dialysis vintage and treatment parameters 
were collected, as well as prescription of medication. Residual renal function (RRF) was 
de"ned as a urine production of >100 mL/d. In patients with RRF, the eGFR (estimated 
glomerular "ltration rate) was calculated as the mean of creatinine and urea clearance in a 
24h urine collection, adjusted for body surface area.24 ESA was prescribed as epoetin $ or ( 
(Eprex® or Neorecormon® respectively, IU) or darbepoetin $ (Aranesp®, g) and expressed as 
a dose per week. To compare the di%erent types of ESA, prescribed dosages were converted 
to daily de"ned doses (DDD), using conversion factors as provided by the World Health 
Organization (WHO) Drug Classi"cation (http://www.whocc.no/atc_ddd_index/). For 
darbepoetin $ (ATC code B03XA02), DDD is 4.5 )g and for epoetin $ and ( (ATC code 
B03XA01), DDD is 1000 IU. All patients on iron therapy used iron sucrose (Venofer®, mg).

CV events were reported by the local centres and adjudicated by an independent 
endpoint committee. #ey were de"ned as death from CV causes (including sudden 
death and congestive heart failure), non-fatal coronary heart disease, non-fatal stroke, 
amputation, or revascularization interventions, consisting of therapeutic coronary 
procedures (coronary artery bypass gra*, percutaneous transluminal coronary angioplasty 
and/or stenting), therapeutic carotid procedures (endarterectomy and/or stenting) and 
vascular interventions (peripheral bypass surgery, percutaneous transluminal angioplasty 
and/or stenting, not related to the vascular access for dialysis). 

Statistical analysis
Variables were reported as proportions or means ± standard deviation (SD), or medians 
with 25th-75th percentiles when appropriate. Correlations between biochemical parameters 
were evaluated with a Spearman correlation test.

#e relations between hepcidin-25 and all-cause mortality, as well as hepcidin-25 and 
fatal or non-fatal CV events, were evaluated by Cox proportional hazard models. First, 
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determinants of all-cause mortality and CV events were identi"ed by entering demographic 
(age, sex, race, dialysis vintage, diabetes, history of CV disease, smoking status, eGFR), 
clinical (body mass index, systolic and diastolic blood pressure, treatment time, treatment 
frequency, dialysis spKt/Vurea, dialyzer type, prescription of renin angiotensin system (RAS) 
inhibitiors, calciumblockers, statins, ESA and iron therapy) and biochemical parameters 
(hemoglobin, ferritin, TSAT, cholesterol, albumin, phosphate, calcium, parathyroid 
hormone, soluble transferrin receptor and hsCRP) in a Cox proportional hazard model 
following a backstep elimination procedure using a p-value of 0.20 as a cut-o%. Second, 
demographic, clinical and biochemical determinants of hepcidin-25 were identi"ed using a 
backward multivariate regression analysis. 

Finally, the relations between hepcidin-25 and all-cause mortality as well as hepcidin-25 
and CV events were analysed by examining the following Cox proportional hazard models: 
(1) crude analysis; (2) adjustment for demographic and clinical determinants related 
to all-cause mortality or CV events; (3) additional adjustment for demographic and 
clinical determinants related to hepcidin-25; (4) additional adjustment for biochemical 
parameters:& (4a) excluding ferritin and hsCRP; (4b) a*er additional adjustment for 
ferritin;& (4c) a*er additional adjustment for hsCRP. We analysed the "rst event that 
occurred a*er randomization. All models were adjusted for the treatment modality (HD 
vs. HDF) in the main study. 

Furthermore, hepcidin-25 was analysed into categories (tertiles). A multivariable Cox 
proportional hazard model was used to calculate the cumulative event-free survival in 
patients strati"ed according to hepcidin-25 tertiles.

 In the "nal models, a double sided p-value <0.05 was considered statistically 
signi"cant. Statistical analyses were performed with PASW so*ware (version 18.0, SPSS 
inc. Headquarters, Chicago, Illinois, US). 

RESULTS

Baseline characteristics
As can be seen from table 1, baseline characteristics for the entire CONTRAST baseline 
cohort (n=714; “Entire cohort”) were similar with patients in whom hepcidin and other 
speci"c laboratory markers were measured (n=405; “Hepcidin cohort”). Mean (± SD) 
age of the study population in the hepcidin cohort was 63.7 ± 13.9 years and 62% was 
male (table&1). Median (interquartile range) level of hepcidin-25 was 13.8 (6.6-22.5). #e 
distribution of hepcidin-25 was positively skewed ("gure 1). 

Events during follow-up
#e median follow-up of patients in the hepcidin cohort was 3.0 years (minimum 0.8, 
maximum 6.6 years). A total of 158 (39%) patients died from any cause and 131 (32%) 
patients had a CV event (including death from CV events and “sudden death”). In the 
entire cohort, these numbers were 269 (38%), and 228 (32%), respectively. #e subsequent 
paragraphs will focus exclusively on the hepcidin cohort (n=405).
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Table 1: Patient and treatment characteristics and laboratory parameters.a

Entire cohort
N=714

Hepcidin cohort
N=405

Patient characteristics
Male gender - % (no.) 62 (445) 62 (252)
Age (years) 64.1 ± 13.7 63.7 ± 13.9 
Caucasian race – % (no.) 84 (600) 82 (333)
Dialysis vintage (years) 2.0 (1.0-4.0) 1.8 (0.9-3.4) 
Cause of renal failure - % (no.)
- vascular
- diabetes mellitus
- tubulointerstitial nephritis/ glomerulo-
nephritis / multisystem disease
- cystic disease
- other/unknown

28 (200)
19 (136)
25 (181)

7 (53)
21 (144)

32 (131)
16 (63)
24 (96)

7 (28)
21 (87)

Diabetes mellitus – % (no.) 24 (170) 21 (85)
History of cardiovascular disease – % (no.) 44 (313) 44 (177)
Current smoker – % (no.) 19 (136) 20 (81)
Body weight (kg)b 72.4 ± 14.4 71.7 ± 14.6
Systolic blood pressure (mmHg)c 147 ± 21 142 ± 18
Diastolic blood pressure (mmHg)c 75 ± 12 73 ± 11
BMI (kg/m2) 25.4 ±14.4 25.0 ± 4.8 
Residual renal function – % (no.)d 53 (376) 57 (230)
eGFR (ml/min/1.73 m2)e 3.2 (1.3-5.5) 2.6 (1.2-5.1) 
Treatment characteristics
Treatment frequency 3x/week – % (no.) 94 (668) 93 (375)
Treatment time (min) 226 ± 23 227 ± 23 
Blood!ow (mL/min) 302 ± 39 298 ± 39
Dialysis access – % (no.)
- "stula
- gra*
- central catheter 

80 (567)
14 (100)

6 (47)

84 (339)
14 (56)
2 (10)

spKt/Vurea (per dialysis) 94 (668) 93 (375)
Dialyzer – % (no.)
- polysulfone
- polyarylethersulfone
- other

226 ± 23 227 ± 23 

Prescription of ESA- % (no.) 89 (633) 90 (364)
Type of ESA – % (no.)
- darbepoetin $
- epoetin $/(

72 (458)
28 (175)

70 (254)
30 (110)

ESA dose (DDD/week)f 8.9 (4.4-13.3) 8.9 (6.0-15.4) 
Use of iron replacement therapy – % (no.) 66 (471) 74 (300)

* continued on the next page
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#e cause of death was cardiovascular (n=49), infection (n=41), cancer (n=10), stopping 
further treatment (n=33), other (n=16) and unknown (n=9). #e CV deaths comprised of 
stroke (n=6), coronary heart disease (n=5), sudden death (n=27), congestive heart failure 
(n=5) and other causes (n=6). CV events comprised of stroke (n=13), coronary heart disease 
(n=42), sudden death (n=19), congestive heart failure (n=3), lower extremity amputations 
(n=13), 36 revascularization procedures and 5 other vascular events. Of note, the "rst CV 
event that occurred a*er randomization was analyzed (see section on statistical analysis).

During follow-up, 95 patients received a renal transplant and 7 switched from HD to 
peritoneal dialysis. 

Entire cohort
N=714

Hepcidin cohort
N=405

Irondose (mg/week)g 50 (23.3-100) 100 (50-100)
Prescription of RAS inhibitors – % (no.) 49 (349) 53 (215)
Prescription of calciumblocker – % (no.) 32 (231) 33 (134)
Prescription of statin – % (no.) 51 (362) 50 (203)
Laboratory parameters
Hemoglobin (g/dL) 11.8 ± 1.25 11.9 ± 1.25
Hematocrit 0.36 ± 0.04 0.36 ± 0.04
Ferritin (ng/mL) 339 (193-587) 378 (211-631)
TSAT (%) 24.1 ± 11.4 24.3 ± 12.4
sTfR (mg/L)h NA 1.58 (1.24-2.11)
Cholesterol (mg/dL) 141.4 ± 36.8 143.1 ± 38.7
Albumin (g/dL) 3.68 ± 0.46 3.59 ± 0.48
hsCRP (mg/L) NA 3.95 (1.38-10.41)
Hepcidin-25 (nmol/L)i NA 13.8 (6.6-22.5)

aValues represent mean ± SD, median (interquartile range) or % (absolute numbers).
bWeight a*er dialysis (dry weight) de"ned as the mean of three consecutive values
cMean of pre-dialysis blood pressure of three consecutive dialysis sessions.
dDe"ned as >100 mL per day
eeGFR (estimated glomerular "ltration rate) calculated as mean of creatinine and urea clearance in 24h urine 
collection adjusted for body surface area, exclusively in patients with residual renal function. 
fIn patients on ESA therapy.
gIn patients on iron therapy.
hReference value: 0.76-1.76 mg/L (Dade Behring Marburg GmbH, Marburg, Germany).
iReference value with WCX-TOF MS method (median [95% range]): men 65-69 years 5.3 (<0.05-13.9); 
women 65-69 years 4.9 (<0.05-14.2).25

Conversion factors for units: hemoglobin in g/dL to mmol/L, x 0.62; cholesterol in mg/dL 
to mmol/L, x 0.026; albumin in g/dL to g/L, x 10; no conversion necessary for ferritin in ng/mL to µg/L.
BMI=body mass index; ESA=erythropoiesis stimulating agents; RAS= renin angiotensin 
system;TSAT=transferrin saturation ratio; sTfR=soluble transferrin receptor; hsCRP=high sensitive 
c-reactive protein.
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Relation between hepcidin and all-cause mortality
As can be seen from table 2, hepcidin-25 was related to all-cause mortality in a multivariate 
Cox regression model a*er adjustment for various demographic, clinical and biochemical 
determinants of mortality and hepcidin-25 (model 1-4a). However, a*er adjustment 
for ferritin and hsCRP, the relation between hepcidin-25 and mortality was no longer 
present (HR 0.99 [95% CI 0.85-1.16], p=0.96). Ferritin and hsCRP were weakly correlated 
(r=0.15; p=0.004) and both parameters were strongly associated with hepcidin-25 levels in 
multivariate regression analysis (p<0.001 for both parameters). 

Relation between hepcidin and fatal and non-fatal CV events
As can be seen from table 3, hepcidin-25 was related to fatal and non-fatal CV events in all 
Cox proportional hazard models tested (models 1-4c). #e relation was somewhat weaker, 
albeit still signi"cant, a*er adjustment for hsCRP (HR 1.19 [95% CI 1.02-1.39], p=0.02).

In our study population, maintenance weight-adjusted ESA dose was neither identi"ed 
as an independent determinant of CV events (p=0.31), nor of hepcidin-25 (p=0.46). 
#erefore, as could be expected, additional adjustment for ESA dose in the Cox proportional 

Figure 1: Distribution of hepcidin-25.
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Table 2. Relation between hepcidin-25 and all-cause mortality.

Hazard 
ratioa 95% CI p-value

Model 1: crude analysis 1.14 1.03-1.26 0.009
Model 2: adjustment for demographic and clinical parameters 
related to all-cause mortalityb

1.12 1.01-1.24 0.026

Model 3: additional adjustment for demographic and clinical 
parameters related to hepcidin-25c

1.11 1.02-1.23 0.045

Model 4a: additional adjustment for biochemical parametersd 1.16 1.03-1.30 0.012
Model 4b: additional adjustment for ferritin 1.10 0.96-1.27 0.167
Model 4c: additional adjustment for hsCRP 0.99 0.85-1.16 0.966

aHazard ratio per 10 nmol/L increment in hepcidin-25.All models were adjusted for the treatment modality 
(HD vs. HDF) in the main study. 
bAdjustment for age, sex, diabetes, treatment frequency, prescription of calciumblockers and RAS inhibitors.
cAdditional adjustment for eGFR, prescription of statins, and dialyzer type (PS vs PAES).
dAdditional adjustment for hemoglobin, albumin and sTfR (excluding ferritin and hsCRP). 
RAS= renin angiotensin system; eGFR=estimated glomerular "ltration rate (calculated as mean of 
creatinine and urea clearance in 24h urine collection adjusted for body surface area); PS= polysulfone; 
PAES=polyarylethersulfone; sTfR=soluble transferrin receptor; hsCRP=high sensitive c-reactive protein.

Table 3.Relation between hepcidin-25 and cardiovascular events.

Hazard 
ratioa 95% CI p-value

Model 1: crude analysis 1.11 0.99-1.24 0.053
Model 2: adjustment for demographic and clinical parameters 
related to all-cause mortalityb

1.16 1.04-1.29 0.011

Model 3: additional adjustment for demographic and clinical 
parameters related to hepcidin-25c

1.15 1.02-1.28 0.019

Model 4a: additional adjustment for biochemical parametersd 1.21 1.06-1.37 0.003
Model 4b: additional adjustment for ferritin 1.27 1.10-1.46 <0.001
Model 4c: additional adjustment for hsCRP 1.19 1.02-1.39 0.024

aHazard ratio per 10 nmol/L increment in hepcidin-25.All models were adjusted for the treatment modality 
(HD vs. HDF) in the main study. 
bAdjustment for age, sex, race, diabetes, history of CV disease, treatment frequency, prescription of RAS 
inhibitors, dialysis spKt/Vurea.
cAdditional adjustment for eGFR, prescription of statins, and dialyzer type (PS vs PAES).
dAdditional adjustment for hemoglobin, albumin and sTfR (excluding ferritin and hsCRP).
CV=cardiovascular; RAS= renin angiotensin system; eGFR=estimated glomerular "ltration rate (calculated 
as mean of creatinine and urea clearance in 24h urine collection adjusted for body surface area); 
PS=polysulfone; PAES=polyarylethersulfone; sTfR=soluble transferrin receptor; hsCRP=high sensitive 
c-reactive protein.
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Figure 2: Adjusted proportional hazards of the CV event-free survival in patients strati"ed according to 
hepcidin-25 tertiles.

Hazard ratio (95% CI) 3rd tertilevs 1st tertile: 1.54 (1.16-1.75; p=0.012)
Hazard ratio (95%CI) 3rd tertilevs 2nd tertile: 1.46 (1.09-1.67; p=0.020)
Figure and hazard ratios are adjusted for age, sex, race, diabetes, history of CV disease, smoking status, eGFR, 
treatment frequency, prescription of RAS inhibitors and statins, spKt/Vurea, dialyzer type (PS vs PAES), 
hemoglobin, albumin, sTfR, ferritin and hsCRP.
CV=cardiovascular; eGFR=estimated glomerular "ltration rate; RAS= renin angiotensin sytem; PS= polysulfone; 
PAES=polyarylethersulfone; sTfR=soluble transferrin receptor; hsCRP=high sensitive c-reactive protein.

hazard analysis did not change the relation between hepcidin-25 and CV events (HR 1.20 
[95% CI 1.03-1.40], p=0.02).

#e analysis with hepcidin-25 in tertiles, showed that especially patients in the highest 
hepcidin tertile manifested an increased risk for CV disease ("gure 2). #e adjusted hazard 
ratio for patients in the 3rd tertile versus those in the 1st tertile was 1.54 (95% CI 1.16-1.75; 
p=0.01) and versus those in the 2nd tertile 1.46 (95% CI 1.09-1.67; p=0.02). Drop-outs 
because of renal transplantation and switch to peritoneal dialysis were equally distributed 
across the tertiles. 

DISCUSSION

In the current study, it was shown that hepcidin-25 was signi"cantly associated with fatal 
and non-fatal CV events in chronic HD patients, a*er adjustment for several demographic, 
clinical and biochemical determinants. Especially patients with the highest hepcidin-25 
levels were at risk. #e association between hepcidin and all-cause mortality disappeared 
a*er adjustment for hsCRP and ferritin.
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Our results may implicate that hepcidin plays a role in the pathophysiology of 
atherosclerosis and CV disease, as has been suggested before.3 In older epidemiological 
studies, the relation between iron stores and atherosclerotic disease in the general 
population was controversial.26-28 Recently, however, the role of iron in relation to CV 
disease has gained renewed attention.29 It was hypothesized that hepcidin promotes the 
progression of atherosclerotic plaques by slowing or preventing the mobilization of iron 
from macrophages.30 #is “atherosclerotic iron trapping” in macrophages subsequently 
results in enhanced oxidative stress and increased atherogenicity. 

Several recent (pre-)clinical studies support this hypothesis. It has been shown that in 
patients with extensive atherosclerotic plaques, atherosclerotic iron content was associated 
with pro-oxidant activity within the plaque,31 and iron-laden macrophages exhibited pro-
atherogenic activity by oxidization of low density lipoproteins (LDL).32 In an experimental 
mouse model, suppression of hepcidin resulted in reduced iron content of macrophages, 
and subsequently in an increased e,ux capacity of cholesterol, which was associated with 
reduced foam cell formation and atherosclerosis.33 Moreover, in human monocytes derived 
from atherosclerotic plaques, intracellular iron content was increased in the presence of 
hepcidin, resulting in enhanced reactive oxygen substances, which prevented cholesterol 
e,ux from these cells.34 In patients with non-alcoholic fatty liver disease, hyperferritinemia 
was independently associated with vascular damage (as re!ected by cIMT), only in patients 
with normal hemochromatosis (HFE) genotypes, which was associated with upregulation of 
hepcidin.19 In a similar patient group, monocyte chemoattractant protein-1, a chemokine that 
plays a crucial role in both the initiation and progression of atherosclerosis, was correlated 
with hepcidin-25 and an independent predictor for the presence of atherosclerotic plaques.18 
Finally, in 168 chronic HD patients, hepcidin-25 was independently associated with arterial 
sti%ness measured by brachial-ankle pulse wave velocity (PWV) measurements.17

Apart from iron accumulation, other pathogenic mechanisms may be involved in the 
e%ect of hepcidin-25 on atherosclerotic plaques. As adjustment for hsCRP attenuated the 
relation between hepcidin-25 and all cause mortality, our "ndings suggest that the mechanism 
involved runs through in!ammation. In this respect, it is interesting to note that previously, 
in!ammation has been associated with both CV disease35 and hepcidin levels.13 Furthermore, 
it has been hypothesized that oxidative stress in atherosclerotic plaques ultimately lead to 
death of the iron-laden macrophages and release of their cellular contents, which enhances 
in!ammatory stimuli resulting in additional upregulation of hepcidin synthesis.30

As mentioned, the absent relation between hepcidin-25 and all-cause mortality may 
be caused by the overriding e%ect of in!ammation. Another explanation could be that 
hepcidin appears to be speci"cally involved in the pathogenesis of CV disease, and fatal CV 
events accounted only for 31% of the total mortality in our study population. Furthermore, 
26% of all cases of death were due to an infection. As hepcidin behaves as an acute phase 
reactant, increasing during in!ammation, this may explain the confounding e%ect of the 
in!ammation marker hsCRP on the relation between hepcidin-25 and mortality. 

In CKD patients, vascular intima and media calci"cation are important causes of CV 
disease.2 In the presented Cox regression models, no adjustments for calci"cation markers 
as calcium, phosphate and parathyroid hormone were made, as these markers were not 
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associated with mortality, CV events or hepcidin. However, additional adjustment for 
these parameters did not change our results (data not shown). Whether other non-classical 
markers such as vitamin D, fetuin A36 and "broblast growth factor-2337 would have modi"ed 
our results is a topic for further research.

It is well known that ESA resistance is associated with an adverse outcome.38, 39 
Furthermore, it has been shown that ESA dose and ESA resistance are associated with 
hepcidin levels measured with a competitive radio-immunoassay.16 In our cohort, we did 
not observe a relation between hepcidin and weight-adjusted ESA dose or ESA resistance 
in the backward multivariate regression analysis. Moreover, we have shown that additional 
adjustment for ESA dose in the "nal model did not change the results. 

Our "ndings might have implications regarding clinical decisions on iron 
supplementation, as our data challenge the safety of unrestricted administration of 
intravenous iron in dialysis patients. #e Dialysis Patients’ Response to IV Iron with 
Elevated Ferritin (DRIVE) trial showed that hemoglobin levels increased in patients with 
high ferritin levels (and low TSAT) on stable ESA therapy40, although the study was not 
designed to draw any conclusions on safety aspects. #us far, no prospective trials on the 
long-term safety of intravenous iron supplementation, especially with respect to CV events, 
have been published.41, 42 Of note, de"nite conclusions on the safety of iron administration 
with respect to CV events and mortality cannot be drawn from our study. However, our 
results might implicate that iron supplementation in HD patients should be administered 
cautiously, especially in patients with high hepcidin levels and/or an in!ammatory state. 

As far as we know, we are the "rst to show an association between hepcidin and clinical 
events in chronic HD patients. A potential limitation of our study may be the fact that we 
measured hepcidin levels only at baseline. It has been shown that there is a signi"cant intra-
individual variability of hepcidin which is likely dependent on in!ammatory !uctuations.43 
However, we believe that hepcidin concentrations will not vary signi"cantly on a population 
level. #e strength of our study is the accurate data collection and the adjudication of clinical 
events by an independent event committee. Furthermore, hepcidin-25 measurements were 
centrally performed with a precise and validated method.

In conclusion, in this study in 405 prevalent HD patients, we observed an association 
between hepcidin-25 and fatal and non-fatal CV events. Our "ndings could be explained by 
excessive iron deposition in macrophages, which enhances oxidative stress in atherosclerotic 
plaques. Furthermore, in!ammation appears to be a signi"cant confounder. Still, the exact 
underlying mechanism of the described association as well as the possible causality of our 
"ndings remains to be established in prospective studies. 
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ABSTRACT

Background: In patients with a high resistance to erythropoiesis stimulating agents 
(ESA; expressed as an ESA index in ESA dose/weight/Hct/wk), treatment with online 
hemodia"ltration (HDF) seems to diminish ESA resistance, whereas this remains stable 
during treatment with low-!ux hemodialysis (HD). Hepcidin-25 is a peptide that may 
induce ESA resistance by diminishing functional iron availability. As hepcidin is a middle 
molecular weight substance, its clearance may be superior with HDF as compared to HD. 
#e aim of the current analysis was to explore whether the reduced ESA resistance in the 
sub-group of ESA resistant patients treated with online HDF, could be explained a by 
decrease in pre-dialysis hepcidin-25 levels, as compared to low-!ux HD. 

Methods: Changes in laboratory parameters and ESA and iron doses at baseline 
and a*er 12 months from 82 prevalent ESA resistant HD patients included in the 
CONvectiveTRAnsportSTudy (CONTRAST; NCT00205556) were analyzed. Patients were 
randomized to either treatment with online HDF or low-!ux HD. Pre-dialysis levels of 
hepcidin-25 were measured with mass spectrometry.

Results: In the HDF group (n=40; 58% male, age 63.3 ± 13.7 [mean± SD]), both the ESA 
index (-0.27 DDD/kg/Hct/wk[-0.38 to -0.15]) and soluble transferrin receptor levels 
(sTfR,&-0.33&mg/L [-0.56 to -0.10]; mean [95%CI]) decreased signi"cantly a*er 12 months, 
whereas no changes in the HD group (n=42; 43% male, age 61.5 ± 13.8) were observed. 
Furthermore, in the HDF group, the transferrin saturation ratio increased over time with&4.2% 
(0.5 to 7.9; p=0.03) and ferritin levels increased, albeit not signi"cant. Cumulative doses of 
iron supplements were equal in both groups. Hepcidin-25 increased in the HDF group (4.3 
mg/L [-0.1 to 8.7]; p=0.057) and did not change in the HD group (1.4 [-3.9 to&6.6]; p=0.60).

Conclusion: In a subgroup of ESA resistant patients treated with HDF, improved iron 
availability and diminished ESA resistance were not accompanied by a reduction in 
hepcidin-25. Instead, hepcidin-25 increased in HDF patients. #is might be explained by 
the coincidentally relative iron deplete state of these patients at baseline.
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INTRODUCTION

Iron de"ciency results in an impaired response to erythropoiesis stimulating agents (ESA) 
in chronic hemodialysis (HD) patients. Absolute and functional iron de"ciency in these 
patients is caused by multiple factors, such as blood loss in the extracorporeal system 
(i.e. in blood lines and the dialyzer), occult gastrointestinal bleeding, decreased dietary 
iron absorption in the gastrointestinal tract and decreased iron transport capacity due to 
a reduced transferrin concentration.1 For this reason, intravenous iron supplementation 
is o*en required, although iron supplementation does not necessarily result in improved 
ESA responsiveness.2

In 2001, a peptide with antimicrobial properties was discovered, named hepcidin.3,& 4 
Hepcidin turned out to be a key regulator of iron homeostasis in humans. It induces 
internalization and degradation of ferroportin, which is a cellular iron exporter on 
enterocytes, macrophages and hepatocytes. #e expression of hepcidin is regulated in 
response to iron administration, erythropoietic demand, hypoxia and in!ammatory 
signals.5-7 Hepcidin-25 (2.8 kD) is the bioactive form of hepcidin and is mainly protein-
bound, whereas hepcidin-20 and hepcidin-22 are its isoforms with unknown biological 
function.7 All isoforms are excreted from the body with the urine. 

In patients with chronic kidney disease (CKD), hepcidin levels are elevated.8, 9 High 
hepcidin levels result in limited absolute and functional iron availability due to decreased 
iron uptake from the gut and decreased iron release from reticuloendothelial and 
hepatocyte stores.6 In addition, hepcidin exhibits a direct inhibitory e%ect on erythroid 
progenitor proliferation at low erythropoietin concentrations.10 #erefore, in CKD patients, 
enhanced hepcidin levels may contribute to diminished iron availability and an impaired 
ESA response. Subsequently, it has been hypothesized that lowering hepcidin levels may 
result in an improved (functional) iron availability and an enhanced response to ESA.11 
Several studies have shown that hepcidin can be lowered during HD.8, 12-14 As hepcidin is 
a substance of middle molecular weight (2.8 kD) and mainly protein-bound,15 superior 
clearance might be achieved with convective therapies such as hemodia"ltration (HDF), in 
which solute removal by convective and di%usive transport are combined.Protein-bound 
substances have a superior clearance with online HDF, either in a pre- or post-dilutional 
mode.16, 17 In these studies, however, only rather small protein-bound toxins have been 
evaluated (108 and 251 D). Furthermore, it has been shown that clearance of protein-bound 
toxins primarily occurs via removal of the unbound fraction.16

Several studies suggested that HDF improves ESA responsiveness.18-20 Whether this is 
accompanied by changes in hepcidin levels has not been investigated yet. In a secondary 
analysis of the CONvectiveTRAnsportSTudy (CONTRAST), a large trial in which patients 
were randomized to either treatment with HDF or low-!ux HD, we could not con"rm 
the improved ESA resistance by HDF.21 In a post-hoc analysis, however, it was suggested 
that in patients who were most ESA resistant at baseline, treatment with HDF during 12 
months had a bene"cial e%ect on ESA responsiveness.21 #e aim of the current study was to 
explore whether in this particular subgroup, the improved ESA responsiveness by HDF was 
accompanied by a decrease in pre-dialysis levels of hepcidin-25.
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SUBJECTS AND METHODS

Patients and study design
Data from patients enrolled in the CONTRAST study (NCT00205556) were used. For 
all&714 patients included in this randomized controlled trial (RCT), blood samples were 
drawn every three months for standard laboratory assessments. Additional blood samples 
were drawn and stored every 6 months for a subset of patients from dialysis facilities in 
which storage of these blood samples was practically feasible. For 405 patients, blood 
samples for non-routine measurements were available at baseline and for 246 patients at 
12 months. In the present analysis, patients from whom additional blood samples were 
available at baseline and a*er 12 months and who were in the highest tertile of ESA 
resistance at baseline (expressed as an ESA index de"ned as the ratio of the weight adjusted 
weekly ESA dose and the hematocrit [ESA dose/weight/Hct/wk], see below), were included 
(n=82; "gure 1). 

#e rationale and the design of the CONTRAST study have been described before.22 
Patients were recruited from 2004 until 2010 with a variable follow up until January 2011. 
Primary endpoint of the study was all cause mortality. Anemia management was a secondary 
endpoint. Patients were eligible for inclusion if they were treated with HD for at least two 
months. #ey were randomized centrally into a 1:1 ratio for treatment with online HDF 
or continuation of low-!ux HD, strati"ed per participating center. Exclusion criteria were 
age below 18 years, treatment with hemo(dia)"ltration or high-!ux HD in the six months 
prior to randomization, a life expectancy less than three months due to non-renal disease, 
participation in another clinical intervention trial evaluating cardiovascular outcomes and 
severe incompliance regarding frequency and/or duration of dialysis treatment. 

#e study was conducted in accordance with the Declaration of Helsinki and was 
approved by a central medical ethics committee and by all local medical ethics review 
boards. Written informed consent was obtained from all patients prior to enrolment. 

Treatment protocol
Upon randomization, all patients were stable with a minimum dialysis spKt/Vurea of 1.2 
per treatment. Treatment times were "xed at baseline and could only be increased during 
follow-up when the spKt/V dropped below 1.2. Online HDF was performed in the post-
dilution mode with a target dose for substitution !uid of 100 mL/min and high-!ux synthetic 
dialyzers were used (UF coe'cient 55-85 ml/mmHg/h: FX80 [Fresenius Medical Care, 
Bad Homburg, Germany] and Poly!ux170H [Gambro Corporation AB, Lund, Sweden]). 
Conventional HD was performed with low-!ux synthetic dialyzers (UF coe'cient 10-18 
ml/mmHg/h: F6HPS and F8HPS [Fresenius] and Poly!ux14L and Poly!ux17L [Gambro]). 
Routine patient care and prescription of medication was performed according to the opinion 
of the attending nephrologist and based on the Quality of Care Guidelines of the Dutch 
Federation of Nephrology. #e Dutch Quality of Care Guideline on anemia management 
was derived from the European Best Practice Guidelines and the KDOQI guidelines.23-26 
Decisions on dose changes and the timing of these changes were made according to the 
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opinion of the attending nephrologist. ESA and iron supplements were administered via the 
venous bloodline at the end of a dialysis session. Both HDF and HD were performed with 
ultrapure dialysis !uids, containing less than 0.1 colony forming units per mL and less than 
0.03 endotoxin units per mL.

Laboratory protocol and assessments
At baseline and a*er 12 months, pre-dialysis blood samples were drawn for routine 
laboratory assessments analyzed in the local hospitals by standard laboratory techniques. 
In addition, pre-dialysis blood samples centrifuged at 1500 g and 4 °C for 10 minutes and 
stored at -80 °C. #e exact moment of the last ESA and/or iron dose before the pre-dialysis 
blood sampling was not registered.

Serum hepcidin measurements were centrally performed by a combination of weak 
cation exchange (WCX) bead-based hepcidin enrichment followed by matrix-assisted 
laser desorption/ionization time-of-!ight mass spectrometry (MALDI-TOF-MS). For the 
quanti"cation of hepcidin in serum, an internal standard (synthetic hepcidin-24, Peptide 
International Inc., Louisville, KY, USA) was used. Mass-to-charge spectra were generated 
using MALDI-TOF-MS (Micro!ex LT BrukerDaltonicsGmbH, Bremen, Germany). Serum 
hepcidin-25 concentrations were expressed as nmol/L, the lower limit of detection of this 
method was 0.5 nmol/l with intra-assay coe'cients of variation (CV) of 3.7% at 7.9 nmol/L, 
2.3% at 13.4 nmol/L, and 2.2% at 3.1 nmol/L. #e inter-assay CV was 9.1% at 7.8 nmol/L 
and 3.9% at 12.9 nmol/L.27 sTfR (mg/L) was measured immunonephelometrically on a BN 
II System (Dade Behring Marburg GmbH, Marburg, Germany). 

hsCRP (mg/L) was measured with a particle-enhanced immunoturbidimetric assay on 
a Roche-Hitachi analyzer (Roche Diagnostics GmbH, Mannheim, Germany) with a lower 
quanti"cation limit of 0.1 mg/L and an intra-assay CV of 1.9% at the level of 0.57 mg/L and 
0.3% at the level of 3.00 mg/L. #e inter-assay CV was 1.9% at the level of 0.67 mg/L and 
1.2% at the level of 3.64 mg/L. IL-6 (pg/mL) was measured with an immunometric assay 
(Sanquin, Amsterdam, #e Netherlands). #e intra-assay CV was 12% at the level of 1 pg/
mL and 8% at the level of 3 pg/mL. #e inter-assay CV was 19% at the level of 0.35 pg/mL 
(which was the lower quanti"cation limit) and 12% at the level of 2.3 pg/mL.

Data collection 
Study visits were performed at baseline and at three-month intervals. During these visits, 
information on ESA and iron doses was collected. ESA was prescribed as epoetin $ or ( 
(IU) or darbepoetin $ ( g) expressed as a dose per week. To compare the di%erent types of 
ESA, prescribed dosages were converted to daily de"ned doses (DDD), using conversion 
factors as provided by the World Health Organization (WHO) Drug Classi"cation  
(http://www.whocc.no/atc_ddd_index/). For darbepoetin $ (ATC code B03XA02), DDD is 
4.5 )g and for epoetin $ and ( (ATC code B03XA01), DDD is 1000 IU. Iron supplements 
were prescribed as iron sucrose (mg/week). As the information on prescribed iron dose was 
obtained every three months, these dosages were added to estimate the cumulative iron 
dose in mg per 12 months.
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Statistical analysis
All variables were reported as proportions or means ± standard deviation (SD), or medians 
with 25th-75th percentiles when appropriate. Di%erences between baseline characteristics in 
both treatment groups were evaluated with t-tests, chi-square tests and Mann-Whitney tests 
for parametric variables, binominal variables and non-parametric variables, respectively. 
T-tests and linear regression models were used to evaluate changes of laboratory values 
from baseline to 12 months within the HDF and HD groups and between the two groups. 
#e rate of change was reported as a mean with a 95% con"dence interval. 

A p-value <0.05 was considered statistically signi"cant. Statistical analyses were performed 
with PASW so*ware (version 18.0, SPSS Inc. Headquarters, Chicago, Illinois, US).

RESULTS

Baseline and treatment characteristics.
Agroup of 82 ESA resistant patients (42 HD and 40 HDF) from 15 centers was studied 
("gure 1). Baseline characteristics of both groups are listed in table 1. Most characteristics 
were well balanced between the groups, except for dialysis vintage, which was signi"cantly 

Figure 1: Flowchart of patients included in the current analysis.
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longer in the HD group. Laboratory parameters and medication use at baseline are listed in 
table 2. HDF patients had signi"cantly lower TSAT at baseline as compared to HD patients 
(17.4 ± 9.9 vs. 22.2 ± 9.6%; P=0.03). Furthermore, levels of ferritin and hepcidin-25 were 
lower in the HDF group, although the di%erence was not statistically signi"cant (P=0.10 
and 0.17, respectively).

During 12 months, the mean (± SD) amount of convection volume (substitution 
volume&+ net ultra"ltration volume) per session in the HDF group was 19.1 ± 3.9 L. #e 
mean net ultra"ltration volume per session during 12 months was 2.2 ± 0.8 L and 1.8 ±&0.7&L 
in the HDF and HD group, respectively (p=0.03). 

Table 1: Patient and treatment characteristics at baselinea

Online HDF (n=40) Low-!ux HD (n=42)
Patient characteristics
Male gender (number [%]) 23 (58) 18 (43)
Age (years) 63.3 ± 13.7 61.5 ± 13.8
Dialysis vintage (years) 1.1 (0.7-2.5) 2.8 (0.9-6.9)e

Cause of renal failure (number [%])
- vascular
- diabetes mellitus
- glomerulonephritis/multisystem disease
- interstitial nephritis
- cystic disease
- other/unknown     

16 (40)
7 (17)
4 (10)
5 (13)
2 (5)

6 (15)

10 (24)
6 (14)

10 (24)
5 (12)
1 (2)

10 (24)
Diabetes mellitus (number [%]) 11 (28) 12 (29)
History of cardiovascular disease (number [%]) 19 (48) 13 (31)
Body weight (kg)b 69.3 ± 13.1 67.3 ± 12.6
BMI (kg/m2) 24.5 ± 3.7 24.4 ± 4.2
Residual diuresis (%)c 23 (58) 18 (43)
eGFR (ml/min/1.73 m2)d 2.8 (1.8-3.9) 2.2 (0.5-4.4)
Treatment characteristics
Treatment frequency: 3x/week (number [%]) 36 (90) 39 (93)
Treatment time (min) 229 ± 23 224 ± 22
Blood!ow (mL/min) 295 ± 43 310 ± 29
Netto ultra"ltration volume (L/session) 2.0 ± 0.8 1.8 ± 0.8
Dialysis access: "stula (number [%]) 34 (85) 34 (81)
spKt/V 1.45 ± 0.23 1.42 ± 0.22

aValues represent mean ± SD, median (interquartile range) or proportion (%).
bWeight a*er dialysis (dry weight) de"ned as the mean of three consecutive values
cDe"ned as >100 mL per day
deGFR (estimated glomerular "ltration rate) calculated as mean of creatinine and urea clearance in 24h urine 
collection adjusted for body surface area, exclusively in patients with residual diuresis. 
ep<0.05 for di%erence between groups
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Use of medication and ESA resistance.
Both ESA dose and ESA resistance decreased signi"cantly over time in the HDF group 
(change in ESA dose -6.1 DDD, 95% CI -9.1 to -3.0; p<0.001; change in ESA index 
-0.27& DDD/kg/Hct/week; 95% CI -0.38 to -0.15; p<0.001), whereas no changes were 
observed in HD patients (change in ESA dose -2.3 DDD, 95% CI -5.7 to 1.1; p=0.18; change 
in ESA index -0.10 DDD/kg/Hct/week; 95% CI -0.26 to 0.05; p=0.21; table 2). #e rate of 
change was not signi"cantly di%erent between the HDF and HD group (p=0.09 for both the 
ESA dose and ESA index; table 2). #e cumulative irondose was equal in both groups (HDF: 
2600 mg [1635-5200]; HD: 2600 [2145-3900]).

Change in laboratory parameters
A*er 12 months, hemoglobin levels increased in the HDF group (p=0.05) and remained 
stable in patients treated with HD. Albumin, hsCRP and IL-6 remained stable in both groups 
a*er 12 months of follow-up (table 2). TSAT levels increased over 12 months in the HDF 
group (change in TSAT 4.2%; 95% CI 0.5 to 7.9; p=0.03). Ferritin levels remained stable in 
both groups. In the HDF group, sTfR decreased over 12 months (change in sTfR&-0.33 mg/L; 
95% CI -0.56 to -0.10; p=0.005), whereas it remained stable in the HD group. #e change in 
sTfR was signi"cantly di%erent between both treatment groups (p=0.02).

In the HDF group, predialysis hepcidin-25 had increased at twelve months with 
borderline signi"cance (change in hepcidin-25 4.3 nM; 95% CI -0.1 to 8.7; p=0.057; table&2), 
whereas values remained stable in the HD group. Of note, baseline levels of hepcidin-25 
were lower in the HDF group as compared to the HD group, whereas 12 months’ levels were 
similar (table 2). 

DISCUSSION

#e aim of this post-hoc analysis was to investigate whether the improved ESA responsiveness 
in ESA resistant patients treated with HDF21 could be explained by a reduction in hepcidin 
levels and a subsequent improved functional iron availability. Indeed, in this ESA resistant 
subgroup, we observed a rise in hemoglobin level and an improved iron availability in 
patients treated with HDF, the latter indicated by an increased TSAT and decreased sTfR 
a*er 12 months, while iron stores (as re!ected by ferritin levels) and total intravenous iron 
supplementation remained stable. Consequently, a fall in hepcidin-25 levels might have 
been expected in this patient group. On the contrary, however, increased hepcidin-25 
values were observed a*er 12 months in this patient group. #us, our study shows that 
the improved ESA responsiveness in a selected patient group treated with HDF over a 12 
months’ periodwas not accompanied by a reduction of pre-dialysis hepcidin-25 levels. 

Of note, patients in the HDF group seemed to be more iron deplete at baseline as TSAT 
and ferritin levels were lower compared to the HD patients, whereas iron parameters were 
similar in both groups a*er twelve months. #is is in accordance with the relatively lower 
(albeit not signi"cant) level of hepcidin-25 in the HDF group at the start of the study, 
and the increased hepcidin-25 and decreased sTfR levels over time, whereas these values 
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remained stable in the HD group. At 12 months, levels were equal in both groups. #erefore, 
the improved ESA responsiveness and iron availability and increased hepcidin-25 levels in 
patients treated with HDF might be explained by more intensive iron supplementation in 
this group. Our data did show, however, that cumulative iron supplementation over twelve 
months was equal in both groups. Nevertheless, information on iron doses was collected 
with three-months intervals and additional iron supplementation in between could 
have happened unnoticed since the administration of iron was not "xed according to a 
protocol as the main outcome of the study was not ESA responsiveness. #e di%erence in 
iron parameters (ferritin and TSAT) between the groups at baseline probably occurred by 
chance, as the study was randomized.

Since our hypothesis of improved ESA responsiveness in the studied HDF subgroup 
by decreasing hepcidin levels turned out to be incorrect, we searched for alternative 
explanations. In patients treated with HDF, we observed a rise in hemoglobin levels, improved 
iron availability and diminished ESA resistance, yet intravenous iron supplementation 
was equal in both groups. #ree possible explanations for these observations in the 
HDF patients can be postulated: (1) gastrointestinal iron absorption may be enhanced; 
(2) iron release from its stores or utilization from intravenous iron therapy may be 
improved; or (3) red blood cell life span may be prolonged. In healthy subjects, intestinal 
iron absorption is tightly regulated by both iron stores and hepcidin.11 Furthermore, it is 
well known that iron malabsorption in the gastrointestinal tract is an important cause of 
iron de"ciency in chronic dialysis patients1 and that iron absorbed from dietary sources 
is o*en inadequate to meet requirements for erythropoiesis in HD patients.29 Moreover, 
oral iron supplementation has virtually no e%ect in dialysis patients.2 Since intestinal iron 
absorption was not measured in our study, no de"nite conclusion can be drawn. Next, HDF 
may result in improved iron utilization, which has been suggested before.19 In our study, 
increased TSAT levels were observed, whereas ferritin levels remained stable, which may 
be compatible with this hypothesis. Nevertheless, one would have expected hepcidin levels 
to diminish. It can be hypothesized that HDF decreases hepcidin-25 on the short term. 
Subsequently, a new equilibrium may be achieved, with an enhanced level of hepcidin. 
Since we did not measure hepcidin within the period of 12 months, we have no data to 
support this hypothesis. Finally, increased hemoglobin levels and diminished ESA doses 
in patients treated with HDF might be explained by prolongation of the red blood cell life 
span.30, 31 #is might occur as a result of increased uremic toxin clearance by HDF, and this 
hypothesis may be supported by the increased hemoglobin, TSAT and ferritin levels and 
diminished ESA dose and sTfR concentration that was observed in patients treated with 
HDF. However, we did not measure the half-life of erythrocytes in our study.

Regarding the e%ect of dialysis strategies on hepcidin levels, it has been shown that 
the hepcidin concentration can be reduced over one dialysis-session, either with low-!ux 
or high-!ux HD, HDF and peritoneal dialysis.8, 12-14 HDF resulted in superior reduction 
of hepcidin as compared to (high-!ux) HD, especially when a double "lter was used.12,&13 
Hepcidin has been detected in the dialysate8, 14 and it sticks to the dialyzer membrane.8 
However, hepcidin levels already returned back to baseline within one hour a*er a dialysis 
session.32 #is might be explained by removal of unbound, free hepcidin, whereas hepcidin 
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is bound with high a'nity to $2-macrogloblin (and more non-speci"c and with less a'nity 
to albumin).15 Subsequently, a renewed equilibrium between the free and protein-bound 
fraction may be established with an equal concentration of unbound hepcidin, although 
one hour might be too short for this process to occur. Clearance of $2-macrogloblin-
bound- hepcidin is unlikely given the high molecular weight of this peptide (718 kD).
Another explanation of the rapid increase in hepcidin post-dialysis is increased inter-
dialytic production, possibly as a result of in!ammation due to the bio-incompatibility of 
the extra-corporeal circuit.12 Whether (temporarily) reduction in hepcidin is bene"cial, is 
currently unknown. To the best of our knowledge, no other studies on the e%ect of HD or 
HDF on pre-dialysis hepcidin levels over a longer time period have been published so far. 

A major limitation of our study is the highly selected patient group, consisting of an ESA 
resistant sub-group of patients participating in a RCT. Furthermore, patients who stopped 
with the study within one year due to death, transplantation or for other reasons were 
excluded from the current analysis. For this reason, the results of the current study should 
be interpreted with caution. Nevertheless, the study population was deliberately selected: 
based on a post-hoc analysis from our previous study,21 we expected the most pronounced 
e%ect of HDF on hepcidin levels in this selected patient group. #erefore, we do not think 
that our results would have changed if all patients from the main study, both ESA resistant 
and ESA responsive, had been included. Moreover, baseline characteristics in the current 
analysis were fairly well balanced between the treatment groups.

Another limitation is the interval between the measurements. Hepcidin and sTfR levels 
were only measured a*er one year, whereas a possible treatment e%ect on these parameters 
could have been detected much earlier. Currently, understanding on the dynamics of 
hepcidin-25 is insu'cient to determine the optimal timing of the measurements in our 
study, but a 12 months’ interval might be too long.

#e strength of our study is that it provides new information on hepcidin in dialysis 
patients: "rst, as far as we know, no clinical studies on the possible association between 
improvements in ESA resistance in HD/HDF patients and changes in hepcidin over time 
have been performed; second, little is known about the e%ect di%erent dialysis strategies on 
hepcidin levels on the long term and on the role of HDF in this respect. 

In conclusion, we have shown in a post-hoc analysis of a RCT that in a subgroup of ESA 
resistant patients treated with HDF, improved iron availability and ESA resistance were not 
accompanied by a reduction in hepcidin-25. Instead, hepcidin-25 increased in HDF patients. 
#is might be explained by the coincidentally relative iron deplete state of these patients at 
baseline, resulting in more intensive iron supplementation. Our observations need to be 
con"rmed in a prospective randomized controlled trial with a larger group of ESA resistant 
patients, in which ideally, serial measurements of hepcidin levels over time should be 
performed. In Italy, such a study is ongoing (EU Clinical Trials Register 2010-018718-57).33
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ABSTRACT

Background: Guidelines for the management of anemia and iron de"ciency in chronic 
hemodialysis (HD) patients have been developed to standardize therapy and improve 
clinical outcome. #e present study evaluated compliance with anemia guidelines and 
investigated whether di%erences between centers were present. 

Methods: Data on anemia management from patients in the baseline cohort of the 
CONTRAST-study (NCT00205556) were analyzed. 598 chronic HD patients (62% male, 
age 63.6 ± 14.0 years) from 26 Dutch dialysis centers were included. 

Results: Mean Hb level was 11.9 ± 1.3 g/dL and Hb was -11.0 g/dL in 81% of the patients. 
Compliance with all anemia targets (Hb 11.0-12.0 g/dL, TSAT -20%, ferritin 100-500 ng/
mL) was reached in 11.6% (95% CI 7.8-17.0) of the patients, with a wide range among centers 
(4-26%, adjusted for case mix, treatment-related factors and center-speci"c characteristics). 

Conclusion: Compliance with anemia targets in stable HD patients was poor and showed a 
wide variation between treatment facilities. 
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INTRODUCTION

In clinical practice, anemia management in chronic hemodialysis (HD) patients is guided by 
targets on hemoglobin (Hb) levels and iron parameters (ferritin and transferrin saturation 
ratio [TSAT]), which are formulated in guidelines. For this purpose, the European Best 
Practice Guidelines (EBPG) on Treatment of Anemia1 and the Kidney Disease Outcomes 
Quality Initiative (KDOQI) Guidelines on Anemia in Chronic Kidney Disease2-4 have been 
developed in Europe and the US, respectively. Compliance with these recommended targets 
is of considerable importance, as guidelines are o*en used as a tool to standardize therapy 
and as an indicator of quality of care, not only by health care workers, but also by insurance 
companies and public authorities. #is is illustrated by the fact that the bundled-rate 
legislation for Medicare reimbursement in the US introduced a quality incentive program 
in which payments are made dependent upon anemia performance standards.5 Moreover, 
administration of erythropoiesis stimulating agents (ESA) highly contributes to expenses 
for dialysis treatments.6

However, the scienti"c background for the recommendations in guidelines is modest, as 
they are mainly based on observational studies and expert opinions, and randomized trials 
with clinical endpoints are limited, not only in patients with chronic kidney disease (CKD) 
not yet on dialysis,7-9 but also in HD patients.10

In the US, di%erences in compliance with targets on anemia management between 
di%erent treatment facilities, have been observed.11, 12 As far as we know, in Europe, center-
speci"c di%erences concerning anemia management have not been described so far. 

#e aim of the current study was "rst, to describe the compliance with guidelines on 
anemia and iron management in a large cohort of HD patients, and second, to investigate 
whether adherence to guidelines di%ers between dialysis facilities.

METHODS

Patients and study design
Information for the current cross-sectional analysis was obtained from the baseline cohort 
of the Dutch CONvectiveTRAnsportSTudy (CONTRAST, NCT00205556). Rationale and 
design of this RCT on the e%ect of hemodia"ltration versus conventional HD on mortality 
have been described before.13 Overall, patients were eligible for inclusion if they were treated 
two or three times per week with HD for at least two months. Upon randomization, all patients 
were stable with a minimum dialysis spKt/Vurea of 1.2 per treatment. Exclusion criteria were 
age below 18 years, treatment with hemo(dia)"ltration or high-!ux HD in the six months 
prior to randomization, a life expectancy less than three months due to non-renal disease, 
participation in another clinical intervention trial evaluating cardiovascular outcomes and 
severe incompliance regarding frequency and/or duration of dialysis treatment. 

At the end of the enrolment period (2004-2009), 714 patients had been included in 
29&dialysis centers from Canada (n=2), Norway (n=1) and the Netherlands (n=26). For the 
current analysis, only patients from Dutch dialysis facilities were included (n=598, results 
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section 1). For the analysis on center di%erences, only patients treated in facilities in which 
more than 10 patients on ESA therapy were participating in the trial, were included (n=511, 
results section 2). 

#e main study was conducted in accordance with the Declaration of Helsinki and 
was approved by a central medical ethics committee and by all local medical ethics review 
boards. Written informed consent was obtained from all patients prior to enrolment. 

Treatment protocol
Conventional HD was performed with low-!ux synthetic dialyzers (UF coe'cient 10-18 

ml/mmHg/h: F6HPS and F8HPS [Fresenius] and Poly!ux14L and Poly!ux17L [Gambro]). 
Patients were dialyzed two or three times per week and treatment times and/or blood 
!ow rates were adapted to a target dialysis spKt/Vurea of 1.2 per treatment. ESA and iron 
supplements were administered via the venous bloodline at the end of a dialysis session. 
Routine patient care and prescription of medication was performed by the attending 
nephrologist and based on the Quality of Care Guidelines of the Dutch Federation of 
Nephrology. All patients were treated with ultrapure dialysis !uids, containing less than 0.1 
colony forming units per mL and less than 0.03 endotoxin units per mL.

#e Dutch guideline on anemia treatment that was applied during the enrolment period 
was derived from the EBPG on Management of Anemia in Patients with Chronic Renal 
Failure (2004)1 and the KDOQI guidelines for Anemia of Chronic Kidney Disease&(2001).2 
Both guidelines have been revised since then: the EBPG in 2008 14 and the KDOQI guidelines 
in 2006 and 2007.3, 4 Revisions of both guidelines have been implemented in routine clinical 
practice in the Netherlands during the study period. Target levels for anemia and iron 
management as advised in the aforementioned Dutch guideline during the inclusion period 
of the trial are listed in table 1. 

Data collection
At baseline, data on demography cause of renal failure, history of cardiovascular disease 
(CVD), diabetes mellitus (DM), and various treatment characteristics were collected. 

Table 1: Target levels for treatment of anemia as advised in guidelines during enrolment.1, 2

Hemoglobin target <11.0 g/dL start ESA
Hemoglobin target level 11.0-12.0 g/dL for patients treated with ESA
Avoidance of hemoglobin level >14.0 g/dL for patients treated with ESAa

Targets for iron therapy Ferritin 100-500 ng/mLb

TSAT - 20% 

aRevisions of EBPG (2008) and KDOQI (2006/2007) guidelines advised to avoid hemoglobin levels of >13.0 
g/dL. 
bRevisions of EBPG (2008) and KDOQI (2006/2007) guidelines advised a higher target level for ferritin in 
HD patients of 200 ng/mL
ESA = erythropoiesis stimulating agent, TSAT = transferrin saturation ratio
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Pre-dialysis blood samples for routine laboratory assessments were drawn. All laboratory 
samples were analyzed in the local hospitals by standard laboratory techniques. 

ESA was prescribed as epoetin $ or ( (Eprex® or Neorecormon® respectively, IU) or 
darbepoetin $ (Aranesp®, g) expressed as a dose per week. To compare the di%erent types 
of ESA, prescribed dosages were converted to daily de"ned doses (DDD), using conversion 
factors as provided by the World Health Organization (WHO) Drug Classi"cation  
(http://www.whocc.no/atcddd). For darbepoetin $ (ATC code B03XA02), DDD is 4.5 )g 
and for epoetin $ and ( (ATC code B03XA01), DDD is 1000 IU. Iron supplements were 
prescribed as iron sucrose (Venofer®, mg/week) or iron dextran (Cosmofer®, mg/week), both 
with an equivalent amount of elemental iron per mg.

Data on center-speci"c characteristics as the total number of HD patients, the fulltime-
equivalent (FTE) of nephrologists and nurses, the frequency of a visit by a nephrologist and 
the number of dialysis patients per nurse during enrolment, were retrospectively collected 
per participating center.

Statistical analysis
All variables were reported as proportions or means ± standard deviations (SD) or 95% 
con"dence intervals (CI), or medians with interquartile ranges, when appropriate. To 
evaluate di%erences between patient groups, normally distributed variables were analyzed 
with t-tests or AN(C)OVA, dichotomous variables with chi-square tests and non-normally 
distributed variables with Mann-Whitney tests, Wilcoxon signed-rank tests or Kruskal-
Wallis tests. 

Patients on ESA therapy were divided into three groups: those with Hb levels below, 
within and above the target range. Factors that may di%er between these three groups 
were divided into three categories: (1) Case mix variables (age, gender, dialysis vintage, 
DM, history of CVD, cause of renal failure, body mass index [BMI], presence of RKF 
and& eGFR);& (2) Treatment characteristics (treatment frequency, treatment time, dialysis 
access, dialysis adequacy [spKt/V], ESA and iron doses) and (3) Iron parameters (ferritin 
and transferrin saturation ratio [TSAT]). ANCOVA was used to adjust the di%erences 
between the three groups for case mix variables (category 1).

Di%erences in compliance with all anemia management targets (Hb, ferritin and TSAT) 
between treatment facilities were assessed using three multilevel logistic regression models 
(SAS PROC NLMIXED) as patients were clustered within treatment facilities, which might 
a%ect associations between compliance with treatment targets and its determinants. For 
this purpose, treatment facility was entered as a “cluster” variable in the various models. 
Model&1 described the crude odds ratio for compliance with all treatment targets weighted 
per center. In model 2, the odds ratio for compliance with all targets was adjusted for 
6& center-speci"c determinants, including the total number of HD patients per center, 
university teaching hospital (yes/no), the FTE of nephrologists and the FTE of nurses per 
center, the frequency of a visit by a nephrologist and the number of dialysis patients cared 
for by one nurse. In model 3, the odds ratio was adjusted for the aforementioned center-
speci"c determinants and case mix variables and treatment characteristics.
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A two-tailed p<0.05 was considered statistically signi"cant. #e statistical analyses were 
performed with SPSS (version 17.0; SPSS Inc. Headquarters, Chicago, Illinois, US) and SAS 
so*ware (version 9.1; SAS Institute Inc., Cary, NC, US).

RESULTS

Section 1: Compliance with anemia guidelines in Dutch HD 
patients.
Data obtained from 598 patients in the dialysis centers of 4 university and 22 community-
based hospitals in the Netherlands were analyzed. #e number of patients included per 
treatment center varied between 7 and 94 (median 24). Patient and treatment characteristics 
are listed in table 2. #e number of patients included per year is shown in "gure 1. 

Hb levels and compliance with Hb target levels.
Mean (± SD) hemoglobin (Hb) level for all patients was 11.9 ± 1.3 g/dL (hematocrit [Hct] 
0.36&± 0.04). Of all patients, 81% showed a Hb level of - 11.0 g/dL and 89% were treated with 
ESA. Of patients treated with ESA, 35% were in the recommended Hb target of 11.0-12.0 g/dL. 
Hb/Hct levels and compliance with Hb targets for patients with and without treatment with 
ESA are listed in table 3. #e number of patients with a Hb level within the target range did 
not di%er in patients using either epoetin $ or ( or darbepoetin $. Patients with aHb level 
below the target were more o*en female, had a higher spKt/V per dialysis session, and were 
characterized by higher ESA and iron doses and lower TSAT levels (table 4). 

As guidelines on anemia management were adjusted during the enrolment period, 
compliance with the target Hb in patients on ESA therapy was calculated according to the 
year of inclusion. As can be seen from "gure 1, the proportions varied, but did not di%er 
signi"cantly over the years. 

Figure 1: Number of patients treated with ESA below, within and above the Hb target range according to 
year of inclusion (n=531).

Di%erences in proportions between years were not statistically signi"cant.
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Table 2: Baseline characteristics 

N=598
Patient characteristics
Gender (% male) 62
Age (years) 63.6 ± 14.0
Dialysis vintage (years) 1.9 (1.0-4.1)
Caucasian race (%) 85
DM (%) 21
History of CVD (%) 42
Primary renal diagnosis (%)
- Vascular
- Diabetes mellitus
- Glomerulo- or interstitial nephritis
- Cystic kidney disease
- Other
- Unknown

29
14
26
8

12
11

Body weight (kg)a 72.2 ± 13.9
BMI (kg/m2) 25.1 ± 4.3
RKF (%)b 52
eGFR(ml/min/1.73 m2)c 2.8 (1.2-5.1)
Treatment characteristics
Treatment frequency (% 3x/week) 94
Treatment time (min) 226 ± 23
Dialysis access (%)
- Fistula
- Gra*
- Catheter

84
15
1

spKt/Vurea
d 1.39 ± 0.22

Type of ESA (%)
- None
- Darbepoetin $
- Epoetin ß
- Epoetin $

11
64
22
3

ESA dose (DDD/week)e 8.9 (6.0-15.6)
Type of iron replacement (%)
- None
- Ironsucrose
- Irondextran

27
68
5

Iron dose (mg/week)f 50.0 (23.3-100.0)

Values represent mean ± SD, median (interquartile range) or proportion (%).
aPost-dialysis weight as the mean of three dialysis sessions
bDe"ned as >100mL per day.
ceGFR calculated as mean of creatinin and urea clearance in 24h urine collection adjusted for body surface 
area, exclusively in patients with residual diuresis. 
dDialysisKt/Vureaper treatment
eIn patients on ESA therapy. For explanation on the “daily de"ned dose” (DDD), see Methods section on 
Data collection. 
fFor patients who receive iron supplements
DM=diabetes mellitus; CVD=cardiovascular disease; BMI=body mass index; RKF=residual kidney function; 
eGFR=estimated glomerular "ltration rate; ESA=erythropoiesis stimulating agents
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Parameters of iron metabolism and compliance with iron target levels.
Iron parameters and compliance with targets on iron management are listed in table 5. 73% 
of patients were treated with intravenous iron therapy. #ese patients showed lower ferritin 
levels and TSAT values.

Section 2: Effect of treatment facility on compliance with 
guidelines.
To analyze di%erences between treatment facilities concerning compliance with all treatment 
targets, 511 patients in 4 university and 14 community-based hospitals were included as in 
these centers, more than 10 patients on ESA therapy were enrolled. Patient and treatment 
characteristics for these 511 patients were similar as for the total cohort of 598 patients 
(data not shown). For 4 patients, who were not clustered in a single center, compliance with 
all targets could not be assessed because of missing ferritin and/or TSAT levels. 

#e total number of patients per center included in the study varied between 14 and 
94 (median: 24), whereas the total number of HD patients in these centers varied between 
34 and 144 (median: 79). #e median (minimum to maximum) FTE of nephrologists 
and nurses per HD patient was 0.03 (0.01 to 0.15) and 0.42 (0.28 to 0.62), respectively. 
#e median number of patients cared for by one nurse was 3 (2 to 4). #e nephrologist 
performed 4 (2 to 5) regular visits per patient per month.

#e mean (95% CI) percentage achieving all target levels of anemia and iron management, 
clustered per center (model 1) was 11.6% (7.8-17.0). When compliance with all targets was 

Table 3: Compliance with Hb targets

All patients (n=598)
Hb (g/dL; mean ± SD) 11.9 ± 1.3
Hct (mean ± SD) 0.36 ± 0.04

ESA (n=532) No ESA (n=66)
Hb (g/dL; mean ± SD) 11.8 ± 1.3 12.3 ± 1.3a

Hct (mean ± SD) 0.36 ± 0.04 0.37 ± 0.04 b

Number (%) of patients with:
Hb<11.0 g/dL 104 (20) 8 (12)
Hb 11.0-12.0 g/dL 184 (35)
Hb 12.0-14.0 g/dL 223 (41)
Hb>14.0 g/dL 20 (4)
Hb>11.0 g/dL 58 (88)

Values expressed as means ± standard deviation or absolute number (percentage). Conversion factor for 
units: hemoglobin in g/dL to mmol/L, x0.62
ap=0.01 ESA vs. no ESA
bp=0.09 ESA vs. no ESA
Hb=hemoglobin; Htc=hematocrit; ESA=erythropoiesis stimulating agents
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Table 4: Di%erences in patient and treatment characteristics between patients with Hb levels below, within 
and above the target range.

Hb<11.0 g/dL
N=104

Hb 11.0-12.0 g/dL
N=184

Hb>12.0 g/dL
N=243 P valuea

P value for 
adjusted 
modelb

Sex (% male) 53 59 66 0.05 0.11
Age (years) 61.6 ±14.0 63.4 ±14.5 64.5 ±13.8 0.19
Dialysis vintage (years) 1.9 

(0.9-5.0)
2.0 

(0.9-3.7)
1.8 

(1.0-4.2)
0.32

DM (%) 19 23 20 0.75
History of CVD (%) 38 46 44 0.34
Primary diagnosis: cystic 
kidney disease (%)

8 9 6 0.40

BMI (kg/m2) 24.9 ±4.6 25.4 ±4.4 25.0 ±4.4 0.59
Residual diuresis (%)c 45 53 54 0.28
eGFR (ml/min)d 2.8 

(1.2-5.3)
3.1 

(1.6-5.4)
2.5 

(1.1-5.2)
0.74

Treatment frequency 
(% 3x/week)

94 93 94 0.99

Treatment time (min)
Dialysis access (% "stula)

227 ±22
79

229 ±22
85

226 ±23
85

0.41
0.54

spKt/V 1.44 ±0.22 1.42 ±0.26 1.36 ±0.20 0.003 0.02
Hb (g/dL) 10.0 ±0.6 11.5 ±0.3 13.0 ±0.6 e e
Htc (mmol/L) 0.31 ±0.02 0.35 ±0.02 0.39 ±0.02 e e
Ferritin (ng/mL) 336 

(165-661)
312 

(182-539)
325 

(184-591)
0.30

TSAT (%) 21.2 ±10.5 22.9 ±10.5 24.6 ±12.5 0.04 0.05
ESA dose (DDD/week) 13.3 

(6.7-17.9)
8.9 

(4.4-17.8)
8.9 

(5.0-13.3)
0.001 0.001

Irondose (mg/week) 50 
(21-100)

23 
(0-100)

50 
(20-100)

0.04 0.06

Only patients treated with ESA are included. Unadjusted values are presented.
Values represent mean ± SD, median (interquartile range) or proportion (%). Conversion factors for units: 
hemoglobin in g/dL to mmol/L, x0.62; albumin in g/dL to g/L, x10; no conversion necessary for ferritin in 
ng/mL and µg/L.
aP-value for di%erences between groups with ANOVA
bP-value for di%erences between groups adjusted for case mix variables (sex, age, dialysis vintage, DM, history 
of CVD, primary diagnosis: cystic kidney disease, BMI and residual diuresis) with ANCOVA. P-values <0.10 
are reported.
cDe"ned as >100 mL per day.
deGFR exclusively in patients with residual diuresis.
eNot applicable as classi"cation into 3 categories is based on Hb levels.
DM=diabetes mellitus; CVD=cardiovascular disease; eGFR=estimated glomerular "ltration rate; 
Hb=hemoglobin; Htc=hematocrit; TSAT= transferrin saturation ratio; ESA=erythropoiesis stimulating agents
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adjusted for center-speci"c factors (model 2), the model did not improve signi"cantly 
(p-value for di%erence between models=0.58). A*er further adjustment for patient- and 
treatment-related characteristics (model 3), the model improved signi"cantly compared 
to model 2 (p-value <0.001). Nevertheless, as can be seen from "gure 2, considerable 
di%erences between treatment facilities persisted a*er adjustment for center-speci"c factors 
and patient- and treatment-related characteristics. 

Signi"cant center-speci"c determinants of compliance with guidelines were the number 
of HD patients treated in a center (odds ratio [per 10 patients] 1.34; 95% CI 1.06 to 1.68; 
p=0.01) and the total number of nursing FTE (0.92; 0.86 to 0.98; p=0.01). #e only patient 
or treatment-related determinant signi"cantly associated with achievement of all target 
levels of anemia was treatment with ESA (0.13; 0.05 to 0.33; p<0.001). 

DISCUSSION

Our study describes the results of anemia management in the period 2004-2009 in a cohort of 
HD patients at enrolment in the prospective Dutch CONTRAST study, and the compliance 
with targets as formulated in guidelines on the treatment of renal anemia. From our study, 
three main conclusions can be drawn. First, the majority of patients (81%) reached the 
lower Hb target level of 11.0 g/dL whereas only 35% of patients on ESA therapy had aHb 
level within the target range (11.0-12.0 g/dL). Second, compliance with all anemia targets 

Table 5: Compliance with ferritin and TSAT targets.

All patients (n=598)
Ferritin (ng/mL) 323 (181-593)
TSAT (%) 24 ± 12
Ferritin 100-500 ng/ml and TSAT -20% 171 (29%)

Iron therapy (n=439) No iron therapy (n=159)
Ferritin (ng/mL) 309 (180-549) 392 (184-723)a

TSAT (%) 23 ± 11 26 ± 12b

Ferritin < 100 ng/mL 43 (10) 23 (14)
Ferritin 100-500 ng/mL 267 (61) 66 (42)
Ferritin > 500 ng/mL 128 (29) 69 (44)
TSAT - 20 % 235 (55) 109 (69)
TSAT < 20 % 193 (45) 49 (31)
Ferritin 100-500 ng/mL and TSAT -20% 132 (31) 39 (25)

Values expressed as means ± standard deviation, median (interquartile range) or absolute number 
(percentage). Ferritin levels and TSAT were missing in 11 and 2 patients, respectively. No conversion 
necessary for ferritin in ng/mL and µg/L.
ap=0.03 Iron therapy vs. no iron therapy
bp=0.01 Iron therapy vs. no iron therapy
TSAT = transferrin saturation ratio 
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was poor (11.6% [7.8-17.0]), with a wide variation among di%erent treatment facilities. 
Finally, this rather low compliance could only be explained by a few center-speci"c factors 
and patient- or treatment-related characteristics, of which treatment with ESA was the 
most important explanatory factor. 

Anemia management has been described before in the Dialysis Outcomes and Practice 
Patterns Study (DOPPS)15, 16 representing approximately 84% of all HD patients in the 
European Union. Compared to both DOPPS reports, a larger proportion of CONTRAST 
patients showed Hb levels -11.0 g/dL and the average Hb was considerably higher. 
Despite these di%erences, ESA doses and accomplishment with TSAT and ferritin targets 
were similar in the DOPPS analysis and our study. It should be mentioned that, whereas 

Figure 2: Compliance with all target levels (table 1) in di%erent dialysis facilitiesInmodel 1, proportions were 
weighted per participating center without further adjustments (based on a multilevel logistic regression 
model). 

In model 2, proportions were weighted per participating center and adjusted for center-speci"c factors 
(based on a multilevel logistic regression model). 
In model 3, proportions were weighted per participating center and adjusted for center-speci"c and patient- 
and treatment-related factors (based on a multilevel logistic regression model). 
Centers are ranked by the results of model 3.
Included center-speci"c factors (model 2 and 3): the total number of HD patients per center, university 
teaching hospital (yes/no), the FTE of nephrologists and nurses per center, the frequency of a visit by the 
nephrologist and the number of dialysis patients per nurse.
Included patient- and treatment-related characteristics in the model (model 3): age, gender, dialysis vintage, 
DM, history of CVD, cause of renal failure, BMI, presence of RKF, treatment frequency, treatment time, 
dialysis access, dialysis adequacy [spKt/V], and use of ESA and iron supplements.
HD = hemodialysis; FTE = fulltime-equivalent; DM = diabetes mellitus; CVD = cardiovascular disease; 
BMI&= body mass index; RKF = residual kidney function; ESA = erythropoiesis stimulating agents.
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the DOPPS data were collected until 2004, data collection in our study started in 2004. 
Interestingly, in both DOPPS reports, a wide variation between countries was observed. 
In the observational Dutch Netherlands Cooperative Study on the Adequacy of Dialysis 
(NECOSAD) during the period 1996-2002, mean hemoglobin levels in 1359 peritoneal 
dialysis (PD) and HD patients were 11.3 g/dL and only 55% reached hemoglobin levels 
-11.0& g/dL.17 #ese numbers suggest that accomplishment with hemoglobin targets 
increased in the Netherlands between the periods 1996-2002 and 2004-2009.

In the US, the former reimbursement policy with a fee-for-service payment for dialysis-
related services including ESA administration may have contributed to ine'cient and 
excessive ESA use in some cases. #e bundled payment system that was approved in 2008 
consisting of a single payment for all services covered in a dialysis treatment, might provide 
a "nancial incentive to e'ciently manage anemia treatment and ESA prescriptions.18 In the 
Netherlands, such a bundled payment system has been applied already.

In our study, Hb values <11.0 g/dL were associated with the highest ESA doses. 
Although various factors may underlie these "ndings, the most plausible explanation is 
ESA hypo-responsiveness, which has been associated with in!ammation19 and an adverse 
outcome, both in HD20 and CKD21 patients. Whether the patient group that achieved 
the recommended targets will follow a relatively favorable clinical course, remains to be 
established. In this respect, it should be kept in mind that existing anemia guidelines in 
HD patients are mainly derived from observational studies and expert opinions. Hence, a 
positive association between clinical outcome and compliance with guidelines, as reported 
in some publications,16, 22, 23 does not necessarily re!ect causality. 

Interestingly, a wide variation in compliance with anemia treatment targets was observed 
between facilities, which persisted a*er adjustment for center-speci"c factors and patient- and 
treatment-related characteristics. Similar center e%ects on anemia management have been 
observed in the US.11, 12 In the Netherlands, center di%erences have been described recently 
with respect to various treatment goals in CKD patients,24 primary failure of arteriovenous 
"stulas25 and health-related quality of life in HD patients.26 In our study, the most important 
explanatory factor for compliance with anemia targets was treatment with ESA. It has been 
shown before that keeping hemoglobin levels within the relatively narrow target range can be 
extremely di'cult for patients who are treated with ESA,27 which obviously can explain our 
"ndings. Moreover, HD patients who do not need treatment with ESA may form a speci"c, 
more favored patient category, even a*er adjustment for case mix variables. 

Next, we tried to identify center-speci"c characteristics that could clarify the observed 
center e%ects. Of the characteristics that were collected, it appeared that the total number 
of HD patients was associated with achievement of all target levels. It is conceivable that 
nurses en physicians in large dialysis centers are more experienced. #e explanation for 
the inverse association between the FTE of nursing sta% and compliance with the targets, 
independent from the total number of HD patients, is not readily apparent. Of note, these 
center-speci"c factors became signi"cant parameters only a*er adjustment for patient- and 
treatment-related characteristics.
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As the prediction of compliance with all treatment targets did not improve a*er adjustment 
for center-speci"c factors, additional non-measured center-speci"c characteristics such 
as physicians’ interest, the use of treatment algorithms and the frequency of laboratory 
measurements may be important attributing and potentially modi"able factors in explaining 
the center e%ect. In this respect, it has been shown that implementation of dosing protocols 
for ESA therapy and iron supplements results in improved adherence to target Hb levels.28

For guidelines in general, recommendations are usually categorized in di%erent levels 
of evidence, level A denoting evidence from a RCT and/or meta-analysis, level B from 
non-randomized observational studies and level C from case studies or expert opinions.1 
Notably, treatment guidelines for HD patients are rarely based on evidence that is derived 
from level A studies.29 #e EBPG section on targets of anemia treatment includes six level&C, 
three level B, and only one level A recommendation.1 Of note, the randomized CREATE7 
and CHOIR9 trials, both published in 2006, and the TREAT study published in 2009,8 are 
not included in the 2004 EBPG guideline. Especially the latter placebo-controlled study in 
pre-dialysis diabetic patients challenged the bene"t of a lower hemoglobin limit, since the 
risk of death or a composite cardiovascular outcome did not di%er between patients treated 
with ESA and a hemoglobin target level of > 13.0 g/dL and those treated with placebo (with 
rescue ESA therapy allowed for sustained hemoglobin levels < 9.0 g/dL).8 Furthermore, the 
risk of stroke was higher in patients randomized to ESA treatment. #ese changes in anemia 
management are re!ected in the recently renewed US Food and Drug Administration 
labeling, which states that in dialysis patients, “ESA therapy should be initiated when Hb 
levels fall below 10 g/dL”, and recommends “individualized dosing and use the lowest ESA 
dose su'cient to reduce the need for red blood cell transfusions”.30

Since many targets are di'cult to reach,24, 27 and current guidelines are mainly based 
on observational studies, it would be rational to interpret guidelines careful and not too 
stringent. Furthermore, in our opinion, a clear distinction between “quality of care” and 
“compliance with guidelines” should be made, as these two concepts are not synonymous. 
Actually, this view is more and more adopted nowadays, as illustrated by the recent position 
statement by the ERA-EDTA ERBP Advisory Board.14 Moreover, this viewpoint is in 
accordance with a recent commentary that stated that clinical trials on ESA treatment have 
focused on hemoglobin targets thus far, which can be regarded as an unvalidated surrogate 
endpoint, whereas clinically relevant endpoints such as mortality, cardiovascular events, 
quality of life, vascular access thrombosis and prevention of red blood cell transfusions 
might be of far more importance.30

Limitations and strength 
For this analysis, baseline data from a RCT, which was not primarily designed to evaluate 
anemia control, were analyzed. #e fact that patients in our study were included in a clinical 
trial might mean that these are not representative for the general Dutch dialysis population. 

Another limitation of our study is its cross-sectional design. In clinical practice, attending 
physicians respond to changes in hemoglobin and iron parameters by adjusting the doses of 
ESA and iron administration. In our study, it is not exactly clear when dose adjustments 
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were made. Furthermore, factors in!uencing hemoglobin variability such as infections 
and hospitalizations cannot be taken into account in a cross-sectional design. However, as 
only stable HD patients were included, it is not likely that in the period of enrolment large 
dose adjustments were made. For the same reason, it is unlikely that patients with a recent 
infection or hospital admission have been included. 

#e strengths of our study are its detailed design and the highly structured and rigorous 
data collection. Furthermore, assuming that only stable patients are enrolled in a clinical 
trial, our observations may very well underestimate the actual situation. Finally, our study 
adds to the knowledge of anemia management in day-to-day clinical practice and gives 
information beyond the scope of a single dialysis department, as participation of dialysis 
facilities from both university and community based hospitals mimics (Dutch) daily clinical 
practice to a large extent. 

Conclusion 
Compliance with treatment targets as formulated in guidelines on anemia management 
in stable chronic HD patients is poor. Furthermore, a wide variation between treatment 
facilities was shown, even a*er adjustment for center-speci"c factors and case mix and 
treatment-related variables, suggesting that so far unidenti"ed and potentially modi"able 
center-speci"c factors may play an important role.

Further research to identify these modi"able center-speci"c factors and RCTs to 
investigate whether achieving treatment goals on anemia management with ESA therapy is 
ultimately associated with a bene"cial clinical outcome, are warranted.
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