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Background
The risk of chronic kidney disease stage 5 and its progression depend on the stage
and the underlying diagnosis. Haemodialysis has become the long-term
maintenance therapy for these patients. The interaction among interleukin-6
(IL-6), hepcidin and the iron exporter ferroportin is a major contributor to the
iron-deficiency anaemia of chronic disease. The aim of the present study was to
investigate the effects of polysulphone dialyzer membrane on serum IL-6 and
hepcidin, including haemoglobin levels, in first-time patients undergoing five cycles
of haemodialysis.
Patients and methods
Totally, 11 patients (male: five, female: six) were recruited for the present study after
obtaining written informed consent. Their mean age was 57.4±13.4 years, and they
were undergoing haemodialysis for the first time. Hepcidin, IL-6 and haemoglobin
levels were determined before the first cycle and the fifth cycle and after the fifth
cycle of haemodialysis. Pearson’s correlation coefficients were also determined.
Results and discussion
No statistically significant differences were observed before the first cycle and after
the fifth cycle of haemodialysis in haemoglobin, IL-6 and hepcidin levels nor
between pre-fifth and post-fifth cycle values, except for IL-6, which showed a
significant mean reduction (P=0.04) from the pre-fifth cycle of 67.0 pg/ml to a mean
value of 42.9 pg/ml (64.0% reduction). Analysis of variance showed no significant
variation in the parameters studied, and no significant correlations between
haemoglobin and IL-6, haemoglobin and hepcidin, and IL-6 and hepcidin were
found.
Conclusion
In this short study of five-cycle haemodialysis, significant reduction in IL-6 with no
significant change in hepcidin levels was found, even though severe anaemia was
present. Kidney dysfunction probably results in decreased clearance of
inflammatory markers and may not be improved by haemodialysis alone.
Moreover, a different approach to reduce these markers is therefore warranted.
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Introduction
The risk of chronic kidney disease stage 5 (CKD) and
its progression depend on the stage and the underlying
diagnosis. Haemodialysis has become the long-term
maintenance therapy for CKD. The highest mortality
rate is found within the first 6 months of initiating
dialysis, and the most common cause of death is
cardiovascular disease where mortality is 10–20 times
higher [1] and overall life expectancy is shorter
than that of the general population with similar
demographics [2,3]. Interleukin-6 (IL-6) acts both
as a proinflammatory cytokine and an anti-
inflammatory myokine. It is secreted by T cells and
macrophages to stimulate immune response during
infection. Elevated plasma IL-6 has been associated
with increased mortality in the elderly population and
ished by Wolters Kluwer - M
in patients with CKD [4,5]. It has been used as
a predictor of mortality and nutritional status
in prevalent haemodialysis patients [6,7]. The
interaction of IL-6, the iron regulatory hormone
hepcidin, and the iron exporter ferroportin is a
major contributor to the functional iron-deficiency
anaemia of chronic disease. Hepcidin is a key
regulator of entry of iron into circulation in
mammals [8]. It is a peptide hormone synthesised
mainly in the liver and was discovered in 2000 [9].
It reduces iron transport across the gut mucosa, reduces
edknow DOI: 10.4103/ejim.ejim_27_16
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iron exit frommacrophages, themain site of iron storage,
and reduces iron exit from the liver. Hepcidin better
known for its role in iron homeostasis is increased
by iron loading and inflammation but iron deficiency
and blood loss reduce hepcidin expression [10].
Inflammation and infection increase hepcidin
synthesis. In inflammation, such as CKD, high
hepcidin production inhibits iron release from
macrophages and intestinal absorption of iron,
resulting in iron-deficiency anaemia [11]. Discovery
of hepcidin and its role in iron metabolism has
provided new insight about the management of
anaemia in CDK [12]. Human monocytes produce
hepcidin in response to adhesion and the proinflam-
matory cytokine IL-6 [13]. Links between cytokines and
hepcidin have shown that IL-6 acts directly on the
hepatocytes to stimulate hepcidin production [14].
Kidney function plays an important role in hepcidin
clearance, and kidney dysfunction results in decreased
clearance [15]. Haemodialysis membranes were used to
remove accumulated uraemic toxins, excess ions and
water from patients through the dialysate and to
supply (deficit) insufficient ions from the dialysate. It
has recently been reported that membranes comprising
synthetic polymers such as polysulphone or a polyether
sulphone show much more improvement in blood
compatibility such as suppression of complements
compared with regenerated cellulose membranes [16].
An Indonesian report showed that in haemodialysis
using polysulphone membrane lower levels of IL-6
were seen compared with cellulose membrane [17].

Theaimof thepresent studywas to investigate theeffects
of usingpolysulphonedialyzermembraneon serumIL-6
and hepcidin levels, as well as haemoglobin, after five
cycles in first-time haemodialysis patients.
Patients and methods
The present study received ethics approval from
the Health Research Ethical Committee (No. 136/
KOMET/FK/2015), Faculty of Medicine, University
of North Sumatera, Indonesia. It was conducted at
the Department of Clinical Pathology, Faculty of
Medicine, University of North Sumatera/Haj Adam
Malik Hospital.
Patients
A total of 11 patients were recruited on the basis of
purposive sampling (by purpose), where the purpose
was to recruit new patients only before undergoing
haemodialysis. These patients fulfilled the criteria of
Grade V of KDIGO: Clinical Practice Guidelines for
the Evaluation and Management of Chronic Kidney
Disease 2013 [18]. Patient informed consent was
obtained. Inclusion criteria for haemodialysis were
as follows: age greater than 18 years, haemoglobin
less than 11.0 g/dl, never been transfused or received
erythropoietin and Grade V kidney disease. Exclusion
criteria included the following: chronic liver
disease, evidence of haematological malignancy,
gastrointestinal haemorrhage (haematochromasia or
evidence of faecal blood), malnutrition (BMI<18.5)
and evidence of sepsis. Patients were recruited from
Rasyida Haemodialysis Clinic (n=4) and Dr Pirngadi
Hospital (n=7) in Medan.
Blood sampling
About 5ml of blood by venepuncture was collected into
2.5ml EDTA vacutainer tubes for haemoglobin
estimation, and another 2.5ml was collected into a
plain tube. The blood samples were left to clot for
about 2 h at room temperature, and then centrifuged at
2500 g for 15min. The serum was aliquoted and stored
at −70°C for IL-6 and hepcidin analysis. Blood
sampling was performed before haemodialysis, which
was carried out for 2 weeks (haemodialysis twice per
week), and blood sampling was repeated again before
the fifth cycle and after the fifth cycle of haemodialysis.
Laboratory analysis
Haemoglobin was determined by the automated
Haematology Analyzer Sysmex XN400 (Sysmex
Corporation, Kobe, Japan). Enzyme-linked immuno-
assay was used to determine the levels of hepcidin
(Awareness Technologies, Palm City, Florida, USA)
and IL-6 (Affymetrix eBioscience, San Diego,
California, USA). Normal values as mentioned in the
manufacturer’s pamphlets were as follows: hepcidin less
than 47ng/ml and IL-6 less than 5 pg/ml.
Statistical analysis
The statistical package for the social sciences
(SPSS 22; IBM Corp, Chicago, Illinois, USA)
was used to perform all statistical analyses. One-
way analysis of variance was performed to test for
variations in the parameters studied. The group
mean samples paired t-test and the Mann–
Whitney test for differences between groups were
performed. Pearson’s cor- relation was calculated. A
P-value less than 0.05 was considered statistically
significant.
Results
Characteristics of first-time haemodialysis patients
A total of 11 patients (males five, females six) with a
mean age of 57.4±13.1 years (range: 33–86 years) were



Table 1 Characteristics of patients for first time
haemodialysis n=11

Age
mean±SD

Age
Range

Sex Hypertension Diabetes
Mellitus

Male Female

57.4 ± 13.1
years

33–86
years

5 6 7 4

Presentation before haemodialysis: nausea/weakness n=1;
dizziness/breathless n=1; weakness/dizziness n=1; nausea/
fatigue/dizziness n=1; nausea/dizziness/weakness or vomiting
n=6; weakness/dizziness/breathless n=1. Presentation post 5th

cycle of haemodialysis: Weakness n=3; dizziness n=1; nausea
n=1; dizziness/weakness n=3; nausea/weakness n=2; nausea/
dizziness n=1

Table 2 Haemoglobin, interleukin-6 and hepcidin levels in
patients on first time haemodialysis compared between
before 1st cycle haemodialysis and before 5th and post-5th

cycle haemodialysis and between pre 5th and post-5th cycle.
Group mean paired samples t-test and Analysis of Variance
(ANOVA)

Hb g/dL IL-6 pg/mL Hepcidin ng/mL

N=11

Before 1st cycle Haemodialysis

Mean (SD) 6.7 (1.7) 71.0 (96.2) 39.4 (25.5)

Range 4.6–10.7 0.12–259.08 15.1–103.50

Pre-5th cycle

Mean (SD) 7.3 (1.4) 67.0 (53.1) 89.3 (125.9)

Range 5.6–9.0 0.12–160.5 18.8–454.50

P 0.23 0.90 0.23

Post-5th cycle

Mean (SD) 7.4 (1.7) 42.9 (42.0) 45.2 (24.6)

Range 4.6–10.7 3.21–139.2 21.9–90.0

P 0.16 0.41 0.59

Pre-5th cycle vs post-5th cycle

P 0.41 0.04 0.29

ANOVA P 0.56 0.58 0.25

Figure 1
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recruited for the present study. The underlying
diagnosis was hypertension (n=7) and diabetes
mellitus (n=4). Their clinical presentation before
and after the fifth cycle of haemodialysis are shown
in Table 1.

Haemoglobin, IL-6 and hepcidin levels in first-time
haemodialysis patients before the first cycle of
haemodialysis and before the fifth cycle and after the
fifth cycle of haemodialysis as well as values before the
fifth cycle and after the fifth cycle were compared.

No statistically significant differences were observed
before the first cycle compared with pre-fifth and post-
fifth cycle haemodialysis values for haemoglobin, IL-6
and hepcidin. No significant differences in IL-6 levels
before the first cycle and before the fifth cycle and after
the fifth cycle were found, except for a significant mean
reduction (P=0.04) in IL-6 levels between the pre-fifth
cycle (mean: 67.0±53.1 pg/ml) and the post-fifth cycle
values (mean: 42.9±42.0 pg/ml) (64.0% reduction).
Moreover, the levels remained above the normal
reference of less than 5 pg/ml. Mean hepcidin levels
showed fluctuation before the first cycle (mean: 39.4
±25.5mg/ml) and after the fifth cycle (mean: 45.2
±24.6mg/ml) (14.7% reduction) and before the fifth
cycle (mean: 89.3±125.9mg/ml) and after the
fifth cycle (50.6% reduction), but they did not reach
statistical significance probably due to the wide
variation in the results seen. The normal range for
hepcidin is less than 47 ng/dl. An outlier of hepcidin
levels of 454.5 ng/ml was seen at the pre-fifth cycle;
when excluded, no statistically significant differences
were observed. Haemoglobin levels did not show any
significant improvementafter five cyclesofhaemodialysis,
even though a mean rise to 7.4±1.7 g/dl from before the
first cycle mean of 6.7±1.7 g/dl was seen. Analysis of
variance showed no significant variation in the
parameters studied (Table 2). The mean levels of
haemoglobin, IL-6 and hepcidin after the fifth cycle of
haemodialysis are shown in Figure 1.
Mean haemoglobin, IL-6 and hepcidin levels at pre-haemodialysis,
pre 5th cycle and post 5th cycle haemodialysis.
Correlation studies
Pearson’s correlation coefficients were obtained, and
no statistically significant correlations were seen
between haemoglobin and IL-6 (r=−0.031, P=0.87),
haemoglobin and hepcidin (r=−0.076, P=0.67), and
between IL-6 and hepcidin (r=−0.075, P=0.68).
Discussion
Haemodialysis has become the long-term maintenance
therapy for CKD stage 5. The highest mortality rate is
seen within the first 6 months of initiating dialysis, and
themost commoncauseofdeath is cardiovasculardisease
where mortality is 10–20 times higher [1]. The overall
life expectancy is shorter than that of the general
population with similar demographics [2,3]. The use
of a synthetic dialysis membrane is recommended over
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cellulose-based membranes, as they offer benefits in
terms of biocompatibility [18]. Haemodialysis seems
to be on the decline, and biocompatibility is probably
less significant than long-term survival. Cytokine
production is not only related to haemodialysis
with cellulose membranes, hemophane or polyamide
dialyzers, they have comparable plasma concentration
of IL-6 predialysis at the end of first treatment and after
48 treatments have been reported [19]. Elevated
IL-6 levels were found to correlate with increased
mortality in the general population, in the elderly and
in patients with CKD [4,5]. It has been used as a
predictor of mortality and nutritional status in
prevalent haemodialysis patients [6,7]. High levels of
hepcidin found in haemodialysis patients could be
related to the underlying chronic inflammation, as has
been suggested by Costa et al. [20]. In this study, a
polysulphone dialyzermembrane used for haemodialysis
for five cycles showed a significant reduction inmean IL-
6 levels by 64.0% when compared between the pre-fifth
and the post-fifth cycles and a 60.4% reduction from the
pre-first cycle state. However, the level remained above
the normal reference of less than 5 pg/ml. Mean
hepcidin levels fluctuated above 14.7% before the first
cycle and after the fifth cycle, and 50.6% reduction was
found between the pre-fifth and the post-fifth cycle
values with the mean level remaining at the upper
normal reference of less than 47.0 ng/ml after five
cycles of haemodialysis. Mean haemoglobin levels
appreciate to 10.4% (mean: 7.4±1.7 g/l) from before
first cycle and remained below the normal range but
severe anaemia still present after five cycles of
haemodialysis. Haemodialysis in this study showed
some improvement from the precycle state and
after five cycles, especially IL-6 reduction, although
the levels remain above normal, whereas hepcidin and
haemoglobin did not show significant changes.
Anaemia is a common complication in maintenance
haemodialysis patients and it contributes towards
reduced quality of life [21]. Higher levels of IL-6 have
been found in patients undergoing continuous dialysis
[22], and in inflammatory states hepcidin production is
no longer regulatedby ironburdenbut is rather increased
through IL-6 stimulation [23]. Lowest haemoglobin
levels were found to correlate with the highest
concentration of inflammatory markers, and IL-6 has
been found to be the independent factor to define
haemoglobin level in untreated advanced epithelial
ovarian cancer [24]. We found no significant
correlation between haemoglobin and hepcidin,
haemoglobin and IL-6, and between IL-6 and
hepcidin in patients after five cycles of haemodialysis.
These findings are in contrast to patients on long-term
maintenance dialysis where there was positive
correlation between hepcidin and IL-6 and
hepcidin and haemoglobin, except that a correlation
between haemoglobin and IL-6 was not reported
[23]. No significant correlation between hepcidin and
inflammatory markers including IL-6 in haemodialysis
patients have been reported by others [25]. Kidney
dysfunction was reported to decrease clearance of
hepcidin [15] and further long-term dialysis will
improve the situation. Elevated inflammatory markers
including hepcidin have been reported in patients on
long-term dialysis maintenance [19,22]. A different
approach to reduce these markers is therefore
warranted, especially IL-6 and hepcidin levels to
release iron stores out of cells to regenerate red blood
cells enhancing haemoglobin levels.
Conclusion
This study reported on five short cycles of
haemodialysis; significant reduction in IL-6 with
no significant change in hepcidin levels was seen
using polysulphone dialyzer membrane, even
though severe anaemia was still present. Kidney
dysfunction possibly resulted in decreased clearance
of the inflammatory markers and this may not be
improved by haemodialysis alone. Moreover, a
different approach to reduce these markers is
therefore warranted.
Acknowledgements
The authors express the sincere gratitude to Mrs Junita
Siahaan for her expert technical assistance.
Conflicts of interest
There are no conflicts of interest.
References
1 Wald R, Yan AT, Perl J, et al. Regression of left ventricular mass following

conversion from conventional hemodialysis to thrice weekly in-centre
nocturnal hemodialysis. BMC Nephrol 2012; 13:3.

2 The National Institute of Health. Consensus conference statement.
Morbidity and mortality of renal dialysis. An NIH consensus conference
statement. Ann Intern Med 1994; 121:62–70.

3 Pozzoni P, Del Cecchio L, Pontorieo G, et al. Long-term outcome
in hemodialysis morbidity and mortality. J Nephrol 2004; 17:
S87–S95.

4 Memoli B, Postiglione L, Clanciaruso B, et al. Role of different dialysis
membranes in the release of interleukin-6-soluble receptor in uremic
patients. Kidney Int 2000; 58:417–424.

5 Ridker R, Stirling D, Ludlam CA. Interleukin 6 and haemostasis, Br J
Haematol 2001; 115:3–12

6 Pescoits-Filho R, Barany P, Lindholm B, et al. Interleukin-6 is an
independent predictor of mortality in patients starting dialysis treatment.
Nephrol Dial Transplant 2002; 17:1684–1688.

7 Beberashvili L, Sinuani I, Azar A, Yasur H, et al. IL-6 Levels, nutritional
status and mortality on prevalent hemodialysis patients. Clin J Am Soc
Nephrol 2011; 6:2253–2283.

8 Ganz T. Hepcidin, a key regulator of iron metabolism and mediator of
anemia of inflammation. Blood 2003; 102:783–788.



58 The Egyptian Journal of Internal Medicine, Vol. 29 No. 2, April-June 2017
9 Kemna EH, Tjalsma H,WillemsHL, Swinkels DW.Hepcidin: from discovery
to different diagnosis. Haematologica 2008; 93:90–97.

10 Darshan D, Anderson GJ. Interacting signals in the control of hepcidin
expression. Biometals 2009; 22:77–87.

11 Nemeth E. Targeting the hepicidin-ferroportin axis in the diagnosis and
treatment of anemia. Adv Hematol 2010; 2010:750643.

12 Ganz T. The role of hepcidin in iron sequestration during infection and
in the pathogenesis of anemia of chronic disease. Isr Med Assoc J 2002;
4:1043–1045.

13 Zhang X, Rovin BH. Hepcidin expression by humanmonocytes in response
to adhesion and pro-inflammatory cytokines. Biochim Biophys Acta 2010;
1800:1262–1267.

14 Nemeth E, et al. Interleukin-6 mediates hypoferremia of inflammation by
inducing the synthesis of the iron regulatory hormone hepcidin. J Clin Invest
2004; 113:1271–1276.

15 Zaritsky J, Young B, Wang HJ, et al. Hepcidin, a potential novel biomarker
for iron status in chronic kidney disease. Clin J Am Soc Nephrol 2009;
4:1051–1056.

16 Kerr P, Toussaint N. Dialysis membranes KHA-CARI dialysis adequacy.
Nephrology (Carlton) 2013; 18:485–488.

17 Widiana IGR. Effect of polyethersulfone compared to cellulose diacetate
dialyzer membrane on serum interleukin-6 and C-reactive protein levels in
hemodialysis. J Penyakit Dalam 2008; 9:97–108
18 KDIGO. Clinical Practice Guidelines for the Evaluation and Management of
Chronic Kidney Disease. Kidney Int 2013; 91 (Suppl 3):763–994.

19 Covic A, Goldsmith DJ, Hill K, et al. Urea kinetic modelling − are any of the
bedside Kt/V formulae reliable enough? Nephrol Dial Transplant 1998;
13:3138–3146.

20 Costa E, Pereira BJG, Rocha-Pereira P, et al. Role of prohepcidin,
inflammatory markers and iron status in resistance to rhEPO therapy in
hemodialysis patients. Am J Nephrol 2008; 28:677–683.

21 Eleftheriadis T, Liakopoulos V, Antoniadi G, Kartsios C, Stefanidis I. The
role of hepcidin in iron homeostasis and anemia in hemodialysis patients.
Semin Dial 2009; 22:70–77.

22 Ibrahim IA, Mohamad UM, Darwash HA, Rasheed AM. Impact in hepcidin,
interleukin-6 and other inflammatory markers with respect to erythropoietin
on anemia in chronic hemodialysis patients. Egypt J of Intern Med 2014;
26:6–14.

23 d'Angelo G. Role of hepcidin in the pathophysiology and diagnosis of
anemia. Blood Res 2013; 48:10–15.

24 Maccio A, Maddedu C, Massa D, et al. Hemoglobin levels correlate with IL-
6 levels in patient with advanced untreated advanced epithelial ovarian
cancer − role of inflammation in cancer-related anemia. Blood 2005;
106:362–367.

25 Macdougall IC, Malysato J, Hider RC, Bansal SS. Current status of the
measurement of blood hepcidin levels in chronic kidney disease. Clin J Am
Soc Nephrol 2010; 5:1681–1689.


