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Abstract

Objectives: Hepcidin plays an important role in regulating
iron metaholism. Elevated levels of hepcidin in renal failure
contribute to the development of anemia. We aimed to
evaluate the association between hepcidin and inflamma-
tion in hemodialysis patients and how dialysis affects hep-
cidin levels.

Methods: Hepcidin clearance with hemodialysis was
investigated by measuring hepcidin concentrations by
enzyme-linked immunosorbent assay (ELISA) method
before and after hemodialysis of 40 patients in a single
dialysis session. Hemogram parameters and ferritin, iron,
total iron binding capacity (TIBC), and C-reactive protein
(CRP) were measured and evaluated their relations with
predialysis hepcidin levels.

Results: Hepcidin levels decreased significantly with dial-
ysis treatment (p=0.009). Median hepcidin concentration
before dialysis was measured as 330 ng/mL (83-459) and
post-dialysis median hepcidin concentration was 250 ng/mL
(94-384). There was a significant correlation between pre-
dialysis hepcidin levels and ferritin (r=0.858, p<0.001), TIBC
(r=-0.451, p=0.004), and MCV (r=0.384, p=0.016). It was found
that increases in ferritin levels in time were positively
correlated with hepcidin before dialysis.
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Conclusions: We think that understanding the removal of
the hepcidin by dialysis, which causes a decrease in the
amount of iron available in the anemia, is important in
managing future therapy.
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Introduction

Chronic kidney disease (CKD) is an increasing public health
issue worldwide, and anemia is a frequent complication in
CKD patients [1]. Anemia occurs mainly in the majority of
CKD patients due to erythropoietin (EPO) and iron deficiency
[2, 3]. Anemia causes a significant decrease in the patient’s
quality of life and leads to undesirable clinical problems [4].
Significant studies show the relationship between hepcidin-
inflammation and hepcidin-anemia [5, 6]. Hepcidin is a 25
amino acids peptide that is mainly synthesized and released
into the blood by hepatocytes and regulated by hypoxia/
anemia, erythropoietic activity, iron status and inflamma-
tion status [7]. Hepcidin concentration is generally increased
in CKD patients [8]. Elevated hepcidin results in the devel-
opment of iron-restricted erythropoiesis by preventing the
absorption and release of intestinal iron from storage areas
(reticuloendothelial system) and has a significant impact on
the pathophysiology of anemia in patients with CKD [9].
Reduced hepcidin concentration has also improved iron
homeostasis and anemia [10].

Residual renal function, iron stores, erythropoiesis,
and inflammation are thought to be related to hepcidin
concentrations observed in CKD. Studies in adult CKD
patients revealed an inverse association between hepcidin
and glomerular filtration rate (GFR), and patients who
depend on dialysis had the highest serum hepcidin levels
[11, 12]. Hepcidin levels in CKD are thought to be higher due
to impaired renal clearance of circulating hepcidin and
increased systemic inflammation. Observational studies
have demonstrated that the variations in hepcidin con-
centrations in CKD cannot be fully explained by GFR and
inflammatory cytokines alone. However, it is thought that
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other possible factors, such as changes in iron stores of the
patients, especially ferritin levels, which show iron store
status, and changes in hemoglobin (Hb) levels, play a role in
the increase of hepcidin [13].

The aim of this study was to investigate the effects of
hemodialysis (HD) on hepcidin levels, which is thought to be
the key regulator of iron metabolism in HD patients, and the
relationships between anemia and inflammation with
hepcidin.

Materials and methods

This study was carried out between January 2017 and July 2017 at Abant
Izzet Baysal University (AIBU) Faculty of Medicine, Department of
Medical Biochemistry. The study was approved by the AIBU Faculty of
Medicine Clinical Ethics Committee (Date: 08/12/2016, Decision no: 225),
and all participants signed informed consent papers before enrolling in
the trial.

The study excluded individuals with anemia unrelated to iron
deficiency, recent blood transfusions within the past four months,
confirmed cases of malignancy, patients outside the age range of 18-70,
active infections, individuals with both heart failure and severe endo-
crine disorders, advanced liver disease, chronic obstructive pulmonary
disease (COPD), and individuals with a recent history of hospitalization
or antibiotic usage within the past four months.

Blood was taken from the patients immediately after the dialysis
procedure. The samples for routine biochemistry and enzyme-linked
immunosorbent assay (ELISA) analysis were collected into BD Vacu-
tainer® SST™ II Advance Tubes, and the samples for complete blood
count analysis were collected into BD Vacutainer® K,EDTA Tubes
(Becton, Dickinson and Company, Plymouth, UK). Serum hepcidin
measurements were performed from the blood samples taken imme-
diately before HD onset and after the dialysis was completed. Other
parameters (C-reactive protein (CRP), creatinine, ferritin, hematocrit
(Hct), Hb, iron, mean corpuscular volume (MCV), red blood cell (RBC),
total iron binding capacity (TIBC) and urea) were measured in their
predialysis blood. The data of the dialysis process were obtained from
the HD unit records. Changes in hepcidin levels before and after dialysis
were compared. The relationship between hepcidin,.. with other
parameters and dialysis parameters was examined. Previous ferritin,
Hb, iron, MCV, RBC, and TIBC values were obtained from hospital
records according to the study date of the patients one, two, and six
months ago. The relationship between the change values of these
parameters and hepcidin,,. was evaluated.

Blood samples were routinely centrifuged at 1,500 g for 10 min, and
their supernatant was separated. For a complete blood count, samples
were mixed for 10 min and then run on a Cell Dyn 3700 (Abbott, IL, USA)
instrument. Creatinine, CRP, iron, TIBC, and urea measurements were
performed on the Architect c8000 (Abbott, IL, USA) autoanalyzer;
ferritin measurements were performed on the Architect i2000SR
(Abbott, IL, USA) according to the manufacturer’s instructions.

All patients have been treated with Fresenius 4008 B (Bad Hom-
burg, Germany) dialysis device with a dialysate flow of 500 mL/min for
an average of 4 h.
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TIBC was calculated using the sum of iron and iron binding
capacity values. Transferrin saturation (TSAT) was calculated using the
formula [(Iron value)/(TIBC value) x 100]. Kt/Vye, is obtained by
dividing the amount of plasma cleared from urea by the urea dispersion
volume. K: The clearance specified in the package insert calculated by
the manufacturer in vitro conditions. T: The duration of the dialysis
session in minutes. V: The distribution volume of the urea, based on dry
body weight, 55-60 % of the total body fluid is calculated by movement.
The Kt/Vyrea value was calculated using the Daugirdas formula [14].
Delta (A) ferritin rates indicate the rate of change in ferritin levels
between two different time points and were calculated using the
following formula: [(current ferritin value) — (previous ferritin value)/
(previous ferritin value) x 100]. The A ferritin rates for 1, 2, and 6 months
were calculated and were compared with hepcidinp,.

For the measurement of hepcidin, serum was separated from
samples in serum separator tubes containing a coagulation activator.
Aliquoted sera were stored at —80 °C. Serum samples gradually thawed
on the same day were used to measure hepcidin amounts. Hepcidin
measurements were performed according to the manufacturer’s
instructions using the commercial ELISA kit (catalog number:
CSB-E13062h, Cusabio Biotech, Wuhan, PRC). The measurement
range of the kit was 12.5-400 ng/mL, sensitivity was 6.25 ng/mL,
intra-assay precision CV was <15 %, and inter-assay CV<15 %. Samples
with results outside the linear range were reanalyzed by diluting.
To calculate the hepcidin reduction rate, which shows the amount
of hepcidin exchanged by dialysis, we used the formula [(Hepci-
dinp,e — Hepcidinp,s)/Hepciding,e x 100].

Statistical analysis

In order to determine the required minimum sample size before the
study, in the trial design, in which the difference between the groups
will be determined, type I error probability (a)=0.05, power (1 - 5)=0.80
criteria and f (effect size)=0.52, we calculated that a minimum of 33
individuals would be sufficient for participation in the study. PASS 11
and G*Power Version 3.1.9.2 statistical programs were used for power
analysis [15]. The Kolmogorov-Smirnov test examined the acceptability
of numerical variables for normal distribution. Descriptive statistics for
numerical variables were expressed as mean+standard deviation. Pa-
rameters without a normal distribution were expressed as median (1st—
3rd quartile). The mean values between the two variables were
compared by the student-t test in normal distribution parameters and
the Mann-Whitney U test in non-normal distribution parameters.
Pearson’s correlation with normal distribution and Spearman’s cor-
relation analysis for non-normally distributed data examined the
linear relationship between the two variables. A correlation analysis
was conducted between A ferritin rates and hepcidin levels, utilizing
data from 30 individuals for whom pre-hospitalization ferritin results
were available. Stepwise regression analysis was used to investigate
the relationship between multiple variables. The logarithm of the data
that did not exhibit normal distribution was analyzed in the stepwise
regression analysis. The Wilcoxon signed-rank test performed the
comparison of hepcidin levels before and after dialysis because the
hepcidin level was not normally distributed. Results were evaluated in
a 95 % confidence interval, and p<0.05 was accepted as significant.
Statistical analysis was performed using SPSS Statistical Software (ver.
23; Chicago, IL).



66 —— Oguzman et al.: The effect of dialysis on hepcidin

Results

It was evaluated in this study the results of 40 patients with
CKD who were followed in the HD Unit: 16 females (age
58.6+16.7 years) and 24 males (age 66.4+8.9 years). The pa-
tients underwent hemodialysis three times a week, with an
average duration of 27+21 months. The demographic data of
the patients are presented in Table 1.

The mean decrease in the hepcidin values after dialysis
was 9.88 % (p=0.009). Changes in the level of hepcidin are
shown in Figure 1. No significant relationship was found
between hepcidin change and Kt/Vye, (p>0.05).

Table 1: Demographic, laboratory, and hemodialysis data of patients
and correlation analysis results hepcidinp.. and other parameters.

n Results Correlation
between
Hepcidinp,e and
other
parameters

p-Value r
Sex (males/females), n 40 16/24 - -
Age years 40 62.9+13.4 0.081 -0.283
Height, cm 40 165 (151-170) 0.045 -0.322
Weight (predialysis), kg 35 74.5£17.6 0.194 -0.225
Weight (postdialysis), kg 27 73.6+14.9 - -
Dry weight, kg 34 72.3£17.5 0.445 -0.153
Kt/Vurea 30 1.63+0.3 0.347  0.178
Ultrafitrate, mL 35 3,000 (2,100-3,500) 0.564 -0.101
URR, % 30 0.73 (0.69-0.78) 0.230  0.226
Venous pressure, mmHg 34 144136 0.911 -0.020
Creatinine, mg/dL 40 7.55+2.64 0.155 -0.232
CRP, mg/L 40 8.0 (2.0-22.7) 0428  0.131
Ferritin, ng/mL 40 369 (94-513)  <0.001  0.858
Hb, g/dL 40 10.66+1.66 0.626 -0.081
Hematocrit, % 40 31.945.0 0.384 -0.143
Hepcidinpe, Ng/mL 39 330 (83-458) 0.009° -
Hepcidinpyst, Ng/mL 39 250 (94-384) - -
Iron, pg/dL 40 61.1+24.6 0.279  0.178
Mcy, fL 40 89 (85-93) 0.016  0.384
RBC, 10%/pL 40 3.53 (3.26-3.90) 0.249 -0.189
TIBC, pg/dL 40 220+50 0.004 -0.451
TSAT, % 40 27.6 (19.3-34.1) 0.039 0.332
Urea, mg/dL 40 131+37 0.815 -0.039

CRP, C-reactive protein; Hb, hemoglobin; Hepcidinpe, predialysis hepcidin;
Hepcidinp,s, postdialysis hepcidin; MCV, mean corpuscular volume; RBC,
red blood cell; TIBC, total iron binding capacity; TSAT, transferrin saturation,
URR, Urea Reduction Ratio. *Wilcoxon-signed ranked test result between
Hepcidinp,. and Hepcidinp,s;. Spearman correlation analysis was
performed. The values highlighted in bold are p<0.05, indicating statistical
significance.
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Spearman correlation analysis was used to investigate
the association between hepcidinp,. with iron metabolism
and anemia parameters. Hepcidin levels were positively
correlated with ferritin, MCV, and TSAT and negatively
correlated with TIBC. There was no significant correlation
with iron, Hb, Hct, and RBC values (p>0.05). Figure 2 shows
the relationships of hepcidin with ferritin, TIBC, TSAT, and
MCV.

Spearman correlation analysis also considered the
correlation of basal hepcidin levels with one, two, and six
months A rates for ferritin, Hb, iron, MCV, RBC, and TIBC
before dialysis. Hepcidin levels correlated significantly
(r=0.443, p=0.014, r=0.508, p=0.004, and r=0.398, p=0.032,
respectively) with A ferritin rates at one, two, and six
months. No significant correlation was found between the
other parameters and hepcidin levels. The data obtained
are shown in Figure 3. There was no correlation between
CRP and ferritin (r=0.232, p=0.156).

In order to ensure the normal distribution of CRP and
ferritin values, which were not normally distributed, log
values were used. The effect of age, 10gCRP, iron, creatinine,
logFerritin, Hb, MCV, and TIBC on determining hepcidin

Mean decrease:9.88%
p=0.009
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Figure 1: Comparison of changes in hepcidin levels before and after
hemodialysis. Hepcidinp,., predialysis hepcidin; Hepcidinp,s;, postdialysis
hepcidin. Hepcidinp. and Hepcidinp,s; were compared using Wilcoxon
signed-rank test.
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level was analyzed by stepwise regression analysis. In the
model, logCRP, logFerritin, and TIBC were shown to affect
hepcidin levels (adjusted R?=0.896) (Table 2). Among these
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Figure 2: Correlations between Hepcidinp. and
other variables. Hepcidinp., predialysis
hepcidin; Hepcidinp,s;, postdialysis hepcidin;
MCV, mean corpuscular volume; TIBC, total
iron binding capacity; TSAT, transferrin
saturation. Spearman correlation analysis was
performed.

Figure 3: Correlations between Hepcidinp, and
ferritin changes. Hepciding,, predialysis
hepcidin. FerritinA indicates the rate of change
in ferritin levels between two different time
points and was calculated using the following
formula: [(current ferritin value) — (previous
ferritin value)/(previous ferritin value) x 100].
FerritinA1: 1-month ferritin change rate,
FerritinA2: 2-month ferritin change rate,
FerritinA6: 6-month ferritin change rate.
Spearman correlation analysis was performed.

variables, logFerritin, TIBC, and logCRP were significant
independent determinants of hepcidin (5=0.825, f=—0.007,
and =-0.198, respectively) (Table 2).
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Table 2: Model for prediction of hepcidin level (Stepwise linear regres-
sion analysis).

PB+SE p-Value
logFerritin 0.825+0.073 <0.001
TIBC -0.007+0.002 <0.001
logCRP -0.198+0.074 0.013

Hepcidinp,.=2.855 + 0.825 * logFerritin — 0.007 * TIBC — 0.198 * logCRP
(R=0.947, R?=0.896, adjusted R?=0.884). CRP, C-reactive protein; TIBC, total
iron binding capacity; SE, standard error.

Discussion

It was investigated in this study how hepcidin levels change
with HD, which factors have a role in regulating hepcidin
level, and the relation of predialysis hepcidin with the pa-
rameters of inflammation and especially iron metabolism
parameters. It was shown that hepcidin level decreased
significantly with HD, and predialysis hepcidin level was
associated with iron binding capacity, MCV, and especially
ferritin level.

It was found that HD decreases the concentration of
circulating hepcidin (hepcidinp,.: 330 (1st-3rd quartiles:
83-59) and hepcidinpas: 250 (Ist-3rd quartiles: 94-384),
p=0.009). The mean decrease in hepcidin values after dial-
ysis was 9.88 % compared to predialysis hepcidin values.
There are limited studies investigating the effect of a single
dialysis session on hepcidin levels [16, 17]. In these studies, it
was shown that hepcidin levels decreased significantly
with dialysis procedures. However, no significant correla-
tion was found between the decrease in hepcidin concen-
tration and the Kt/V, e, value, which shows the ratio of urea
cleared plasma to urea dispersion volume (r=0.079, p=0.658).
In a study conducted in pediatric and adult HD patients, it
was shown that the circulating amount of HD and hepcidin
decreased and there was no relationship between Kt/Vyy e,
value and hepcidin clearance [16]. There are also studies
showing that hepcidin clearance is associated with Kt/Vea
[17]. The reason why there is no significant relationship
between dialysis aggressiveness and decrease in hepcidin
levels may be the concentration of a substance gets too low
during the dialysis process and the more aggressive dialysis
process will not be able to remove more substance [18].
Therefore, the increase in Kt/Vy., may not be proportional
to the decrease in the substance concentration.

On the other hand, not all hepcidin is free in circulation;
some are transported in a bound form [19]. This factor may
be why hepcidin kinetics do not match the kinetics of a
molecule such as urea that can freely disperse in the entire
extracellular compartment. Although studies have shown
that hepcidin is removed from circulation with HD, the
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factors affecting it have not been fully elucidated yet.
Further studies are needed to reveal the kinetics of hepcidin
in HD patients. Our study is one of a limited number of
studies evaluating the effect of single-session dialysis on
hepcidin.

Although many studies in the literature show a strong
correlation between hepcidin levels and ferritin and TSAT
[11, 20, 21], a few studies do not [22]. In animal [23] and
culture studies [24], it has been shown that hepcidin
decreases intestinal absorption of iron by increasing ferro-
portin degradation and prevents the efflux of iron from cells
such as hepatocytes and macrophages into the blood circu-
lation [25]. Hepcidin levels correlated with ferritin, TSAT,
and TIBC levels (r=0.858, p<0.001; r=0.332, p=0.039, r=—0.451,
p=0.004, respectively) (Figure 2), which was consistent with
the aspect that hepcidin regulated by iron stores and iron
levels. This finding is consistent with the claim that hepcidin
levels reflect systemic iron load rather than the inflamma-
tory state [26]. It was shown that there was a significant
positive correlation between one, two, and six months
changes in the ferritin levels and hepcidinp,, (r=0.443,
r=0.508, and r=0.398, respectively). The correlation between
the change in ferritin levels and the basal hepcidin levels in
this study suggests that alterations in iron stores may be one
of the main factors influencing hepcidin levels. This rela-
tionship between the change of ferritin levels and hepcidin
basal status is one of the important findings in the study. In
the studies investigating the analytical and biological vari-
ations of serum ferritin levels in HD patients, it was stated
that serum ferritin levels showed a large within-subject
biological variation (CV;) and that the iron status of HD
patients should not be measured by a single ferritin mea-
surement [27]. In a study, CV; for ferritin was determined to
be 20.8 (19.79-21.90), indicating the large within-subject
variability in serum ferritin levels [28]. Many studies showed
a positive correlation between ferritin and hepcidin levels.
However, a study showing how the changes in ferritin levels
affect hepcidin levels has not been done before in the liter-
ature as we scanned. These results suggest that hepcidin
levels may be affected by changes in ferritin levels and that
ferritin, which has a high biological variation in the follow-
up of the iron status of the patients, may also contribute to
the follow-up of the patients. Our study had no significant
correlation between Hepcidinp,, levels and Hb concentra-
tions (r=—0.081, p=0.626). Although there are studies showing
a negative relationship between hepcidin and Hb, there are
also studies showing that there is no relationship [29-31].

Many studies have shown that interleukin (IL)-6 is the
main factor for the induction of hepcidin, which plays a role
in the pathogenesis of anemia of inflammation. However,
other mechanisms independent of hepcidin also have been



DE GRUYTER

shown to be effective in some inflammatory anemia [32]. It
has been shown that, in addition to IL-6, IL-22 [33], IL-1 [34],
and IL-1B [35] may play roles among hepcidin-inducing
agents. In addition to these studies revealing the pathogen-
esis of hepcidin in the case of anemia of inflammation, a
positive correlation was also found between hepcidin and
CRP in studies researching the relationship between hepci-
din and acute phase reactant CRP in acute inflammatory
diseases such as pulmonary, urinary, and abdominal in-
fections and acute pancreatitis [36, 37]. However, although
hepcidin and CRP were higher in patients with brucellosis, a
subacute or chronic disease, no correlation was found
between hepcidin and CRP [38]. In addition, some studies
found no significant relationship between hepcidin and CRP
among CKD patients [20]. CRP increases rapidly in acute
inflammatory diseases and then decreases to its normal
level. Therefore, hepcidin and CRP levels may not show a
correlation in chronic inflammatory diseases such as HD
patients. In addition, in this study, there was a positive
correlation between ferritin, which is a positive acute phase
reactant such as CRP (r=0.858, p<0.001), and hepcidin while
there was no correlation between ferritin and CRP (r=0.232,
p=0.156). It supports the opinion that there is no correlation.
However, in the regression analysis in which the factors
effective in the prediction of hepcidin level were deter-
mined, it was suggested that CRP may have a small effect on
hepcidin levels (8=-0.198, p=0.013).

The first limitation of this study was the small patient
population and single center in which it was conducted.
Another limitation is the inability to assess the equilibrium
of hepcidin in intravascular and extravascular compart-
ments since blood is taken immediately after the dialysis
procedure.

In conclusion, it was shown that hepcidin levels
decreased significantly with dialysis treatment. Hepcidin
levels significantly correlated with ferritin, TIBC, and MCV
levels. Hepcidin levels were shown to be affected by changes
in iron store levels, and increases in ferritin levels were
found to be positively linked with baseline hepcidin levels.
We think that managing future treatment requires an
understanding of how the hepcidin molecule is removed by
dialysis, which results in a decrease in the quantity of iron
accessible during the anemic period. Further studies are
needed to better understand hepcidin’s kinetics in HD
patients. The study presented is one of the limited number of
studies that evaluate the effect of a single-session dialysis on
hepcidin.
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