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Abstract

Almost all ESRD patients on HD receive iron and EPO to treat anemia, however some patients do not respond sufficiently to the therapy. Response to EPO
influenced by various factors, such as malnutrition, vitamin deficiencies, chronic blood loss, secondary hyperparathyroidism, chronic inflammation and
decrease hepcidin excretion. This study included 80 anemic patients who had been on regular HD for more than 3 months. Patients received adequate doses of
ESA and iron for 3 months, after that they were classified into two groups ESA responders and ESA hyporesponders. Laboratory investigations were done to
assess some of risk factors which may lead to ESA hyporesponsiveness as Iron profile, IL-6, CRP, anti-EPO antibody, hepcidin level and PTH. Sixty percent of
the patients were EPO hypo-responsive; ferritin has higher level in hypo-responders. Hepcidin and IL-6 markedly elevated among ESRD patients also were
markedly elevated among hypo-responders. Hepcidin did not show any correlations with IL-6 or CRP but has strong correlation with ferritin. Prevalence of
anti-EPO antibody was 7.5 % of total population. Parathyroid hormone had no statistically significant association with HB or reticulocytes. Hepcidin was
higher among EPO-hyporesponders and had strong correlation with ferritin, so we can consider hepcidin as an important biomarker for iron stores utilization in
anemic patients and to predict patient response to EPO therapy. Hepcidin did not show any correlations with IL-6 or CRP, so inflammatory mediators did not
influence its high level, but mostly due to its retention in ESRD patients.
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Introduction Causes highly contribute to anemia among patients with
CKD: 90 percent caused by erythropoietin (EPO)
insufficiency [6], uremia that resulted in suppression of

erythropoiesis, shortened red blood cell (RBCs) survival

Anemia is considered as a prevalent problem in CKD
patients, and its incidence has a significant negative

correlation with GFR. The frequency of anemia in CKD
stages 1 and 2 is less than 10%, in CKD stage 3 20-40%,
in CKD stage 4 50-60% and in CKD stage 5 more than
70% [1-2].

A study was done at Manipal University, India to assess
the prevalence of anemia in hemodialysis (HD) patients,
showed that the prevalence of anemia was 85.85% of the
patients of the study [3]. Another study done by Cairo
University, Egypt; the results were that 98% of studied HD
patients have anemia [4].

Anemia markedly affects the quality of life (QoL) of the
patients & leads to fatigue, reduced exercise capacity,
impaired immunity, decreased cognition, & increased load
on the heart, which result in left ventricular hypertrophy
and cardiomyopathy, increase the risk of death from heart
failure or ischemic heart disease [5].
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and nutritional deficiencies [7].

The majority of CKD patients need both ESA and iron
supplementation to manage anemia associated CKD but a
lot of CKD patients who have anemia may do not respond
sufficiently to anti-anemic drugs or need higher doses of
iron and ESA. Hyporesponsiveness to ESA is defined as
patients who don’t have an increase in levels of Hb from
baseline following the first month of ESA therapy
according to adjusted weight-based dosing [8]. ESAs
Hyporesponsiveness can have a lot of underlying causes.
The main causes are inflammation and iron deficiency
(absolute or functional).

Causes of Erythropoietin Resistance

1. Iron deficiency: It may occur because of absolute or
functional iron deficiency. The second appears to be the
main cause of ESAs hyporesponsiveness among HD
patients [9].

2. Inflammation: Typically, HD patients have elevated
levels of inflammatory markers as TNF-a, INF-y, IL-
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6, CRP, and reduced albumin levels [10]. These
cytokines suppress EPO production and prompt
apoptosis in CFU-E, which result in arresting the
process of maturation of CFU-E into RBC.

A poor response to ESA in addition seems to be related
with increase T cell ability to express IL-10, IL-13,
TNF-o and IFN-y [11].

3. Decreased hepcidin excretion: Hepcidin is
considered as the chief regulator of systemic iron
homeostasis [12]. It developed via the liver and
transferred to circulation [13]; hepcidin attaches to
iron exporters (ferroportin) and promotes its
degradation; ferroportin expressed on hepatocytes,
macrophages and duodenal enterocytes to prevent iron
entrance into the plasma [14]. Hepcidin is elevated
among HD patients [15-16] and its production
controlled by inflammation and is associated with
ESA resistance [17-18], and also related with ferritin
which an indicator for marked inflammation and
increased iron stores.

4. Anti-erythropoietin antibodies [8].

5. Secondary hyperparathyroidism: PTH is believed
by EUTox Work Group [19], as a middle molecule
uremic toxin with multiple biological effects. PTH
initiates bone marrow fibrosis, has an inhibitory
impact on BFU-E and interferes with endogenous
production of EPO [20]; interfering with RBC survival
since PTH rises erythrocytes osmotic fragility [20].

6. Aluminium toxicity: Though the current advance in
the procedures of dialysis, a few patients have high
AL levels [21]. Commonly, elevated AL levels cause a
microcytic, hypochromic or normochromic anemia
which shows ESA hyporesponsive, as it affects the
enzymes required for the synthesis of heme [22].

7. Inadequate dialysis: Dialysis adequacy (measured by
Kt/V) may alter the response to ESA treatment. OL-
HDF and High flux HD (HF-HD) enhance the
response to ESAs compared with low flux HD (LF-
HD), possibly owing to a better elimination of middle
and large molecules which affect erythropoiesis [23].
But, a few studies did not succeed to attain that
conclusion [24].

8. ACEi and ARBs: Hyporesponsiveness to EPO occurs
due to prevention of angiotensin provoked the release
of EPO and raised levels of plasma N-acetyl-
serylaspartyl-lysil-proline which affects the induction
of pluripotent hemopoietic stem cells [9].

9. Chronic blood loss.

10. Vitamin deficiencies [9-25].
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11. Malnutrition [26].

Our study is designed to identify the main risk factors that
are assumed to be the causes of hypo-responsiveness to
treatment by ESAs as inflammatory status of the patients,
presence of anti-erythropoietin antibody and hepcidin
level, it is very helpful as we can treat the patients who
have hyporesponsiveness to ESA by management of the
underlying cause and modifying the patient treatment.

Material and Methods

A cross—sectional-analytic study was done at 80 anemic
ESRD patients on regular HD for more than 3 months
using bicarbonate dialysate and polysulphone synthetic
membranes, the patients on regular HD at Units in Ismailia
- Egypt Hospitals. Laboratory investigations of the study
were done in Clinical Pathology Department in Suez Canal
University Hospital and the samples were withdrawn from
the patients before the HD session. Ten apparently healthy
individuals with normal kidney function and not anemic
were included in the study to derive a reference range to
Hepcidin and IL-6.

Excluded from our study patients who have anemia due to
known secondary cause as malignancy, bone marrow
disease, history of chronic blood loss, Patient received
blood transfusion during follow up course or patients who
have severe infection.

Methods of Data Collection

In person interview questionnaire was done by the
researcher and the following data were collected: Socio-
demographic data of the patient, body weight, Duration of
dialysis in months, Co-morbid illness. Also Lab
investigations were done.

The following histogram demonstrates the initial
investigations that have been done to the patient and the
follow up course for 3 months.

** EPO (erythropoietin Alfa [Epoetin SEDICO] 4000 1U
S.C)
** Iron (5 ml ampoule contain 100 mg iron sucrose)

After 3 months the following lab tests were done to
evaluate response of the patient to TTT and to assess the
risk factors which may affect it.

e Complete blood count and Reticulocytic count

e Total iron profile (iron, ferritin, TSAT and TIBC)

e Blood chemistry (ALT, AST, albumin, Ca,
phosphorus, urea and Zinc)

e Parathyroid hormone and HCV Ab

e Interleukien-6 (was measured by ELLISA) and
quantitative C-reactive protein
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e Hepcidin-25 bioactive form (was measured by DRG
Hepcidin-25 ELISA kits)

e Anti-erythropoietin antibody (was measured by
ELLISA)

Then patients divided into 2 groups EPO responder & EPO
hypo-responder.

** The following equations were done in the study:

e Reticulocyte Production Index (RI) = Corrected
Reticulocyte Count / maturation correction [27].

® Erythropoietin resistance index (ERI) was
established as the weekly adjusted dose of EPO
according to body weight (U/kg/week) divided by Hb
level (g/dl) [28].
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e TSAT =S. iron/ TIBC *100.

Data Management: Data were processed using Stata
software 12 for windows, Quantitative data were presented
as mean £ SD and qualitative data were presented as
numbers and percentage, T-test and analysis of variance
test were used to test significance of difference for
quantitative data & Chi-square test was used to test
significance of difference for qualitative data. Multiple
regression analysis was used to assess the association
between response to therapy and multiple laboratory
factors. Probability value (p-value) < 0.05 was considered
statistically significant.
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Results

80 patients included in our study, 55% of the patients were
males & 45% were females, with mean age (46.25 + 17.7)
(Table 1). 90% of the patients received dialysis from AV
fistula, and 10% from central catheter. According to
duration of dialysis, 38.75% of the patients were on regular
HD for < 3 years, 21.25% for > 10 years & 40% for 3-10
years. 66.25% of the patients made HD session for 3 — 3%
hours & 33.75% for 4 hours (Table 2). Most common
chronic disease among our patients is hypertension
(51.25%) while 36.25% of patients were found to be HCV
positive (Table 3).

EPO responsive was 40% of the studied patients & EPO
hypo-responsive was 60 % of the patients. The following
factors showed no statistically significant difference
between both responders and hypo-responders regarding
age, sex, access, duration of dialysis in years, duration of
each dialysis session and associated co morbidities.

Mean baseline ferritin level in both our studied groups
before & after TTT was high as: before TTT ferritin level
was 1187.9 £ 1140.5 & after TTT ferritin level was
1130.13 + 1044.06. Each of iron, TIBC & TSAT levels
were higher in responders than hypo-responders group.
Whilst, ferritin level was lower in responders than non-
responders without statistically significant (Table 4,5).

Regarding blood picture it showed that Hb level, Hct and
RBC count after three months of TTT are significantly
higher among responders compared to hypo-responders.
MCYV and RDW are higher among our ESRD patients than
in control but without any statistically significant Ttable 6).

Blood chemistry revealed that albumin was significantly
higher in responders, but other parameters as Ca, Ph, PTH,
CRP and urea were higher in hyporesponder group without
statistically significant. Zinc was higher in responder group
but without statistically significant (Table 7)

RI was higher in responder group and ERI was higher in
hyporesponder group, but both without statistically
significant (Table 8).
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Both hepcidin and IL-6 were markedly elevated among our
studied ESRD patients than in control, mean level of
hepcidin was (83.39 + 13.69 Vs 17.88 = 9.88) and IL-6
was (17.29 £ 13.03 Vs 11.19 + 4.04). Also hepcidin and
IL-6 were higher in hyporesponder than in responder
group. The anti-EP antibody was positive among 12.5% of
hypo-responders versus none of responders (Table 9).

Hepcidin has a statistically significant positive correlation
with ferritin, statistically significant negative correlation
between TIBC and no correlations with 11-6 or CRP. IL-6
has significant positive relation with CRP and negative
relation with iron, albumin and zinc (Table 10).

Hb level, RBCs, iron and ferritin were higher in patients
negative to anti-EPO antibody, while hepcidin was higher
in patients positive to anti-EPO antibody (Table 11).

Our studied ESRD patients made HD at different times; we
did not observe any significant diurnal variations in levels
of hepcidin and IL-6 as present in normal populations
(Tables 2 & 12).

Parathyroid hormone did not show any statistically
significant correlation with HB, Het, RI, CRC, calcium or
phosphorus (table 13).

Hct has a statistically significant positive correlation with
Hb, iron, ferritin, TSAT and negative relation with ERI
(Table 14).

Mean level of ERI among our studied patients was 11.58 +
4.38 and it has higher level among hyporesponders. ERI
has a statistically significant negative correlation with Hb,
MCYV and RBC (Table 8 & 15).

Multiple linear regression of factors affecting response to
erythropoietin therapy among studied patients showed that
baseline Hb level, ERI, hepcidin and plasma albumin are
significant determinants of response to erythropoietin
therapy (Table 16).

Table 1. Personal characteristics among the studied patients according to response to erythropoietin therapy

Characteristics Total Hypo-responders Responders p-values
(n=80) (n=48) (n=32)

Age Mean + SD 46.25+17.7 46.75+17.8 455+£179 0.8 (NS)
Sex Male 44 55% 25 52.08% 19 59.38% 0.5 (NS)
Female 36 45% 23 47.92% 13 40.63%

Weight (Kg) Mean + SD 64.8+19.1 669+ 17.5 61.8+£21.2 0.3 (NS)

NS: no statistically significant difference

Table 1. shows that there is no statistically significant
difference between both responders and hypo-responders

regarding age, sex and weight. Most of the studied patients
are males (55%).
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Table 2. Dialysis characteristics among the studied patients according to response to erythropoietin therapy.

Characteristics Total Hypo-responders Responders p-values
(n=80) (n=48) (n=32)

Access AV fistula 72 90% 43 89.58% 29 90.63% 0.9 (NS)
Catheter 8 10% 5 10.42% 3 9.38%

Duration of dialysis <3 years 31 38.75% 16 33.33% 15 46.88% 0.6 (NS)
(years) 3-5 18 22.5% 11 22.92% 7 21.88%
6-9 14 17.5% 9 18.75% 5 15.63%
> 10 years 17 21.25% 12 25% 5 15.63%

Mean + SD 55+49 59+5.1 49+47 0.4 (NS)

Time of dialysis 6:30 am 34 42.5% 22 45.83% 12 37.5% 0.5 (NS)
12 pm 36 45% 19 39.58% 17 53.13%
4 pm 10 12.5% 7 14.58% 3 9.38%

Duration of dialysis 3 —3% hours 53 66.25% 32 66.67% 21 65.63% 0.9 (NS)
session (hours) 4 hours 27 33.75% 16 33.33% 11 34.38%

Mean + SD 3.65+0.25 3.65+0.26 3.65+0.27 0.9 (NS)

NS: no statistically significant difference
All patients are subjected to 3 dialysis session per week

Table 2 shows that there is no statistically significant patients have AV fistula access (90%). Mean duration of
difference between both responders and hypo-responders dialysis is 5.5 years. Also, there is no statistically
regarding access, duration of dialysis in years and duration significant difference between responders and hypo-
of each dialysis session (hours). It appears that most of responders regarding time of dialysis.

Table 3. Medical disorders among the studied patients according to response to erythropoietin therapy.

Co morbidities Total Hypo-responders Responders p-values
(n=80) (n=48) (n=32)
Autoimmune disorders No 77 96.25% 45 93.75% 32 100% 0.1 (NS)
Yes 3 3.75% 3 6.25% 0 0%
DM No 68 85% 43 89.58% 25 78.13% 0.2 (NS)
Yes 12 15% 5 10.42% 7 21.88%
Hypertension No 39 48.75% 21 43.75% 18 56.25% 0.3 (NS)
Yes 41 51.25% 27 56.25% 14 43.75%
Heart diseases No 73 91.25% 45 93.75% 28 87.5% 0.3 (NS)
Yes 7 8.75% 3 6.25% 4 12.5%
HCV -ve 51 63.75% 31 64.58% 20 62.5% 0.8 (NS)
+ve 29 36.25% 17 35.42% 12 37.5%

NS: no statistically significant difference

Table 3 shows that only 3.75% of patients have HCV positive. There is no statistically significant
autoimmune disorders. Most common chronic disease is difference between responders and hypo-responders.
hypertension (51.25%). 36.25% of patients are found to be

Table 4. Hemoglobin, serum iron, ferritin, TIBC and transferrin saturation (after 3 months of treatment) among the studied patients according to response to
erythropoietin therapy.

Total Non-responders Responders p-values
(n=80) (n=48) (n=32)
Iron (after treatment) Mean + SD 76.93 +36.23 73.6 +36.1 80.58 £38.5 0.4 (NS)
Ferritin (after treatment) Mean + SD 1130.13 £ 1044.06 0.6 (NS)
-33.75% < 500 1176.26 = 1049.18 1060.9 £ 1049.17
-17.5% >500<800
- 48.75% > 800
TIBC Mean + SD 204.26 +£36.9 201.02 +£39.4 209.13 £32.75 0.3 (NS)
TSAT Mean + SD 39.25+20.3 38.55+20.9 40.29 +19.6 0.7 (NS)
NS: no statistically significant difference
Table 4 shows that there is no statistically significant regarding iron, serum ferritin, TIBC and TSAT after 3
difference between both responders and non-responders months of treatment.
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Table 5. Hemoglobin, serum iron and ferritin (Before and after treatment) among the studied patients according to response to erythropoietin therapy.

Characteristics Non-responders Responders
(n=48) (n=32)
Before After p-value Before After p-value
Hb Mean + SD 89+1.1 8.87+1.14 0.8 (NS) 83+1.1 9.9+1.16 0.001%*
Iron Mean + SD 65.8+£39.9 73.6 +£36.1 0.3 (NS) 71.9+£30.3 80.58 £ 38.5 0.3 (NS)
Ferritin Mean + SD 1189.1 £1126.8 1176.26 + 1049.18 0.9 (NS) 1186.1 + 1060.9 + 1049.17 0.7 (NS)
1178.9

NS: no statistically significant difference
*Statistically significant difference

Table 5 shows that Hb level increases significantly among among non-responders. Iron and ferritin levels don't
responders while there is no statistically significant change change significantly among both groups.

Table 6. CBC parameters (after 3 months of treatment) among the studied patients according to response to erythropoietin therapy.

CBC parameter Total Hypo-responders Responders p-values
(n=80) (n=48) (n=32)
Hb Mean = SD 9.29+1.25 8.87+1.14 99+1.16 0.001*
MCV Mean = SD 83.15 + 3.41in control 85.98 +8.37 86.27+7.79 0.8 (NS)
86.1 +8.09
p-value 0.07 (NS)

MCH Mean + SD 27.21+4.29 27.35+0.73 27.01£2.78 0.7 (NS)
MCHC Mean + SD 309+ 1.64 30.7+1.77 313+1.4 0.09 (NS)
Hematocrit Mean = SD 29.8 +4.04 28.7+3.8 31.7+£3.7 0.001*
Reticulocytes Mean = SD 2.16£1.18 223+1.27 2.04+1.03 0.5 (NS)
WBC (x10%) Mean + SD 6.18 + 1.66 6.17+ 1.8 6.2+1.5 0.9 (NS)
Platelet (x10%) Mean = SD 189.9 + 57.95 192.08 £ 62.2 186.8 +51.7 0.7 (NS)
RDW Mean = SD 1558+ 1.7 159+ 1.7 152+1.59 0.08 (NS)
RBC (x10°) Mean + SD 3.47+0.59 3.32+0.57 3.69 +0.55 0.005*

NS: no statistically significant difference
*Statistically significant difference

As presents in table 6, after three months of treatment only regarding all parameters of blood chemistry after 3 months
Hb, Hct and RBC count are significantly higher among of treatment except for plasma albumin that is significantly
responders compared to hypo-responders. higher among responders.

Table 7 shows that there is no statistically significant
difference between both responders and hypo-responders

Table 7. Blood chemistry and other laboratory parameters (after 3 months of treatment) among the studied patients according to response to erythropoietin
therapy.

Blood chemistry Total Hypo-responders Responders p-values
(n=80) (n=48) (n=32)

Creatinine Mean + SD 9.37+7.59 9.85+9.7 8.66 +2.02 0.4 (NS)
Urea Mean = SD 129.9 £ 36.45 133.3+35.2 124.8 +38.2 0.3 (NS)
Calcium Mean + SD 8.99 £8.56 94+11.1 8.4+1.01 0.6 (NS)
Phosphorus Mean = SD 4.63+1.27 465+1.4 4.58+0.9 0.8 (NS)
Parathyroid hormone Mean + SD 522.1 £534.1 596.6 + 608.8 410.3 £378.8 0.09 (NS)
ALT Mean = SD 19.2+19.4 185+ 14.5 20.2+253 0.7 (NS)
AST Mean = SD 17.7+10.5 18.1+10.9 17.1+10.1 0.7 (NS)
Albumin Mean + SD 3.97+0.48 3.84+0.44 4.16 £0.48 0.002*
CRP Mean = SD 7.65+9.89 8.4+11.7 6.5+6.2 0.4 (NS)
Zinc Mean + SD 109.9 + 68.9 1042 +73.2 118.5+62.1 0.4 (NS)
Rheumatoid factor Mean = SD 11.07£32.48 13.3+41.5 7.7+8.7 0.4 (NS)

NS: no statistically significant difference
*Statistically significant difference

Table 8. Laboratory indices (after 3 months of treatment) among the studied patients according to response to erythropoietin therapy.
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Laboratory indices Total Hypo-responders Responders p-values
(n=80) (n=48) (n=32)

ARC Mean + SD 81587.57 £35496.04 83885.24 £ 39386.58 78141.07 +29046.65 0.5 (NS)

CRC Mean + SD 1.35+0.72 1.34+0.79 1.36+0.61 0.9 (NS)

RI Mean + SD 0.83+0.43 0.75+0.43 0.94+0.41 0.06 (NS)

ERI Mean + SD 11.58+4.38 11.93 £5.09 11.07 £3.01 0.3 (NS)

NS: no statistically significant difference
ARC: Absolute reticulocyte count
RI: Reticulocyte production index

Table 8 shows that there is no statistically significant
difference between both responders and hypo-responders

CRC: corrected reticulocyte count
ERI: Erythropoietin resistance index

regarding laboratory indices include ARC, CRC, RI, and
ERL

Table 9. Hepcidin, IL-6, and anti- erythropoietin antibody among the studied patients according to response to erythropoietin therapy.

Characteristics Total Hypo-responders Responders p-values
(n=80) (n=48) (n=32)
Anti-EP antibody -ve 74 92.5% 42 87.5% 32 100% 0.03*
+ve 6 7.5% 6 12.5% 0 0%
Hepcidin Mean + SD 83.39+13.69 86.09 +10.05 79.59 +17.05 0.04*
IL-6 Mean + SD 17.29+13.03 19.46 £ 15.55 13.94 +£ 6.58 0.03*

*Statistically significant difference

Table 9 shows that anti-EP antibody is positive among
12.5% of hypo-responders versus none of responders with
statistically significant difference. There is statistically

significant difference between both groups regarding
hepcidin and IL-6 levels that are higher among hypo-
responders.

Table 10. Correlation between Hepcidin, IL-6, and CRP with other parameters among the studied patients.

Hepcidin IL-6 CRP

r p-value r p-value r p-value
Hemoglobin after treatment -0.08 0.5 (NS) -0.07 0.6 (NS) -0.1 0.2 (NS)
Iron after treatment 0.08 0.5 (NS) -0.3 0.007* -0.1 0.3 (NS)
Ferritin after treatment 0.5 0.001* -0.09 0.4 (NS) 0.2 0.07 (NS)
TIBC -0.5 0.001* 0.05 0.7 (NS) -0.2 0.1 (NS)
Transferrin saturation ratio 0.2 0.05 (NS) -0.2 0.08 (NS) -0.04 0.7 (NS)
Hematocrit -0.03 0.8 (NS) -0.1 0.3 (NS) -0.07 0.5 (NS)
Albumin 0.07 0.5 (NS) -0.3 0.002* -0.2 0.2 (NS)
CRP 0.2 0.1 (NS) 0.5 0.001* - -
IL-6 -0.09 0.4 (NS) - - 0.5 0.001*
ARC 0.07 0.5 (NS) -0.1 0.4 (NS) 0.01 0.9 (NS)
CRC -0.06 0.6 (NS) -0.09 0.4 (NS) 0.01 0.9 (NS)
RI 0.06 0.6 (NS) -0.01 0.9 (NS) -0.03 0.8 (NS)
ERI -0.1 0.3 (NS) -0.09 0.4 (NS) 0.09 0.4 (NS)
Zinc -0.1 0.3 (NS) -0.2 0.03* -0.2 0.1 (NS)
Parathyroid hormone 0.02 0.8 (NS) -0.09 0.4 (NS) 0.02 0.8 (NS)

NS: not statistically significant
*Statistically significant

Table 10 shows that there is statistically significant
positive correlation between ferritin after treatment and
hepcidin level and statistically significant negative

correlation between TIBC and hepcidin level. IL-6 level is
significantly correlated with CRP, iron after treatment,
albumin and zinc.

Table 11. Comparison between different lab parameters according to anti- erythropoietin antibody:
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Anti-EPO antibody -ve Anti-EPO antibody +ve p-values
(n=74) (n=6)

Hb after treatment Mean + SD 94+ 1.23 8.01 +0.67 0.009*
Reticulocytes Mean + SD 2.18+1.19 1.8+0.9 0.4 (NS)
Hematocrit Mean + SD 30.1 £4.02 26.97 +3.34 0.07(NS)
RBCs Mean + SD 3.52+0.58 2.9+0.33 0.009*
Iron before treatment Mean + SD 69.47 £ 36.8 52 +26.05 0.1 (NS)
Iron after treatment Mean + SD 78.69 +37.2 48.17 £ 18.79 0.008*
Ferritin before treatment Mean + SD 12257+ 1175.5 721.77 £307.8 0.01*
Ferritin after treatment Mean + SD 1139.17 £ 1080.7 1018.6 £392.4 0.5 (NS)
TIBC Mean + SD 204.6 +38.12 199.67 £ 16.8 0.6 (NS)
TSAT Mean + SD 39.82 +£20.89 32.3+£9.25 0.1 (NS)
Hepcidin Mean + SD 82.7+14.01 91.33+£4.46 0.003*
IL-6 Mean + SD 16.39 +£11.39 28.17 +25.06 0.3 (NS)
CRP Mean + SD 74+98 10.3 +10.8 0.5 (NS)

NS: no statistically significant difference

Table 11 shows that there is statistically significant
difference between both anti-EPO antibody -ve and anti-
EPO antibody +ve groups regarding Hb after treatment,

Table 12. Diurnal variation of hepcidin and I1-6 among ESRD patients.

RBCs, iron after treatment, ferritin before treatment and
hepcidin.

Characteristics Time of dialysis p-values
6:30 am 12 pm 4 pm
Hepcidin Total 86.9+13.23 80.31 +£14.8 83.6+8.1 0.1 (NS)
Responders 80.5+17.87 78.53 +18.29 82.69 +£6.93 0.9 (NS)
Hypo- responders 90.95 +7.21° 81.89 +11.08" 84.29 +£9.03% 0.02*
p-value 0.03* 0.5 (NS) 0.6 (NS)
IL-6 Total 147+11.6 18.42 £12.61 22.15+17.8 0.2 (NS)
Responders 12.09 £ 6.93 15.9£6.37 10.67 £ 3.62 0.2 (NS)
Hypo- responders 16.13 £13.47 20.52+£16.01 27.07 +£19.46 0.3 (NS)
p-value 0.3 (NS) 0.2 (NS) 0.03*

*Statistically significant difference

NS: no statistically significant difference

a, b indicate statistically significant difference with in different times of dialysis (post hoc test)

Table 12 shows that hepcidin level is lower among hypo-
responder patients whom have their dialysis at 12 pm
compared to patients have their dialysis session at 6:30 am.
There is no statistically significant in diurnal variation of
IL-6 in responders or hypo-responders groups.

Table 13. Correlation between parathyroid hormone with reticulocytes,
RI, CRC, calcium, phosphorus, and hemoglobin after treatment among the
studied patients.

Parathyroid hormone

r p-value
Reticulocyte -0.2 0.08 (NS)
Hematocrit 0.08 0.5 (NS)
RI 0.01 0.9 (NS)
CRC -0.07 0.5 (NS)
Calcium -0.04 0.7 (NS)
Phosphorus 0.2 0.05 (NS)
Hb after treatment 0.06 0.6 (NS)
RDW -0.03 0.8 (NS)

NS: not statistically significant
*Statistically significant

Table 13 shows that there is no statistically significant
correlation  between  parathyroid  hormone  and
reticulocytes, Hct, RI, CRC, calcium, phosphorus, RDW
and Hb after treatment.

Table 14. Correlation between hematocrit with other parameters among
the studied patients.

Hematocrit

r p-value
Hb after treatment 0.9 0.001*
Iron after treatment 0.3 0.02*
Ferritin after treatment 0.2 0.1 (NS)
TIBC -0.02 0.8 (NS)
TSAT 0.2 0.04*
Albumin 0.3 0.01*
Hepcidin -0.03 0.8(NS)
CRP -0.07 0.5 (NS)
IL-6 -0.02 0.9 (NS)
ARC 0.06 0.6 (NS)
CRC -0.03 0.8 (NS)
RI -0.03 0.8 (NS)
ERI -0.5 0.001*

NS: not statistically significant
*Statistically significant
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Table 15. Correlation between ERI with Hb after treatment, MCV, RBC
& TIBC among the studied patients:

ERI
r p-value
Hb after treatment -0.5 0.001*
Hematocrit -0.5 0.001*
MCV -0.2 0.03*
RBC -0.2 0.03*
TIBC 0.2 0.04*

*Statistically significant difference
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Table 14 shows that there is statistically significant
positive correlation between Hct and each of Hb after
treatment, iron, ferritin, TSAT and ERI.

Table 15 shows that there is statistically significant
negative correlation between ERI and Hb after treatment,
MCV and RBC. Whereas, there is statistically significant
positive correlation between ERI and TIBC.

Table 16. Multiple linear regression of factors affecting response to erythropoietin therapy among studied patients.

Coefficient Standard error t p-value 95% CI
Constant 2.001 0.723 2.77 0.007 0.56 - 344
11-6 -0.005 0.004 -1.16 0.3 (NS) -0.012 - 0.003
Hepcidin -0.01 0.004 -2.88 0.005* -0.017 - -0.003
Anti-EP antibody -0.239 0.183 -1.31 0.2 (NS) -0.6 - 0.12
Hb before treatment -0.186 0.044 -4.19 0.001* -0.27 - -0.09
ERI -0.039 0.011 -3.4 0.001* -0.06 - -0.019
Serum albumin 0.358 0.108 33 0.002* 0.14 - 0.57

*Statistically significant
NS: no statistically significant

Table 16 shows that baseline Hb level, ERI, hepcidin and
plasma albumin are significant determinants of response to
erythropoietin therapy.

Discussion

A study in 2003 displayed that the incidence of EPO hypo-
responsiveness was approximately 5-10 percent of the
patients due to immunological abnormalities and chronic
inflammation [29]. But in our study EPO hypo-responsive
were 60 % of the patients. The following factors showed
no statistically significant difference between both
responders and hypo-responders regarding age, access,
duration of dialysis in years, duration of each dialysis
session and associated co-morbidities.

In CBC parameters among our studied patients, only Hb,
Hect (responders 31.7 + 3.7: hypo-responders 28.7 + 3.8)
and RBC count (responders 3.69 £ 0.55 x10% hypo-
responders 3.32 + 0.57x10°) were significantly higher
among responders compared to hypo-responders.
However, there was no statistically significant difference
between both groups regarding reticulocytes, TIBC and
TSAT.

Mean baseline Hb level in responders group was 8.3 + 1.1
g/dl and in hypo-responders group it was 8.9 = 1.1 g/dl. Hb
level after treatment in responders showed marked
improvement to be 9.9 + 1.16 g/dl, but in hypo-responders
showed no change in Hb level as it was still 8.87 = 1.14
g/dl.

Regarding MCV in our studied population, it was 86.1 +
8.09, while in control group it was 83.15 + 3.41, however it
did not differ statistically. This agreed with the study of
Ahmed M H et al emphasized that MCV was significantly
higher in CKD patients compared with control group

(88.14 fl vs. 84.12 1) [30]. This may appear as a result of
multivitamins and EPO insufficiency [31].

Normal level of RDW in normal population ranges from
11.6 to 14.6 percent [32], in our study the mean level of
RDW in the studied patients was 15.58 & 1.7 % which was
markedly elevated and there was no statistically significant
difference between responders and hypo-responders. That
may be explained by raised erythropoietic activity,
increased RBCs destruction and reduced half life of RBCs
as these mechanisms affect distribution of red cell size.
This finding has been supported by a study by Tekce et al
proved that RDW among studied population ranged from
14.7 £ 1.6 percent to 18.5 = 2 percent [33], and also a
study by Emans et al revealed that 26 percent of the
patients had RDW more than 15 percent [34].

In our study Hct had statistically significant difference
between responders and hypo-responders (31.7 = 3.7 vs.
28.7 + 3.8), Hct had statistically significant positive
correlation with Hb, iron, albumin, TSAT and negative
correlation with ERI and no correlation with urea,
hepcidin, CRP, IL-6, ferritin, PTH. There was statistically
significant difference between patients with duration of
dialysis less than and more than 12 years regarding Hct
(32.1 £ 3.6 pg/dl vs. 29.5 + 4.01 pg/dl). Rubab Z et al
described the same finding of our study regarding Hct:
lower Hct level was significantly found in studied patients
with ESRD than in control (30.9 £ 4.5 vs. 39.5 + 3.1);
responders were significantly higher (33.7 + 3.0) compared
with non-responders (26.8 + 3.6) [35].

Mean baseline ferritin level in both of our studied groups
before and after TTT was high (1187.9 + 1140.5: 1130.13
+ 1044.06).High level of ferritin in nearly half of the
studied patients was iatrogenic induced by the patients as
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they used iron in excess doses as they falsely believed that
iron can treat their anemia instead of EPO (due to financial
causes) without consulting their doctor.

Each of iron, TIBC and TSAT levels were higher in
responders than hypo-responders group (80.58 + 38.5 vs.
73.6 £ 36.1), (209.13 £ 32.75 vs. 201.02 + 39.4) and (40.29
+19.6 vs. 38.55 £20.9), respectively. Whilst, ferritin level
was lower in responders than hypo-responders (1060.9 +
1049.17 vs.1176.26 + 1049.18) without statistically
significant. These results were supported by Rubab Z et al
who summarized the levels of iron, TIBC and ferritin in
responder and non-responder groups (37.9 + 12.5 vs. 33.0
+11.0:278.9 + 120 vs. 237.6 £ 93.0: 332.6 =264 vs. 378.7
+ 346.7), like our results: iron and TIBC higher in
responders while ferritin higher in non-responders, but no
significant difference was found [35]. High levels of
ferritin might be noticed among patients with CKD, which
caused by reticulo-endothelial blockade or functional iron
deficiency [36].

Change in serum iron and ferritin after treatment with EPO
among the studied patients:

e Change in iron level: increased in responders 8.69 =+
34.1 ng/ml and in hypo-responders raised about 7.93
+ 31.8 ng/ml.

e Change in ferritin level: decreased in responders
125.2 + 593.9 ng/ml and in hypo-responders reduced
12.86 + 683.2 ng/ml.

Jalalzadeh et al determined that after treatment with EPO
and iron: ferritin dropped significantly from 1391 to 938
ng/ml and serum iron from 97.2 to 64.6 [37]. Hence, we
recommend that EPO can be used in anemic patient with
high serum ferritin to treat the anemia and to decrease iron
stores in the body (iron chelating) in EPO responder
patients before using iron chelating agent.

Reticulocyte production index appeared to be higher in
responders (0.94 = 0.41 in responders vs. 0.75 + 0.43 in
hypo-responders). Erythropoietin resistance index in total
population was 11.58 + 4.38, it was higher in hypo-
responders (11.93 £+ 5.09 in hypo-responders vs. 11.07 +
3.01 in responders), although no significant difference was
observed between both groups. Further, in our study ERI
did not have statistically significant correlations with IL-6,
CRP or hepcidin and had statistically significant negative
correlation with each of Hb, MCV, RBCs and Hct and
positive correlation with TIBC. Results of a study by
Kudoh Y et al showed that baseline ERI in total population
was 6.1 = 6.0; ERI was insignificantly higher in non-EPO
responder (8.29 + 6.81) than responder (5.73 + 3.42) [38].
Kim et al determined in their study that ERI had a
statistically significant association with each of TSAT,
CRP and albumin [39]. So, according to these results we
suggest that we can use ERI as a predictive measure for the
response to treatment with EPO.
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Blood chemistry as (Creatinine, Urea, Calcium,
Phosphorus, PTH, ALT, AST, CRP and Zinc) showed no
statistically significant difference between both responders
and hypo-responders groups except plasma albumin that
was significantly higher among responders, hypo-
albuminemia in our ESRD patients may due to nutritional
factors or due to chronic mild inflammation. A study
carried out at Babol University of Medical Sciences
confirmed that low serum albumin in patients on HD is
considered as an indicator of anemia and unresponsiveness
to traditional management of anemia [40].

Mean level of hepcidin-25 in control group in our study
was (17.88 £ 9.88 ng/mL). While in ESRD studied
patients, it was markedly elevated (83.39 + 13.69 ng/mL),
mostly because of impairment in its renal excretion [41-
43]. Hepcidin-25 level was significantly higher in hypo-
responders (86.09 £+ 10.05 ng/mL) compared to responders
(79.59 £ 17.05 ng/mL). Similar results were found in a
study at Mansoura University, Egypt [44]. Thus, hepcidin
level may predict response to EPO treatment as it markedly
affects iron metabolism [45].

There was statistically significant positive correlation
between hepcidin-25 and ferritin and statistically
significant negative correlation between hepcidin and
TIBC in the current study. Nevertheless, hepcidin had no
statistical correlation with Hb, iron, zinc, TSAT, CRP and
IL-6. At Cairo University, a study revealed that hepcidin
was significantly higher in HD patients compared with
controls. Plasma hepcidin level correlated positively with
ferritin, TSAT, CRP, and IL- 6; on the other hand, it
negatively correlated with Hb [46], another study done by
Yamaya K et al found a significant positive relation
between hepcidin and iron and a negative relation between
hepcidin and zinc [47].

Sedlackova T et al summarized that there was a weak
relationship between hepcidin and ferritin and CRP in
patients on HD and that the influence of inflammation on
levels of hepcidin among HD patients was not pivotal and
other factors prompting its retention among ESRD patients
[48]. Further, Ashby DR et al mentioned in their study that
level of hepcidin was considerably high among HD
patients, although it did not associate with levels of IL-6,
proposing that elevated hepcidin was not as a result of the
general inflammatory status of the patients [49].

To evaluate the diurnal variation of hepcidin level among
our studied patients, we collected blood samples from
different groups of patients at different times; 42.5% of
patients had their HD session at 6:30 am, 45% at 12 pm
and 12.5% at 4 pm. Hepcidin level was lower among hypo-
responder patients whom had their dialysis at 12 pm (81.89
+ 11.08) compared to patients had their dialysis session at
6:30 am (90.95 + 7.21) with statistically significant
difference. But, there was no statistically significant
difference among responder patients whom had their
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dialysis at 12 pm and at 6:30 am. Ashby DR et al
documented that control group in their study showed an
increase in hepcidin in the afternoon, while in CKD
patients and HD patients (on a non-dialysis day), such
diurnal variation in hepcidin was not noticed [49]. Another
study by Sedlackova et al found that morning level of
hepcidin was significantly different from the midday and
evening levels in the studied patients with ESRD (morning
hepcidin 32.1 pg/l: midday 18.8 pg/l: evening 9.6 pg/l)
[48). So, normal diurnal variation of hepcidin-25 disturbed
among HD.

Mean level of IL-6 in control group in our study was
(11.19 £ 4.04 pg/mL). Whereas, in ESRD studied patients
it was significantly higher (17.29 + 13.03 pg/mL) as most
ESRD patients had subclinical chronic inflammation
caused by mild chronic activation of complement system
as the patient blood chronically exposed to foreign
materials as artificial synthetic membranes, non sterile
dialysate and other factors as : obesity, uremia, persistent
infections as chlamydia pneumonia, oxidative stress,
volume overload and genetic factors as single nucleotide
polymorphisms [50-51]. Recently, Alwahaibi NY et al
demonstrated that mean IL-6 level amongst patients on
HD was significantly higher than amongst control group
(40.2 £ 41.4 vs.164 £ 54 pg/mL) and no significant
difference was seen between pre- and post- dialysis
samples [52].

IL-6 mean level was significantly higher in hypo-
responders (19.46 + 15.55 pg/mL) when compared to
responders (13.94 + 6.58 pg/mL), as the inflammatory
cytokines lead to suppression of erythropoiesis and affect
response to treatment [53]. This agreed with Khalil SKM et
al who underlined that mean IL-6 in responders was
(18.38 £2.20) and in non-responders was (24.06 +3.01)
[54].

In the present study, IL-6 level had a significant negative
correlation with iron, albumin and zinc and had
significantly positive correlation with CRP. Nakagawa H
et al explained in their study that IL-6 level was
significantly inversely associated with iron amongst
Japanese adults [55].

Anti-EPO antibody was positive in 7.5% of the total
population of our study and appeared only in 12.5% of
hypo-responder group with statistically significant
difference. It is considered as the main risk factor for
resistance to EPO [56-57].There was statistically
significant difference in our study between anti-EPO
antibody negative and anti-EPO antibody positive groups
regarding Hb, RBCs, iron, base ferritin and hepcidin, no
statistically difference was found between anti-EPO
antibody positive and negative patients regarding
reticulocytes, Het, TIBC, TSAT, CRP and IL-6. Algahwaji
DB et al affirmed that 22.5 percent of the patients had the
anti-EPO antibodies, besides there was statistically
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significant difference between anti-EPO negative and anti-
EPO positive in reticulocytes, but no statistically
significant difference regarding albumin, iron, TIBC,
TSAT, Hb or RBCs [58].

Mean CRP level in our study was (7.65 £ 9.89) which is
slightly elevated from normal population, there was
marked difference in its level between responders (6.5 +
6.2) and hypo-responders (8.4 = 11.7), but it did not differ
statistically. Khalil SKM et al asserted that mean CRP in
responder group was (16.75 £ 1.54) but in non-responder
group it was (30.00 +2.17) [54]. A study at Nasr city
police hospital in Cairo determined a strong correlation
between the response to EPO and levels of CRP [59].
Hence, it can be used in diagnosis and management of
EPO hypo-responsiveness. Parathyroid hormone in our
study had no statistically significant correlation with
reticulocytes, RI, CRC, calcium, phosphorus and Hb or Hct
level. This may be explained as most of our patients
received regular treatment of calcium and vit D which may
influence on function of parathyroid gland and its effect on
bone and blood, so no relationships appeared to be
statistically significant with PTH. Adhikary LP et al
demonstrated that there was a weak negative association
between Hct and PTH level that might be a cause of
unsuspected low level of Hb among CKD patients [60].

In our study, 36.25% were HCV positive and 63.75% were
HCV negative, with no statistically significant difference
between both HCV positive and HCV negative groups
regarding Hb, iron, ferritin, TIBC, TSAT, hepcidin, IL-6
and CRP. A study finished in HD units in Mansoura,
Egypt, showed that the incidence of HCV was 70.7 percent
and level of Hb was comparable in both HCV positive
(10.32 £ 2.03 gm/dl) and HCV negative groups (10.22 £
1.52 gm/dl), hence it did not display statistically significant
[61]. Comparable results appeared in our study regarding
Hb level, that in HCV positive (9.5 £ 1.1 gm/dl) and in
HCV negative (9.2 £ 1.3 gm/dl) and also, it failed to show
statistically significant. Mean level of CRP was higher in
HCV negative studied patients (8.1 = 10.7) compared to
HCYV positive patients (6.9 + 8.3); while, IL-6 level was
higher in HCV positive patients (18.43 + 13.15) compared
to HCV negative patients (16.67 = 13.05) with no
significant difference. These results were similar to the
findings of Afzal N et al which showed that IL-6 levels
were higher in HCV positive patients than in HCV
negative patients; whereas HCV positive patients had
lower CRP levels as compared to HCV negative patients,
with no significant difference [62]. The modification in
production of CRP among HCV positive patients
established that hepatic injury via HCV may cause a
deficiency in CRP production.

Conclusion

Hepcidin markedly elevated among our studied ESRD
patients, however it did not show any correlations with
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inflammatory mediators (IL-6 and CRP), so inflammatory
mediators did not influence its high level, but mostly due
to its retention as it was not excreted by the kidney.

Hepcidin is strongly correlated with ferritin and is
markedly elevated among hypo-responder group to EPO
therapy; therefore we may use hepcidin to investigate
proper utilization of iron stores in anemic patients and to
predict patient response to EPO therapy.

Mean level of IL-6 and CRP among studied ESRD patients
was markedly elevated, also both IL-6 and CRP had higher
level among hypo-responder group. That high level of
inflammatory cytokines consider as an indicator for poor
response to EPO treatment.

The prevalence of anti-EPO antibody begins to decrease as
it is obvious in our study and other recent studies, which
may explained as a result of improvement in its synthetic
technique and development of new generations of EPO.

ERI, Hct and albumin are easy and cheap methods, hence
we can use them to predict hypo-responsiveness or
resistance to treatment.
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