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Abstract

Introduction: Anemia is caused by a variety of mechanisms in chronic kidney disease (CKD), including erythropoietin (EPO) deficiency,
resistance to erythropoiesis-stimulating agents (ESAs), impaired iron metabolism and its clinical management remains challenging.
Objectives: The aim of the current study was to evaluate the impact of CRP, BMI, gender and duration of hemodialysis.

Patients and Methods: A total of 94 maintenance HD patients participated in this study. Laboratory investigation included CBC, renal
function test and qualitatively C-reactive protein was performed. Erythropoietin resistance index (ERI) was calculated as weekly EPO dose/
body weight in kg/hemoglobin level.

Results: Female gender had significantly higher ERI (11.36 + 1.52) compared to male HD patients (10.68 + 1.56) (P > 0.05). Patients with
low BMI had significant higher ERI (12.08 + 1.09) compared to HD patients with overweight (10.62 + 0.79) and obese (9.62 + 1.68) (P >
0.05). The highest ERI were found in the positive CPR group (P > 0.05) compared to negative CRP group. There is no significant difference
between duration of hemodialysis.

Conclusion: Our data exposed that female gender; low BMI and inflammation (positive CRP) contributed to EPO hyporesponsiveness. In
addition, there is no significant difference between lengths on hemodialysis.
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Introduction

Erythropoietin resistance index (ERI) calculation has
been used to find out the degree of responsiveness to
erythropoietin (EPO). Previous studies documented that
there are many factors have been shown to independently
increase ERI include male sex, shorter period on dialysis,
low body mass index (BMI), low serum albumin level, low
iron saturation, higher parathyroid hormone (PTH) levels,
and the use of angiotensin-converting enzyme inhibitors/
angiotensin receptor blockers (1-3).

The sensitivity of the ERI enables the prompt detection
of primary variations (4). The most ordinarily cause of
ERI change is inflammation and malnutrition, ignoring
iron deficiency. ERI has been considered a good marker
for predicting mortality in dialysis patients. The BMI is
a factor in the modification of body response to EPO (3).
However, whether or not this factor is solely or partially
responsible for ERI change involves to be investigated.
Hence, hypo-responsiveness to EPO has also been shown
to be related to increased hospitalization and mortality.

The highest ERI tertile was related to higher all-cause
mortality (hazard ratio 4.2) (5). Interestingly, this
association between all-cause mortality and ERI is seen in
HD patients but not in PD patients (6).

Inflammation is prevalent in HD patients. As an
inflammatory marker, C-reactive protein (CRP) is an
important sensitive acute phase reactant (7). Previous
researches manifested that elevated level of serum CRP
is a strong predictor of cardiovascular mortality both in
healthy subjects and HD patients (8,9).

In addition to being a prognostic indicator, elevated
level of CRP may also affect responsiveness to EPO
therapy in HD patients. Previous studies in small samples
have shown a strength correlation between elevated levels
of inflammation and hypo-responsiveness to ESAs (10,
11), as measured by total ESA dose requirements.

Objectives
Regarding the great inter-patient variability of
administered EPO doses needed to maintain patients
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ESAs are the main treatment used to manage anemia in
HD patients. The response ESAs in patients with CKD is
variable and can be modified in several circumstances. The
ERI is considered to be a helpful parameter in assessing the
body’s response to ESA. However, an association between
higher ESA doses and mortality has been observed in many
interventional studies. In recent years, there has been
growing interest in defining the effective factors and optimal
ESA doses that will help patients reach the hemoglobin
target without increasing their mortality.

at particular hemoglobin levels (12,13), evaluating the
influence of inflammation on hemoglobin response to ESA
dose is important for guiding anemia management. So far
few studies have had adequate sample size and collection
of factors that may influence ESA dosing to evaluate the
independent role of inflammation, BMI on ERI. Therefore,
the aim of the current study was to evaluate the impact of
CRP, BMI, gender and duration of hemodialysis that may
contribute to reduce responsiveness to ESA in patients on
regular hemodialysis.

Patients and Methods

Study design

This was a descriptive retrospective cross-sectional
study, conducted among maintenance hemodialysis
patients in North State, Sudan in the following dialysis
centers Kariam, Merowe and Nori centers. 94 Sudanese
hemodialysis patients, aged 25-60 years diagnosed as an
ESRD were included randomly. The current study was
approved by the ethics committee of Ministry of Health,
Northern State, Sudan. Written informed consent from
participants was obtained prior to study.

Demographic data, time of dialysis per week, length
(duration) on dialysis, administration of EPO and dose
of EPO (Unit/week) were recorded. Height and weight
were measured and BMI was calculated as weight/height?
(kg/m?).

In all patients, the HD procedure was carried out by
using dialyzers containing high flux membranes such
as polysulfone, polyester-polymer alloy, or cellulose
triacetate at a blood flow rate of 200-250 mL/min and
a dialysate flow rate of 500 mL/min. The surface area of
the dialyzer membrane was chosen according to patient
body weight. The glucose concentration of the dialysate
was 100 mg/dL. Heparin was administered at 2600-5000
U per 4-h HD session for anticoagulation. The volume of
ultrafiltration was maintained on the basis of clinical dry
weight during each session.

Blood tests
Five milliliters of blood was drawn from patients during
the first 15 minutes of hemodialysis For CBC blood

Samples were processed using EDAN CBC fully auto
hematology analyzer machine. Total and differential
white blood cells (WBC) counts and percentages were
determined. The absolute counts for the neutrophils,
eosinophils, basophils, lymphocytes, and monocytes were
computed from the WBCs total counts and the differential
counts (%) of each type of white blood cells. In addition,
red blood cells (RBCs) count, hematocrit percentage
(HCT %), hemoglobin content, and platelets counts were
determined in each blood sample.

ERI was defined as the average weekly ESA dose divided
by clinical dry weight and average blood hemoglobin
(weekly ESA dose (units)/dry weight (kg)/hemoglobin (g/
dL)), as described previously (14).

For determination of Renal Function Tests,
measurement of serum and urine creatinine was done
using Newman and Price method using BioSystems
reagent kits. Measurement of serum urea was done by
colorimetric method using end-point determination
Urease-Berthelot Reaction, using BioSystems reagent
kits. Measurement of serum sodium, potassium, calcium
and phosphate was done using the flame photometer. For
estimation of serum, CRP blood samples were collected in
plain container. CRP levels were detected (qualitatively)
using latex agglutination method (Spinreact kit, Spain).

Ethical issues

Before starting the study, the patients were informed
about the aims, the expected benefits to them and/or
others, the risks and inconveniences involved, and their
right to refuse to participate or to withdraw from the study
at any time without sanction. Their written consent was
obtained. The study was carried out in accordance with the
Declaration of Helsinki and its subsequent modifications,
and was approved by the Ethics Committees of Ministry
of Health, Northern State, Sudan (approval number #451).
This study was extracted from MS.c thesis of Nada Awad
Alkareem at Merowe University of Technology.

Statistical analysis

Data was analyzed by using SPSS software version 24 (SPSS
Inc, IL, USA). Data were presented as mean + standard
deviation for quantitative variables and summarized as
frequencies and percentages for categorical variables.
Student t test was used to compare between two groups.
Data were analyzed using one-way ANOVA followed
by post hoc Tukey’s test. P value of less than 0.05 was
considered significant.

Results
A total 94 CKD patients maintenance on HD were
included in this study. The demographics and clinical data
of maintenance HD patients participated as subjects were
shown in Table 1.

Our results demonstrated that female HD patients had
significantly higher ERI (11.36 + 1.52) compared to male
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Table 1. Demographics and clinical data study participants

Variables Mean or (n) Percent SD

Male (57) 60.6%
Gender

Female (37) 39.4%

Normal weight (75) 79.8%
BMI Over weight (12) 12.8%

Obese (7) 7.4%

Positive (45) 47.9%
CRP

Negative (49) 52.1%

Use (88) 93.6%
EPO use

Did not use (6) 6.4%
Do G <36 months (55) 58.5%
dialysis >36 months (39) 41.5%
Height 162.67 16.31
Weight 59.93 15.60
Hb (g/dL) 9.94 214
RBCs (x10%uL) 4.0077 3.48
PCV (%) 33.93 9.34
MCV (um?®) 91.18 6.52
MCH (pg) 29.37 9.62
MCHC (g/dL) 31.80 7.34
ERI 10.95 1.56
WABCs (x10%/ul) 6.013 2.325
PLT (x10°/uL) 223.37 72.67
Creatinine (mg/dL) 8.05 2.81
Urea (mg/dL) 116.37 4.19
PO, (mg/dL) 5.19 1.69
Ca’ (mg/dL) 8.87 1.27
K* (mmol/L) 5.24 1.02
Na* (mmol/L) 134.26 6.26

Data presented as (frequency) percent or mean + S.D. BMI; body mass index.
CRP; C-reactive protein. EPO; erythropoietin. Hb; hemoglobin. RBCs; red
blood cells. PCV; package cell volume. MCV; mean corpuscle volume. MCH;
mean hemoglobin concentration. MCHC; mean corpuscle of hemoglobin
concentration. ERI; erythropoietin resistance index. WBCs; white blood cells.
PLT; platelet.

HD patients (10.68 + 1.56) (P> 0.05; Figure 1A).

HD patients with normal weight had significant
higher ERI (12.08 + 1.09) compared to HD patients with
overweight (10.62 £ 0.79) and obese (9.62 £ 1.68) (P >
0.05). In addition, HD patients with overweight had
significant higher ERI compared to obese HD patients (P
>0.05) (Figure 1B).

In our results, we divided HD patients into two groups
on the basis of qualitative CPR and found significant
difference in ERIL The highest ERI were found in the
positive CPR group (P > 0.05; Figure 2A).

Patients with length on dialysis less than 36 months had
lower ERI (10.87 £ 1.25) compared to patients with length
on dialysis more than 36 months but there is no significant
difference between two lengths (Figure 2B).
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Figure 1. Impact of gender (A) and BMI (B) on ERI. Data represent as mean
+ S.D. ERI: Erythropoietin resistance index; **P > 0.05 vs Male group; **P >
0.05 vs normal weight and overweight; “P > 0.05 vs normal weight.
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Figure 2. Impact of C-reactive protein (A) and duration of hemodialysis (B)
on ERI. Data represent as mean + S.D. **P > 0.05 vs positive CRP group. ERI:
erythropoietin resistance index; CRP: C-reactive protein.

Our data showed that there is no significant difference
in hemoglobin levels (Figure 3A) and mean corpuscle
hemoglobin concentration (Figure 3B) between positive
and negative CRP groups. In addition, we demonstrated
that there is no significant difference in hemoglobin levels
between BMI categories (Figure 3C).

Discussion

Anemia is caused by a variety of mechanisms in CKD,
including erythropoietin deficiency, resistance to ESAs,
impaired iron metabolism and its clinical management
remains challenging. The aim of the current study was to
evaluate the impact of CRP, BMI, gender and duration of
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Figure 3. Impact of CRP on hemoglobin (A) levels and MCHC (B). Impact of BMI (C) on hemoglobin levels. Data represent as mean + S.D. CRP; C-reactive
protein; MCHC: mean corpuscle of hemoglobin concentration; BMI: body mass index.

hemodialysis. The finding of our current study the mean
of ERI was 10.95 + 1.56 U/kg/week EPO/Hb g/dL. In
addition, our data showed that male sex had higher ERI
than female; patients with normal weight category of BMI
had significant higher ERI than other BMI categories and
patients with positive CRP had significant elevated ERI
than patients with negative CRP. In our current study,
we found that patients with duration of hemodialysis
more than 36 months had higher ERI than patients with
duration of hemodialysis less than 36 months but there is
not reach significant value.

EPO has been applied in the clinic for many decades and
has greatly improved anemia, EPO hyporesponsiveness is
still observed in some HD patients. Previous studies have
documented a relation between EPO hyporesponsiveness
and poor clinical outcomes, such as anemia, heart failure,
and increased cardiovascular and all-cause mortality
(15,16). The ERI is a sensitive evaluation index of EPO
responsiveness and can predict composite events (CVD,
infection, hospitalization, or death) (16) and all-cause
mortality in HD patients (17,18). Our current study
showed that ERI values were from 8.02 to 13.72 U/kg/
week EPO/Hb g/dL, and the mean ERI value was (10.95 +
1.56) U/kg/week EPO/HDb g/dL. These data are consistent
with data reported by other studies (3,19).

Recent studies have established considerable variability
in ESA dose requirements among hemodialysis patients
(12,20). Inflammatory conditions, already established
as an important factor limiting the response to ESA
treatment in hemodialysis patients, are the probable cause
of the positive association that exists between ferritin
and the ERI (21,22). Gunnell et al demonstrated that
elevated level of CRP is associated with the highest EPO
dose needs for any given hemoglobin concentration (23).
A study done by Locatelli and colleagues showed that a

strong association between CRP levels and both absolute
EPO dose and the ERI, even after adjustment for many
potential confounding factors (24). Our current study
demonstrated that HD patients with positive CRP had
elevated ERI than patients with negative CRP. In addition,
we demonstrated that negative CRP patients had greater
hemoglobin concentration and MCHC than positive CRP
patients, but there was not reach significant value.

Since the proposed of EPO in the late 1980s, it has been
possible for HD patients to achieve desirable Hemoglobin
concentrations. As a result, the mean Hemoglobin level in
HD patients has improved significantly over the past two
decades (25). EPO achieving dosing can be challenging in
HD patients due to variations in patient response. In our
current study mean of ERI in normal weight patients was
significantly higher than overweight and obese patients.
In addition, the mean of ERI in overweight patients was
significantly higher than obese patients. The results of
our study similar to previous study reported that the
median ESA dose and ERI value were significantly higher
in non-obese than obese patients (26). This rising in
ERI in normal weight patients did not seem to result in
worsens anemia control. We documented that there is no
significant difference in hemoglobin levels among patients
in the different BMI categories. A variety of factors have
been described to impact the responsiveness to EPO in
HD patients, including secondary hyperparathyroidism,
iron deficiency, systemic inflammation, dialysis adequacy
and malnutrition (1,15,27).

The higher ERI in some patients is a condition that has
been studied. A study on low response to EPO established
that female receive higher EPO doses to attain the
hematocrit target. It also found a higher proportion of
female receiving EPO doses, but no association between
iron levels or high levels of PTHs and the use of EPO
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doses (28). Other publications have found that women
require higher doses of EPO, or even that low response
is associated with iron deficiency, poor nutritional state,
high-turnover bone disease, and tunneled-catheter
vascular access (3,29). Our current study demonstrated
that the ERI was greater in female HD patients than male.
Our findings concur with other publications observing a
relation between gender and EPO requirements. A study
assessing the association of anemia and survival found
that the masculine gender was one of the predictors of
higher levels of Hemoglobin, with an inverse relationship
between hemoglobin levels and EPO doses.
Physiologically, women have lower hemoglobin levels
than men, which are attributed to the effect of androgens
and estrogens on erythropoiesis. This occurs mainly
because of the vasodilator effect that estrogens have
on the kidney microvasculature, which causes higher
oxygen liberation per red blood cells mass unit at a
juxtaglomerular apparatus level (30). According to the
World Health Organization, there are gender-associated
differences in the hemoglobin levels that are considered
normal, as well as in the hemoglobin thresholds used
to define anemia, which is also applicable to patients
with CKD (31). Despite the differences between normal
levels of hemoglobin and the anemia cut-off, the current
guidelines of anemia management in patients with
CKD establish a hemoglobin target with no gender
distinction. A study conducted on a population that was
not undergoing dialysis or receiving EPO reported that
there is a higher absolute hemoglobin level in men than
in women in different stages of CKD. They proposed
considering a relative gender-specific hemoglobin level
defined as the percentage of measured hemoglobin value
in relation to the normal hemoglobin inferior limit for
each gender and found that relative hemoglobin is higher
in women than in men. They considered that this finding
was worth taking into account in future recommendations
and suggested the establishment of a lower hemoglobin
target in women (32). Our findings regarding the fact
that women required higher doses of EPO to achieve
the hemoglobin target could be the result of considering
women values of hemoglobin levels as similar to men and
might not indicate a difference in responsiveness to EPO.

Conclusion

Our data exposed that female gender, low BMI and
inflammation (positive CRP) contributed to EPO
hyporesponsiveness. In addition, there is no significance
different between lengths on hemodialysis

Limitations of the study

The limitations of our study include the fact that its cross-
sectional design means that it can only estimate the effect of
the explored variables, but cannot investigate the direction
of the link between the cause (gender, BMI and CRP) and
EPO resistance. Secondly, as a single-center (State) cross-

sectional study, our data may not be representative of
MHD patients in other states or other countries. Thirdly,
given that we detected CRP qualitatively.
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