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Abstract:  
Introduction: Erythropoietin-stimulating agents (ESA) enables the correction of anemia in patients on 

maintenance hemodialysis (HD) but ESA resistance remains incompletely understood among HD patients.  

Objectives: to examine variations in the response to erythropoietin (Epo) and identify factors which influence it.  

Patients and Methods: Prospective observational study conducted over 12 months on Egyptian patients on 

maintenance HD. The response to Epo was estimated by erythropoietin resistance index (ERI), defined as Epo 

dosage over a week divided by the post-HD weight and Hgb value. 

Results: The study included 89 patients (40.45% males) of avarage age 54.16 years, who had been on 

maintenance HD for average 94.47 months. Different ESA doses were needed to achieve and maintain the 

target Hgb range. The individual weekly dose of ESA ranged from 14.29 U/kg/week to 196.96 U/kg/week and of 

the ERI ranged from 1.22 U/kg/week/g/dl to 17.13 U/kg/week/g/dl. A satisfactory Epo response with ERI below 

5 U/kg/week/g/dl was found in 33.7% of patients, while 23.6% had average ERI above the 10 U/kg/week/g/dl, 

indicating that the percentage of patients with a poor response to Epo is not negligible. Multivariate analysis 

revealed serum albumin, transferrin saturation and statins use to be inversely related to ERI, whereas C-

reactive protein(CRP), dialysis dose (spKt/V), angiotensin-converting enzyme inhibitor(ACEI)/ angiotensin 

receptor blocker(ARB) use and intact parathyroid hormone (iPTH) were associated with higher ESA resistance.  

Conclusion: Target Hgb levels were achieved and maintained by different doses of Epo in individual patients as 

a result of large individual variations in the response to ESA estimated by the ERI. Serum albumin and CRP 

were the strongest independent predictors of ERI. 

Keywords: Hemodialysis, Renal anemia, Erythropoietin resistance, Erythropoietin stimulating agents. 

 

I. Introduction 
Deficiency of Erythropoietin (Epo) production by the kidney is the primary cause of anemia in patients 

with end-stage renal disease (ESRD) [1]. Discovery of erythropoietin-stimulating agents (ESAs) has 

revolutionized anemia management in ESRD patients by improvement quality of life and reduction of 

transfusions in these patients [2]. 

According to KDOQI Clinical Practice Guideline for Anemia in Chronic Kidney Disease (CKD) and 

KDIGO Clinical Practice Guideline for Anemia in Chronic Kidney Disease, the target hemoglobin (Hgb) level 

to be achieved is 11-12 g/dl and 11 to 12.5 g /dl, respectively [3,4]. However, clinical experience has shown that 

achieving and maintaining the target range of Hgb is not easy. Although, the response to treatment with ESA is 

dose dependent in most patients [5–7], the response may vary widely over time between patients and even 

within a given individual.  Individual patients showed significant variations in the concentration of Hgb over 

time and only a small percentage of patients maintained  stable target Hgb level[8–11]. Fluctuations in Hgb 

levels are very common, and different studies have explored Hgb variability and Hgb cycling phenomenon in 

individual patients [8,12]. 

ESA resistance and therefore the need for higher doses of ESA is a common problem affecting 5–10% 

of hemodialysis (HD) patients[5]. Several studies reported the association of Epo dosage and responsiveness 

with mortality[13–17]. 

Main factors associated with ESA resistance include iron deficiency [18] low serum albumin level [19],  

malnutrition [20], hyperparathyroidism[21], suboptimal dialysis[22]; however, ESA resistance is still an 

incompletely understood problem. Therefore, identifying the factors that associate with ESA resistance is 

important not only in reducing the costs associated with the treatment, but also possibly in influencing patients’ 

mortality risks.  

The aim of this study was to investigate the prevalence of insufficient response to treatment with ESA 

and to identify and quantify factors that influence ESA resistance in the ESRD patients on maintenance HD. 
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II. Patients And Method 
2.1 Patients  

The study subjects were recruited from outpatients who received HD for 3.5 to 4 hours three times 

weekly in the dialysis units in the Nephrology Hospital of the Armed Forces Medical Center at Maadi; Cairo, 

Egypt. All patients received conventional HD with bicarbonate as a dialysate.  

Patients were eligible for the study if they fulfilled the following criteria; aged ≥18 years, on stable HD 

for at least 3 months or longer, and who subjected to an ESA treatment. Eligible patients agreed to sign an 

informed consent were followed prospectively for 12 months from February 01, 2015 to January 31, 2016. The 

patients were excluded for one or more of the following criteria: (1) had active or recent neoplasia, (2) received 

red blood cells (RBCs) transfusion one month before the start or during study period, (3) had major surgical 

surgery or bleeding one month before the start or during study period, and (4) failed to be followed during one 

year study period either due to death, discontinuation of HD or transfer out of the unit.  

The study protocol was approved by the research and ethics committee of the Faculty of Pharmacy, 

Helwan University and the Ethical Committee of the Nephrology Hospital of the Armed Forces Medical Center 

at Cairo, Egypt. 

 

2.2 Anemia Management 

All patients received ESA treatment according to routine clinical practices in the unit which followed 

the standard guidelines at the time of the study[3]. According to the hospital suppliers, Epoetin alfa (Eprex® 

4000 IU), Epoetin beta (NeoRecormon® 5000 IU) and darbepoetin alfa (Aranesp® 20, 30 and 60 µg) were the 

available ESA during one year study period. The dose was monthly determined on the basis of the target Hgb 

level that amounted to 10-12 g/dl. Patients received Epo subcutaneously or intravenously at the end of the HD 

section. A dose conversion ratio of 1:200 was used to convert darbepoetin to that of epoetin (1 mg of 

darbepoetin alfa=200 IU of epoetin alfa or beta) [23,24]. Intravenous iron sucrose (Ferosac®) was given to 

achieve serum ferritin levels between 200 - 500 mg/l and individualized based on the patient’s Hgb 

concentration at the physician’s clinical discretion.  Iron therapy was interrupted when serum ferritin levels 

exceeded 800 mg/l.  

 

2.3 Data Collection and Blood Sampling  

Data on demographic characteristics (gender and age), pre and post dialysis body weight, height, 

etiology of chronic kidney disease (CKD), dialysis duration, vascular access, co-medications and various co-

morbidities were recorded at the start of the study. During the follow up period, data pertinent to treatment of 

anemia including ESA type and dose, iron doses and blood transfusion administration, were monthly collected. 

Patients’ adequacy of dialysis dose measured by single pool Kt/V (spKt/V) was monthly calculated according to 

the second-generation equation of Daugirdas [25].  

Blood was drawn in the third week of each month, after an overnight fast, before the start of the HD 

session. Patients’ blood samples were taken for laboratory analyses. Complete blood count, serum albumin, iron, 

calcium, inorganic phosphorus, alkaline phosphatise (ALP) and lipid profile (total cholesterol and triglyceride) 

were measured at monthly intervals for one year duration, while serum ferritin and intact parathyroid hormone 

(iPTH) and anti-hepatitis C virus (HCV) antibodies were performed on quarterly basis in February, May, August 

and November 2015. Total iron binding capacity (TIBC) and high sensitivity C-reactive protein (CRP) were 

determined semi-annually in February and August as they were not routinely measured. CRP was determined by 

an immunoturbidimetric method (a reference value 0-5 mg /l). Laboratory analyses were measured according to 

widely used techniques. 

 

2.4 Statistical Analysis 

The outcome measure used to evaluate the dose-response effect of ESA treatment was the 

erythropoietin resistance index (ERI) defined as total Epo dosage over a week divided by the average post HD 

weight for that week, further divided by the most recent Hgb concentration [26,27] to normalize the amount of 

required ESA for the degree of severity of anemia. Results are presented as means ± standard deviations (SD) 

and range for continuous variables. Categorical data are presented as frequencies and percentages.  

Pearson correlation test was used to determine relationship between parametric continuous variable and 

ERI, while correlations between nonparametric continuous variables were calculated as the spearman's rho 

coefficient. Further analysis included a univariate analysis to compare ERI values among categories of patients’ 

characteristics. Categorical variables were compared with the Mann–Whitney U-test and continuous variables 

were compared with Student’s t-test, the Mann–Whitney U-test and analysis of variance (ANOVA) test.  

Multiple linear regression modeling was performed to determine independent predictors of ERI and the 

variance in ERI that is accounted for by these variables. All variables directly included in the ERI definition (i.e. 

ESA doses, Hgb values and measures of body mass index (BMI)) were excluded of the regression model in 
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order to minimize collinearity. A P value less than or equal to 0.05 was considered statistically significant. All 

statistical analyses were performed with SPSS V. 22. 

 

III. Results 
A total of 101 patients were identified by inclusion criteria but 12 were missed during the 12 months 

follow up period because 7 were died, 2 had blood transfusion, and 3 were transferred out of unit. Therefore, 

data from 89 patients were available for study analysis. Baseline demographics and clinical characteristics of the 

studied patients were described in Table1.  

 

Table1: Baseline demographics and clinical characteristics of the studied patients. 
Characteristic Population study 

 Mean ± SD or n (%) 

Number of patient (n) 89 

Gender (Male) 36 (40.45) 

Age (years) 54.16 ± 15.68 

Baseline Body Weight (kg) 76.05 ± 19.37 

Ht (cm) 164.25 ±10.22 

BMI (kg/m2) 28.16 ±7.08 

Time on HD (Months) 94.47± 76.71 

Baseline spKt/V 1.16 ± 0.37 

Etiology of CKD 

Hypertension 35 (39.33) 

Diabetes mellitus 11 (12.36) 

Chronic interstitial nephritis 12 (13.48) 

Polycystic kidney 8 (8.99) 

Glomerular disease 4 (4.49) 

Others 17 (19.10) 

Unknown 2 (2.25) 

Vascular access 

AV Fistula 81 (91.01) 

Permanent catheter 3 (3.37) 

Synthetic graft 5 (5.62) 

Dialyzers’ membrane 
Low flux (FX 10) 27 (30.34) 

High flux (F70S) 62 (69.66) 

Co-morbidity factor 

Arterial hypertension 62 (69.66) 

Diabetes mellitus 20 (22.47) 

Congestive heart failure 14/15.73 

Ischemic heart disease 6 (6.74) 

Positive HCV Abs 50 (57.47) 

Plan for transplantation 10 (11.24) 

Previous failed transplantation 9 (10.11) 

ACEI/ARBs use 19 (42.22) 

Statin use 14 (15.73) 

CKD: chronic kidney disease, spKt/V: single-pool Kt/V (index of adequacy of dialysis dose), AV: arteriovenous, 

FX 10, Fresenius Helixone® low-flux dialysis membrane, F70S: Fresenius Polysulfone® High-Flux dialysis 

membrane. HCV Abs: Hepatitis C virus antibodies, ACEI: angiotensin converting enzyme inhibitor, ARB: 

angiotensin II receptor blocker. 

Average laboratory parameters measured during one year follow up are presented in Table 2. The 

arithmetic mean concentration of the measured laboratory parameters were within their normal limits. It is 

evident that the values of iPTH were elevated. The concentrations of serum iron and serum ferritin, as well as 

the transferrin saturation were in the recommended intervals. 

All patients achieved the target Hgb level 10-12 g /dl except 3 patients whose 12 values of Hgb 

concentration recorded in the 12 follow-up months were below10 g/dl. The distribution of patients according to 

the average concentration of Hgb for the whole year and the number of patients in whom the Hgb concentration 

at least once during the year was below 10 g/dl was represented in Fig. 1. Although the average concentration of 

Hgb was above 10g/dl in 73 of 89 patients (about 82%), in 44 patients during one year, this concentration was 

one to 9 times was lower than 10 g/dl. As expected, this low Hgb more often occurred in patients with an 

average Hgb concentration of less than 11 g/dl. In 19 patients (21.35 %) Hgb concentration below 10 g/dl was 

recorded three times or more during one year study period and they were patients who may be considered as 

patients with a weak response to Epo. 
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Table 2: Laboratory parameters measured during one-year follow up 
 Laboratory parameters For the whole year  mean ± SD  (range) 

Hemoglobin, g/dl 10.77 ±1.12 (8.73 -12.45) 

Hematocrite, % 33.46 ±2.90 (23.3-38.9) 

Blood Urea (Predialysis), mg/dl 135.88 ±23.74 (90.43- 225.58) 

Blood Urea (Postdialysis), mg/dl 52.32 ±12.56 (31.1- 89.91) 

Creatinine (Predialysis), mg/dl 10.43 ±2.41 (4.93- 18.61) 

Creatinine (Postdialysis), mg/dl 4.36±1.49 (2.43 -13.25) 

spKt/V 1.19 ±0.37 (0.7- 1.9) 

Calcium, mg/dl 8.35 ±0.94 (6.65- 9.78) 

Phosphorus, mg/dl 4.69 ±1.32 (2.62- 7.77) 

ALP, U/l 215.48 ±245.69 (39.43 -1407.9) 

Albumin, g/dl 3.98 ±0.48 (3.42- 4.68) 

Total Cholesterol, mg/dl 170.55 ±43.26 (81.75- 267.2) 

Triglycerides, mg/dl 157.76 ±78.77 (56.33-416.92) 

CRP, mg/l 12.33 ±9.15 (0.60- 27.6) 

Serum Iron, µg/dl 74.95 ±26.43 (47.37- 164.21) 

TIBC, µg/dl 261.34 ±61.93 (146.50 -441)  

Transferrin Saturation, % 31.94±12.66 (10.54-89.80) 

 Ferritin, ng/ml 426.90 ±358.80 (17.70 -1445.35) 

iPTH, pg/ml  571.31 ±446.81 (1.60-1706.55)  

SD: standard deviation, spKt/V: single-pool Kt/V (index of adequacy of dialysis), ALP: alkaline phosphatise, CRP: 

C- reactive protein, TIBC: total iron binding capacity, iPTH: intact-parathyriod hormone 

 

 
Figure 1: Distribution of patients according to the mean concentration of hemoglobin for the whole year.  

 The darker part of columns represented no. of patients with at least one Hgb concentration value below 10 g/dl. 

Table 3 showed the average concentrations of the Hgb level, weekly dose of Epo per kg of body 

weight, iron doses and ERI first months of each calendar quarter during one year follow up, and for the 

whole year. The scope of individual values of Hgb and the average doses of Epo showed individual 

differences between months. There were great variation in Epo doses; however, Hgb values remained in 

their target level. This was due to continuous Epo dosage adjustment to maintain the Hgb target.  

Table 3: Hgb level, weekly doses of Epo, ERI and intravenous iron doses in first months of each calendar 

quarter during one year follow up and for the whole year. 
 1st Mon. 

February 

mean ± SD 

(range) 

4th Mon. 

May 

mean ± SD 

(range) 

7th Mon. 

August 

mean ± SD (range) 

10th Mon. 

November 

mean ± SD (range) 

For the whole  

Year 

 mean ± SD (range) 

Hgb, g/dl 10.32 ±1.03 

(7-12.4) 

11.01*±1.268 

(8.1-14.7) 

10.45** ±1.26 

(8.2-14.5) 

11.19*,***± 1.30 

(8.4-14.1) 

10.77± 0.83 

(8.73 -12.45) 

EPO 

Dose/kg/week, 

U/kg/week 

86.87±54.32 

(0-235.29) 

55.00*±35.65 

(0- 190.48) 

74.60** ± 57.87 

(0-206.90 ) 

86.56**,*** 

±53.56 
(0- 200.00) 

78.83 ±39.10 

(14.29 -196.96) 

ERI, 

U/kg/week/g/dl 

8.69 ±5.89 

(0- 24.77) 

5.22* ± 3.44 

(0- 19.84) 

7.56**±6.20 

(0-24.06 ) 

8.02** ±5.11 

(0-19.99) 

7.64 ±4.12 

(1.22-17.13) 

Iron Dose 

(mg/month) 

203.37 ±178.03 
(0-400) 

131.46* 
±164.18 

(0-400) 

138.20* ±154.85 
(0-400) 

115.73* ±143.73 
(0-400) 

140.26 ±113.67 
(0-400) 

* P < 0.05 compared to the value in February, ** P < 0.05 compared to the value in May, *** P < 0.05 compared to 

the value in August 
 

Out of 89 studied patients, 86 patients (96.6%) achieved the target concentration Hgb 10-12 g/dl but 

the average weekly Epo doses for individual patients showed great variation, and were ranged from 14.29 to 

196.96 U/kg/week. Analysis of individual ERI values showed large differences in index values between 

individual patients. The lowest value of individual ERI was zero indicated suppression of Epo dose in that 

month, and even the highest value of individual ERI was 25.54 U/kg/week/g/dl. Mean ERI for the entire studied 

patients was 7.64 U/kg/week/g/dl. It turned that is the lowest individual average ERI value was 1.22 
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U/kg/week/g/dl, and the highest average was 17.13 U/kg/week/g/dl. The calculated mean value of ERI for each 

patient was on the basis of 12 values received during the 12 months observed. Distribution of patients according 

to the mean value of ERI is shown in Fig. 2. Thirty (33.7%) patients had average ERI below 5 U/kg/week/g/dl. 

Forty two (47.19%) patients had average ERI above 7 U/kg/week/g/dl, and even half of them (23.6%) had 

average ERI above the 10 U/kg/week/g/dl, indicating that the percentage of patients with a poor response to Epo 

is not negligible. 

 

 
Figure 2: Distribution of patients according to the mean value of erythropoietin resistance index (ERI) 

calculated from 12 values recorded in the 12 follow-up months. 

 

As expected, the weekly weight-adjusted dose of Epo (U/week/kg) was inversely related to Hgb 

concentration (r = -0.630, P <0.001) and directly associated with ERI (r =0 .993, P <0.001). Correlation 

analysis, as expected also, showed that there is a strong association between ERI and Hgb concentration (r = -

0.694; P <0.001). Males had a significantly lower ERI (6.47 ± 3.73 U/week/kg/g/dl) than females (8.44 ± 4.22 

U/week/kg/g/dl, P value was < 0.05). There was an inverse correlation between age and ERI, older age was 

associated with lower ERI in the studied patients (r = -0.229, P <0.05). Sixty years old and older patients had a 

significantly lower ERI compared with younger ones (P <0.05), the mean ERI in older patients (> 60 years) was 

6.72± 3.66 while it was 8.59± 4.39 in younger ones (≤ 60 years). Increased BMI was associated with a 

significantly lower ERI values (r = -0.282, P =0.007). The mean ERI in overweighed patients (BMI > 25Kg/m2) 

was 6.67± 3.80 significantly lower than that in patients with BMI ≤ 25 Kg/m2 which was 9.44± 5.11 (P =0.008).  

There were no significant differences in ERI associated with the causes of CKD (f = 0.437, P > 0.05) 

or with months on HD (r = -0.109, P > 0.05). In contrast, there was a significant increase in ERI as a result of 

increased dialysis dose (spKt/V) in the studied patients (r = 0.328, P =0.002). In patients on dialysis with low-

permeability membranes (Low flux, FX10), ERI was almost similar to that in patients with higher membrane 

permeability (High flux, F70S) (7.63 ± 3.52 vs 7.65 ± 4.38 U/kg/week/g/dl, P > 0.05).  ERI was slightly higher 

in patients who planned for transplantation than patients didn’t, although the difference was not statistically 

significant (9.01 ±3.76 vs 7.47 ±4.16 U/kg/week/g/dl, P > 0.05).  

There were no significant differences in ERI between patients with and without hypertension, nor were 

there significant differences in ERI associated with the presence of diabetes mellitus or congestive heart failure. 

Results revealed that ERI values of anti-HCV-positive patients were lower than those of anti-HCV-negative 

ones; however, the difference wasn’t statistically significant (7.20 ± 4.36 vs 8.25 ± 3.84 U/kg/week/g/dl, P > 

0.05). ACEI/ARB use was associated with significant higher ERI than non use (9.52 ± 3.85 vs 7.13 ± 4.07 

U/kg/week/g/dl, P= 0.018). In contrast, statins use was associated with significant lower ERI than non use (5.35 

± 3.34 vs 8.07 ± 4.13 U/kg/week/g/dl, P = 0.025). 

ERI had significant negative correlation with serum albumin levels (r = -0.412, P < 0.001), patients 

with serum albumin concentrations >4 g/dl had a significantly lower ERI values (6.18 ± 3.06 U/kg/week/g/dl) 

than ones with serum albumin concentrations ≤ 4 g/dl (9.01 ± 4.53 U/kg/week/g/dl, P < 0.001). There was a 

significant direct correlation between CRP concentrations and ERI (r = 0.304, P=0.004). 

Transferrin saturation correlated inversely with ERI (r = -0.265, P = 0.012). For the 12 patients with 

transferrin saturation <20%, mean ERI was 10.90 ± 3.69; for the 59 patients with transferrin saturation 20%–

40%, ERI was 7.34 ± 4.15; and for the 18 patients with transferrin saturation >40%, ERI was 6.46 ± 3.33 

U/kg/week/g/dl (P =0.008). In contrast, results revealed no significant correlation between ferritin levels and 

ERI (r = -0.041, P > 0.05). Furthermore, there were no significant differences in ERI between patients whose 

ferritin levels were above 100 mg/l (n=46, 51.69%) compared with whom levels were below 100 mg/l (7.72 ± 

4.14 vs 7.38 ± 4.16 U/kg/week/g/dl, P > 0.05). There was a significant positive correlation between iPTH and 

ERI (r = 0.274, P = 0.009). In contrast, ERI had no significant correlation with serum iron (r = -0.139, P > 0.05), 

iron dose (r = 0.173, P P > 0.05), TIBC levels (r = 0.123, P > 0.05), ALP (r = -0.026, P > 0.05), calcium (r = -

0.142, P > 0.05) or with phosphorus (r = -0.063, P > 0.05). Results also revealed that iPTH was statistically 

significantly correlated with the ERI (r =0.274, P =0.008).  
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In respect to lipid profile, ERI had no significant correlation with total cholesterol (r = -0.034, P > 0.05) 

or with triglycerides (r = -0.153, P > 0.05). Sixty eight patients (76.40%) were with cholesterol levels < 200 

mg/dl. The mean ERI for those patients was 7.63 ± 4.39 U/kg/week/g/dl; in the 19 patients whose cholesterol 

levels were between 200 mg/dl and 240 mg/dl, ERI was 7.98 ± 3.22 U/kg/week/g/dl. In 2 patients with 

cholesterols >240 mg/dl, ERI was 5.01 ± 0.79 lower than the other groups. However, the difference wasn’t 

statistical significant (P > 0.05).  

Multiple linear regression modeling was performed to determine independent predictors of ERI. The 

basic multivariate model was created by incorporating all predictors with a P value < 0.1 in correlation analysis. 

Therefore, influence of gender, age, statins use, ACEI/ARBs use, spKt/V, serum albumin, CRP, iPTH and 

transferrin saturation were tested by enter method in SPSS. Table 4 showed regression coefficients for variables 

predicting ERI in the basic multivariate model. R squared was 49.4% (P < 0.001).  

Backward regression procedure was then performed. Non significant terms (P > 0.05) were removed 

from the analysis and only variables which led to a significant contribution were retained to develop the next 

model of ERI. Regression coefficients for variables predicting ERI in the final model is showed in table 5. Table 

5 showed that 47.7% of the variance in the ERI was explained by the following variables: serum albumin, CRP, 

iPTH, transferrin saturation, spKt/V, statins use and ACEI/ARBs use. Serum albumin was the strongest 

independent predictor of ERI. CRP was the second strongest significant factor associated with ERI. 

 

Table 4: Basic multivariate model for variables predicting ERI. 
 Unstandardized 

Coefficients 

Standardized 

Coefficients 

95% Confidence 

Interval for B 

Beta SE Beta Sig. Lower 

Bound 

Upper 

Bound 

(Constant) 30.867 9.302  0.001 12.353 49.382 

Gender 1.057 0.687 0.127 0.128 -0.311 2.425 

log Age -1.819 2.965 -0.062 0.541 -7.721 4.082 

spKt/V 3.144 1.860 0.176 0.095 -0.557 6.845 

Statin use -2.228 0.925 -0.198 0.018 -4.068 -0.388 

ACEI/ARBs use 1.753 0.825 0.175 0.037 0.110 3.395 

Albumin -4.798 1.505 -0.279 0.002 -7.793 -1.803 

CRP 0.103 0.038 0.229 0.009 0.027 0.179 

log TSAT -5.199 2.141 -0.212 0.017 -9.460 -0.938 

iPTH 0.002 0.001 0.188 0.028 0.000 0.003 

SE: standard error, Sig.: Significance P value, CRP: C- reactive protein, spKt/V: single-pool Kt/V (index of adequacy of 

dialysis), iPTH: intact-parathyriod hormone, TSAT: Transferrin saturation, ACEI: angiotensin converting enzyme 

inhibitor, ARB: angiotensin II receptor blocker, log: logarithm. 

 

Table 4.24: Final multivariate model for variables predicting ERI. 
 Unstandardized 

Coefficients 

Standardized 

Coefficients 

95% Confidence Interval 

for B 

Beta SE Beta Sig. Lower Bound Upper 

Bound 

(Constant) 27.951 6.854  0.000 14.314 41.588 

spKt/V 4.122 1.562 0.230 0.010 1.013 7.230 

Statin use -2.252 0.912 -0.200 0.016 -4.067 -0.437 

ACEI/ARBs use 1.887 0.824 0.189 0.025 0.248 3.526 

Albumin -4.926 1.508 -0.287 0.002 -7.928 -1.925 

CRP 0.104 0.038 0.231 0.008 0.028 0.180 

log TSAT -5.383 2.131 -0.220 0.014 -9.624 -1.142 

iPTH 0.002 0.001 0.191 0.026 0.000 0.003 

SE: standard error, Sig.: Significance P value, CRP: C- reactive protein, spKt/V: single-pool Kt/V (index of adequacy 

of dialysis), TSAT: Transferrin saturation, iPTH: intact-parathyriod hormone, ACEI: angiotensin converting enzyme 

inhibitor, ARB: angiotensin II receptor blocker. 
 

IV. Discussion 
This study has analyzed the response to ESA and reported the association between demographics, 

laboratory parameters, medication use, co-morbidity factors and ESA resistance in a sample of relatively stable 

patients undergoing chronic HD that were followed for a period of 1 year. Response to treatment with Epo and 

variations in this response were assessed in this study using ERI which defines the relationship between body 

weight-adjusted dose of Epo and Hgb concentration. The major finding of this study is that serum albumin, 

CRP, iPTH, transferrin saturation, spKt/V, statins and ACEI/ARBs medications are independently associated 

with ESA resistance and serum albumin and CRP were the strongest independent predictors of ERI.  

It is very important to maintain target Hgb level because maintaining of Hgb concentration at less than 

10 g/dl as well as frequent variations with occasionally falling of Hgb concentration below 10 g/dl are 
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associated with an increased risk of mortality and have a negative impact on the quality of life[16,28–31]. On 

the other hand, attempts to raise Hgb target showed that the increase Hgb level over 13 g/dl is also related to 

higher mortality rate and doesn’t associate with a significant reduction of cardiovascular events [17,29,32–34]. 

Furthermore, previous studies have shown that the variation of the Hgb over time associated with mortality 

risks, more frequent comorbidities and hospitalizations [8,9,34,35]. In the current study, the average Hgb 

concentration of each month of total 12 months observed ranged between 10.32 and 11.19 g /dl which 

maintained between 10-12 g/dl. Throughout the year, the average Hgb concentration for the whole sample was 

10.77 g/dl. This was in accordance with FDA recommendations that warned risks for death, serious adverse 

cardiovascular reactions, and stroke when administered ESAs to target a Hgb level of greater than 11 g/dl [36].  

Special attention is paid to research of insufficient response the treatment of Epo and  to causes of the 

inadequate response [37–41] because of the large individual differences in the dosage of Epo as well as the great 

individual variation in values of ERI. In the current study, the differences between the ERI individual values 

were high and weekly Epo dose for individual patients is widely varied from month to other because of 

continuous individualized adjustment of Epo doses according to Hgb concentration. The average weekly dose of 

Epo ranged from 55 to 98.3 U/kg. It was evident that different patients required different Epo dosage for the 

maintenance of target Hgb level, that is consistent with numerous studies which included thousands of patients 

[8,9,28,34]. 

Female gender was associated with a higher resistance to Epo in the studied patients. These results are 

consistent with data reported by other authors [39,40,42] and might be explained by the difference seen in iron 

release from reticuloendothelial cells to the marrow for erythropoiesis in women versus men [43,44].  

Age in the studied patients was inversely associated with resistance to Epo. Elderly patients received 

less Epo indicating that they did not experience functional iron deficiency as much as the younger patients. 

These results confirm the data of other authors [45].  However; some authors that older age was associated with 

higher resistance to Epo [40] as many elderly patients have low Hgb levels despite the high doses of ESA 

received, while others have found no association [46]. Further studies are needed to emphasize the true 

association between age and resistance to Epo. 

Patients with a lower BMI, which indicated poor nutrition, had a higher ERI. This confirms results of 

Lopez-Gomez et al[40]. Since body weight is a part of the ERI definition, the results of BMI effects on ERI 

should be interpreted with caution.  

The estimation equation for spKt/V based on the urea reduction ratio, the dialysis session length and 

fractional volume removal (weight loss divided by body weight).  Kt, the top part of the fraction, is clearance 

multiplied by time, representing the volume of fluid completely cleared of urea during a single treatment V, the 

bottom part of the fraction, is the volume of water a patient's body contains. Many studies confirmed the idea of 

association of well removal of uremic inhibitors of erythropoiesis through adequate dialysis dose and getting the 

target responsiveness to the Epo treatment suggesting that the more inflamed patients could have a lower Kt/V 

because of difficulties in performing HD [47,48]. However, our finding in the studied patients was that 

increased dialysis dose (Kt/V) is associated with higher ERI. This may be explained as a delayed hemolysis or 

severe changes of the erythrocyte morphology occurred after prolonged extracorporeal circulation [49]. In 

agreement with our study, Lopez-Gomez et al [40] reported positive association of spKt/V and ERI but failed to 

find a statistical significance. Carefully designed studies are needed to further evaluate this association. 

Comorbidities are thought to increase inflammatory state and hence associated with poor response to 

Epo [50,51]. The current study did not demonstrate a link between presence of hypertension, diabetes mellitus, 

congestive heart failure and ERI. This confirms previous result [39]. However, Lopez-Gomez et al. [40]  found 

that patients with a history of heart failure had a higher ERI than patients without this antecedent. The current 

study failed to find such association perhaps due to relative small number of patients and limited ascertainment 

of these conditions. ERI values of anti-HCV-positive patients were lower than those of anti-HCV-negative ones; 

however, the difference wasn’t statistically significant. This is in agreement with a recent study [52]  which 

found that average required dose of Epo was lower in the anti-HCV-positive group than in the anti-HCV-

negative group. 

ACEIs thought to cause anemia through decreased production of RBCs. In addition, ACE inhibitors 

may impair erythropoiesis via either suppression of angiotensin-mediated Epo production or bone marrow 

response to Epo [53].  The relationship between the use of ACEI and ERI is still controversial, some 

investigations showed no relationship [54–56] while others [57,58] confirmed this study’s finding and showed 

reduction in response to ESA. This study showed a positive significant association between statins use and ERI. 

This comes in agreement with several studies because of statins’ pleiotropic properties that reduce 

inflammation[59–61]. By contrast, others [62] failed to show a statistical significant decrease in the CRP levels, 

suggesting a mechanism other than decrease in inflammation for the reduction of ERI. 

Previous studies have shown that inflammation is one factor that reduces the response to Epo 

[6,50,63,64]. In addition, nutritional status plays a fundamental role in the clinical course of HD patients 
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because it is closely related to inflammation through common mediators such as IL-6 or TNF-α [65,66]. 

Therefore, albumin level could be considered a marker of nutritional status as well as inflammation. 

Malnutrition and inflammation can cause hypoalbuminemia and also suppress erythropoeisis since the elevated 

levels of cytokines particularly IL-1, mediates acute phase response, enhances CRP production and reduces 

albumin level and transferrin synthesis [19]. Low level of transferrin prevents transportation of iron to the 

hematopoietic sites and leads to suppression of Hgb synthesis as well as hyporesponsiveness to ESA [41]. 

Accordingly, this study pointed out that CRP was a significant independent predictor of response to Epo.  In 

addition, the intensity of the response to Epo was inversely related to albumin concentration (P <0.001). This 

finding coincides with other studies [38–40] .  

Iron deficiency is an important cause of resistance to treatment with Epo in HD patients [18,67]. 

Possible causes for iron deficiency include occult gastrointestinal losses, blood losses due to residual blood in 

the dialyzer lines, the use of catheters for vascular access, routine laboratory tests and possible functional iron 

deficiency. This study found a significant negative relationship between transferrin saturation and ERI. In 

addition, patients with transferrin saturation below 20% had higher ERI values confirming that functional iron 

deficiency can be a substantial cause of Epo resistance. Furthermore, patients with transferrin saturation above 

40% had lower ERI values suggesting that the appropriate levels of functional iron could enhance Epo response 

and that the ideal saturation level in such patients should be at least more than 20% as recommended by 

(KDOQI) guideline. In contrast, in studied patients, no relationship was found between serum ferritin and ERI. 

This matches the DRIVE study which reported that ferritin level is not a good marker to assess iron 

requirements [68]. In another study compared intravenous iron administration to no iron use in HD patients 

treated with Epo, an increase in Hgb occurred despite substantially elevated ferritin levels and iron stores 

markers was found to be of little value to guide iron management in HD patients [69]. 

Consistent with previous studies that included large samples [38,39,70], the current study found that 

hyperparathyroidism is directly associated with ESA hyporesponsiveness. It is evident that hyperparathyroidism 

diminishes endogenous Epo synthesis, reduces bone marrow erythroid progenitors, and shortens erythrocyte 

survival [71]. The higher iPTH suppressed the calcitriol receptor activity on the red cell surface, resulting in the 

deficiency of active vitamin D leading to the reduced releasing of endogenous Epo, reducing the sensitivity of 

peripheral tissue towards Epo, thus resulting in the Epo resistance.[72] In addition, hyperparathyroidism 

affected indirectly Epo response through the association of renal osteodystrophy with bone marrow fibrosis [73],   

that is confirmed by the restored bone marrow space as well as concomitant rise of serum Epo concentrations 

after parathyroidectomy [74]. 

It was evident that patients with lower serum total cholesterol level are likely to have a poorer 

nutritional status and possibly a greater likelihood of inflammation[75,76].  In the present study, both serum 

total cholesterol and triglycerides correlated inversely with ERI; however, no significant associations were 

found. 

This study has several points of strength; the study was one year follow up study period to asses 

HD patients’ responsiveness to Epo, which is higher than in most other studies [17,28,77] In addition, a variety 

of biochemical markers and co-medication use that can affect ERI were analyzed. Furthermore, all laboratory 

data obtained from a single center which ensuring uniformity of laboratory measurements. However, several 

limitations should be noted. This study was not designed to investigate the influence of the route of 

administration. Compared to the intravenous route, subcutaneous administration of Epo requires lower doses 

[78]. Therefore, present results may have been skewed by the route of Epo administration. Also, the compliance 

with the prescribed medications, including statins and ACEI/ARBs,  that were used as covariates in this study, 

were based only on self-report with no information on the actual compliance. Sample size in the current study 

was relative small, so further studies are required to be performed on large sample population in order to 

implement our findings as guidelines in management of anemia in Egyptian HD patients. This study didn’t 

include patients with well-known causes of anemia such as hemorrhage, surgery, chronic infections and cancer 

diseases and conducted on relative stable HD patients not on incident ones. Therefore, the results can’t be 

generalized [79]. 
 

V. Conclusions 
Research conducted in this paper confirmed that achievement and maintenance of target Hgb level 

10-12 g/dl in HD patients necessitate different doses of ESA, as well as continuous adjustment of the dosage. It 

has been shown that there are significant individual differences in the response to the treatment with Epo, which 

was estimated using ERI, whereas serum albumin and CRP levels are the strongest significant factors associated 

with ERI. Therefore, it is necessary to continuously implement prevention and treatment of persistent co-morbid 

conditions that may occur in patients with CKD, in particular those that contribute to the occurrence of 

malnutrition and inflammation. These measures will lead to improving the management of anemia which has a 

significant impact on quality of life, morbidity, hospitalization and survival of patients. 
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