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Abstract  Background: Uremic pruritus (UP) is a common and burdened symptom for patients with End Stage Renal 

Disease (ESRD) affecting up to 46% of hemodialysis patients. The pathophysiology of uremic pruritus is not well known and 

is multifactorial. Aim of the study: To evaluate soluble Erythropoietin receptor in the serum of HD patients, and to clarify its 

possible role in pathogenesis of pruritus and correlate its level with the severity of itching in HD patients. Subjects and 

methods: Across section case control study was carried out on sixty ESRD patients on regular HD, thirty patients with UP 

group (A) and thirty patients without UP group (B), and thirty apparently healthy age and sex matched subjects as control. 

Assessment of itching severity by 5-D itch scale (degree, duration, direction, disability and distribution). Serum Urea, 

Creatinine, Calcium, Phosphorus and Parathyroid Hormone levels, Serum (s-EPOR) were measured in both patients and 

healthy controls. Results: There was significant increase of s-EPOR level in serum of HD patients in comparison with 

control group and significant increase of its level in patients with pruritus more than patients without pruritus. The Severity of 

pruritus according to 5-D scale in group (A) was (50%) mild, (43.3%) moderate and (6.7%) severe. There were no significant 

relation between s-EPOR level and severity of pruritus, duration of dialysis, or pruritus. Conclusion: The study concluded 

that elevated serum level of soluble erythropoietin receptor in HD patients with pruritus more than those without pruritus. 
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1. Introduction 

Pruritus is considerd a highly prevalent condition in 

advanced chronic kidney disease (CKD) and ESRD patients 

on regular dialysis [1]. The pathophysiology of UP is 

complex and involves multiple assumption mechanisms 

contributing to pruritus including anemia, inadequate 

dialysis, histamine release from skin mast cells, skin  

dryness and secondary hyperparathyroidism as well as   

high B2-microglobulin. Hyperparathyroidism can stimulate  

mast cells to release histamine and can promote micro 

precipitation of calcium and magnesium salts in the skin [2]. 

The relationship between somatic neuropathy and UP and or 

dysautonomia were also suggested [3]. It was proposed that 

the itch associated with CKD is a manifestation of an 

immune system derangement with overactivation of CD4+ 

TH1 lymphocytes [4]. 

Erythropoietin is a growth factor commonly used to 

manage anemia in patients with CKD, it acts through the 

erythropoietin receptor (Epo R) present in erythroblasts [5]. 
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Alternative mRNA splicing produces a soluble form of  

EpoR found in human blood. EPO modifies the cellular 

inflammation process by inhibiting the expression of 

pro-inflammatory cytokines IL-1 and TNF-α and decreased 

pro-inflammatory mediators such as osteopontin and 

C-reactive protein [5].  

Khankin et al [6] suggested that circulating sEpoR 

competes with erythropoietin for receptor binding and that 

elevated levels of sEpoR at initiation of hemodialysis 

portend increased erythropoietin dose requirements needed 

to sustain target hemoglobin levels. Furthermore they 

hypothesized that sEpoR production may be mediated by 

inflammatory cytokines present in the uremic milieu.  

Aim of the study: To evaluate soluble Erythropoietin 

receptor in the serum of HD patients, and to clarify its 

possible role in pathogenesis of pruritus and correlate its 

level with the severity of itching in HD patients. 

2. Subjects and Methods 

A cross section case control study was carried out on sixty 

patients on HD three times per weekly, thirty patients with 

UP and thirty patients without UP and thirty apparently 

healthy age and sex matched subjects as controls. All 

subjects ages ranged from 19 to 60 years mean ±SD 

https://www.sciencedirect.com/topics/medicine-and-dentistry/uremic-pruritus
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(33.9±10.96). ESRD patients on regular HD for more than 6 

months, their age more than 18 years were included in the 

study, all Patients were recruited from the haemodialysis unit 

of AL Zahraa University Hospital in Cairo, Egypt, over a 

period of twelve months (January 2015- December 2016).  

All the patients were dialyzed three times a week for    

4 h were using high flux dialyzer with reverse osmosis 

purified water and bicarbonate containing dialysate. 

Polysulfone membranes were used. Bloodlines and filters 

were steam-sterilized. Moreover, patients had to be 

adequately dialyzed with a single Kt/V of at least 1.2. 

After explaining the purpose of the study which was 

approved by the faculty ethics committee and taking the 

consents of both cases and controls; data were collected 

through personal interview and they were asked to fulfill a 

specially designed structured questionnaire. We have 

excluded patients with Systemic pruritic diseases such as 

hepatic disease and allergic diseases, Pruritic dermatologic 

diseases as various forms of eczema, lichen simplex, 

urticaria and infections, patients with immunosuppressive 

disease as HIV infection and neoplastic diseases, patients on 

immunosuppressive therapy in the past 3 months or 

erythropoietin therapy. 

All patients were subjected to the following: Full medical 

history with special reference to age, sex, duration of dialysis, 

duration and intensity of pruritus. General and local 

examination including chest, heart, abdomen, neurological 

and dermatological examination for exclusion of other 

causes of pruritus. 

Assessment of itching severity by 5-D itch scale which is 

multidimensional questionnaire containing five dimensions 

(degree, duration, direction, disability and distribution) 

designed to be useful as an outcome measure for itching 

severity in clinical studies [7]. 

The scores of each of the five domains were achieved 

separately and then summed together to obtain a total 5-D 

score. 5-D scores can potentially range between 5 (no 

pruritus) and 25 (most severe pruritus) [7]. 

Laboratory tests for all studied groups including Serum 

Urea, Creatinine, Calcium (Ca+), Phosphorus (p) and 

Parathyroid Hormone (PTH) levels were done using  

(Cobas C311, Roche, Germany). Serum (s-EPOR) by an 

Enzyme linked immunosorbent assay (ELISA) kit.. GLORY 

SCIENCE CO., LTD Address 2400 veterans Blvd.Suite 

16-101 Del Rio, Tx 78840, USA. 

Five ml of venous blood were aseptically collected from 

each patient and control. Samples were dispensed in tubes 

and left to clot for 30 minutes at 37°C, then they were 

centrifuged at 2000-3000 R/m for 20- minutes. The collected 

sera were finally stored at -80°C until analysis.  

3. Elisa: Principle of the Assay 

Patient's serum was added (contain EPOR antigens) to 

microliters plate wells coated with EPOR antibodies to  

form EPOR- EPOR antibodies- enzyme complex with HRP 

labeled enzyme. After washing, TMP substrate was added 

which became blue at HRP enzyme catalyzed, the reaction 

was terminated by the addition of sulphuric acid. The  

optical densities (OD) of the samples were measured 

spectrophotometrically at wave length 450 nm; the 

concentration of EPOR in the samples is then determined by 

comparing the OD of the samples to the standard curve. 

Statistical analysis: Data were analyzed using  

Statistical Program for Social Science (SPSS) version 18.0. 

Quantitative data were expressed as mean± standard 

deviation (SD). Qualitative data were expressed as frequency 

and percentage. The following tests were done: 
Independent-samples t-test of significance was used when 

comparing between two means. Chi-square (X2) test of 

significance was used in order to compare proportions 

between two qualitative parameters. Pearson's correlation 

coefficient (r) test was used for correlating data. Probability 

(P-value), the Level of significance was set as P-value <0.05. 

4. Results 

This study was carried out on sixty ESRD patients on HD, 

thirty patients with UP group (A) and thirty patients without 

UP and group (B). They were thirty males (50%) and thirty 

females (50%); their ages ranged from 35 to 65 years mean 

±SD (52.69±9.19). They were recruited from HD unit of AL- 

Zahraa University Hospital. Thirty healthy volunteers of age 

and sex matched were chosen as controls. Demographic, 

clinical features, causes of CKD showed in (Table 1). 

In this study there was a highly statistically significant 

increase in s-EPOR level in HD patients with mean ±SD 

(17.55±14.88) as compared to control group (5.49±1.89),  

(P <0.01) (Table 2), (Fig 1). Also there was statistically 

significant increase in s-EPOR level in patients with pruritus 

(group A) with mean ±SD (25.95±16.80) as compared to 

patients without pruritus group (B) (9.14± 4.67), (P <0.01). 

(table 3). (Fig 2). Severity of pruritus according to 5-scale  

of itching severity in group (A) was divided into mild  

(50%), moderate (43.3%), severe (6.7%) (Table 4). As 

regards severity of pruritus, there was no statistically 

significant relation between s-EPOR level and severity of 

pruritus (P >0.05), (Table 5). There was no correlation found 

between s-EPOR with duration of pruritus and duration of 

dialysis in group (A). (Table 6). 

There was increase duration of pruritus in severe  

pruritus with mean ±SD (24.00±0.00) when compared to 

moderate and mild pruritus (14.090±14.550), (2.570±3.880) 

respectively. Relation between severity of pruritus (which  

is dignosed by 5-d scale) and duration of pruritus was 

statistically significant (p <0.01). (Table 7). While there was 

no statistically significant difference between severity of 

pruritus and duration of dialysis (p >0.05), (Table 8). 

There were no significant correlation found between 

s-EPOR level and levels of serum urea, creatinine, ca+,   

Ph and PTH in group A or group B,. Also there were no 

statistically significant relation between severity of 
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pruritus and serum ca+, Ph and PTH in patients of group 

(A), (p >0.05). 

Table (1).  Demographic, clinical features in studied patients and control 
group 

 
HD patients 

n=60 

Control 

n=30 

Age in years 

(mean± SD) 

 

35-65 years 

(52.69±9.19) 

 

35-65 years 

(51.05±10.03) 

Sex: 

 Male 

 Female 

 

30 (50%) 

30 (50%) 

 

15 (50%) 

15 (50%) 

Causes of CKD (no & %): 

 

Hypertensive nephropathy 

Diabetic nephropathy 

Analgesic nephropathy 

Obstructive nephropathy 

Pyelonephritis 

Familial Mediterranean Fever 

Systemic Lupus 

Erythematosus 

Polycystic Kidney disease 

 

 

25 (41.6%) 

15 (25%) 

10 (16.6%) 

5 (8.3%) 

2 (3.3%) 

1 (1.6%) 

1 (1.6%) 

 

1 (1.6%) 

 

 

Duration of dialysis (years) 

(mean±SD) 

2-20 years 

8.38 ±4.6 years 
 

Table (2).  Comparison between patients and control groups regarding 
S-EPOR 

 
Control group Patients group Mann-Whitney test 

Mean SD Mean SD Z p-value 

S-EPOR 5.49 1.89 17.55 14.88 -4.407- 0.000 

Table (3).  Comparison between group A and group B regarding S-EPOR 

 
Group A Group B Mann-Whitney test 

Mean SD Mean SD Z p-value 

S-EPOR 25.95 16.80 9.14 4.67 5.281 0.000 

 

 

Figure (1).  Comparison between patients and control groups regarding 

S-EPOR 

 

Figure (2).  Comparison between Group A and Group B regarding 

S-EPOR 

Table (4).  Severity distribution of the pruritus 

Severity No. % 

Mild 15 50.0 

Moderate 13 43.3 

Severe 2 6.7 

Total 30 100.0 

Table (5).  Relation between S-EPOR and severity of pruritus in group A 

Severity Pruritus 
S-EPOR Kruskall-Wallis test 

Mean SD K p-value 

Mild 28.58 17.9 

0.786 0.466 Moderate 21.75 14.81 

Severe 33.61 24.92 

Table (6).  Correlation between S-EPOR with duration of dialysis, duration 
of pruritus in group A 

Group A 
S-EPOR 

R p-value 

Duration of Dialysis -0.319 0.086 

Pruritus duration (months) -0.210 0.293 

Table (7).  Relation between severity of pruritus and pruritus duration 

Severity Pruritus 
Pruritus duration Kruskall-Wallis test 

Mean SD K P-value 

Mild 2.570 3.880 

13.770 0.000 Moderate 14.090 14.550 

Severe 24.000 0.000 

Table (8).  Relation between severity of pruritus and duration of dialysis 

Severity Pruritus 
Durationof Dialysis One Way ANOVA 

Mean SD F P-value 

Severe 8.00 2.83 

0.199 0.821 Mild 5.71 5.32 

Moderate 6.35 4.94 
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5. Discussion 

All evidence proved that Uremic pruritus or chronic 

kidney disease-associated pruritus (CKD-aP) remains one of 

the most distressing and probably disabling symptoms in 

patients with ESRD [8]. It affects 25% of patients with CKD 

and 50%-90% of patients on dialysis [9]. 

The main hypotheses that were proposed to explain    

the underlying pathophysiological mechanisms of uremic 

pruritus are the immune hypothesis [10] and the opioid 

hypothesis derangements and microinflammation as possible 

causes of CKD-aP [8]. 

Firstly, the immune hypothesis considered uremic pruritus 

to be an inflammatory systemic disease with overactivation 

of CD4 TH1 lymphocytes with overproduction of IL-2, 

IFN-γ and TNF-α. [11].  

There is no doubt that the increased serum levels of 

inflammatory biomarkers such as C-reactive protein and 

IL-6, confirms the inflammatory nature of the disease [4]. 

Furthermore, proteases are pruritogenic through activation of 

the distal ends of fibers C, and release of substance P, which 

in turn binds to NK1 receptors in mast cells leading to 

increased production of TNF-α [12]. 

Erythropoietin receptors (EpoRs) are found in a variety  

of locations, including glomerular, mesangial, and tubular 

epithelial cells [13]. The intracellular domain of the EpoR 

contains phosphotyrosines that activate certain molecular 

cascades, including that involving the protein kinase B 

pathway, which also stimulates NF-kB activation [13]. 

The EpoR isoforms with non-erythropoietic effects, such 

as tissue protection, have a lower affinity for EPO binding 

[14]. Therefore, the EPO dose used for this purpose should 

be greater than is that used in order to achieve erythropoietin 

effects [13]. 

According to several studies and trials, it appears that  

UP is a systemic inflammatory disease rather than a local 

dermatologic disorder. Derangement of TH cells balance 

with TH1 predominance appears to be a major contributor 

to this systemic inflammation [4]. TH1 cells produce 

inflammatory cytokines such as IFN-γ that recruit and 

activate leukocytes; therefore, the overactivity of TH1 cells 

results in an inflammatory response [4]. 

In fact, pro-inflammatory cytokines were shown to trigger 

the suppression of renal erythropoietin production and 

therefore erythropoiesis. Inhibition of Epo production was 

shown in vitro and in vivo to potentially involve IFN, IL-1 

and -6, and TNF [15]. 

It is interesting to investigate whether there is any 

correlation between uremic pruritus and the sEPOR 

concentration. 

The hypothesis was to find an association between sEPOR 

level and pathogenesis of uremic pruritus aiming to 

understand the pathways leading to chronic inflammatory 

state in UP. That may help finding novel anti-Prurituc drugs. 

The current study was carried out on 60 patients on 

maintenance haemodialysis divided into two groups: group 

(A) consisted o f 30 patients with UP, group (B) consisted of 

30 patients without UP and Thirty healthy volunteers were 

chosen as controls. All studied groups were assisted for s 

EPOR. 
The current study showed that there was statistically 

significant increase in s EPOR level in patient groups in 

comparison with control group. 
This in agreement with Inrig et al [16] who postulated  

that circulating plasma s EpoR levels may be relatively 

elevated in CKD patients requiring high doses of 

erythropoietin-stimulating agents (ESA) for the treatment of 

anemia and found that higher ESA dose requirement was 

correlated with higher levels of circulating s EpoR. 

Also Khankin et al [6] demonstrated that sEpoR is present 

in the serum of patients at the initiation of hemodialysis and 

explained the mechanism for elevated sEpoR by showing 

that IL-6 and TNF-α can increase sEpoR production in the 

supernatant of cell lines expressing endogenous EpoR. They 

also measured circulating levels of IL-6 in a subset of 

patients with high sEpoR and low sEpoR and found that IL-6 

levels were on average 2.5 times higher in subjects with high 

circulating levels of sEpoR than in subjects with low sEpoR 

levels. 

In the current study there was statistically significant 

increase in sEPOR level among patients with pruritus (group 

A) in comparison with patients without pruritus (group B). 

While there was no significant association between duration 

of dialysis, duration of pruritus, severity of pruritus, 

laboratory data of group A and sEPOR level. 

This explained by Kimmel et al [17] who indicate that an 

up-regulated inflammatory state is associated with UP in 

haemodialysis patients. In the absence of clinical signs of 

inflammation, elevated pro-inflammatory cytokines as IL6, 

TNF-α and serum acute phase proteins. This supported by 

Szepietowski et al [18] who showed the successful use of 

narrow band UVB therapy (NB-UVB) in the treatment of 

uremic pruritus. The NB-UVB therapy supposedly depleted 

the mast cell in the uremic skin to reduce the itching. This 

augmented the hypothesis that release of cytokines initiates 

uremic pruritus. 

This also supported by Resic et al [19] who continuously 

applied EPO for the three years and noticed an improvement 

in the subjective symptoms and less marked pruritus. 

This also agree with Inrig et al [16] who demonstrated  

that patients requiring high-dose ESA for treatment of 

CKD-related anemia are more likely to have increased levels 

of the pro-inflammatory biomarkers IL-6 and CRP. 

This agree with Tanaka et al [20] who showed that there 

was evidence of a relationship between the serum level of 

CRP, a marker of chronic inflammation, and cardiovascular 

disease in CKD patients and the use of ESA showed an 

independent inverse correlation with CRP. These findings 

imply that use of ESA in the predialysis phase of CKD has  

an anti-inflammatory effect and would be beneficial for 

prevention of progression of atherosclerotic complications. 
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The relation between EPO hormone and s EPOR is inverse 

relationship 

This agree with Khankin et al [6] who found that circulating 

sEpoR competes with erythropoietin for receptor binding 

and that elevated levels of sEpoR at initiation of 

hemodialysis portend increased erythropoietin dose 

requirements needed to sustain target hemoglobin levels. 
This also in agreement with Brugniaux et al [21] who 

demonstrated in humans that plasma s EPOR concentration 

is decreased during exposure to Intermittent Hypoxia and 

observed an increase in EPO concentration concomitant with 

the decrease in s EPOR. 

In our study according to 5-scale of itching severity, the 

intensity of itching in group (A) was mild, moderate and 

severe, in 15 (50%), 13 (43.3%) and 2 (6.7%) of patients, 

respectively. This agree with Resicet al [19] which study 

included 77 patients, pruritus was found in 45 patients (58, 

44%), severe in 17 (78%), moderate in 40 (0%) and mild in 

42 (2%) of patients respectively.  

In the current study there was no statistically significant 

difference between severity of pruritus and duration of 

dialysis this agrees with Gatmiri, et al. [22] who found that 

there is no correlation of pruritus intensity with duration of 

dialysis. 

In this study there was no significant relation between 

severity of pruritus and serum levels of ca+, P and PTH in 

patients of group (A). This agreed with Melo et al [23] who 

did not find any impact from calcium, PTH and phosphate on 

pruritus symptom. 

But Gatmiri et al [22] found phosphate level but not PTH 

correlated with the complaint of pruritus in hemodialysis 

patients. It is in sharp contrast with Jamal and Subramanian 

studies [24] who found higher PTH level in those with 

pruritus However; they did not find correlation with calcium.  

6. Conclusions 

Serum level of s EPOR was higher in HD patients with 

pruritus more than those without pruritus but no relation 

between its level and severity of pruritus in HD patients. 

7. Recommendations 

Further studies are recommended to test the use & efficacy 

of anti- soluble erythropoietin receptor in treatment of 

uremic pruritus. Additional studies to evaluate membranous 

erythropoietin receptor in tissue sample in addition to soluble 

form in blood sample. 
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