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Abstract 
Study for influence of chronic Hepatitis C (HCV) on endogenous erythropoietin production and on 
anemia in dialysis patients remains inconclusive. We hypothesize that chronic hemodialysis pa-
tients with co-existing Hepatitis C infection will have higher hemoglobin levels than chronic he-
modialysis patients without hepatitis C infection. Secondly, we hypothesize that the higher he-
moglobin levels will be associated with higher erythropoietin levels. Therefore we conducted a 
cross-sectional study of chronic hemodialysis patients with and without hepatitis C infection and 
evaluated associations with hemoglobin and erythropoietin levels. Our primary outcome was level 
of hemoglobin. Secondary outcome included association of hemoglobin and erythropoietin levels. 
57 chronic hemodialysis patients (33 male, 24 female, mean age 46.05 ± 12.7 years) were included. 
The mean time spent on hemodialysis was 7.16 ± 6.2 years. None of the patients received any re-
combinant EPO therapy. Biochemical analyses include ALT, AST, Albumin, C-Reactive Protein, 
cholesterol levels and complete blood counts. Iron status of patients (transferrin saturation and 
serum ferritin levels) and parathyroid hormone were measured. Endogenous EPO serum levels 
were measured by a standardized enzyme-linked immunoassay. 23 of the hemodialysed patients 
(38.5%) were HCV (+). There was no difference in age, sex, distribution of primary renal diseases, 
iron status, albumin, C-Reactive-Protein and parathyroid hormone levels between HCV (+) and (−) 
patients. Mean duration time on dialysis was higher in HCV (+) than HCV (−) patients. Hemoglobin 
levels were similar between study groups. However serum endogenous erythropoietin levels were 
significantly higher in HCV (+) patients than HCV (−) patients (19.6 ± 10 mUI/ml vs 7.8 ± 7.7 
mUI/ml, p = 0.03). No correlation has been found between the severity of anemia and HCV infec-
tion. However, HCV (+) hemodialysed patients had higher serum endogenous erythropoietin levels 

 

 

*Corresponding author. 

http://www.scirp.org/journal/ojneph
http://dx.doi.org/10.4236/ojneph.2015.52004
http://dx.doi.org/10.4236/ojneph.2015.52004
http://www.scirp.org
mailto:madiha_mahfoudhi@yahoo.fr
http://creativecommons.org/licenses/by/4.0/


K. Boubaker et al. 
 

 
30 

as compared to HCV (−) patients. Further studies are needed to clarify why high endogenous eryt-
hropoietin level does not improve anemia in HCV infected hemodialysis patients. 
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1. Introduction 
Hepatitis C virus (HCV) was cloned and identified as the major cause of parenterally transmitted non-A and 
non-B hepatitis in 1989 [1]. In hemodialysis patients, HCV infection is the most common cause of acute and 
chronic hepatitis and it increases risk for death. In this population, HCV infection is mainly handily transmitted 
since transmission by blood product transfusion is virtually eliminated with the screening of blood products for 
anti-HCV [2] [3]. The prevalence of anti-HCV using standardized enzyme-linked immunoassay among dialysis 
patients is variable in different countries. Study for influence of chronic HCV on anemia in dialysis patients re-
mains inconclusive. Lessened anemia was observed in chronic HCV positive hemodialysis patients, which de-
manded less erythropoietin (EPO) dose than in HCV negative hemodialysis patients [4]-[8]. On the other hand, 
increased endogenous EPO production was reported in hemodialysis patients with hepatitis virus infections [6] 
[9] [10]. 

In this study, we hypothesize that chronic hemodialysis patients with co-existing Hepatitis C infection will 
have higher hemoglobin levels than chronic hemodialysis patients without hepatitis C infection. Secondly, we 
hypothesize that the higher hemoglobin levels will be associated with higher erythropoietin levels. Therefore we 
conducted a cross-sectional study in our department of chronic hemodialysis patients with and without hepatitis 
C infection and evaluated associations with hemoglobin and erythropoietin levels. Our primary outcome was 
level of hemoglobin. Secondary outcomes included association of hemoglobin and erythropoietin levels. 

2. Material and Methods 
One hundred thirty two chronic hemodialysis patients were followed-up in our hemodialysis unit in 2006. De- 
mographic data were collected including age and sex. Duration of hemodialysis, Anti-HCV antibody, Hepatitis 
B surface antigen and antibody were investigated in all patients. Laboratory parameters are done retrospectively 
before patients identified and investigated complete blood count, iron status (transferrin saturation (TSAT) and 
serum ferritin levels) and parathyroid hormone (PTH) levels. As a marker of inflammation, serum C-reactive 
protein (CRP) was measured. Functional iron deficiency (defined on the basis of TSAT <20% and serum ferritin 
<100 ng/ml) was treated by intravenous iron saccharate treatment. None of the patients received any recombi-
nant EPO therapy because this treatment is not present in our country for economical reasons. 

Inclusion criteria were a stable clinical state, hemodialysis duration 12 hours since at least 12 weeks, TSAT 
between 20% and 50% and serum ferritin between 100 and 800 ng/ml. 

Exclusion criteria were blood transfusion, major surgery and massive blood loss with worsening anemia in the 
preceding 3 months, treatment with angiotensin II receptor blocker or any drug containing aluminum. 

Fifty seven chronic hemodialysis patients (33 male, 24 female, mean age 46.05 ± 12.7 years) were enrolled in 
the cross-sectional study. Primary renal diseases were primary glomerular disease in 20 cases, diabetic nephro-
pathy in 3 cases, secondary amyloidosis in 1 case, lupus nephritis in 2 cases, hypertensive nephropathy in 6 cas-
es, interstitial nephritis in 10 cas, polycystic kidney disease in 3 cases and unknown nephropathy in 12 cases. 
The mean time spent on hemodialysis was 7.16 ± 6.2 years (1 - 33 ans). 

Dialyses were performed for 4 hours, three times a week with carbonate-containing dialysate bath using a 
double-needle technique with native arteriovenous fistulas. Blood flow rate was 250 - 300 ml/min with a dialy- 
sate flow of 500 ml/min. All patients were dialyzed with polysulfone membranes which were discarded after di-
alysis session. All patients were taking folic acid, vitamins and calcium carbonate, and some of them were 
treated with antihypertensive drugs. 

Regarding coexisting infectious, autoimmune or neoplastic diseases, 2 patients had systemic lupus erythema- 
tosus, 1 patient had Tuberous sclerosis and 1 patient had Epidermolysis Bullosa Simplex. One patient with sec-
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ondary amyloidosis had a history of pleural tuberculosis. These diseases were clinically inactive and not requir-
ing therapy while on dialysis. None of the patients with HCV infection undergo treatment for hepatitis C. 

Complete blood counts and blood chemistries were performed on an auto analyzer using routine laboratory 
methods. TSAT was calculated by expressing serum iron as a percentage of plasma total iron-binding capacity. 

( ) ( )TSAT % iron total iron binding capacity 100.= ×  

Endogenous EPO serum levels were measured by a standardized enzyme-linked immunoassay. 
Biochemical analyses including ALT, AST, Albumin and cholesterol levels were measured. 
Only one study visit was made. 
Statistical analysis was performed using Statview logician. Data were presented as mean ± standard deviation. 

Two groups were compared for numerical variables by using unpaired Student’s test. For non-numerical data, 
Chi2-tests were used for the comparison of the two groups. The criterion of statistical significance was p<0,05. 

3. Results 
Demographic features and the results of biochemical analysis, hemogram and parameters related to iron status 
are shown in Table 1 and Table 2. There was no difference in age, sex, distribution of primary renal diseases,  
 
Table 1. Epidemiologic and clinical data of patients.                                                            

 Anti-HCV (+) (n = 23) Anti-HCV (−) (n = 34) Statistics (p) 

Gender (Males/Females) 14/9 19/15 0.916 

Age (years) 46.4 ± 11.8 45.8 ± 13.4 0.8676 

Time on hemodialysis (years) 10.6 ± 7.7 4.5 ± 3 0.0022 

Primary renal disease 17 28 0.1055 

Primary glomerular disease 8 12  

Diabetic nephropathy 0 3  

Secondary amyloidosis 1 0  

Lupus nephritis 2 0  

Interstitial nephritis 4 6  

Polycystic kidney disease 2 1  

Hypertensive nephropathy 0 6  

Unknown 6 6  

Vasoactive drug 10 17 0.6291 

Calcium channel antagonist 7 10 0.057 

β-blocker 0 3 0.297 

Values are given as mean ± standard deviation. 
 
Table 2. Biological and viral data of patients.                                                                     

Viral hepatitis B seropositive 1 4 0.615 

Albumin (g/l) 39.7 ± 4.1 40.7 ± 3.9 3.926 

C-Reactive-Protein (mg/l) 4.07 ± 2.7 5.25 ± 4.6 0.3349 

AZT (IU/l) 22.2 ± 11.4 18.6 ± 19 0.528 

ALT (IU/l) 23.6 ± 21.7 20.1 ± 29.7 0.7 

Ferritin (g/dl) 261.5 ± 146.9 352.2 ± 214.1 1.894 

TSAT (%) 32.7 ± 10.5 28.4 ± 10.7 0.3353 

Cholesterol (mmol/l) 3.7 ± 0.97 3.7 ± 0.89 0.7562 

PTH (pg/ml) 217.54 ± 150 186.8 ± 129.8 0.5827 

Values are given as mean ± standard deviation. 



K. Boubaker et al. 
 

 
32 

albumin, PTH, AST, ALT serum, ferritin levels, TSAT and CRP levels between HCV (+) and HCV (−) hemo-
dialysis patients. Mean duration time on dialysis was higher in HCV (+) than HCV (−) patients. 

Hemoglobin levels were similar between study groups. However serum endogenous erythropoietin levels 
were significantly higher in HCV (+) patients than HCV (−) patients (19.6 ± 10 mUI/ml vs 7.8 ± 7.7 mUI/ml, p 
= 0.03) (Table 3). 

4. Discussion 
In this study, no correlation has been found between the severity of anemia and HCV infection. However, endo-
genous EPO levels were significantly higher in anti-HCV positive hemodialysis patients than in HCV-negative 
patients. 

Patients in maintenance hemodialysis are at increased risk of acquiring HCV infection and consequently have 
a higher prevalence than general population [11], but large variations in HCV infection occur among dialysis 
units in different geographic areas. For example, the prevalence of HCV infection among dialysis patients in 
different European and Mediterranean countries varied between 2% and 63% [3]. In Tunisia, prevalence of HCV 
infection was 20.4% among dialysis patients in 2006 and 11.7% in 2008 according to immunology laboratory 
research of Tunisia. In our department, prevalence was 19 % in 2006. 

In literature was reported that the time on hemodialysis dialysis was significantly longer among HCV-positive 
patients than HCV-negative patients [12]. The risk of acquiring HCV infection on hemodialysis has been esti-
mated at 10% per year [13] [14]; so that the time on hemodialysis is an independent risk factor for acquiring 
HCV infection [15]. Our data were concordant with literature data. 

In this study, we did not report any significantly difference in hemoglobin level between HCV-positive and 
-negative hemodialysis patients. None of the patients with HCV infection undergo treatment for hepatitis C as 
some of the drugs can cause anemia. Our result was consistent with some reports [6]. However, in other reports 
hemoglobin was significantly higher in HCV-positive or after hepatitis B virus infection in hemodialysis pa-
tients [10] [16]-[19]. 

Endogenous EPO is mainly produced by kidneys [20]. Ability of the EPO production is well preserved in 
end-stage-renal disease patients [21]. In fact, serum EPO level despite severe anemia or hypoxia, is similar in 
end-stage-renal disease patients and in normal subjects (respectively 37.4 ± 15.3 mU/ml and 24 - 42 mU/ml) [21] 
[22]. In dialysis patients, anemia is ascribed mainly to reduced sensitivity of bone marrow to EPO, probably as a 
result of retention of uremic toxins and inhibitors of erythropoiesis. 

In our study, patients did not received exogenous EPO and than endogenous EPO levels measurement was 
possible. 

We demonstrated that HCV-positive hemodialysis patients had higher endogenous EPO levels compared to 
HCV-negative patients. There are few data on serum endogenous EPO in hemodialysis patients with chronic 
viral infection with HCV or hepatitis B virus [5] [6]. Since 1980, some authors reported in hemodialysis or nor-
mal subjects, an increase in the hepatic synthesis of EPO by regenerating hepatocytes after viral and toxic cyto-
lysis or hepatocellular carcinoma [10] [18] [23]. Hepatic production of EPO is maximal in experimental animals, 
during liver regeneration or anemia and is the main source for production of endogenous EPO in the fetal stage 
[5] [16] [18] [24] [25]. High endogenous EPO level in infected HCV patients may be explained by hepatic syn-
thesis. 

In our study, high endogenous EPO level does not improve anemia in HCV-positive patients perhaps because 
the level of EPO in these patients was very low to improve anemia. On the other hand, some authors reported 
suppression of EPO by humeral factors, possibly cytokines or growth factors [26] [27]. 
 
Table 3. Comparison of the anti-HCV-negative and -positive patients levels of hemoglobin and endogenous erythropoietin.    

 Anti-HCV (−) (n = 23) Anti-HCV (+) (n = 34) Statistics 

Hemoglobin (g/dl) 9.7 ± 3.01 9.3 ± 2.56 0.583 

Mean corpuscular volume 86.9 86.9 0.972 

Erythropoïetin level (mU.I./ml) 19.6 ± 10 7.8 ± 7.7 0.0347 

Values are given as mean ± standard deviation. 
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Among the limitations of this study, we cite the reduced number of the sample. The initial values of the en-
dogenous EPO before HCV infestation was also missing in our study. This has prevented us from performing a 
comparison before and after the occurrence of hepatitis C. The findings of this study can’t be formally consi-
dered. Only a prospective study on more extended sample could draw objective and interesting conclusions. 

5. Conclusion 
In our hemodialysis patients no correlation has been found between the severity of anemia and HCV infection. 
However, higher endogenous EPO levels were observed in these patients explained probably by hepatic synthe-
sis. Further studies are needed to clarify other causes of higher endogenous EPO levels and to define etiologies 
of EPO resistance in HCV-pstositive hemodialysis patients. 
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