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Abstract: Anemia is very common among end stage patients with chronic renal failure (CRF). In this investigation, 

hematological parameters were examined in patients with end stage chronic renal failure from Khartoum, Sudan. A total 

of 70 patients and additional 30 healthy subjects were included in the study. All patients were under erythropoietin 

therapy whereas 42% were using iron supplements. The results showed that about 98% of CRF patients had anemia. 

Normocytic normochromic anemia was the most common type (94%) while few were suffering from microcytic 

hypochromic (6%) anemia. Low levels of hemoglobin, red blood cell count, hematocrits, serum iron, serum ferritin, and 

platelet counts were observed in the patient group compared to healthy controls (P<0.01). However, MCV, MCH and 

MCHC were not different between the two groups (P>0.05). Moreover, no significant differences in all hematological 

parameters between patients with and without iron supplements were observed except for hemoglobin. In conclusion, 

anemia is common among end stage CRF in Sudan in spite of erythropoietin and iron therapy.    
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INTRODUCTION 
 

The kidney is a vital organ that eliminates waste from the 

blood and ensures electrolyte balance in the body fluids 

(Torban and Goodyer, 2009, Xu, Nie et al., 2018). The 

functional units inside kidney are glomeruli, which are 

tiny bundles of capillaries (Gnudi, Benedetti et al., 2015). 

A decrease in the glomerular filtration rate below 60 

mL/min/1.73 m
2
 indicates a health condition known as 

chronic renal failure (CRF) or chronic kidney disease 

(Collister, Ferguson et al., 2016). The disease is 

characterized by the loss of kidney function over a period 

of time (Ye and Mao, 2016). Diabetes, hypertension, and 

polycystic kidney disease are among the reported caused 

of CRF (Collister, Ferguson et al., 2016, Ye and Mao, 

2016). The symptoms of CRF include decreased urine 

secretion, presence of blood and proteins in urine, edema, 

fatigue, hypertension and others (Weisbord, 2007).  
 

The global prevalence of all stages of CRF is estimated to 

be close to 13%, while patients in the end stages represent 

about 0.5% of the population (Hsu and Powe, 2017). This 

high prevalence suggests high burden to health systems 

(Stel, Bruck et al., 2017). CRF is associated with 

increased risk of cardiovascular diseases and premature 

death (Cosola, Rocchetti et al., 2018).  
 

Previous studies have shown significant decreases in the 

production of red blood cells in patients with CRF, which 

is attributed mainly to erythropoietin deficiency 

(Dorgalaleh, Mahmudi et al., 2013). This leads to the 

development of anemia, which usually begins with the 

early stages of the disease and becomes more severe in 

the advanced stages (Zadrazil and Horak, 2015). In 

addition, several studies have also reported significant 

decreases in platelet count in CRF patients. Among the 

types of detected anemia is normocytic and 

normochromic red blood cell, which is the most common 

complication of CRF (Kutuby, Wang et al., 2015). In 

addition, microcytic and hypochromic are also present in 

some CRF patients (Ramanath, Gupta et al., 2012). 
 

In the current study, we investigated the prevalence of 

anemia among CRF patients from Sudan. In addition, 

hematological parameters were compared in patients with 

or without iron supplements.   
 

MATERIALS AND METHODS 
 

Study participants 

The study is case-control and descriptive in design that 

was conducted at the Kidney Transplantation Association 

Hospital, Khartoum, Sudan. A total of 70 patients with 

chronic renal failure were included in the study. For 

comparisons, 30 healthy subjects from the same 

geographical area were included to serve in the control 

group. Written informed consents were obtained from 

study participants according to the institutional review 

board of Sudan University of Science and Technology and 

Kidney Transplantation Association Hospital, Khartoum, 

Sudan.   *Corresponding author: e-mail: elgari999@yahoo.com 
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Blood sampling 

Venous blood samples were collected from participants in 

both EDTA tubes and plain tubes. Blood samples were 

used directly for hematological evaluations.  
 

Hematological parameters 

Blood collected in EDTA tubes was used for complete 

blood count (CBC) analysis, which was performed using 

an automated hematological analyzer (XE-2100 -Sysmex 

analyzer). EDTA blood samples were also used to prepare 

thin blood films using Leishman stain for RBCs 

morphology. Blood collected in plain tubes was 

centrifuged to harvest serum. Serum iron and ferritin 

levels were measured using chemistry analyzer (Selectra 

ProXL Clinical Chemistry System).  
 

STATISTICAL ANALYSIS 
 

The Statistical Package for Social Science software   

program (SPSS version 21) was used for statistical 

analysis. Two group comparisons were conducted using 

Students-t test or Chi square test as appropriate. Sample 

size calculations were obtained using an online statistical 

software: http://powerandsamplesize.com/Calculators/. A 

p value <0.05 was set as a threshold for significant 

difference. 
 

RESULTS 
 

In this study, 70 patients with chronic renal failure from 

Kidney Transplantation Association Hospital in 

Khartoum, Sudan were included in the study. In addition, 

30 healthy individuals were recruited to serve in the 

control group. The sample characteristics are shown in 

table 1. The mean age of the patient group was 46.8 years 

compared to 42.7 years in the controls. The gender ratio 

was similar between the two groups (1:1 in the controls 

compared to 1.3: 1 in the patients). All patients were 

under erythropoietin therapy (50-100 unit per kg per 

week) while 42% were taking iron supplements (ferrous 

sulphate, 300 mg tablet, three times daily). Finally, 98.5% 

of the patient group suffer from anemia compared to 0% 

in the control group. The types of anemia among patients 

group are shown in fig. 1. About 94% of patients suffer 

from normocytic normochromic anemia while 6% suffer 

from microcytic hypochromic. 
 

Table 2 shows comparisons of hematological parameters 

between controls and patients. Significantly lower levels 

of hemoglobin, red blood cells count, hematocrits, serum 

iron, serum ferritin, and platelet counts were observed in 

the patient group compared to the healthy controls 

(P<0.01). Other parameters such as MCV, MCH and 

MCHC were not different between the two groups (P> 

0.05, table 2).   
 

Table 1 show s that 42% of patients were taking iron 

supplements. Therefore, we compared hematological 

parameters according to iron intake (table 3). The results 

showed no differences between the two groups in all 

examined parameters except hemoglobin, which was 

higher in the group who were taking iron supplements.    

 

Fig. 1: Types of anemia among end stage chronic renal 

failure patients in Sudan. 

 

DISCUSSION 
 

In the current study, hematological parameters were 

examined in patients with chronic renal failure attending 

dialysis unit in Khartoum, Sudan. The results showed that 

most of the patients had anemia even that they were under 

erythropoietin therapy. In addition, no significant 

differences were observed in all hematological parameters 

between patients with or without iron supplements except 

for hemoglobin.  
 

In the current investigation, about 98% of CRF patients 

who were attending dialysis units (end-stage disease) had 

anemia. Such high frequency is consistent with previous 

studies that was conducted in India (Singh, Aggarwal et 

al., 1999, Talwar, Gupta et al., 2002, Varma, Kumar et al., 

1999), Nigeria (Akinsola, Durosinmi et al., 2000), 

Germany (Schiffl and Lang, 2006), Indonesia (Anees and 

Ibrahim, 2009), and Spain (Lepe-Zuniga, Morales-Molina 

et al., 2016). The results showed that normocytic 

normochromic anemia was the most common type while 

few were suffering from microcytic hypochromic anemia. 

This distribution is also consistent with most literature 

that indicate that normocytic, normochromic anemia is the 

typical type (Akinsola, Durosinmi et al., 2000, Anees and 

Ibrahim, 2009, Schiffl and Lang, 2006, Talwar, Gupta et 

al., 2002, Varma, Kumar et al., 1999).  
 

All patients of the current investigation were under 

erythropoietin therapy. In the body, erythropoietin is 

produced by cells of the proximal convoluted tubule and 

it controls red blood cell formation from erythroid 

progenitor cells in the bone marrow (Zhang, Yang et al., 

2017). Erythropoietin was suggested as a therapeutic 

agent to correct anemia in CRF patients (Paoletti and 
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Cannella, 2006) and has been shown to improve 

hematological parameters in most patients with end stage 

CRF (Schmid and Schiffl, 2010).  
 

The results showed no significant differences in the 

hematological parameters between patients with or 

without iron supplements except for hemoglobin and 

serum iron. Iron deficiency in CRF patients on dialysis is 

expected as some iron will get lost during dialysis and 

frequent blood sampling for laboratory examinations 

(Agarwal, 2017, Wittwer, 2013). It is estimated that 

patients on dialysis lose approximately one gram of iron 

per year. The lack of differences in most hematological 

parameters between patients with or without iron 

supplements indicates that iron is not central to the 

management of anemia in CRF patients on dialysis. A 

similar observation was reported in a previous study 

(Trivedi and Brooks, 2003) but not in another (Eschbach 

and Adamson, 1989). In general, iron supplements are 

recommended during erythropoietin therapy to prevent 

functional iron deficiency (Van Wyck, 1989). 

In conclusion, the high prevalence of anemia among CRF 

patients on dialysis in Sudan highlights the need for the 

use of new treatment approaches. This might include 

hypoxia-inducible factor stabilizing compounds and 

prolyl hydroxylase inhibitors (Malyszko, 2014, Malyszko 

and Malyszko, 2016). 
 

CONCLUSION 
 

In conclusion, the majority of end stage CRF patients in 

Sudan (98%) had anemia with impairment in most of 

hematological parameters in spite of erythropoietin and 

iron therapy.    
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Table 1: Characteristics of participants 
 

Parameters Control group (n = 30) Patients group (n = 70) 

Age in years 42.7 ± 12.4 46.8 ± 12.9 

Gender (Male: female) 1 : 1 1.3 : 1 

Iron Supplementation 0% 42% 

Epo  Supplementation 0% 100% 

Anemia 0% 98.5% 
 

Table 2: Hematological parameters among control and patients groups  
 

Parameters Control group (n = 30) Patients group (n = 70) P value 

Hb  (g/dl) 12.8 ± 1.2 8.5 ± 2.0 < 0.001 

RBCs ×10
6
/µl 4.5 ± 0.4 3.07 ± 0.8 < 0.01 

HCT (%) 39.9 ± 3.6 26.8 ± 6.3 < 0.001 

MCV (fl) 87.0 ± 3.1 87.2 ± 5.0 0.8 

MCH  (pg) 28.5 ± 1.1 28.0 ± 1.8 0.06 

MCHC (g/dl) 32.6 ± 1.0 31.8 ± 1.1 0.78 

S. iron  (µg/dl) 96 ± 20.6 62.4 ± 14.3 < 0.001 

S. ferritin  (µg/l) 72 ± 23.7 580 ± 99 < 0.001 

TWBCs×10
3
/µl 6.0 ± 1.5 5.63 ± 1.8 0.242 

PLT×10
3
/µl 238 ± 45.5 159.7 ± 52.7 < 0.001 

 

Table 3: Hematological parameters among patients groups with or without iron supplementations 
 

Parameters Without Iron (n = 41) With Iron (n = 29) P value 

Hb  (g/dl) 8.17 ± 2.0 9.01 ± 1.8 0.048 

RBCs ×10
6
/µl 2.95 ± 0.74 3.22 ± 0.78 0.141 

HCT (%) 25.9 ± 6.3 27.92 ± 6.14 0.095 

MCV (fl) 87.2 ± 5.5 87.3 ± 4.3 0.460 

MCH  (pg) 28.0 ± 1.8 28.2 ± 1.8 0.307 

MCHC (g/dl) 31.8 ± 1.1 32.0 ± 1.0 0.447 

S. iron  (µg/dl) 56.02 ± 12.2 72.3 ± 11.6 < 0.001 

S. ferritin  (µg/l) 592 ± 93 558 ± 104 0.166 

TWBCs×10
3
/µl 5.6 ± 1.8 5.8 ± 1.7 0.587 

PLT×10
3
/µl 155 ± 50 169 ± 56 0.265 
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