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Abstract  

Background:  Chronic Kidney Disease (CKD) is a major  
health problem and its prevelence is increasing worldwide.  

Chronic kidney disease results in complex endocrinal and  
metabolic alterations. Anemia is a common complication of  

chronic kidney disease. There are various causes of anemia  
in chronic kidney disease patients on hemodialysis like mal-
nutrition, infection, inflammation and hyperparathyroidism.  

Aim of Work:  The aim of the present work is to evaluate  
anemia among patients with ESRD on regular hemodialysis  
in Al-Gharbia governorate.  

Patients and Methods:  The study was done on 400 patients  
with ESRD on regular hemodialysis in more than one center  
for HD in Al-Gharbia governorate. All patients in this study  

were subjected to: History taking, full clinical examination,  

laboratory investigations done were intact Complete Blood  
Count (CBC), parathyroid hormone, serum phosphorus, ionized  
calcium, serum ferritin, transferrin saturation, serum albumin  

and C reactive protein after obtaining an informed consent.  

Results:  There was significant negative correlation between  
Hb and reticulocytic count (p=0.003 *), there was significant  
negative correlation between Hb and PTH (p=0.001*), there  
was significant negative correlation between Hb and S.albumin  
(p=0.019*), there was significant negative correlation between  
Hb and CRP (p=0.011*) there was positive significant corre-
lation between Hb and T.Sat. (p=0.038*), Hb showed no  
significant correlation with serum ferritin, ionized calcium  
and phosphorus.  

In Conclusion:  Our finding suggests that many factors  
affect anemia in patients with ESRD on regular hemodialysis  
these factors include malnutrition, inflammation, iron defi-
ciency and hyperparathyroidism.  
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Introduction  

CHRONIC  kidney disease is a very real and grow-
ing problem. The total number of treated patients  
has markedly increased during the last 30 years  
[1] . CKD is defined as abnormalities of kidney  
structure or function (defined by markers of kidney  
injury or decreased Glomerular Filtration Rate  
(GFR) present for >3 month [2] .  

Anemia commonly occurs in people with  
Chronic Kidney Disease (CKD) either with perma-
nent or partial loss of kidney function. Anemia  
might begin to develop in the early stages of CKD,  
when someone has 20 to 50 percent of normal  
kidney function. Anemia tends to worsen as CKD  
progresses [3] .  

Erythropoietin deficiency appears to be the  
major cause of anemia in chronic kidney disease  
[4] . Serum erythropoietin level in CKD patients  
does not increase exponentially when hemoglobin  

concentration declines as compared to healthy  
persons [5] . Anemia of CKD is characterized by a  
relative deficiency of erythropoietin, because the  
serum erythropoietin level is inappropriately low  
for the degree of anemia this type of anemia is  
characterised by normochromic and normocytic  
blood cells, and hypoplasia of erythroid cells  [6] .  

There are various causes of anemia in chronic  
kidney disease patients on hemodialysis. Iron  
deficiency is also common in patients with Chronic  
Kidney Disease (CKD) [7] . The iron deficiency  
may be absolute, often due to poor dietary intake  
or sometimes occult bleeding, or functional, when  
there is an imbalance between the iron requirements  

of the erythroid marrow and the actual iron supply.  
Iron deficiency leads to a reduction in formation  
of red cell hemoglobin, causing hypochromic mi- 
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crocytic anemia. Other causes for anemia in chronic  
kidney disease include the presence of uremic  
inhibitors (e.g, parathyroid hormone, inflammatory  
cytokines), reduced half-life of circulating blood  
cells and deficiencies of folate or vitamin B12 [7] .  

Anemia is diagnosed in adults with CKD when  
the Hb concentration is <13.0g/dl (<130g/l) in  

males and <12.0g/dl (<120g/l) in females [8] .  

The clinical consequences of anemia depend  

on the severity of the reduction in arterial oxygen  

concentration and the adaptive capacity to this  
change. There is increasing evidence that the pres-
ence of renal failure alters the adaptive capacity  

to anemia in several ways [9] .  

Suppression of erythropoiesis occurs during  
severe infectious processes, inflammatory diseases,  

and malignancies. Inflammation is often accompa-
nied by malnutrition and both have a significant  
role in the development of anemia [10] .  

Severe hypoalbuminemia is associated with a  
significant impairment of the erythropoietic re-
sponse. A link between malnutrition and anemia  

can be attributed to the malnutrition inflammation  

anemia complex syndrome (MIA syndrome) [11] .  

Subjects and Methods  

This study was carried out on 400 subjects  
selected from multiple centers for hemodialysis in  
Al-Gharbia Governorate from February 2016 to  
July 2016, after obtaining their informed consent  

and within the approved ethical protocol of Faculty  

of Medicine.  

All participant names were hidden and replaced  
by code numbers to maintain privacy of the patients.  

Study design:  Cross-sectional study.  

Study approval:  Permission obtained from Re-
search Ethics Committee as a part of Quality As-
surance Unit in Faculty of Medicine at Tanta Uni-
versity to conduct this study and to use the facilities  

in the hospital. Informed written consent was ob-
tained from all patients after full explanation of  

benefits and risks of the study. Privacy of all  

patients' data is granted by a special code number  

for every patient file that includes all investigations.  

Inclusion criteria: Patients with ESRD on reg-
ular hemodialysis for more than 3 months.  

Exclusion criteria:  Patients on Hemodialysis  
less than 3 months.  

Methods:  All cases included in the study were  
subjected to the following after obtaining an in-
formed consent:  

Full history taking:  Regarding age, sex, resi-
dence, presentation, past medical history, any  

previous medical treatment if present, period of  

HD, place of HD and number of sessions per week.  

Complete clinical examination: Examination  
for hepatomegaly, splenomegaly and examination  

of renal angles.  

Laboratory investigations including: Complete  
Blood Count (CBC) which should include (Hb  

concentration, red cell indices, total and differential  

white blood cell count, and platelet count), serum  

Ferritin, Transferrin saturation (T.SAT), serum  
albumin, C-Reactive Protein (CRP), Parathyroid  

Hormone (PTH), Ionized Calcium and Phosphorus.  

Blood sampling and processing:  Under quality  
control and safety procedure for sample collection,  

10ml venous blood sample was collected in plain  

vaccutainer tubes after 6 hours fasting. 2cm were  
added to EDTA for CBC. Serum was separated  
from the other 8cm blood for all specimens using  
fine centrifugation at 3000rpm for 15min. Serum  

samples were sent to the lab within 2 hours of  
collection, for analysis. Serum samples were as-
sayed for Serum Ferritin, T.saturation, CRP, Serum  

Albumin, Ionized Calcium, Phosphorus and PTH  
levels.  

Results  

Our study was done on 400 patients known to  
be ESRD on regular HD (184 males-216 females)  

their age ranged from 16 to 85 years with a mean  
age (52.23 ± 15.37) years.  

Our study included 184 males (46%) and 216  
females (54%). (Table 1) & Fig. (1):  

Table (1): Classification of the patients according to gender.  

Sex  N  %  

Male  184  46  
Female  216  54  

Total  400  100  

Fig. (1): Classification of the patients according to gender.  
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Range  Table (5): Classification of the patients according to MCV.  Mean ±  S.D 

Age  % MCV  N  16-85 52.23± 15.37  

68  
32  

100  

272  
128  

400  

Normocytic  
Microcytic  

Total  

Our study include 142 HCV positive (35.5%)  
and 258 negative (64.5%) (Table 3) & Fig. (2):  

Table (3): Classification of the patients according to virology.  

The age ranged from 16 to 85 years with a  
mean age (52.23± 15.37) years (Table 2):  
Table (2): Range of the age in between patients of the study.  

Our study show that 272 patients (68%) were  
normocytic while 128 patients (32%) were micro-
cytic (Table 5) & Fig. (4).  

Virology  N  % 

HCV positive  142  35.5  
Negative  258  64.5  

Total  400  100  

Virology  

Fig. (2): Classification of the patients according to virology.  

64.5%  35.5%  

HCV positive  

Negative 

Our study show that hypertension is the com-
monest cause 231 patients (57.75%), DM 121  
patients (30.25%), obstructive uropathy 68 patients  
(17%), glomerulonephritis 45 patients (11.25%),  
congenital 20 patients (5%), multiple myeloma 5  

patients (1.25%) (Table 4) & Fig. (3):  
Table (4): Classification of the patients according to causes  

of ESRD.  

Causes  N  % 

HTN  231  57.75  
DM  121  30.25  
Ob. Urop.  68  17  
GN  45  11.25  
Congenital  20  5  
M.  Myeloma  5  1.25  

Total  400  100  

Gong.  
5%  

GN  
11.25%  

Ob.Urop  
17%  

M.myeloma  
1.25%  

DM  
30.25%  

HTN  
57.75%  

Fig. (3): Classification of the patients according to causes of  
ESRD.  

MCV  

Fig. (4): Classification of the patients according to MCV.  

32%  68%  

Normocytic  

Microcytic 

Our study show that 262 patients (65.5%) were  
normochromic, while 138 patients (34.5%) were  
hypochromic (Table 6) & Fig. (5).  

Table (6): Classification of the patients according to MCH.  

MCH  N  % 

Normochromic  262  65.5  
Hypochromic  138  34.5  

Total  400  100  

MCH  
34.5%  65.5%  

Normo chromic  

Hypo chromic 

Fig. (5): Classification of the patients according to MCH.  

Our study show that 270 patients (69.7%) were  
normocytic normochromic anemia while, 121 pa-
tients (30.3%) were microcytic hypochromic ane-
mia (Table 7) & Fig. (6).  

Table (7): Classification of the patients according to type of  

Anemia.  

Type of anemia  N  % 

NNA  279  69.7  
HMA  121  30.3  

Total  400 100  
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Fig. (8): Classification of the patients according to T. sat.  
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Fig. (6): Classification of the patients according to type of  
Anemia.  

Our study show that 341 patients (85.25%)  
were showing reticulocytosis, while 59 patients  
(14.75%) were normal reticulocytic count (Table  
8) & Fig. (7).  

Our study show that 247 patients (56.75%)  
were normal ferritin level while, 151 patients  
(37.75%) show high ferritin level, 22 patients  
(5.5%) show low ferritin level (Table 10) & Fig.  

(9)  

Table (10): Classification of the patients according to ferritin.  

S. ferritin  N  % 

Normal  247  56.75  
High  151  37.75  
Low  22  5.5  

Total  400  100  

S. ferritin  
Table (8): Classification of the patients according to Ret-

ic.count.  

Retic. count  N  % 

Normal  59  14.75  
Reticulocytosis  341  85.25  

Total  400  100  

Retic. count  

Fig. (7): Classification of the patients according to Retic.count.  

Our study show that 204 patients (51%) were  
showing decreased T.sat. while, 196 patients (49%)  
were normal T.sat. (Table 9) & Fig. (8).  

Table (9): Classification of the patients according to T. sat.  

T. sat  N  % 

Normal  196  49  
Decreased  204  51 

Total  400  100  

T. sat  

5.5%  

Fig. (9): Classification of the patients according to ferritin.  

Our study show that 243 patients (60.8%) show  
hypocalcaemia, while 144 patients (36%) show  

normal calcium level, 13 patients (3.2%) show  
hypercalcimia (Table 11) & Fig. (10).  

Table (11): Classification of the patients according to Ionized  
calcium.  

I. Ca  N  % 

Normal  144  36  
High  13  3.2  
Low  243  60.8  

Total  400  100  

I Ca  

Fig. (10): Classification of the patients according to Ionized  
calcium.  

Our study show 284 patients (71%) with high  
phosphorus level while, 116 patients (29%) show  
normal phosphorus level (Table 12) & Fig. (11).  
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Table (12): Classification of the patients according to Phos-
phorus.  

S. Alb  
53.5%  46.5%  

Phosphorus  N % 

Normal  
High  

29  116  
284  

Normal  

Low  71  

Total  100  400  

Fig. (13): Classification of the patients according to S. Albumin.  

Phosphorus  
29% 

71%  

Normal  

High  

Our study show 213 patients (53.2%) with high  
CRP level while, 187 patients (46.8%) with normal  
CRP level (Table 15) & Fig. (14).  

Table (15): Classification of the patients according to CRP.  

CRP  N 

Fig. (11): Classification of the patients according to Phos-
phorus.  

% 

46.8  
53.2  

187  
213  

Normal  
High  

Total  100  400 

Our study show 374 patients (93 .5%) with  
hyperparathyroidism while, 22 patients (5.5%)  
with normal PTH and 4 patients (1%) with hy-
poparathyroidism (Table 13) & Fig. (12).  

CRP  

53.2%  
46.8%  

Table (13): Classification of the patients according to PTH.  

Normal  

High  

PTH  N % 

Normal  
High  
Low  

Fig. (14): Classification of the patients according to CRP.  5.5  
93.5 
1 

22  
374  
4 

Table (16): Correlation between Hb level and different labo- 
Total  400 100 ratory parameters.  

Hb  

PTH  r. p-value  

5.5% 

93.5%  
1 %  

Normal  

Low  

High  

0.003*  
0.038*  
0.389  

–0.486  
0.104  
0.043  

Retic. Count  
T.  sat  
S. ferritin  
I. Ca  
Phosphorus  
PTH  
S. Alb  
CRP  

0.388  
0.734  
0.001*  
0.019*  
0.011*  

0.043  
–0.017  
–0.605  
–0.649  
–0.307  

Fig. (12): Classification of the patients according to PTH.  
*: Significant (p<0.05). r :  Pearson's correlation coefficient.  
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Our study show 214 patients (53 .5%) with  
hypoalbuminemia while, 186 patients (46.5%) with  
normal albumin level (Table 14) & Fig. (13).  

Table (14): Classification of the patients according to S.  
Albumin.  

160  
140  
120  
100  
80  
60  
40  
20  

S. Alb  0  % N 
4 5 6  9 10  7 8 

Normal  
Low  

Hb  46.5  186  
214  53.5  

Total 100  400 

Fig. (15): Correlation between Hb and T.  Sat. Positive signif-
icant correlation between Hb and T.  Sat (r=0.104,  
p=0.038*),  
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Fig. (16): Correlation between Hb and period of HD. Signif-
icant negative correlation between Hb and period  
of HD (r=–0.606, p=0.021 *).  
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Fig. (17): Correlation between Hb and PTH. Significant  
negative correlation between Hb and PTH ( r=  
–0.605, p=0.001 *).  
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Fig. (18): Correlation between Hb and S.albumin. Significant  
negative correlation between Hb and S.albumin  
(r=–0.649,  p=0.019*).  

Fig. (19): Correlation between Hb and CRP. Significant  
negative correlation between Hb and CRP ( r=  
–0.307, p=0.011 *).  

Fig. (20): Correlation between Hb and reticulocytic count.  

Significant negative correlation between Hb and  
reticulocytic count (r=–0.486, p=0.003 *).  

Discussion  

The present study was in order to evaluate  
anemia in patients with ESRD on regular HD and  

to find out the correlation between anemia and the  
risk factors that may affect it in those patients like  

malnutrition, infection, inflammation and hyper-
parathyroidism in 400 patients on regular HD in  
multiple centers for HD in Al Gharbia governorate.  

In the present study, females represented 54%  
and males represented 46% of patients with ESRD.  
The present study showed that ESRD is common  

among females more than males. This was in agree-
ment with the results of Bernieh B. et al.,  [12]  who  
documented that in his study (57%) of the patients  
were females.  

On the other hand, Iseki K. et al., [13]  found  
that women seem to be somewhat protected from  
developing ESRD.  

In the present study, the mean age in patients  
with ESRD was (52.23 ± 15.37 years),this was in  
agreement with Coresh et al., [14]  who found that  
after the age of 30 years, GFR progressively de-
clines at an average rate of 8mL/min/1.73m2  per  
decade.  

On the other hand, Hsu et al., [15]  proved that  
most previous studies of CKD and current recom-
mendations for its management have not distin-
guished between patients of different ages, and  
efforts to identify risk factors for progression of  
CKD have generally focused on patient character-
istics other than age.  

On the present study, (35.5%) of the patients  
were HCV positive, while (64.5%) were HCV  
negative.  

On the other hand, Alaa Sabry et al., [16]  proved  
that a much higher prevalence (70.7%) of HCV  

8  9  10  4  5  6  7  
Hb  

8  9  10  
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viremia was documented among HD patients and  
found that nosocomial transmission of HCV infec-
tion has been reported to be a considerable route  

in modern hospital dialysis units. It is known that  
the prevalence of HCV is higher among HD patients  

than the general population with an even higher  

prevalence as high as 60% of hepatitis C viremia  
reported among our renal transplant recipients. A  
much higher prevalence (70.7%) of HCV viremia  

was documented among HD patients and this  
strongly points to the magnitude of HCV problem  

among this selected group of patients.  

On the present study, the most common cause  

of ESRD among those patients was hypertension  

(57.75%) and Diabetes Mellitus (30.25%), this  
was in agreement with GL Bakris et al., [17]  who  
found that the frequency of CKD continues to  

increase worldwide as does the prevalence of  

ESRD. The most common, but not the only, causes  
of CKD are hypertension and diabetes. The kidney  

is both a cause and a victim of hypertension. High  
blood pressure is a key pathogenic factor that  
contributes to the deterioration of kidney function.  
The presence of kidney disease is a common and  

underappreciated preexisting medical cause of  
resistant hypertension. Therefore, treatment of  

hypertension has become the most important inter-
vention in the management of all forms of Chronic  

Kidney Disease (CKD).  

On the present study, the types of anemia in  

ESRD were normocytic normochromic anemia  
(69.7%), hypochromic microcytic anemia (30.3%).  
This was in agreement with George et al., [18]  who  
found that normocytic normochromic anemia is  
the most common hematological abnormality in  
chronic renal failure. Erythropoietin deficiency  

appears to be the major cause of anemia in chronic  

kidney disease. This type of anemia is characterised  

by normochromic and normocytic blood cells and  
hypoplasia of erythroid cells.  

Concerning the correlation between PTH and  
serum Hb in HD patients it is known that hyper-
parathyroidism secondary to CKD is an overpro-
duction of parathyroid hormone caused by several  
changes that occur in bone and mineral metabolism  

as a result of decreased kidney function [19] . The  
first change that usually occurs with decreased  

kidney function involves the deficiency of activated  

vitamin D and an increase in phosphorus excretion  
by the remaining functional nephrons. Both of  

these changes stimulate an increase in PTH syn-
thesis and secretion. Secondary hyperparathy-
roidism due to CKD may also have an unfavorable  
influence on anemia of uremic patients. There is  

also indirect evidence of restoration of hematocrit  

after parathyroidectomy in uremic patients due to  

restoration of bone marrow space after operation  
and rise of immunoreactive erythropoietin serum  

concentration [20] .  

On the present study (93.5%) with hyperpar-
athyroidism while, (5.5%) with normal PTH and  

(1%) with hypoparathyroidism.  

This was in agreement with Happy Chutia et  
al., [20] who found that 95.2% show hyperparath-
yroidism and 4.8% show normal PTH level.  

Concerning the correlation between PTH and  
serum Hb the present study showed that there was  

a statistically significant negative correlation be-
tween PTH and serum Hb as (p-value 0.001). This  
was in agreement with Sliem H. et al., [21]  who  
reported statistically significant negative correlation  

between PTH and serum Hb among hemodialysis  

patient (p=0.001). As well Lars P. et al., [22]  reported  
statistically significant negative correlation between  
PTH and serum Hb among patients on hemodialysis  
(p=0.003). While Adhikary P. et al., [23]  reported  
weak negative correlation between Hb and PTH  

among hemodialysis patients not reach statistical  

significance as (p=0.334).  

Possible causes of low Hb level with hyperpar-
athyroidism may be due to increased bone marrow  
fibrosis which may lead to decreased erythropoietin  

and increased resistance to EPO [21] . Erythropoietin  
cells express calcitriol receptors which induce  
proliferation and maturation of erythroid progenitor  

cells. Therefore, deficiency of calcitriol due to  
hyperparathyroidism may impair erythropoiesis  

leading to low Hb level. An efficient control of  
PTH hypersecretion is therefore required to achieve  

abetter management of anemia as well as mineral  

metabolism in HD patients [23] .  

Concerning the correlation between reticulo-
cytic count and serum Hb in HD patients it is  
known that reticulocytes are young red blood cells  

that develop from erythroblasts and circulate in  
the bloodstream for approximately 1-4 days before  

maturing into erythrocytes. These cells provide a  

real time assessment of the functional state of  

erythropoiesis and are thus useful in both diagnos-
ing anemi as and monitoring the bone marrow  
response to therapy. While reticulocyte count is  

widely measured in routine laboratory work, the  
clinical significance of the reticulocyte count in  

patients on chronic maintenance HD has yet to be  
clearly delineated.  
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On the present study, (85.3%) were showing  
reticulocytosis, while (14.8%) were normal retic-
ulocytic count. Concerning the correlation between  

reticulocytic count and serum Hb the present study  

showed that there was a statistically significant  

negative correlation between reticulocytic count  

and serum Hb as (p-value 0.003). This was in  
agreement with Takagi, et al., [24]  who found that  
significant negative correlation between reticulo-
cytic count and serum Hb as (p-value 0.001). Also  
found that higher incidence of reticulocytosis in  

patient with ESRD with increase in cardiac mor-
tality rate in patients with reticulocytosis.  

There are two hypotheses for the relationship  
between high reticulocyte count and poor outcome.  

The first is that the reticulocyte count could be a  

sensitive marker of tissue hypoxia. Reduction in  
tissue oxygen tension due to microvascular dys-
function would be expected to lead to the activation  

of hypoxia inducible transcription factors which  

in turn might initiate the production of EPO. EPO  

increases reticulocyte release from the bone marrow  

and therefore prolongs the maturation time of  

circulating reticulocytes. This is likely the reason  
for findings showing a high reticulocyte count [23] .  
The second hypothesis is that reticulocytosis is a  
result of the accelerated clearance of Red Blood  

Cells (RBCs). The reticulocytosis found in patients  
with bad prognosis may reflect the compensatory  

increase of erythropoiesis against the accelerated  

clearance of circulating RBCs as result of occult  

bleeding or impairment of RBC survival including  

hemolysis, increased eryptosis (apoptotic erythro-
cyte death), oxidative stress and mechanical pres-
sure might play some roles [23] .  

There were some limitations to Takagi, et al.,  
[24]  study. First, although the study speculated that  

hemolysis or eryptosis might have been the reason  

for the increased reticulocyte counts, we did not  

measure either the serum haptoglobin, phosphatidyl  
serine positive erythrocyte counts, or spleen size.  

Regarding markers of iron profile in patients  

with anemia it is known that iron deficiency or its  
limited availability for erythropoiesis, is an impor-
tant pathogenetic mechanism for the development  

of renal anemia [25] . The main factor that leads to  
iron deficiency in dialyzed patients is excessive  

blood loss during dialysis, especially the significant  
amount of residual blood that remains inside the  
dialyzer, dialysis sets, and needles after each he-
modialysis session. It is generally accepted that  
the average annual loss of iron in dialyzed patients  
is 1.5-2.0g [26] . The main places where iron is  
deposited are the reticulo endothelial system of  

the bone marrow, liver and spleen. Iron is stored  

as ferritin or hemosiderin [27] . When interpreting  
the serum ferritin concentrations, it should be  

remembered that serum ferritin concentrations are  

increased independently of the amount of iron  
stores in some conditions, particularly in manifest  

and latent infections, liver diseases, or malignant  

tumors [28] . To evaluate the functional iron status,  

we can use a variety of other laboratory parameters,  

such as iron plasma concentrations (pFe), transfer-
rin, and transferrin saturation (TSAT) [29] .  

On the present study, (51 %) were showing  
decreased T.sat. while, (49%) were showing normal  

T.sat. also there was significant positive correlation  

between T.Sat. and Hb level (p-value 0.038). This  
was in agreement with Mohammed Najeeb. et al.,  
[30]  who found that transferrin saturation is the  

most efficient in diagnosis of iron deficiency ane-
mia and is considered to be a more accurate indi-
cator of the metabolic status of iron. Also in agree-
ment with Mahdavi. et  al., [31] who found that  
serum transferrin can more appropriately reflect  

the amount of body iron supply with significant  

correlation between T.sat. and Hb level (p-value  
0.001). Low level of transferrin prevents iron  
transport to the hematopoietic sites and leads to  

low hemoglobin synthesis as well as hyporespon-
siveness to ESA.  

On the present study, (56.75%) were normal  
ferritin level while, (37.75%) show high ferritin  
level, (5.5%) show low ferritin level also show  
insignificant correlation between serum ferritin  

and Hb level this was in agreement with Mahdavi  
et al., [31]  who found that measurement of serum  

feritin is not an appropriate approach to estimate  

body iron supply in the presence of inflammation  
initiated by renal failure.  

This result is different than the findings of  
Rocha et al., [32] , who introduced measurement of  
serum ferritin as a standard way of estimating  

deposited iron supply in bone marrow in hemodi-
alysis patients. They considered serum ferritin  

above 500ng/ml as cut off level to determine iron  

deficiency in hemodialysis patients (p<0.001). Due  
to increase in ferritin activity in acute phase of  

renal failure, it appears that serum ferritin cut off  
level for determination of iron deficiency is prob-
ably higher in uremic patients than non-uremic  
people. Nevertheless, this study cannot finally  
make a direct quantitative correlation between  

serum ferritin and body iron supply and did not  
introduce an approach to use this component in  
estimation of the amount of body iron in hemodi- 
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alysis patients. Furthermore, they did not make a  
comparison between serum ferritin and T.sat.  

Regarding correlation between Hb level and  
serum albumin in HD patients it is known that  

inflammatory process has a substantial contribution  
in the development of anemia in chronic hemodi-
alysis patients through unresponsiveness to Eryth-
ropoietin Stimulating Agents (ESA). Several mark-
ers including serum C-Reactive Protein (CRP),  

Erythrocyte Sedimentation Rate (ESR) and serum  

albumin are considered as measures of inflamma-
tion and are usually used for the assessment of  

inflammatory state and prediction of treatment  

response. Among the parameters of inflammation,  
low serum albumin is of particular importance,  

because it is a reflection of nutritional status and  

inflammation as well as a marker of protein energy  
wasting and a component of Malnutrition-
Inflammation Complex (MIC) [32] .  

On the present study (53.5%) with hypoalbu-
minemia while, (46.5%) with normal albumin level.  
This was in agreement with Heidari B  [33] who  
found that 72% of the patients with anemia show  

hypoalbuminemia and 28% show normal albumin  
level. Concerning the correlation between serum  

albumin and serum Hb the present study showed  
that there was a statistically significant negative  

correlation between serum albumin and serum Hb  
as (p-value 0.019). This was in agreement with  

Heidari B  [33] . Who found that significant negative  
correlation between serum albumin and serum Hb  
(p-value 0.005).  

Hemodialysis patients with low serum albumin  
are at greater risk of anemia and the level of serum  

albumin can be considered as a predictor of treat-
ment response in hemodialysis patients. The rela-
tionship between low serum albumin and anemia  
possibly due to hyporesponsiveness to ESA in  
hypoalbuminemic patients the mechanism by which  

inflammation affect erythropoiesis has been ex-
plained by the increased levels of cytokines partic-
ularly interleukin-1, this cytokine increases pro-
duction of CRP and reduces serum albumin and  
transferrin synthesis [227] . The presence of hy-
poalbuminemia in hemodialysis patients predicted  
future development of anemia, this issue justifies  
further consideration in the treatment of anemia  
in hemodialysis patients who have hypoalbumine-
mia. In particular, both hypoalbuminemia and  

anemia are associated with higher morbidity and  

mortality in hemodialysis patients. Thus presence  

of low serum albumin in these patients not only  

reduces ESA response but imposes the at greater  

risk of morbidity and mortality.  

Regarding correlation between Hb level and  
CRP in HD patients it is known that (CRP) is one  
of several acute phase proteins generated by the  

liver in response to infections, inflammatory con-
ditions, cardiovascular and malignant diseases,  
which are common causes of co morbidity in he-
modialysis patients. An elevated concentration of  
serum CRP is a strong predictor of increased mor-
tality in hemodialysis patients. CRP is associated  

with resistance to EPO in hemodialysis patients,  
in accordance with the view that the EPO response  

may be inhibited by an inflammatory acute phase  
reaction, mediated by increased cytokine release.  

The present study show (53.3%) with high CRP  

level while, (46.8%) with normal CRP level. This  
was in agreement with Heidari et al., [33] . Who  
found that high serum CRP (>5mg/l) was found in  

(57.5%) of the patients.  

Concerning the correlation between CRP and  
serum Hb our study showed that there was a sta-
tistically significant negative correlation between  

CRP and serum Hb as (p-value 0.011). This was  
in agreement with Heidari et al., [33] . Who found  
that hemoglobin level conversely correlated with  

serum CRP (p-value 0.001).  

Serum CRP concentration does not change with  

the changes in kidney function but in the early  

stage of kidney disease, serum CRP may be related  
to serum albumin levels which is affected by in-
flammatory response [32] . It appears that elevated  
serum CRP may be more associated with throm-
botic risk rather than the degree of atherosclerosis.  

Because serum CRP changes in response to the  

development of cardiovascular complications so  
it cannot be considered as an independent factor  

of atherosclerosis. The association between inflam-
matory markers and cardiovascular events, coronary  

artery disease and its complications occur with  

high frequency in patients with ESRD and substan-
tially is contributing to cardiovascular morbidity  

and mortality in this population. Elevated levels  

of serum CRP is linked to the development of  
coronary artery disease even in the absence of  

dyslipidemia. Serum CRP level measured by con-
ventional method is apredictor of mortality in  

hemodialysis patients [32] .  

Conclusion:  

From this study, we concluded that many factors  

affect anemia in patients with ESRD on regular  
hemodialysis these factors include malnutrition,  

inflammation, iron deficiency and hyperparathy-
roidism.  
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Recommendations:  
1- Future studies including larger number of pa-

tients and longer duration are required to better  

clarify the exact factors affecting anemia in  

chronic hemodialysis patient.  

2- Further studies including assessment of level  
of pre albumin, interleukin1 and interleukin 6  

in serum of hemodialysis patients and correlation  
with Hb level.  
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