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Context: Study of Iron Profile in Sickle cell Disease Patients  Objectives: To  find out the weather 

sickle cell disease is iron overload or iron deficiency state. Study Design: A cross-sectional 

analyticalstudy.  Materials & Methods: Concentrations of serum iron, total iron binding 

capacity and ferritin were analyzed and compared between sickle cell 4disease cases and 

healthy controls by using the unpaired two-tailed  Student's 't' test. All statistical analyses were 

done using Graph Pad Prism. Results: The mean levels of serum iron and ferritin levels were 

significantly (P< 0.05) lower in sickle cell disease cases as compared to healthy subjects. 

Whereas total iron binding capacity was significantly (P< 0.05) higher in sickle cell disease 

case as compared with normal healthy subjects. Conclusion: Sickle cell disease is an iron 

deficiency state as contrary to conventional belief of iron overload state. Thus, in the course of 

treatment of sickle cell disease the fact that these individuals are in iron deficiency state should 

be taken into consideration.
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1. Introduction

2. Materials and Methods:
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Sickle cell disease is an inherited blood disorder that affects red 

blood cells. People with sickle cell disease have red blood cells that 

contain mostly hemoglobin S, an abnormal type of hemoglobin. 

Sickle cell hemoglobinopathies are hereditary disorders involving 

primarily the β chain of HbA and forms HbS in the red cells. Sickle 

cell hemoglobin is produced by substitution of valine for glutamic 

acid at position 6 of β chain of normal hemoglobin. Gene mutation- 

when homozygous, the individual has sickle cellanemia (HbSS). 

Heterozygous individual for sickle cell hemoglobinhas sickle cell 

trait (HbAS). Such an individual has about 55 – 60% of  HbA and 35 – 

40% of HbS.[1]Sickle cell gene is an example of a gene that has 

persisted  and spread in the population. It is originated in the black 

population inAfrica and it confers resistance to one type of malaria. 

This decrease in risk appears to be related to impaired parasite 

growth at low oxygen tensions. This may be due to low oxygen 

tension that causes sickling of red blood cells. These sickled cells 

then gets equestered in spleen so that the malaria parasite could 

not complete its life cycle and the individual get protected from the 

infection. [2]Homozygous sickle cell disease (Hb-SS) is 

genetically inherited disorder and transmitted equally by males 

and females.[3] Iron is a vitally important element in human 

metabolism. It has central role in erythropoiesis in addition to 

other intra cellular processes in all the tissues of the body. [4] It is 

commonly said that patients with chronic hemolytic anemia are 

iron loaded because of excessive breakdown of red blood cell and 

an increased frequency of transfusion. Hence they are prone to the 

development of hemosiderosis.[5] For this reason iron salts are 

rarely employed in the treatment of sickle cell anemia. [6] Contrary 

to this belief widespread prevalence of iron deficiency and 

relatively small number of transfusion in India makes it likely that 

children with sickle cellanemia are not often iron loaded as is 

believed and may in some cases be actually iron deficient. This 

study is conducted to confirm the same fact and complete iron 

profile – serum iron [7], serum total iron binding capacity [7], 

serum ferritin [8]was studied in the subjects.

The present study was carried out during the period of 

December 2007 - September 2009 in the Department of 

Biochemistry, Indira Gandhi Government Medical College, Nagpur. 

The study protocol was approved by the Institutional Ethical 

Committee. An informed written consent was obtained from all the 

study subjects who were enrolled in the study. The study sample 
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comprised of two-hundred participants; of which 100 were known 

cases of sickle cell disease (Group A)and other hundred were age-

sex matched healthy controls(Group B) who were confined to the 

age group 11-30. Inclusion Criteria: Diagnosed cases of sickle cell 

disease with steady state of the disease at the time of study. Age and 

sex matched healthy individuals were selected as controls.

Exclusion Criteria: Individuals with evidence anemia and 

bleeding tendencies. Patients with any history of iron therapy in 

past one year were excluded from the study. 5 ml of blood sample 

was collected from each patient after12-14 hrs. of fasting, in sterile 

plain bulb. The serum sample was allowed to clot for 30 min and 

then centrifuged. Serum iron and TIBC estimation is done on Erba 

Chem 5Semiautomatic analyzer using kits purchased from 

CRESTBIOSYSTEMS. Serum ferritin estimation is done with Advia 

Centaur CP from Simens. Statistical Analysis: All values were 

reported as mean ± SD. The unpaired two tailed Student's t test was 

used to assess the significance of the difference in the values in the 

sickle cell disease subjects and in healthy controls. The differences 

were considered as statistically significant at a probability  value, P 

< 0.05. All statistical analyses were performed by using statistical 

software Graph Pad Prism.

The demographic profile of the study subjects is depicted in 

[Table/Fig 1], [Table/Fig 5]. The cases and controls studied were 

age and sex matched. Comparison of serum iron [Table/ Fig 2 and 

Table/ Fig 6], serum total iron binding capacity [Table/ Fig 2 and 

Table/ Fig 7] and serum ferritin [Table/Fig 2 and Table/ Fig 8] is 

shown. Levels of serum iron and serum total iron binding capacity 

in control and cases is shown in [Table/ Fig 3 and Table/ Fig 4]

3. Results:

[Table/Fig 1] Demographic profile of the study subjects

Male

Female

M:F Ratio

Age (yr)

Group A Group B

57

43

1.32:1

17.68 ± 4.005

57

43

1.32:1

18.46 ± 3.891

[Table/Fig 2] Comparison of serum iron, TIBC and ferritin in 

study groups.  

[Table/ Fig 3] Showing serum iron values in the study. 

[Table/ Fig 4] Showing serum total iron binding capacity level 

in the study.

Sr. Iron

Sr. TIBC

Sr. Ferritin

Group A (mean ± S.D.)

Sr. Iron(µl/dl)

Sr. TIBC(µl/dl)

Group B (mean ± S.D.)

Group A(n=100)

Group A (n=100)

P value

Group B(n=100)

Group B(n=100)

40.96±11.17

426.1±13.85

19.96±4.737

<49

49-167

251-403

>403

98.58±28.18

319.6±46.63

106.2±55.47

74

26

03

97

<0.05

<0.05

<0.05

00

100

100

01
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It is commonly said that patients with sickle cell anemia, like 

other chronic hemolytic anemia, are iron loaded because of 

enhanced hemolysis. Similar opinion was given by Reynold set al[5]. 

But the studies which are recently coming up show that the patients 

with sickle cell anemia may be iron deficient[9, 10, 11].Konotey-

Ahulu BFK et al [12]in their study reported that 19% of the patient 

having serum iron values lower than the normal whereas 28% of 

the patient were having normal serumiron values. Vichinsky, et al 

[13]studied the iron deficiency anemia in sickle cell anemia. They 

found that the patient with non -transfused sickle cell anemia 

(n=22) have average serum iron values to be 53 μg/ dl (11 -154 

μg/dl) with most of the patient having values well below normal 

level (<50 μg/dl). The patients whose serum TIBC was more than 

403 μg/dl were97% in the present study. The patients whose serum 

TIBC was in the range of 251-403 μg/dl was 3% in the present study. 

Peterson et al[9]reported that only 23% of the patients in their 

study were having serum TIBC level more than 400 μg/dl. While 

maximum of the patient (55%) were having serum TIBC in the 

range of 250-400 μg/ dl which is with in normal range. They also 

found that 22% of the patients were having serum TIBC below 250 

μg/ dl.Konotey-Ahulu BFK et al[12]reported 25% of the patient 

having serum TIBC level above normal limit (>400 μg /dl) and 63% 

of the patient with serum TIBC level. (250 -400 μg/dl) intheir 

study,this can also be explained on the basis of nutritional 

difference between western dietary habit and Indian dietary habit. 

Vichinsky E et al[13]reported in their study 42% of the patient 

having serum ferritin level below normal level while 58% of the 

patient having serum ferritin level within normal level.In addition 

to poor nutritional status, intestinal parasites like hookworm, 

malabsorption syndrome, intestinal bleeding is some 

otherimportant reason for iron deficiency. In our study, we found 

that serum iron and serum ferritin concentration were significantly 

(p<0.05) decreased and serum TIBC level are significantly 

increased as compared to the simultaneously studied control 

group. Although, the patients of sickle cell disease have increased 

ironin reticuloendothelial stores and bone marrow due to continue 

she molysis, their mean serum iron was less and serum TIBC was 

moreas compared to controls. This can be explained, as most of the 

patients are from the lower socio-economic class. The diet of these 

individuals is poor iniron content and other essentials nutrients 

which contribute to the iron deficiency in these individuals.[14], 

[ 1 5 ] , [ 1 6 ] T h e  o t h e r  p o s s i b l e  e x p l a n a t i o n  f o r  

decreased in serum iron levels sickle cell patients as compared to 

the normal healthy controls are –helementhiasis [17]; associated H. 

Pylori infection [18],[19];urinary iron excretion is increased in 

sickle cell anemia [20],interference of absorption of iron by 

phytates. [21]Also, some of the patients in our study group are of 

pediatricage group in which the tissues have not got sufficient time 

to develop increased iron stores. Malabsorption syndrome, 

intestinal bleeding is some other reasons that could contribute for 

iron deficiency in our study group.[22]It is also observed that in our 

study, there are decreased levels of serum ferritin. Ferritin is a 

protein which binds to iron and serve as a carrier as well as store of 

tissue iron in the body.[23]Free iron is toxic to cells. [24]This is a 

protective adaptive mechanism to bind free iron in various tissue 

compartments. As thelevels of serum iron are low, the level of serum 

ferritin also decreasesas there is no free iron for ferritin to bind. 

TIBC measures the amount of transfer in present in the blood. 

Transferr in is a blood protein that transports iron from the gut, 

where the iron is absorbed from food, to the cells that use it. When 

iron stores are low, the body will make more transfer in so that it can 

collect more iron absorbed from food and make more efficient use 

of it. So the serum levels of transfer in increases which in turn 

increase the serum total iron binding capacity. This mechanism 

could possibly explain the findings of increased in serum TIBC 

levels and its inverse co-relation with serum iron and serum ferritin 

level observed in our study. Total iron binding Capacity (TIBC) is a 

medical labor atory test which measures the blood's capacity to 

bind iron with transfer in. [25], [26], [27]

In present study most of the patients of sickle cell disease have 

mild to moderate degree of anemia. Serum iron and serum ferritin 

are significantly decreased and serum total iron binding capacity is 

significantly increased as compared to controls. Iron status of these 

patients was poor as compared to controls. Thus, in the course of 

treatment of sickle cell disease the fact that these individuals are in 

iron deficiency state should be taken into consideration.

Dr. Harshal Narkhede, Dr. Sunil Chakole and Dr. Srushtee Ghate, 

being PG – Students of M.D. (Biochemistry) from the same institute, 

helped me in the technical matters of the project.

4. Discussion:

5. Summary and Conclusions
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