o o Volume -10 | Issue - 5 | May - 2020 | PRINT ISSN No. 2249 - 555X | DOI : 10.36106/ijar
Original Research Paper D)
( orig per ) N
Biochemistry )

IRON PROFILE PARAMETERS STATUS IN SICKLE CELL DISEASE
PATIENTS: A CASE CONTROL STUDY FROM CHHATTISGARH INDIA

Dr. Yandana MD Department of Biochemistry, Pt. J. N. M. Medical College, Raipur, India-492 001.

Dewangan
DL S.h arja MD Department of Pediatrics,Pt. J. N. M. Medical College, Raipur, India-492 001.
Phuljhele
MD DNB Department of Biochemistry, All India Institute of Medical Sciences,
Dr. Dnyanesh Amle . "1\ 4ia 440003
Dr. P. K. Patra* MD Department of Biochemistry, Chhattisgarh Institute of Medical Sciences, Bilaspur,

India*Corresponding Author
‘ ABSTRACT ’ Sickle cell disease subjects are at risk of imbalance in iron and related parameters due to hemolytic pathophysiology and

bone marrow stress. Frequent blood transfusion further causes the imbalance to escalate. We tried to assess various
hematological parameters in Sickle cell disease subjects in state of Chhattisgarh and compare the parameters in Sickle cell trait and normal
subjects. Materials and methods: 200 subjects each with sickle cell disease (SCD), Sickle cell trait (SCT) and Normal healthy control subjects
(C) as per High performance liquid chromatography and electrophoresis reports. All the subjects were assessed with hematological and iron
profile parameters. These parameters were compared between groups. Results: All the hematological parameters were found to be significantly
different between study groups. On post hoc analysis, Hb and RBC were found to be significantly lower in study groups SS as compared to AA
and AS, while WBC was found to be significantly higher in study groups SS as compared to AA and AS. Frequency of low S.iron levels, high S.
ferritin levels high TIBC levels and low transferrin saturation levels was significantly higher in SS group. Conclusion: Serum transferrin is
significantly reduced while serum ferritin is significantly increased in sickle cell disease subjects. This indicates high saturation of iron in sickle
cell disease subjects. In the backdrop of frequent blood transfusion required in SCD subjects, this finding must be kept in mind while
administrating blood transfusion.
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INTRODUCTION

Sickle cell disease (SCD), characterized by presence of abnormal
structural variant of haemoglobin (Hb) named as sickle haemoglobin
(HbS), is the first genetic disease with known molecular basis. HbS is a
structural variant of Hb where Glutamic acid, an amino acid at position
no. 6 of beta globin chain of Hb, gets replaced by Valine. The reason
being, change of nucleotide, Adenine to Thymine (GAG replaced by
GTG) of codon b of the beta-globin gene which is located on short arm
of chromosome number 11. Sickle Hb gets polymerized at low oxygen
tension and causes deformation of the RBC from discoid shape to
sickle like form. (Akinbami, 2013) About 50% of SCD subjects in
world populations are found in India. (Akinbami, 2013)

Sickle cell Anaemia (SCA) characterized by red blood cells (RBCs)
deformity result in chronic haemolytic anaemia, infarctive crisis,
frequent infections and risks of serious complications.(Andrews,
2013) In the homozygous state of the disease, both the B-globin
genes are mutated (HbSS) and the individuals suffer from life-long
severe haemolytic anaemia, attacks of pain crisis,chronic organ
system damage and marked decrease in life expectancy. In
heterozygous (HbAS) condition, both normal and mutated
hemoglobin are produced. These individuals do not experience
symptoms, are generally healthy and are said to be sickle cell traits
(SCT). (Khodiar, 2016)

Iron deficiency may occur in patients with SCDs as a SCA patient is not
immune to environmental factors that precipitate IDA. Such factors
include poor nutrition and parasitic infestations and varying bacterial
infections, which may disturb iron metabolism. In addition, excessive
urinary iron loss, poor absorption, and metabolism of iron owing to
multiple mucosal/submucosal infarcts, and progressive multiple organ
damage/failure make SCA patients highly susceptible to IDA.
Alternatively, iron-overload due to repeated transfusion is known to
cause hemochromatosis leading to serious damage to body tissues.
Therefore, maintaining an appropriate level of iron in the body of
sickle patients is essential. (Koury, 2004)

Inthis study we tried to assess various hemtological and iron profile
parameters in SCD, SCT and control subjects and compare them.

MATERIALSAND METHODS

This hospital based, observational case control study was conducted in
the Department of Biochemistry, Pt. J.N.M. Medical College and DR.
B.R.A.M. Hospital, Raipur, C.G. among patients who attended the
Sickle Cell OPD, Department of Biochemistry, Pt. J. N. M. Medical
College and Inpatient ward of Paediatrics department, Pt. J. N. M.
Medical College. The study was approved by the institutional ethical
committee of Pt. J. N. M. Medical College. All the guidelines of
Declaration of Helsinki were followed during the study. Study
recruited 200 patients with SCD and 200 SCT patients with and 200
age and gender matched normal healthy controls. Patients of sickle cell
anemia (HbSS) and sickle cell trait (HbAS), confirmed on Hb
electrophoresis / HPLC were included in the study, Patients who were
on hydroxyurea treatment and had recent blood transfusion in last 6
months were excluded from study. Other exclusion criteria were,
patients with hemoglobinopathies other than SCD and SCT. Patients
on iron supplementation therapy (including iron-fortified vitamins),
iron chelation therapy and anticoagulant therapy. Patients with history
of any active bleeding disorders like bleeding piles, peptic ulcer
disease etc., or, any coagulation disorder, or, history of any major
trauma, surgery, or blood loss in last 3 months, pregnancy, lactation,
history of menstrual irregularities such as menorrhagia, and patients on
oral contraceptives, patients with hepatitis, hemochromatosis,
hemosiderosis, acute inflammation (respiratory infection), abscess,
immunization, chronic inflammation or malignancy were also
excluded.

After obtaining informed written consent, the study recruits were
subjected to detailed clinical history and thorough examination. Any
investigations available with them was also assessed. About 4 ml
venous blood sample was collected with asceptic precautions.1.0 ml of
the blood was transferred into EDTA vials and was usedfor
determination of complete blood count. Remaining blood sample was
allowed to clot and serum was separated. And was used for estimation
of iron parameters. Serum Iron and TIBC was measured by
Ferrozine/Magnesium Carbonate method using fully automated
biochemistry I-Lab 6501 (Werfen© Germany)autoanalyzer.Serum
Ferritinwas measured by Electrochemiluminiscence (Roche cobas©
e411, Roche Diagnostics, Mannheim, Germany) Percentage
Transferrin Saturation was calculated as: 100 X (serum Iron/TIBC)
Complete blood cell count: By an Cobas m 511© integrated 5 part

I INDIAN JOURNAL OF APPLIED RESEARCH | 9




Volume -10 | Issue - 5 | May - 2020 | PRINT ISSN No. 2249 - 555X | DOI : 10.36106/ijar

hematology analyser (Roche Diagnostics, Mannheim, Germany ).

Statistical analysis was done using Microsoft Excel and IBM software
SPSS v16.0. The analysis of the results was done by Chi-square
test, ANOVA.A'p' value of <0.05 was considered significant.

RESULTS

The study group consisted of total 600 subjects (200 HbSS, 200 HbAS,
200 HbAA). Comparison of various hematological parameters
between study groups was performed using ANOVA. All the
parameters were found to be significantly different between study
groups. On post hoc analysis, Hb and RBC were found to be
significantly lower in study groups SS as compared to AAand AS(p=
<0.0001 and < 0.0001 respectively )while WBC was found to be
significantly higher in study groups SS as compared to AAand AS (p=
<0.0001). (table 1)

Table: 1 Comparison of various hematological parameters
between study groups
Parameters | Group| Mean | S.D. S.E. F
Hb (%) AA 1323 | 233 | 0.16
AS 1258 | 1.87 | 0.13
SS 8.93" [ 2.02 | 0.14 |247.77|<0. 0001
Total | 11.58 | 2.81 | 0.11
RBC AA 526 | 0.89 | 0.06
(10°6/mm”3) [ AS 537 | 093 | 0.07
SS 3.93” [ 1.06 | 0.07
Total | 4.85 1.16 | 0.05
MCV (fl) AA | 8432 [ 879 | 0.62
AS | 81.82" [ 838 | 0.59
SS 80.26" | 8.78 | 0.62 |11.23]<0.0001
Total | 82.13 | 8.80 | 0.36
MCH (pg) | AA | 2545 | 385 | 027
AS | 2428 [ 412 ] 029
SS 2483 | 347 | 025 | 476
Total | 24.85 | 3.85 | 0.16
MCHC AA | 3011 | 282 ] 0.20
(gm/dl) AS | 28.94" [ 2.80 | 0.20
SS 2894 | 2.95 | 0.21 | 11.31|<0.0001
Total | 29.33 | 291 | 0.12
WBC AA 710 | 217 | 0.15
(10°3/mm™3) [ AS 7.77 | 2.40 | 0.17
SS | 10.67° | 536 | 0.38
Total | 8.51 3.93 | 0.16
PLT AA 262 | 092 | 0.07
(10A5/mm*3) [ AS 274 | 0.85 | 0.06
SS 3.01° | 095 | 0.07
Total | 2.79 | 0.92 [ 0.04

aP<0.05VsAA,bP<0.05VsAS

p value

139.03{<0.0001

0.009

55.09 |<0.0001

9.542 1<0.0001

Comparison of various iron parameters between study groups was
performed using ANOVA. All the parameters were found to be
significantly different between study groups. Serum Iron and
Transferrin saturation were found to be significantly lower in study
groups compared to AA and AS (p=<0.0001 and <0.0001 respectively
) while TIBC and Serum Ferritin were found to be significantly higher
in study group as compared to AA and AS (p =< 0.0001 and < 0.0001
respectively) (Table 2)

Table 2: Comparison of various iron profile parameters between

study groups
Parameters | Groups | Mean S.D. S.E. F | p value
S. Iron (mcg/dl)] AA 153.44 | 68.53 | 4.85 [65.02(<0.0001
AS 124.40° | 82.19 | 5.81
SS 76.61*" | 49.36 | 3.49
Total | 118.15 | 74.96 | 3.06
TIBC (meg/dl)| AA 140.30 | 41.59 | 2.94 [57.48|<0.0001
AS 134.09 | 32.76 | 2.32
SS  [313.40* | 324.55 | 22.95
Total | 195.93 | 206.99 | 8.45
Ferritin (ng/ml)| AA 112.63 | 64.50 | 4.56

AS | 92.01 | 9851 | 6.97
SS [390.36™[ 463.53 | 32.78 | 72.82{<0.0001
Total | 198.33 | 307.45 | 12.55

Transferrin AA | 11543 | 52.29 | 3.70
saturation (%) [ AS a
95.24tb 59.76 | 4.23 42.07 |<0.0001
SS 62.18" | 62.64 | 4.46
Total | 91.09 | 62.26 | 2.55

aP<0.05VsAA,bP<0.05VsAS

Various iron profile parameters status was compared between study
groups. Significant difference was found between groups regarding
frequency of iron status. Frequency of low S.iron levels (x2=11.8 p=
0.19) (Fig 1), high S. ferritin levels (x2=111.6 p<0.0001) (Fig 2), high
TIBC levels (x2=134.8 p<0.0001) (Fig 3) and low transferrin
saturation levels (x2=151.2, p<0.0001) (Fig 4) was significantly
higher in SS group.
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Fig.1: S.Iron in concentration in different study groups.

AA, AS and SS represent control, sickle cell carrier, sickle cell disease
patients respectively.
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Fig. 2: S. Ferritin concentration in different study groups.

AA, AS and SS represent control, sickle cell carrier, sickle cell disease
patients respectively.
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Fig. 3: Transferrin saturation and TIBC in different study groups.

AA, AS and SS represent control, sickle cell carrier, sickle cell disease
patients respectively.

DISCUSSION

It has been estimated that about 50% of the total world population of
SCD patients resides in India especially in the central zone.(Khan ,
2010)Chhattisgarh is a newly created state of central India and most of
the people of this region either belong to the tribal or backward classes.
Occurrence of SCD is found to be very high in this state. In this current
study, we attempted to show the iron profile status and hematological
parameter of SCD and carrier states of patients visiting Sickle cell
OPD, Pt.J.N.M.M.C.,Raipur(C.G.) Iron plays a central role in
erythropoiesis and many other intracellular processes in all the tissues
of the body.(Koury, 2004)Although iron is an important element
required by the human body, the control of this necessary but
potentially toxic substance is an important aspects of human health
anddisease.(Andrew, 2008)Iron deficiency leads to decrease in the
amount of red blood cells or haemoglobin. (Stedman's Medical
Dictionary, 2006)Iron overload on the other hand leads to toxicity and
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cell death via free radical formation and lipid peroxidation. (Schrier,
2011)

There are several reasons to believe that iron deficiency may occur in
patients with SCDs as a SCA patient is not immune to environmental
factors that precipitate IDA. Such factors include poor nutrition and
parasitic infestations and varying bacterial infections, which may
disturb iron metabolism. In addition, excessive urinary iron loss, poor
absorption, and metabolism of iron owing to multiple
mucosal/submucosal infarcts, and progressive multiple organ
damage/failure make SCA patients highly susceptible to IDA.(Patel,
2016)

Iron deficiency or overload, complicating SCA, is likely to worsen the
clinical state of the disease. (Koury, 2004)Recently, serum ferritin is
considered as an effective indicator of the iron status of the body.
(Patra,2012)

In this study, serum iron was significantly lower in sickle cell disease
subjects when compared with control subjects and SCT, this agrees
with studies conducted by Akinsegun et al. J.A. Olaniyi et al.and Dr. J.
P. Warade etal.(Akinsegun 2013; Olaniyi, 2014 and Warade, 2010)

TIBC was significantly increased in sickle cell disease subjects in
comparison to control subjects and sickle cell carriers and this goes
with the study conducted by Dr.J. P. Warade et al.[13] andChandni
Patel etal. (Warade, 2010 and Patel, 2016)

Ahigher fold increase in ferritin level in sickle cell disease patients has
also been noticed in the present study. This may be because chronic
haemolysis causes increased absorption of iron from gastrointestinal
tract. ( Ballas, 2001)This agrees with the study conducted by Mishra et
al., Khodiar et al., and Olaniyi et al.(Mishra, 2015; Khodiar, 2016 and
Olaniyi, 2014)

Transferrin saturation(%) was significantly lower in sickle cell disease
subjects when compared with control subjects and SCT.

In this study, the mean haemoglobin levels were also found to be
significantly decreased in sickle cell disease patients as compared to
sickle cell carrier and normal subjects and this agrees with studies
conducted by Khodiar et al , Mohanty et aland Olaniyi et al.(Khodiar,
2016; Olaniyi, 2014 and Mohanty, 1998)

CONCLUSION

The present study shows that there is a difference in serum iron level,
TIBC, transferrin saturation, and serum ferritin level in Sickle Cell
Disease and Sickle Cell Carrier patients.

The serum iron level in SCD is found to be 51.1% less as compared to
normal subjects and 31.17% less as compared to SCT. TIBC level in
SCD is found to be more than twice as compared to normal controls
and SCT.

The serum ferritin level is also found to be nearly thrice in SCD as
compared to normal Controls and nearly more than thrice as compared
to SCT. Transferrin saturation in SCD is found to be 46.14% less as
compared to normal subjects and 28.64% less as compared to SCT.

The serum ferritin was the most important marker in the present study
and is a measure of available iron stores in the body. It is significantly
increased in Sickle Cell Disease patients. This shows patients are iron
overloaded and iron supplement should be deferred in them. This iron
overload can be prevented by exchange transfusion rather than
conventional transfusion. Medical management of iron overload
would be chelation therapy, which is indicated when the serum ferritin
level > 1000 ng/d.
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interest.

REFERENCES

1. Akinbami, A. A., Dosunmu, A. O., Adediran, A. A., Oshinaike, O. O., Osunkalu, V. O.,
Ajibola, S. O., & Arogundade, O. M. (2013). Serum ferritin levels in adults with sickle
cell disease in Lagos, Nigeria. Journal of blood medicine, 4, 59.

2. Andrews, N. C. (2008). Forging a field: the golden age of iron biology. Blood, The
Journal of the American Society of Hematology, 112(2),219-230.

3. Ballas, S.K.(2001), January. Iron overload is a determinant of morbidity and mortality in
adult patients with sickle cell disease. In Seminars in hematology (Vol. 38, pp. 30-36).
‘WB Saunders.

4. Khan, Y., Thakur, A. S., Mehta, R., Kundu, R. K., & Agnihotram, G. (2010).

Hematological profile of sickle cell disease: a hospital based study at Cims, Bilaspur,
Chhattisgarh. JABPT, 1,717-21.

5. Khan, Y., Thakur, A.S., Mehta, R., Kundu, R.K. & Agnihotram, G.(2010).
Hematological profile of sickle cell disease: a hospital based study at Cims, Bilaspur,
Chhattisgarh. JABPT, 1(2), pp.717-721.

6. Khodiar, P. K., Patra, P. K. & Sahu, G. K.(2016). Serum Ferritin Level in Sickle Cell
Disease. International Journal of Health Sciences and Research, 6 (8), pp. 161-165.

7. Koury, M. J., & Ponka, P. (2004). New insights into erythropoiesis: the roles of folate,
vitamin B12, and iron. Annu. Rev. Nutr., 24, 105-131.

8. Mishra, V.N., Tirkey, N. K., Thakur, T. S.(2015). A Study of Serum Ferritin, Serum Iron
and Total Iron Binding Capacity in Sickle Cell Disease. Indian Journal of Applied
Research, 5 (11), pp.

9. Mohanty, D. & Pathare, A.V.(1998). Sickle cell Anemia-the Indian scenario. Indian J.
Hematol Blood Transfus, 16(1-1), pp.1-2.

10.  Olaniyi, J.A., Akinlade, K.S., Atere, A.D. & Arinola, 0.G.(2014). Serum iron status and
haematological profiles in adult Nigerian sickle cell anaemia patients. International
Journal of Tropical Disease and Health, 4(8), pp.917-927.

11.  Patel, C., Jha, B.M., Jana, S., Singh, A. & Shah, H.(2016). Iron status in sickle cell
disorders. International Journal of Medical Science and Public Health, 5(09), p.1.

12.  Patra, PK., Khodiar, PX., Panigrahi, S. and Srivastava, N.(2012). Study of serum
ferritin, iron, total iron binding capacity in sickle cell disease. Journal of Advance
Researches, 4(4), pp.340-344.

13. Schrer, S.L. and Bacon, B.R., 2009. Iron overload syndromes other than hereditary
hemochromatosis. UpToDate 17.2.

14.  Stedman's Medical Dictionary (2006) (28thedn). Philadelphia: Lippincott Williams
andWilkins. P.Anaemia.

15, Warade, J.P,, Apte, 1.C., Dahake, H.S. & Pawade, Y.R.(2013). Study of iron profile in
sickle cell disease patients. Int J Biol Med Res, 4(3), pp.3271-74.

| INDIAN JOURNAL OF APPLIED RESEARCH | 11




