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Abstract

Maintaining iron balance is critical in the
management of sickle cell anaemia (SCA).
However, iron parameters are not routinely
assessed for patients in resource-poor settings.
This study assessed iron parameters of SCA
subjects in Calabar with a view to determining
the proportions of subjects with iron
derangements. This study was carried out among
consenting steady-state SCA subjects attending
the clinic at University of Calabar Teaching
Hospital Calabar, Nigeria. Adult male and
female sickle cell anaemia subjects aged 18-35
years were consecutively enrolled in the study.
Haemoglobin concentration and haematocrit
were analyzed by automation. Serum iron and
total iron-binding capacity were analyzed by
standard colorimetric methods while serum
ferritin was assayed by enzyme-linked
immunosorbent assay technique. Statistical
analysis was performed using Student's t-test and
the level of significance was set at p<< 0.05. The
haemoglobin concentration, haematocrit and
serum iron levels were found to be significantly
low whereas serum ferritin and total iron-
binding capacity levels were observed to be
significantly higher among SCA subjects
compared to subjects with normal adult
haemoglobin. Anaemia was present among all
SCA subjects. High proportions of reduced
serum iron and elevated serum ferritin were also
observed among these subjects. Among steady
state SCA subjects who had not received blood
transfusion within the preceding one year, more
than 80% of them had regular routine access to
conventional healthcare. Anaemia was present
among all the enrolled SCA subjects, while

reduced serum iron and elevated serum ferritin
proportions were observed.

Key words: Sickle cell anaemia, haemoglobin,
serum iron, ferritin

Introduction

Sickle cell anaemia is one of the non-
communicable health conditions with global
childhood mortality impact, especially among
persons of African descent (McGann, 2014;
Grosse et al., 2011). Efforts are ongoing with
regards to prevention as well as better
management of affected persons towards
increased life expectancy. Sickle cell anaemia
continues to be a health challenge in Nigeria
where it occurs mostly due to lack of knowledge
on the part of uninformed couples (Akwiwu et
al., 2019; Adegoke et al., 2015; Akwiwu et al.,
2011). The sickling of red blood cells
particularly within the microvasculature gives
rise to further disease manifestation including
vaso-occlusion, pain and haemolysis
(Bennewitz et al., 2017; Modell and Darlison,
2008). These outcomes therefore become the
basis for hospital visitation and admission.
Consequently, the management of crisis often
centers around the alleviation of the immediate
presenting symptoms in order to provide some
respite to the suffering patient. Routine checkup,
as a long-term management approach for sickle
cell anaemia subjects, centers on preventing pain
episodes, addressing symptoms and managing
complications. Unfortunately, health check for
affected persons is sometimes hampered by
individual socio-economic status of the patients
such that those unable to afford the cost of
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healthcare end up being less monitored. This is
the prevailing situation in most resource-poor
settings where healthcare generally suffers from
poor funding and inadequate infrastructure. For
the underprivileged in these areas, hospital
visitation becomes only necessary in times of
crisis, thus limiting the gains of timely
interventions (Akwiwu et al., 2019; Akinyanju et
al., 2005).

One of the sensitive areas in the management of
sickle cell anaemia is the maintaining of
sufficient number of red cells to support oxygen
supply. Haemolytic anaemia which characterizes
the disorder poses a serious threat to life no
doubt, yet high packed cell volume is also
implicated as a mediator of crisis (Akinbami et
al., 2012). Another such sensitive aspect is the
need to ensure iron balance owing to the
deleterious effects of either of the extremes.
While iron is thought to be lost through
haemolysis, transfusion therapy often
necessitated by severe anaemia serves as an
avenue for possible iron overload. There are
divergent views from previous reports on iron
parameters of sickle cell anaemia subjects
(Walter et al., 2009; Fung et al., 2008; Fung et
al., 2007; Ballas, 2001). However, dissimilar
result patterns may rather be indicative of the
prevailing disease course within different
studied populations. A sensitive approach to
determining iron status could be to investigate
the proportional derangement of iron parameters
among sickle cell anaemia subjects of a defined
population.

Materials and Methods

This study was carried out among 40 consenting
steady-state sickle cell anaemia subjects
attending clinic at University of Calabar
Teaching Hospital Calabar, Nigeria. Ethical
approval was obtained from the Health Research
Ethical Committee of University of Calabar
Teaching Hospital, while informed consent was
obtained from each participant enrolled in the
research and confidentiality was maintained.
The sample size for this cross-sectional study
was derived from 2% prevalence of SCA in
Nigeria (Fleming et al., 1979). Adult male and
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female sickle cell anaemia subjects aged
between eighteen and thirty-five years were
consecutively enrolled in the study. The sickle
cell anaemia subjects were recruited from the
Haematology Daycare Clinic at the University of
Calabar Teaching Hospital, Calabar. Subjects
with normal adult haemoglobin (Hb AA) were
apparently healthy age and gender-matched
residents of same locality who were not on iron
supplements at the time of study. Sickle cell
anaemia subjects below the age of eighteen
years, those in crisis as well as persons who had
received blood transfusion within the preceding
one year were excluded from the study.

Blood samples were collected into ethylene
diamine tetra-acetic acid bottle and plain bottles.
Haemoglobin concentration and haematocrit
were analyzed by automation using SMART-1
Haematology Analyzer (Kinghawk Technology
Co., Ltd, China). Serum iron and TIBC were
analyzed by standard colorimetric methods
while serum ferritin was assayed using Human
Ferritin ELISA kit (BioCheck, Inc South San
Francisco, USA). Statistical analysis was
performed on Microsoft Excel (MS office 2010)
for windows and SPSS version 20.0 The
Student's t-test was used in this study. Results are
expressed as numbers with percentages and
mean + standard deviation. The level of
significance was setatp< 0.05.

Results

A high percentage of the enrolled subjects were
below 30 years of age. Females constituted
majority of the study participants compared to
male. Most of the enrolled persons were keeping
to routine checkup regularly at the center (Table
1). The haemoglobin concentration, haematocrit
and serum iron levels of SCA subjects were
found to be significantly lower compared to
values from Hb AA controls, while, serum
ferritin and total iron-binding capacity levels
were observed to be significantly higher among
sickle cell anaemia subjects (Table 2). All the
sickle cell anaemia subjects were observed to be
anaemic. High proportions of reduced serum
iron and elevated serum ferritin were also seen
(Table 3).



Table 1. Demographic Parameters of the study participants

Parameter SCA (Hb SS) Subjects Hb AA Subjects
Number (%) Number (%)

Age

18-23 years 18 (45.0) 20 (50.0)

24-29 years 16 (40.0) 14 (35.0)

30-35 years 6 (15.0) 6 (15.0)

Total 40 (100) 40 (100)

Gender

Female 29 (72.5) 29 (72.5)

Male 11 (27.5) 11 (27.5)

Total 40 (100) 40 (100)

Routine Check

Regular 33(82.5) -

Irregular 7 (17.5) -

Total 40 (100) -

Table 2. Iron-related parameters of sickle cell anaemia subjects and Hb AA subjects

Parameter SCA (Hb SS) Hb AA Subjects
Subjects n= 40 p-Value
n =40
Hb g/1 94.72 £ 11.36 144.56 £ 12.31 0.001
HCT I/l 0.26 +0.04 0.41 +£0.04 0.001
Ferritin pg/l 240.83 +213.14 51.56 £34.45 0.001
Serum iron pmol/l 17.55 £ 6.95 27.17 +£4.84 0.001
TIBC pumol/l 72.35 +£26.40 60.67 +£9.02 0.009

Key: Hb = Haemoglobin, HCT = Haematocrit, TIBC = Total Iron-Binding Capacity.

Table 3. Proportions of SCA subjects with derangement in iron-related parameters

Parameters Below range Within range Above range
% % %

Hb (142.5+£17.5 g/l) 100 0 0

HCT (0.43+0.05 I/l) 100 0 0

Ferritin (15-250 pg/1) 0 32.5 67.5

Serum iron (11 - 27 875 12.5 0

umol/1)

TIBC (45 - 72 pmol/1) 12.5 40 47.5

Key: Hb = Haemoglobin, HCT = Haematocrit, TIBC = Total Iron-Binding Capacity.
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Discussion and Conclusion

Sickle cell anaemia is a condition marked with
haemolysis resulting in reduction of circulating
red cells and the attendant oxygen supply for
tissue respiration. The extent of haemolysis and
the consequent severity of the ensuing anaemia
varies from person to person as well as across
populations. Management of sickle cell crisis
spans over varied therapeutic approaches that
seek to address the underlying
pathophysiological factors such as pain, anaemia
and arising complications. Resolving anaemia in
sickle cell condition depends largely on the
severity of the anaemia and often includes
transfusion therapy (McGann et al.,2013; Smith-
Whitley and Thompson, 2012; Yazdanbakhsh et
al.,2012).

One of the concerns with dependence on blood
transfusion is the possibility for iron overload
because excess iron in the body has the potential
of causing multi-organ dysfunction. However,
evidence on the state of iron metabolism among
sickle cell anaemia subjects varies. Although the
finding of low serum iron is relatively common,
serum ferritin levels appears to be unexpectedly
high in most studies among sickle cell anaemia
subjects (Ikusemoro ef al., 2014; Olaniyi et al.,
2014; Akinbami ef al., 2013; Akodu et al., 2013;
Koduri, 2003; Olivieri, 2001). While it may seem
that previous studies have differing findings
regarding iron balance in sickle cell anaemia,
there are factors that may have contributed to
these discrepancies. Serum ferritin, although an
indicator of stored iron, is an acute phase marker
of inflammation (Pretorious and Kell, 2014;
Wang et al., 2010; Orino and Watanabe, 2008).
Its elevation may therefore not be entirely a
consequence of iron overload, but may be
pointing to the presence of inflammation
especially as may be occasioned by the presence
of infection. Observational studies may suffer
from the limitation of not being able to rule out
underlying factors such as presence of infection
in this instance. Other factors capable of
influencing the outcome of investigations on
iron metabolism among sickle cell subjects
include administration of transfusion therapy
and whether the subjects studied were in steady
state or in crisis.
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There is a need to go beyond the comparison of
iron parameters between sickle cell anaemia
subjects and persons with normal adult
haemoglobin. It has become more important to
look into the proportional derangement of iron
parameters within the sickle cell anaemia
subjects with defined characteristics. This could
represent a more sensitive approach to
determining iron status in specified populations.
The studied population comprised of steady state
sickle cell anaemia subjects who had not
received blood transfusion within the preceding
one year. Majority of them had regular routine
access to conventional healthcare at the
University of Calabar Teaching Hospital in
Calabar, Nigeria. For reasons relating to
financial constraint, 17.5% of the enrolled
persons could not access regular routine check at
the health facility but rather visited the hospital
only when they felt unwell. This distribution may
not have reflected the actual access to routine
checks among sickle cell anaemia patients at the
hospital. It merely shows a pattern which
suggests that more than 80% of those who had
not been transfused in the preceding one year
were accessing routine health check regularly.
Thus, regular routine check could be beneficial
in reducing dependence on blood transfusion
therapy among sickle cell anaemia subjects.

The finding of anaemia among all the enrolled
sickle cell anaemia subjects is not surprising. In
fact, high packed cell volume apparently is
unsuitable owing to the dangers of increased
blood viscosity (Onukak et al., 2019; Omoti,
2005). The goal in the management of sickle cell
anaemia is therefore not to achieve high red cell
values but rather to keep from sliding into severe
anaemia. Majority of the SCA subjects had
elevated ferritin but low serum iron levels. In
normal iron metabolism, the fourfold raise in
serum ferritin would have been considered
indicative of high iron stores. This unfortunately
appears not be translating to higher circulating
iron (serum iron) among the studied population.
Although the finding of low serum iron is not
uncommon among SCA subjects and has been
attributed to loss through haemolysis, such an
observation would have co-existed with low iron
stores. A possible reason for low circulating iron
in the face of high iron stores could be presence



of a chronic infection among other reasons.
Unfortunately, the study did not consider ruling
out infections at the planning stage of the
research.

This study concludes that among steady state
sickle cell anaemia subjects who had not
received blood transfusion within the preceding
one year, more than 80% of them had regular
routine access to conventional healthcare.
Anaemia was present among all the enrolled
sickle cell anaemia subjects, while majority of
the persons had elevated ferritin but low serum
iron levels.

Conflict of interest
All Authors declare no conflict of interest

References

Adegoke, S.A., Adeodu, O.0. and Adekile, A.D.
(2015). Sickle cell disease clinical
phenotypes in children from South-Western
Nigeria. Nigerian Journal of Clinical
Practice; 18(1):95-101.

Akinbami, A., Dosunmu, A., Adediran, A.,
Oshinaike, O., Phillip, A., Vincent, O., et al.
(2012). Steady state hemoglobin
concentration and packed cell volume in
homozygous sickle cell disease patients in
Lagos, Nigeria. Caspian Journal of Internal
Medicine; 3(2): 405-409.

Akinbami, A.A., Dosunmu, A.O., Adediran,
A.A., Oshinaike, O.0., Osunkalu, V.O.,
Ajibola, S.O., et al., (2013). Serum ferritin
levels in adults with sickle cell disease in
Lagos, Nigeria. Journal of Blood Medicine,
4:59-63.

Akinyanju, O. O., Otaigbe, A. 1., Ibidapo, M. O.
(2005). Outcome of holistic care in Nigerian
patients with sickle cell anaemia. Clinical
and Laboratory Haematology, 27: 195-199.

Akodu, S.O., Diaku-Akinwumi, I.N., Kehinde,
O.A., Njokanma, O.F. (2013). Serum iron
status of under-five children with sickle cell
anaemia in Lagos Nigeria. Hindawi
Anaemia; https://doi.org/10.1155/2013/
254765.

Akwiwu, E.C., Akpotuzor, J.O. and Okafor, A.O.
(2019). Knowledge of Haemoglobin Types
at Union among Couples and Impact on
Offspring; A Cross-Sectional Study in
Southern Nigeria. Asian Hematology
Research Journal;2 (1):1-6.

Akwiwu, E.C., Usanga, E.A. and Akpotuzor,
J.O. (2011). Comparative study of
haemoglobin types in coastal (Yenogoa) and
hinterland (Owerri) communities in South-
Eastern Nigeria. Journal of Medical
Laboratory Science;20(2): 16-20.

Ballas, S.K. (2001). Iron overload is a
determinant of morbidity and mortality in
adult patients with sickle cell disease.
Seminars in Hematology; 38(1): 30-36.

Bennewitz, M.F., Jimenez, M.A., Vats, R.,
Tutuncuoglu, E., Jonassaint, J., Kato, G.J., et
al. (2017). Lung vaso-occlusion in sickle cell
disease mediated by arteriolar neutrophil-
platelet microemboli. JCI Insight; 12(1):
e89761.

Fleming, A.F., Storey, J., Molineaux, L., Iroko,
E.A. and Attai, E.D. (1979). Abnormal
haemoglobins in the Sudan savanna of
Nigeria. I. Prevalence of haemoglobins and
relationships between sickle cell trait,
malaria and survival. Annals of Tropical
Medicine and Parasitology;73(2):161-172.

Fung, E.B., Harmatz, P., Milet, M., Ballas, S.K.,
De Castro, L., Hagar, W., et al. (2007).
(Multi-Center Study of Iron Overload
Research Group) Morbidity and mortality in
chronically transfused subjects with
thalassemia and sickle cell disease: A report
from the multi-center study of iron overload.
American Journal of Hematology; 82(4):
255-265

Fung, E.B., Harmatz, P., Milet, M., Coates, T.D.,
Thompson, A.A., Ranalli, M., et al. (2008).
(Multi-center Iron Overload Study Group)
Fracture prevalence and relationship to
endocrinopathy in iron overloaded patients
with sickle cell disease and thalassemia.
Bone;43(1): 162-168.

Grosse, S.D., Odame, ., Atrash, H.K., Amendah,
D.D., Piel, F.B. and Williams, T.N. (2011).
Sickle cell disease in Africa: a neglected
cause of early childhood mortality.
American Journal of Preventive Medicine;
41(6): S398-S405.

Ikusemoro A, Halim N, Awodu O, Ehiaghe F,
Isoa E, Ehiaghe 1. (2014). Iron status of
multiple transfused sickle cell anaemia
patients attending a sickle cell clinic in
Benin city, Nigeria. Open Journal of
Pathology;4:25-31.

Koduri, P.R. (2003). Iron in sickle cell disease. A

SIMLS Volume 5, Number 3 September, 2020 Page 15



review why less is better. American Journal
of Hematology; 73: 59-63.

McGann, P.T., Nero, A.C. and Ware, R.E. (2013).
Current Management of Sickle Cell Anemia.
Cold Spring Harbor Perspectives in
Medicine; 3:a011817.

McGann, P.T. (2014). Sickle cell anemia: an
underappreciated and unaddressed
contributor to global childhood mortality.
Journal of Pediatrics;165(1):18-22.

Modell, B. and Darlison, M. (2008). Global
epidemiology of haemoglobin disorders and
derived service indicators. Bulletin of the
World Health Organization; 86(6):480-487.

Olaniyi, J.A., Akinlade, K.S., Atere, A.D. and
Arinola, O.G. (2014). Serum iron status and
haematological profiles in adult Nigerian
sickle cell anaemia patients. International
Journal of Infectious Diseases.; 4(8): 917-
927.

Olivieri, N.F. (2001). Progression of iron
overload in sickle cell disease. Seminars in
Haematology; 38: 57-62.

Omoti, C.E. (2005). Haematological Values in
Sickle Cell Anaemia in Steady State and
During Vaso-Occlusive Crisis in Benin City,
Nigeria. Annals of African Medicine, 4: 62-
67.

Onukak, E.E., Akwiwu, E.C., Akpotuzor, J.O.,
Okafor, A.O. and Onukak, A.E. (2019).
Glutathione and bilirubin concentrations as
markers of oxidative stress measured among

sickle cell anaemia subjects attending
University of Calabar Teaching Hospital,
Calabar Nigeria. International Blood
Research & Reviews; 10: 1-6.

Orino, K. and Watanabe, K. (2008). Molecular,
physiological and clinical aspects of the iron
storage protein ferritin. The Veterinary
Journal; 178 (2): 191-201.

Pretorius, E. and Kell, D.B. (2014). Diagnostic
morphology: biophysical indicators for iron-
driven inflammatory diseases. Integrative
Biology; 6(5): 486-510.

Smith-Whitley, K. and Thompson, A.A. (2012).
Indications and complications of
transfusions in sickle cell disease. Pediatric.
Blood Cancer; 59: 358-364.

Walter, P.B., Harmatz, P. and Vichinsky, E.
(2009). Iron metabolism and iron chelation
in sickle cell disease. Acta Haematologica,
122(2-3): 174-183.

Wang, W., Knovich, M.A., Coffman, L.G., Torti,
F.M. and Torti, S.V. (2010). Serum ferritin:
Past, present and future. Biochimica et
Biophysica Acta (BBA) - General Subjects;
1800 (8): 760-769.

Yazdanbakhsh, K., , R.E. and Noizat-Pirenne, F.
(2012). Red blood cell alloimmunization in
sickle cell disease: pathophysiology, risk
factors, and transfusion management.
Blood; 120 (3): 528-537.

Citation: Akwiwu, E.C., Akpotuzor, J.O., Onukak, E.E., Isong, [.LK.P., Okafor, A.O., Edem, M.S.,
Ndem, B.N. Proportional Derangement in Iron Parameters of Sickle Cell Anaemia Subjects in
Calabar Nigeria. Sokoto Journal of Medical Laboratory Science,; 5(3): 11 - 16.

Copyright. This is an open-access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

SIMLS Volume 5, Number 3 September, 2020 Page 16



	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16

