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Summary 

The prevalence of iron deficiency anaemia 
during the first three decades of life was investi-
gated in eighty-five patients with SS and SC 
haemoglobins. The parameters used were the 
haematocr i t , serum iron, total iron binding 
capacity (TIBC) , percentage saturation of trans-
ferrin and availability of iron in the bone 
marrow. T h e mean haematocrit values were 
similar throughout the three decades, but 
increased with age (r = 0.41). The mean serum 
iron was significantly lower ( P <0.01) in the first 
decade than in the second or third decade. 
Females had lower serum iron in the first and 
second decades and higher values in the third 
decade than their male counterparts . The trans-
ferrin saturation was significantly lower ( P 
<0 .01) in the first decade than in the third 
decade. No haemosiderin was found in the marrow 
aspirates at a transferrin saturation of 15%. Of 
the eighty-five bone marrow aspirates studied 
for stainable iron, fifty-eight (68.2%) had nil 
iron. The data presented show that iron deficiency 
anaemia is a common finding in patients with 
haemoglobinopathies. The need to incorporate 
oral iron with folic acid and paludrine in the 
treatment of sickle cell disease is suggested. 

Resume 
La predominance de Panemic attribuable a Pin-
suffisance du fer, au cours des premiers trente 
ans de vie, fut examinee chez quatre-vingt-cinq 
malades avec SS et SC hemoglobines. Lcs 
parametres appliques furent Phematocrite, le fer 
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du serum, la pate d'attachc & la capacite totale 
(TIBC), le pourcentage de saturation du trans-
ferrine, et la disponibilitd de fer dans la moelle. 
Les valeurs moyennes d'hematocrite dtaicnt 
scmblables pendant toutcs les trente annees. 
mais elle s 'augmentaient avec Page (r = 0.41). 
Le fer du serum moyen <5tait, d 'unc manidre sig 
nificative, plus bas (P<0.01) pendant lcs 
premieres dix annees que pendant la deuxi&me 
ou troisieme periode de dix ans. Chez les 
malades femmes les valeurs du fer du s£rum 
furent plus basses pendant la premidre et deux 
idme periode de dix ans, mais plus hautes pendant 
la troisieme periode de dix ans que chez les 
malades masculin. La saturation du transferrine 
fut , d 'une manidre significative, plus base ( P 
<0.01) au cours de la premidre periode de dix 
ans qu'au cours de la troisieme periode. Aucun 
hemosider in ne fut trouve dans lcs aspirations 
de la moelle h la saturation du transferrine de 
=$15%. Parmi les quatre-vingt-cinq aspirations 
de la moelle etudides pour decouvrir du fer 
colorable, cinquantc-huite (68.2%) n'eurent nul 
fer. Les donnees exp£rimentales montrent que 
Panemie due a Pinsufissance du fer se trouve 
generalement chez les malades souffrants 
d 'hemoglobinopathie.La neccssite d ' incorporer 
du fer oral <\ Pacidc foliquc et avec le cachet de 
paludrine est done suggeree. 

Introduction 

There is a dearth of information in the literature 
on iron deficiency anaemia in patients with sickle 
cell disease, or the clinical and haematological 
response of these patients to therapeutic iron. 
Fullerton & Watson-Williams (1962) showed 
that megaloblastic anaemia due to folic acid defi-
ciency is a common occurrence in patients with 
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haemoglobinopathies . Hence , prophylactic folic 
acid supplement is given routinely in the treat-
ment of the anaemia . Iron supplement is of ten 
over looked in the t rea tment because it is 
believed that these pat ients have chronic 
haemolysis of the red blood cells and the iron 
released is conserved in the body. 

Fleming (1969) observed adequa te iron in all 
his fifteen pregnant patients with haemoglobin-
opathies at a packed cell volume of 23% or below. 
But , Anderson (1972), and Roopnarineseigh 
(1976) have also reported high incidence of iron 
deficiency anaemia in pregnant pat ients with 
sickle cell disease. 

Ser jean t & Ser jeant (1972) in their study of 
438 asymptomat ic sickle cell patients observed 
that the mean corpuscular haemoglobin concen-
tration ( M C H C ) ranged from normochromic 
( > 3 2 ) to mildly hypochromic values with a mean 
of 31. In a study of iron status in sickle cell 
pat ients (1975) Peterson et al. found eleven of 
the thirty-nine patients had no iron in the bone 
marrow. Administrat ion of oral iron to two 
pat ients with iron deficiency anaemia produced 
a satisfactory haematological response, with 
haemoglobin concentration rising from 8.4 g/dl 
to 10.4 g/dl and from 9.5 g/dl to 13.4 g/dl respec-
tively. 

In a reccnt study in Ibadan, Nigeria, Oluboyede 
(1980) found evidence of iron deficiency anae-
mia by absence of iron in the bone marrow of a 
large majori ty of adult female patients (pregnant 
and non-pregnant) with sickle ccll disease. Also, 
a common but constant observation in our envir-
onment on the peripheral films of patients 
especially children with sickle cell disease is 
hypochromia which is sometimes severe (E. 
Topley, personal communicat ion). 

Above observations have necessitated this 
study aimed at assessing the iron status of 
patients (children and adults) with sickle cell 
disease. 

Materials and methods 

Subjects 

Male and female patients with sickle cell 
disease aged 3 - 3 0 years from both the children's 
anaemia clinic and the hacmatology clinic of the 
University Teaching Hospital, Ibadan, were the 
subjects of this study. All sickle cell patients are 

given appointments to attend the clinic at regular 
intervals even when asymptomatic and encour-
aged to a t tend the 'Day Care Unit ' in the depart-
ment of Hacmatology if crisis occurs between 
clinic appoin tments . All the subjects of this 
study were in steady state condition (asympto-
matic); none was in crisis and none had been 
transfused recently. 

Diagnosis 
The grouping into SS or SC was established 

by electrophorct ic method of Weathcrall & 
Watson-Will iams (1965). 

Analysis 

The packed cell volume (PCV) was deter-
mined by the microhaematocrit method according 
to Dacie & Lewis (1970). Serum iron concentration 
and total iron binding capacity were determined 
according to the method of Williams & Conrad 
(1966). Bone mar row aspiration was performed 
from anter ior super ior iliac crest in children and 
from sternum in adults. Smears made from the 
aspirates were immediately fixed in alcohol and 
subsequently stained with May-Grummwald-
Giemsa stain for cellular morphology and by 
Perl 's prussian blue stain for iron. Marrow iron 
slides were numbered serially and read inde-
pendently by two observers . The presence of 
iron was graded f rom 0 to 3 according to the 
method of Sorbie , Ola tunbosun & Corbctt 
(1971). A control iron stain ( f rom a patient with 
over-transfused haemosiderosis) was run with 
each batch. Whenever there was disagreement 
in the grading, both observers met and reviewed 
the slide. Megaloblastic changes were recorded 
as normal , 0; modera te changes , 1 + ; and severe 
changes, 2 + + . 

Results 

A total of ninety-four pat ients were studied. 
Bone marrow aspirates were per formed in 
eighty-five patients. Hacmatocr i t values, serum 
iron, total iron binding capacity and percentage 
transferrin saturat ion were de termined in sixty-
seven patients . The age, sex and o ther relevant 
information about the patients arc presented in 
Tables 1 and 2 and Fig. 1. Of the sixty-seven 
pat ients on whom complete da ta were available, 
seventeen patients (25 .4%) were in the first 
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FIG. 1. Age and sex distribution of patients with SCD (SS and SC) 

T A B L E I Packed cell volume (PCV) in ninety-four cases 
under study 

Age (years) Male Female 

1 - 1 0 24.5± 1.3 20.6± 1.0 
(« = 15) (/i = 12) 

11-20 2 5 . 0 ± L 3 23.6± 1.3 
(« = 22) (« = 12) 

21 + 29.0 ±1.9 28.2± 1 0 
(/»= 9) (n = 24) 

Number of patients studied («) in parenthesis 

decade, twenty-three (34.3%) were in the 
second decade and twenty-seven (40.3%) were 
adults (over 21 years). 

11 Hematocrit 

The mean haematocrit value of 25.4% for the 
entire group is similar to the mean haematocrit 
values of 22.7%, 24.5% and 28.5%, in the first, 
second and third decades, respectively. IIOW-

TABLE 2 Other haematological data in patients with sicklc 
cell disease 

Mean Mean Mean 
Age scrum iron total iron bind- percentage 

(years) (fig/100 ml) ingcapacity saturation of 
(/ig/IOOml) transferrin 

1 - 1 0 69.0± 14.3 
(17) 

450.3±30.1 15.2± 2.8 

11-20 87.9± 17.3 
(23) 

484.3 ±29 20.3±3.4 

21 + 102.2± 13.5 
(27) 

469.4 ±33.8 23.9±2.9 

/ 'values 0.01 0.05 0.01 

( ) Number of patients in parenthesis 

ever, the haematocrit values increase with age (r 
= 0.41). In all age groups, (Table 1), the males 
(SS or SC) have higher haematocrit values than 
females. Also, the haematocrit values for SC 
patients in all the three decades are significantly 
higher than values for SS patients (Fig. 2). 
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O. A. Oluboyede, O. A. Ajayi and A. A. Adeyokunnu 4 

Serum iron 

The mean serum iron level of the entire group 
is 88.9± 16.8 /xg/100 ml. This value is significantly 
higher (P <0 .01) than the mean for the patients 
in the first decade but similar to values in 
patients in the second and third decades; which 
are also significantly higher than values in the 
first decade (P <0.01) (Table 2). Values for the 
female patients in the first and second decades 
were lower than their male counterparts . In the 
third decade, there was a higher value for female 
patients. 

Total iron binding capacity 

The T I B C values were similar in the three 
decades. (Table 2). 

Transferrin saturation 

The relationship between transferrin satura-
tion and age is presented in Fig. 3. The re was a 
very poor correlation between age and transferrin 
saturation (r = 0.14). In the age groups 1 - 10 
year*, 1 1 - 2 0 years and 21+ years, 59, 48 and 
2(>%, respectively had a transferrin saturat ion 
bclo** J^%. A . ignificantly lower number 
(T<i ) t Ji/tts t 'j<J a transferrin saturation 

below 15%; also the number of individuals with 
transferrin saturation above 30% increased pro-
gressively from the first decade to adulthood. 
I^urthermo're, the mean transferrin saturation 
(Table 2) in first decade (15.2%) is similar to 
that in the second decade (20.3%) but is signifi-
cantly lower ( P < 0 . 0 1 ) than the value for the 
adults (23.9%). 

Bone marrow studies 

Morphology. There was erythroid hyperplasia 
with decrease of the myeloid erythroid ratio to 
1:1. The myeloid series were essentially normal 
with occassional large metamyelocyte. The meg-
akaryocytes were adequa te in the marrows and 
producing platelets. 

Megaloblastic changes. Typical megaloblastic 
changes in the erythroid, myeloid and megaka-
ryocy te series were looked for in all the eighty-
five bone marrow aspirates studied. In eighty of 
the eighty-five marrow aspirates, no evidence of 
megaloblastic changes were seen. They were 
essentially normoblastic. Three marrows 
showed occasional megaloblast and giant met-
amyelocyte. They were classified as showing 
modera te megaloblastic changes. Two of the 
three marrows were from female patients in the 
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FIG. 2. Distribution of packed ccll volume ( P C V ) in pat ients with S C D (SS and SC). O . SS; • , SC. 
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FIG. 3. Distribution of transferrin saturation in patients with SCD (SS and SC) O , SS; SC. 

age group 1 - 1 0 years. The third marrow was 
f rom a male patient also in the age group 1 - 10 
years. Two marrows showed severe megaloblastic 
changes. Both marrows were f rom female 
patients in the age group 11 - 20 years. 

Iron stain 

Eighty-five marrow aspirates were stained 
for iron. Fifty-eight (68.2%) had nil to scanty 
stainable iron, while twenty-seven (31.8%) had 
normal to excess iron; (Table 3). Twenty-two of 
these eighty-five marrow aspirates were f rom 
the first decade and 16/22 (72.7%) had nil to 
scanty iron, three had normal iron and in three 
others, iron was found in excess. Thirty marrow 
aspirates were studied from patients in the 
second decade and of these twenty-two (73.3%) 
had nil to scanty iron, six had normal iron and 
two had excess iron. In the adults, thirty-three 
marrow aspirates were studied and twenty 
(61%) had nil to scanty iron, six had normal iron 
and seven had excess iron. At a transferrin satu-
ration below 20%, the number of individuals 
(78%) with scanty to nil iron in the bone marrow 
is significantly greater (P<0.005) than those 
with normal to excess iron stores (22%). How-
ever, with increasing transferrin saturation 
( > 3 0 % ) , there was increase in the amount of 

haemosiderin in the bone marrow (P<0.01) . Ol 
all patients with nil iron in the bone marrow, the 
mean transferrin saturation for those in the first 
decade (10.2%) is significantly lower (P<0 .05) 
than the value for those in the second decade 
(16.3%) or the value for the adults (18.0%). 

Bone marrow iron and transferrin saturation 

Figure 4 shows the comparison of bone 
marrow iron availability to the transferrin satu-
ration. In the majority of cases iron was absent 
from the bone marrow at a transferrin saturation 
of < 1 5 % . 

Discussion 

The findings of this study show that iron defi-
ciency anaemia is common in the first three 
decades of life in patients with sickle cell disease. 
Although it is generally believed that the anaemia 
occurring in sickle cell disease is that of megalo-
blastic anaemia of folate deficiency and that this 
situation exists because of the chronic haemolysis of 
the red blood cells followed by increased deposi-
tion of haemosiderin in the reticulo-endothelial 
system including the bone marrow, liver, and 
spleen, evidence of iron deficiency has also been 
reported by Peterson et al.y (1975). O'Brien 
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T A B L E 3 Hone marrow iron studies in patients with sickle cell disease 

Age (years) 

Bone 
marrow 

score 

Nil 
0 

Scanty 
1 + 

Normal 
2+ 

Exccss 
3-f 

1 - 1 0 

Male 

7 

2 

Female 

6 

I 

1 1 - 2 0 

Male 

13 

2 

Female 

20 

2 1 - 3 0 

Male Female 

12 

5 

24 

Total Percentage 
number of total 

57.6 

10.6 

176 

14.2 

100 

Total 22 30 33 85 

6 0 n 

E 50-

£0—1 

30 

i 25-

I 
2 0 -

15-

10— 

5 -

2 8 5 

21 6 i 
- 5 - 1 5 05 a 

30 8 

0 1+ 2* 3* 
B o n e m a r r o w I r o n g r a d i n g s 

FIG. 4. Comparison of available bone marrow iron and transferrin saturation 

(1978) reported lack of iron overload in patients 
with sickle cell anaemia in the first two decades 
of life. Washington & Boggs (1975) reported 
abnormally high urinary iron excretion in 
patients with sickle cell disease. The cause of the 
high incidence of iron deficiency in our patients 
is not known. The following suggestions can be 
made. Firstly, that the high incidence of iron 
deficiency in this group is part of the generally 
observed high incidence of iron deficiency in the 
population ( O . A . Oluboyede & E. Toplcy, 

unpublished da ta ) ; secondly, the possibility of 
an increased urinary iron loss in this group of 
patients can not be ruled out as previously docu-
mented by Washington & Boggs (1975). Daily 
iron intake in the Western State of Nigeria still 
remains high (36 - 42 mg) as previously reported 
by Gilles, Watson-Williams & Ball (1964). The 
observed higher levels of haemoglobin concen-
t ra t ion, haematocrit and transferrin saturat ion 
among our SC patients agree with the reports of 
Ser jeant & Ser jeant (1972). 
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Iron deficiency and SCD 1 

Hacmatological response to oral iron therapy 
by sickle cell patients with proven iron deficiency 
has been reported by Peterson et al., (1975).The 
report did not record clinical observation while 
the patients were on oral iron. It has been sug-
gested (Lincoln, Arocsty & Morrison, 1973) that 
'in sickle cell anaemia, a reduction in haemo-
globin concentrat ion in the red blood cell should 
lead to a reduction in sickling which could in turn 
increase these patients ' red cell life span to near 
normal ' . This suggestion docs not take into 
effect the increased activity of the bone marrow 
subsequent to anacmia_with increased pro-
duction of abnormal red blood cells. Also, 
Greenbcrg , Cass & Castle (1957) have observed 
that in AS disease persons with iron-deficiency 

anaemia did not show sickling phenomenon but 
as their mean corpuscular haemoglobin concen-
tration were brought within normal range, an 
increasing proport ion of their red blood cells 
would sickle when deprived of oxygen, although 
the relative proportions of A and S haemoglobins 
remained unchanged. ' This is probably due to 
cellular re-arrangement of haemoglobin within 
the red cell with increased membrane haemo-
globin, increased membrane rigidity which will 
subsequently lead to increased sickling. 

Although the regime of intermittent blood 
transfussion improves the haemoglobin, dilutes 
the abnormal red blood cells and suppresses the 
bone marrow hyper-activity; in our environ-
ment , intermittent blood transfusion regimen 
can not be followed because of the limitations on 
blood supply. 

Presently therefore , our sickle cell patients 
with high incidence of iron deficiency provide a 
unique group for a double blind trial of thera-
peutic oral iron to evaluate not only the 
hacmatological and clinical response but also to 
characterise precisely the relationship between 

corpuscular haemoglobin concentration and 
sickling phenomenon in SS and SC patients. 

References 
Anderson. M.F. (1972) The iron status of pregnant women 

with haemoglobinopathics. Am. J. Obstet. Gynec. 113. 
895-900. 

Dacie, J .V. & Lewis, S.M. (1970) Practical Hacmatology 4th 
Edn. Churchill Livingstone. London. 

Fleming. A.F. (1969) Iron status of anaemic pregnant Niger-
ians. J. Obstet. Gynaec. Br. Comrnonw. 76, 1013-1017. 

Fullcrton. W.T. & Watson-Williams, E.S. (1962) Haemoglobin 
SC and megaloblastic anaemia in pregnancy. J. Obstet. 
Gynaec. Br. Commonw. 69. 729-735. 

Gillcs, H .M. , Watson-Williams, E.J . & Ball, P .A.J . (1964) 
Hookworm infection and anaemia: an epidemiological, 
clinical and laboratory study. Q. Jl. Med. 33. 1-24. 

Grccnberg, M.S. , Kass, E .H . & Castle, W.B. (1957) Studies 
on the destruction of red blood cells. XII . Factors 
influencing the role of S haemoglobin in the pathologic 
physiology of sickle cell anaemia and related diseases. J. 
Clin. Invest. 36, 833-843. 

Lincoln, T.L., Arocsty J. & Morrison P. (1973) Iron deficiency 
anaemia and sickle cell disease: a hypothesis. Lancet, U. 
260-261. 

O 'Br ien . (1978) Iron burden in sickle cell anaemia. J. Pediat. 
92, 579-582. 

Oluboycdc, O . A . (1980) Iron studies including scrum ferritin 
of pregnant and non-pregnant patients with haemoglobi-
nopathies. Br. Jl. Obstet. Gynaec. 87,989-996. 

Peterson, C .M. , Graziano, J . H . , de Curtis, A . , Grady . 
W.R . . , Ccrami, A . , Worwood, M. & Jacobs, A. (1975) 
Iron metabolism, sickle cell disease and response to 
cyanate. Blood, 46, 583-589. 

Roopnarinesigh, S. (1976) Iron stores in pregnant patients 
with anaemia and haemoglobin S. Br. Jl. Obstet. Gynaec. 
83,375-377. 

Ser jeant , G . R . & Ser jeant , B .E. (1972) A comparison of 
Erythrocyte characteristics in sickle cell syndrome in 
Jamaica. Br. Jl. Haenuit. 23,205-213. 

Sorbic, J . , Olatunbosun, D. & Corbctt Wen. (1971) Cobalt 
excretion test for assessment of body iron stores. Can. 
Med. Ass. J. 104. 777-782. 

Washington, R. & Boggs, D . R . (1975) Urinary iron in patients 
with sickle cell anaemia. J. Lab. Clin. Med., 86, 17-23. 

Weatheral l , D.J . & Watson-Williams, E . J . (1965)The labora-
tory characterisation of human haemoglobin variants. In: 
Symposium on Abnormal Haemoglobin in Africa p.99. 
Blackwell Scientific Publications, Oxford. 

Williams, H.C. & Conrad , H .F . (1966) A one-tube method for 
measuring serum iron concentration and unsaturated iron 
binding capacity. J. Lab. clin. Med., 67, 171-176. 

(Received 3 March 1980; accepted 3 November 1980) 

DIG
ITIZED BY E-LA

TUNDE O
DEKU LI

BRARY C
OLL

EGE O
F M

EDIC
IN

E, U
I




