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Endocrine function and haemoglobinopathies: 
biochemical assessment of thyroid function in children 

with sickle-cell disease 

F. A . L U K A N M B I . A . A . ADF* Y O K U N N U * . ' B O L A O . A . O S I F O , J . O . B O L O D O O K U A N D 
O . A . D A D A t 

Departments of Chemical Pathology and 'Paediatrics. College of Medicine. University of Ibadan. Ibadan. Nigeria 

S u m m a r y 

Thyro id f u n c t i o n w a s assessed in n ine ty chil-
dren with h o m o z y g o u s sickle-cell d i sease 
(haemoglob in g e n o t y p e SS) in for ty-f ive chil-
dren with h e t e r o z y g o u s sickle-cell trait ( A S ) 
and in 162 con t ro l ch i ld ren with h a e m o g l o b i n 
genotype A A . S e r u m levels of t hy rox ine , the in 
vitro t r i ido thyron ine resin u p t a k e and the calcu-
lated index of ' f r e e t h y r o x i n e ' w e r e not signifi-
cantly d i f fe ren t in the t h r e e g roups . T h e 
distr ibution of individual t hy ro t rop in ( T S I I ) 
values showed that only 11% of t he I lbSS 
subjects had va lues be low the 9 5 % con f idence 
limits for t he H b A A con t ro l s . H o w e v e r , the 
mean level of TS11 was s ignif icant ly lower in the 
I lbSS than the o t h e r two g r o u p s of ch i ldren . 

Resume 

Une evaluat ion du fonc t i onnemcn t thyro idc 
etait faitc chez qua t re -v ing t dix e n f a n t s avec la 
maladie homozygue d e 's ickle cells* ( H b S S ) . 
quarante-cinq avec des trai ts he te rozygues de 
'sickle-cells' ( H b A S ) et 162 e n f a n t s d e con t ro le 
avec hemoglob inc de g e n o t y p e A A . Les 
niveaux de se rum de thyrox ine , Ic in vitro 
t r i iodothymonic de resine prise et I ' index calcu-
le de thyroxine l ibre ' n ' e ta ien t pas significative-
ment d i f fe rents d a n s les trois g roupes . La 
distribution des va leurs de thyro t rop in (TSI I ) 
individucl a revele q u e 11% des s u j e t s d e H b S S 
seulemcnt avaient des va leurs basses. C e s 
valcurs-ci se t rouvent au-dessous de la limite de 
95% de con f iance p o u r les con t ro les de I I b A A . 

tCorrespondence: C). A Dada. Department of 
Chemical Pathology. College of Medicine. University 
of Ibadan. Ibadan. Nigeria 

Pour tan t Ie niveau m o y e n de T S H etait 
r e m a r q u a b l e m e n t en bas d a n s le g r o u p c de 
HbSS pa r r appor t aux deux au t r e s g r o u p e s 
d ' en fan t s . 

In t roduct ion 

H o m o z y g o u s sickle-cell disease in usuall) 
associated with clinical compl ica t ions aristm* 
f rom a b n o r m a l funct ions of o rgans such .is 
the liver, k idney and the endoc r ine system 
(Luzza to , 1981). S tudies on endoc r inopa th i e s 
in par t icu lar have r epor t ed hypopi tui tar ism 
as result ing f rom intravascular th rombos i s 
and pi tui tary infarct ion (Win t robe , 1967, 
A d a d e v o h , 1968). T h e r e a re indicat ions also 
that the impai rment of gonadal and ad rena l 
funct ion in this disease may be re la ted to 
hypopi tu i ta ry function ( O l a m b i w o n n u . Penny 
& Fras ier . 1975; Abbas i ct al.. 1976; D a d a 
N d u k a . 1980; Roscnb loom. Odel l & T a n a k a . 
1980). A s tudy of the endocr ine funct ion of the 
pancreas a m o n g adult males with sickle-cell 
disease in this env i ronment however revealed 
no gross de rangemen t ( O k a f o r & O s a m o . 
1981). 

Appl ica t ion of the t echn ique of microcalor-
imetry to the study of e ry th rocy te metabo l i sm 
in vitro by Boyo & I k o m i - K u m m (1972) re-
vealed an increased metabol ic heat p roduct ion 
by HbSS c o m p a r e d to normal H b A A erythro-
cytes. T h e possibility that such e levated heat 
p roduc t ion in e ry th rocy tes may be re la ted to an 
impa i rment of thyroid funct ion o r reflect an 
increase in basal metabol ic ra te ( B M R ) in 
sickle-cell d isease has not been fully investi-
ga ted . 

We report he re the results of b iochemical 
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2ft /•'. A. I iikunnihi cl al. 

invest igations of t h e p i t u i t a r y - t h y r o i d a l axis in 
chi ldren with h o m o z y g o u s s ickle-cel l d i s e a s e a s 
c o m p a r e d to ch i ldren wi th o t h e r h a e m o g l o b i n 
geno types ( H b A A . l l b A S ) . 

Mater ia ls and me thods 

T h e pa t i en t s cons is ted of n i n e t y c h i l d r e n a g e d 
be tween 1-15 years , w i th a d i a g n o s i s of 
homozygous sickle-cell d i s e a s e a t t e n d i n g t h e 
chi ldren ' s ou tpa t i en t a n a e m i a c l inic at t h e 
Universi ty Col lege H o s p i t a l . I h a d a n . T h e y 
were all in a s t eady , c r i s e s - f r ee s t a t e at t h e t i m e 
of the s tudy. All w e r e on r o u t i n e fo l ic ac id a n d 
da rap im a n d n o n e had r ece ived a b l o o d t r ans -
fusion in the p r e c e d i n g 3 m o n t h s . T h e i r 
haematocr i t ( P C V ) r a n g e d b e t w e e n 17 a n d 
3 1 % . T h e cont ro ls w e r e 181 a p p a r e n t l y h e a l t h y 
children (eighty-f ive girls , n ine ty - f i ve boys ) 
f rom n e i g h b o u r h o o d s choo l s a n d twenty-s ix 
o the r chi ldren ( th i r t een gir ls , t h i r t e e n b o y s ) 
a t t end ing the ch i ld ren ' s o u t p a t i e n t g e n e r a l cli-
nic, but p resen t ing with m i n o r c o m p l a i n t s , such 
as the c o m m o n cold a n d c o u g h . T h e c o n t r o l 
sub jec t s were aged 1 -15 y e a r s a n d h a d the i r 
geno type con f i rmed t h r o u g h h a e m o g l o b i n elec-
t rophores is . 162 of t he se h a d h a e m o g l o b i n 
geno type A A whi le t he r e m a i n i n g fo r ty - f ive 
had I l b A S . Blood w a s co l l ec t ed f r o m e a c h 
subject by v e n e p u n c t u r e a n d the s e r a w e r e 
s tored at - 2 0 ° C until a n a l y s e d . T h e t h y r o i d 
funct ion tests included (i) t h e assay of s e r u m 
thyrot ropin ( T S H ) . (ii) in vitro t r i i o d o t h y r o n i n e 
resin u p t a k e ( T 3 R U ) (iii) s e r u m t h y r o x i n e ( T 4 ) . 

(i) T S H was assayed us ing the r a d i o i m m u n o -
assay kit of A m e r s h a m I n t e r n a t i o n a l L t d . T h e 
s t andards were in t h e r a n g e (>—50 m U / l of t he 
r e fe rence p r epa ra t i on M R C 68/36. T h e sensi t iv-
ity of the assay was 0 .4 m U / l a n d wi th in a n d 
be tween assay coe f f i c i en t s of v a r i a t i o n w e r e 
7 . 1 % and 7 . 2 % respec t ive ly . 

(ii) T 3 R U assay ut i l ized t h e m a c r o a l b u m i n 
aggregates ( M A A ) kits of A m e r s h a m In te r -
nat ional . T h e wi th in- a n d b e t w e e n - a s s a y 
coeff ic ient of var ia t ion w e r e 4 . 0 a n d 4 . 2 % 
respectively. 

(iii) Es t imat ion of to ta l s c r u m T 4 u t i l i zed t h e 
Amcr lex T 4 r a d i o i m m u n o a s s a y kit of A m e r -
sham In te rna t iona l . S t a n d a r d s w e r e in t h e 
range 0 - 3 2 5 nmol/ l . T h e wi th in- a n d b e t w e e n -
assay coeff ic ient of va r i a t i on w e r e 5 .2 a n d 7 . 2 % 
respectively. 

( iv) T h e f r ee thyroxine index (FTI) was 
c a l c u l a t e d for e ach subjec t f rom the results of 
t h e T* resin u p t a k e lest and the total serum T4 

by the e q u a t i o n : 

I T I = I 3 R U x T 4 value (Oso r io c i a l . . 1962). 
100 

T h e d e t e r m i n a t i o n of radioactivity in each 
c a s e w a s p e r f o r m e d on the Packard Auto-
g a m m a s p e c t r o m e t e r m o d e l 5530. Statistical 
e v a l u a t i o n of t he resul ts was by the Student ' s 
/ - tes t . 

Resu l t s 

T a b l e I s u m m a r i z e s the results of the thyroid 
f u n c t i o n tes ts in the ch i ldren with sickle-cell 
d i s e a s e (SS) a n d in a g e - m a t c h e d cont ro ls with 
h a e m o g l o b i n g e n o t y p e A A a n d A S . T h e mean 
levels of t h y r o x i n e (113.8 ± 2 .9 . 117.8 ± 2.6 
a n d 120.0 ± 3 .6 nmol / l respec t ive ly . T 3 resin 
u p t a k e (30 .0 ± 0 .3 . 29 .5 ± 0 .2 and 29.1 ± 0 .4% 
r e s p e c t i v e l y ) a n d h e n c e the de r ived values of 
t h e FTI (34 .6 ± 1.0. 34.7 ± 0 .8 and 34.7 ± 1.0 
r e spec t i ve ly ) in t he SS s u b j e c t s were not signifi-
can t ly d i f f e r e n t f r o m those of the control 
s u b j e c t s . I l o w e v e r the m e a n TSI1 level in the 
S S s u b j e c t s (2 .4 ± 0 .2 m U / l ) is significantly 
l o w e r t h a n in b o t h A A (4 .8 ± 0 .2 mU/ l ) and A S 
s u b j e c t s ( 4 . 8 ± 0 . 3 m U / l , P < 0 .01) while the 
levels in t h e la t te r t w o g r o u p s show no statis-
tical d i f f e r e n c e . T h e d i s t r ibu t ion of individual 
TSI I v a l u e s in all t he s u b j e c t s s tud ied a r e shown 
in Fig. 1. T e n of t he n ine ty ch i ldren ( 1 1 % ) with 
s ickle-cel l d i s ea se h a d TSI I va lues less than-1.0 
m U / l . 

In T a b l e 2 , m e a n T S H va lues for these 
c h i l d r e n a r e c o m p a r e d in m a t c h e d age g roups 
wi th c o n t r o l l l b A A sub j ec t s . N o significant 
t r e n d s a r e o b s e r v e d b e t w e e n ages in e i ther the 
H b A A o r H b S S ch i l d r en , w h e r e a s at each age 
g r o u p , m e a n TSI 1 va lues a r e s ignif icantly lower 
in t h e I IbSS c o m p a r e d to I I b A A chi ldren ( / ' < 
0 . 0 1 ) in e a c h ca se . 

Discuss ion 

T h e p r e s e n t s t u d y s h o w s that the blood levels of 
t h y r o x i n e , t h e thy rox ine -b ind ing capaci ty as 
a s s e s s e d by T 3 resin u p t a k e a n d hence the f ree 
t h y r o x i n e index w e r e not significantly d i f ferent 
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Endocrine function and hacmoglobinopathics 27 

Tabic I. Scrum in vitro T\ resin uptake (T3U) and levels of 
thyroxine (T,) . the free thyroxine index ( F r i ) and thyrotropin 
( ISM) in children with homozygous sickle-cell disease (haemo-
globin genotype SS) sickle-cell trait (AS) and age-matched 

controls with haemoglobin genotype AA 

Haemoglobin genotype 

AA AS SS 

No. of subjects: 162 45 90 
T,U (%) 29.5 ± 0.2 29.1 ± 0.4 30.0 + 0.3 

(23.9 - 35.7) 
T 4 (fimol/l) 117.8 ± 2.6 120.0 ± 3.6 113.8 + 2.8 

(62.7 - 172.8) 
FTI 34.7 ± 0.8 34.7 ± 1.0 34.6 + 1.0 

(16.8 - 53.7) 
TSII (mu/l) 4.6 ± 0.2 4.8 ± 0.3 2.4 + 0.2* 

(1.0 - 6.8) 

'Significantly lower than for A A and AS subjects ( / ' < 0.01 
/-test). 

Results are expressed as mean ± s.e. Values in parenthesis 
represent the 95% of confidence limits of A A control subjects. 

7-0 

8 6 0 
CD 

5-0 
o a: 
2 4-0-

1 3-0-

£ 2-0-

1-0 • 
qpo 

AS 

Fig. 1. Distribution of thyrotropin (TSII) values in 
children with haemoglobin genotype SS. AS and AA 
controls. The horizontal bars represent the mean of 
each group. Further details arc given in Table I 

in the three groups of chi ldren with h a e m o -
globin genotypes A A . A S and SS. T h u s the 
present results indicate that the r epor t ed in-
crease in metabol ic heat p roduct ion by e ry th ro -
cytes in sickle-cell disease is not direct ly associ-
ated with any changes in circulat ing thyroxine 
levels, in such individuals. 

Table 2. Distribution of TSH values by age gioups in 
ninety children with haemoglobin genotype SS and 
207 control children with genotype AA and AS 

Age 
(years) 

Controls SS 

n TSII (mu/l) n TSII (mu/l) 

1-5 31 4.6 + 0.2 33 2.3 + o r 
5-9 92 4.4 + 0.2 27 2.2 + 0.3* 
9-12 39 4.3 + 0.3 15 2.3 + 0.3* 
12-15 45 4.8 + 0.1 10 2.8 + 0.2* 

'Significantly lower than values for control group 
( / ' < 0.01. /-test). 

Results are expressed as mean ± s.e. n represents 
the number of children in each group. 

F rom the dis t r ibut ion of individual T S I I 
values shown in Fig. 1. it is appa ren t that ten of 
the H b S S chi ldren ( 1 1 % ) have T S H values 
below 0.1 mll /1 i .e . , lower than the 9 5 % 
con f idence limit for the cont ro l sub jec t s (Tab le 
1). Overa l l , the mean se rum T S H level was 
significantly lower in the SS than in cont ro l 
chi ldren with haemoglob in geno types A A and 
AS. T h e signif icance of this obse rva t ion of low 
se rum levels of thyro t rop in in the p re sence of 
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normal thyroxine levels in s ickle-cel l d i s e a s e is 
not c lear at p r e s e n t . T h e f ind ing is not ful ly 
consis tent with hypop i t u i t a r i sm but r a t h e r is 
suggest ive of an i m p a i r m e n t of t h e r e g u l a t o r y 
processes of t he t h y r o i d - p i t u i t a r y ax is , r e f l ec t -
ing c i ther an i nc rea sed sensi t iv i ty of t h e t h y r o -
t ropes to c i rcu la t ing thy ro id h o r m o n e s o r 
pe r iphera l ly , h ighe r c i rcu la t ing b l o o d l eve l s of 
t r i i do thyron ine ( i \ ) . I n d e e d , a l t e r a t i o n s in 
pe r iphera l e v e n t s , such a s t h e r a t e of c e l l u l a r 
u p t a k e o r t he in t race l lu la r d e g r a d a t i o n of T 4 t o 
T\ a n d reve r se T* (3 , 3 ' . ^ ' - t r i i odo thy ron ine ) a r e 
not unl ikely in sickle-cell d i s e a s e . P r e v i o u s 
resul ts f r o m this l a b o r a t o r y ( S o g b e s a n . D a d a & 
A d a d e v o h , 1974) s h o w e d tha t t h e p e r i p h e r a l 
me tabo l i sm of a n o t h e r h o r m o n e , t e s t o s t e r o n e , 
is a l te red in G 6 P D - n o r m a l . I IhSS e r y t h r o c y t e s . 
This possibili ty of a l t e r e d p e r i p h e r a l m e t a b o l -
ism of the thyro id h o r m o n e s in s ickle-cel l 
d isease dese rve f u r t h e r inves t iga t ions . 

In adu l t s with sickle-cell d i s e a s e , p r e v i o u s 
repor t s by W i n t r o b e (1967) , A d a d e v o h (1968) 
and R o s e n b l o o m a al. (1980) h a v e i m p l i c a t e d 
the occu r r ence of r e p e a t e d e p i s o d e s of 
int ravascular t h r o m b o s i s a n d p i tu i t a ry in fa rc -
tion with s u b s e q u e n t p i tu i ta ry d y s f u n c t i o n . In 
this r ega rd , it is t e m p t i n g to s p e c u l a t e as to 
whe the r hypo func t i on of t he p i t u i t a r y - t h y r o i d a l 
axis would presen t in H b S S s u b j e c t s in adu l t -
hood . H o w e v e r , these resul ts ( T a b l e 2) indi-
ca ted no age- re la ted e f f ec t s on c i r cu l a t i ng b l o o d 
levels of TSI 1 in I IbSS sub j ec t s . T h e a s s e s s m e n t 
of pi tui tary secre to ry f u n c t i o n , by t he a d m i n i s -
trat ion of t hy ro t rop in - r e l eas ing h o r m o n e w o u l d 
he lp to f u r t h e r e luc ida t e this p r o b l e m . 
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