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Haemoglobin A 1 levels in Nigerian diabetic pat ients 
using microcolumn affinity chromatography 

O . O . F A M U Y I W A . A . O . A K A N J I A N D A . F. B E L L A 
Endocrinology Unit. Department of Medicine. University College Hospital. Ibadan. Nigeria 

S u m m a r y 

Haemoglob in A , (I l b A , ) l eve ls w e r e m e a s u r e d 
in for ty-f ive d i a b e t i c N i g e r i a n s a m i t h i r t e en 
non-diabet ic c o n t r o l s us ing d i s p o s a b l e micro-
column kits b a s e d o n a f f in i ty c h r o m a t o g r a p h y . 
The ef fec t on H b A j re su l t s of s t o r a g e of w h o l e 
blood s a m p l e s f o r 1 w e e k at r o o m t e m p e r a t u r e 
and in a r e f r i g e r a t o r w a s a l s o e v a l u a t e d . T h e 
mean ± s .d . of H b A | leve ls in d i abe t i c p a t i e n t s 
and c o n t r o l s w e r e 12.1 ± 5 . 6 % a n d 5 .2 ± 
0 .90% respec t ive ly . T h e d i f f e r e n c e w a s highly 
signif icant . I* < O . C M ) 1 . N e w l y d i a g n o s e d d i abe -
tic p a t i e n t s w h o h a d n o t b e e n o n any t r e a t m e n t 
had s ignif icant ly h i g h e r m e a n v a l u e of H h A | . 
14.4 ± 5 . 0 % . t h a n o ld p a t i e n t s a l r e a d y on 
t r e a t m e n t . 9 . 5 ± 2 . 9 % . I* < 0 . 0 1 . In a g r o u p of 
nine p a t i e n t s , t h e m e a n ± s . d . of b a s e l i n e 
H b A | va lue w a s 10.3 ± 4 . 2 % a n d a f t e r 1 w e e k 
s torage of d i f f e r e n t p o r t i o n s of t he s a m p l e s at 
room t e m p e r a t u r e a n d in a r e f r i g e r a t o r , t he 
mean ± s .d . r e spec t i ve ly w e r e 9 . 8 ± 3 . 6 % a n d 
11.0 ± 4 . 2 % . T h e r e w a s t h u s a sl ight d e c r e a s e 
on s to rage at r o o m t e m p e r a t u r e a n d a slight 
increase d u r i n g r e f r i g e r a t i o n but t h e o b s e r v e d 
d i f fe rences w e r e no t s ta t i s t i ca l ly s ign i f i can t . It is 
concluded tha t t h e g lyc -a f f in i ty m i c r o - c o l u m n 
c h r o m a t o g r a p h y is a s a t i s f a c t o r y a n d po t en t i a l l y 
useful m e t h o d f o r m e a s u r i n g I l b A ( levels in 
tropical d e v e l o p i n g c o u n t r i e s . T h e m e t h o d w a s 
easy to use a n d t h e a s says c o u l d b e r u n u n d e r 
average a m b i e n t r o o m t e m p e r a t u r e w i t h o u t 
recourse to use of an a i r - c o n d i t i o n e d r o o m o r a 
special c h r o m a t o g r a p h y c h a m b e r . 

Resume 

Les taux d ' h e m o g l o b i n e A | ( M b A j ) f u r e n t 

Correspondence: (). () . Famuyiwa. Department of 
Mcdicinc. University College Hospital. Ibadan. 
Nigeria. 

m e s u r e s c h e z 45 Nige r i ans d i a b e t i q u e s et 13 
t c m o i n s n o n - d i a b e t i q u e s e n ut i l isant d e s mic ro-
c o l o n n e s en kits j e t a b l c s , b a s e e s su r la 
c h r o m a t o g r a p h i c d ' a f f i n i t e . L ' c f f e t sur les 
resu l ta t s d T I b A i du s tockage d ' e c h a n t i l l o n s d e 
s a n g to ta l p e n d a n t u n e s e m a i n e a la t e m p e r a -
t u r e du local et d a n s un r e f r i g e r a t e u r fu t aussi 
l v a l u e . Les m o y e n n e s ± D S d e s t aux d * H b A | 
chez les p a t i e n t s d i a b e t i q u e s et c h e z les t c m o i n s 
I t a i e n t r e spec t i vemen t 12.1 ± 5 . 6 % e t 5 .2 ± 
0 . 9 0 % . La d i f f e r e n c e e ta i t h a u t e m e n t s ignif ica-
t ive . P < 0 .001. D e s p a t i e n t s d i a b e t i q u e 
n o u v e l l e m e n t d i a g n o s t i q u e s qui n ' a v a i e n t p a s 
e t e s o u s t r a i t e m e n t ava ien t u n e v a l e u r m o y e n n e 
d ' H b A | . n e t t e m e n t p lu s e l e v e e 14.4 ± 5 . 0 % 
q u e les a n c i e n s p a t i e n t s d e j a s o u s t r a i t e m e n t . 
9 . 5 ± 2 . 9 % . r < 0 .01 . D a n s un g r o u p e d e 9 
p a t i e n t s , la m o y e n n e ± D S d e la va l eu r e ta i t 
10.3 ± 4 . 2 % et a p r e s u n e s e m a i n e d e s t o c k a g e 
d e d i f f e r e n t e s p o r t i o n s d ' e c h a n t i l l o n s a t e m p -
e r a t u r e d u local e t d a n s un r e f r i g e r a t e u r . les 
m o y e n n e s ± D S c t a i e n t r e s p e c t i v e m e n t 9 . 8 ± 
3 . 6 % et 11.0 ± 4 . 2 % . II y avai t ainsi u n e l ege re 
d i m i n u t i o n d a n s le cas d e s t o c k a g e a t e m p e r a -
t u r e du local et u n e l ege re a u g m e n t a t i o n d a n s le 
cas de r e f r i g e r a t i o n , m a i s les d i f f e r e n c e s 
o b s e r v e e s n ' c t a i c n t p a s s t a t i s t i q u e m e n t s ignif i -
ca t ives . E n c o n c l u s i o n , la c h r o m a t o g r a p h i c d e 
la g lyc-a f f in i te p a r m i c r o - c o l o n n e est u n e 
m e t h o d e s a t i s f a i s an t e et p o t e n t i e l l e m e n t u t i le 
p o u r m e s u r e r les t aux d l l b A 1 d a n s les p a y s 
t r o p i c a u x e n d e v e l o p p e m e n t . La m e t h o d e e t a i t 
faci le a ut i l i ser e t les d o s a g e s p o u v a i e n t e t r e 
e f f e c t u e s a t e m p e r a t u r e m o y e n n e a m b i a n t e 
sans r ecou r i r a 1 'usage d ' u n local a a i r 
c o n d i t i o n n e o u d ' u n e c h a m b r e spec i a l e d e 
c h r o m o t o g r a p h i e . 

I n t r o d u c t i o n 

G l y c o s y l a t e d h a e m o g l o b i n (I I b A , ) e s t i m a t i o n 
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50 O. O. Famuyiwa, A. O. Akanji and A. /•'. liclla 

h a s been es tabl ished as a rel iable m e t h o d for 
assessing long- term me tabo l i c cont ro l of dia-
be tes mcll i tus because it r ep re sen t s the inte-
g ra t ed blood sugar values for the p reced ing 
several (6-8) weeks ( K o e n i g ct al., 1976; 
G a b b a y , 1976; G a b b a y ct al., 1977; G o n c n ct 
al., 1977; Jovanon ic & Pe t e r son , 1981). Several 
t echn iques have been descr ibed for the 
m e a s u r e m e n t of g lycohaemoglobins . T h e s e in-
c lude the ch roma tog raph i c m e t h o d s of which 
the commerc ia l d isposable micro-columns a rc 
the most popu la r ( Jones , Koler & J o n e s , 1978). 
High pressure liquid c h r o m a t o g r a p h y (Cole ct 
al., 1978) has the advan tage that it can be 
a u t o m a t e d and will t h e r e f o r e m a k e possible the 
handl ing of a large n u m b e r of samples . T h e 
e lcc t rophore t i c t echn iques include isoelectric 
focusing o n thin slabs of polyacrylamide gel 
(Spicer . Al locs & Busc , 1978) and also agar gel 
e lec t rophores is . Fluckiger and Win te rha l t e r 
(1976) devised a color imetr ic m e t h o d which 
essential ly involves direct chemical measure -
ment of total glycosylation. In add i t ion , a 
r ad io immunoassay m e t h o d has been descr ibed 
by Javid ct al., (1978). T h e relat ive eff icacy and 
reliability of these var ious m e t h o d s have been 
reviewed ( B u n n , 1981; G a b b a y & Fluckiger , 
1981). 

In a p rev ious r epor t , we noted the potent ia l 
usefu lness of H b A , de te rmina t ion in the 
m a n a g e m e n t of d iabet ic pat ients in a develop-
ing count ry like Nigeria (Famuyiwa , O g u n m e -
kan & O s o t i m e h i n . 1983). H o w e v e r , it was 
concluded in that s tudy that the micro-column 
cation exchange ch romatograph ic me thod (Iso-
lab Fast Haemoglob in Kit) was not sui table for 
use in deve loping countr ies . T h e reasons were : 
the r equ i remen t for a highly regulated t empera -
tu re of the env i ronment for op t imal pe r fo rm-
ance of the test , hence the need for an 
a i r -condi t ioned room or a special ch romato -
graphy c h a m b e r ; the p o o r reproducibil i ty of the 
assays in our hands ; and in te r ference by liable 
f rac t ions of H b A , c and Haemoglob in F. 

Since that r epo r t , the manufac tu re r s of the 
kit , Isolab Inc. ( A k r o n , O h i o , U . S . A . ) have 
deve loped a n o t h e r micro-column kit which is 
based on affinity ch roma tog raphy instead of 
cat ion exchange . All the de fec t s no ted above 
which were present in the ear l ier kit were 
supposed to have been e l imina ted . In view of 
the relative simplicity of this micro-column 
m e t h o d , the utilization of which is within the 

c o m p e t e n c e of any physician o r laboratory 
t echn ic ian , we have tes ted the new glyc-affinity 
c h r o m a t o g r a p h y kits in m e a u r i n g H b A j levels 
in o u r d iabe t i c pa t ien t s . In add i t ion , we have 
invest igated the e f fec t s of sample storage under 
varying cond i t ions : r o o m t empera tu re and 
re f r igera t ion at 4°C. on the H b A j results. 

Mate r ia l s a n d me thods 

Patients 

T h e pa t i en t s w e r e rec ru i ted a m o n g those 
a t t e n d i n g the a m b u l a t o r y Diabe t ic Clinic of the 
Univers i ty Col lege Hospi ta l ( U C H ) . Ibadan. 
For ty-f ive pa t i en t s ( twen ty - th ree males and 
twen ty- two f ema les ) w e r e s tud ied . Thirteen 
were newly d i a g n o s e d , thir ty were old patients, 
a n d the du ra t ion of the d i sease was not accur-
ately d o c u m e n t e d in two pa t ien t s . The i r ages 
ranged f rom 18 to 69 years with a mean of 48.9 
years . Most of the pa t i en t s had non-insulin 
d e p e n d e n t d i abe t e s mcll i tus . 

Controls 

T h e r e were th i r t een non-d iabe t i c controls of 
w h o m nine w e r e males a n d four were females. 
T h e s e w e r e rec ru i ted a m o n g medical students 
and doc to r s in the hospi ta l . T h e i r ages ranged 
f rom 16 to 43 years with a m e a n of 31.1 years. 
O n e of the a u t h o r s ( O O F ) , w h o was o n e of the 
cont ro ls a lso se rved as a source of 'standard* 
s a m p l e t o assess in ter-assay variabil i ty. Blood 
was d rawn f rom him week ly throughout the 
per iod that the assays w e r e be ing carried out. 

Haemoglobin A / (HbA t ) assay 

Blood was d rawn f r o m the pa t i en t s and controls 
into hepar in ized tubes and the whole blood 
spec imens w e r e initially kept in an ordinary 
re f r ige ra to r . T h e s a m p l e s w e r e usually analysed 
within 48 h of their be ing col lec ted . In the study 
to d e t e r m i n e the e f f ec t s of a s to rage conditions 
on I I b A , levels, b lood s a m p l e s f rom nine of the 
pa t i en t s , as soon a s they were d rawn , were 
d i s t r ibu ted in to t h r e e s e p a r a t e heparinized 
tubes . O n e set of such samples was assayed 
immedia te ly , a n o t h e r set was kept at room 
t e m p e r a t u r e and t h e third set was kept in a 
r e f r ige ra to r . A f t e r a pe r iod of 1 week, these 
two sets of s amples were analysed. 
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Haemoglobin A, levels in diabetics 51 

A 100-samplc g lyc-af f in s y s t e m kit wi th 
d isposable m i c r o c o l u m n s w a s p r o v i d e d by Iso-
lab Inc . , A k r o n , O h i o . U . S . A . T h e g lyc-af f in 
system is d e s i g n e d t o s e p a r a t e h a e m o l y s a t c s of 
human r ed b l o o d cel ls i n t o t w o f r a c t i o n s p r io r 
to s p e c t r o p h o t o m e t r y q u a n t i t a t i o n . A 
haemolysa tc of t he p a t i e n t ' s b l o o d was p re -
pared a s pe r i n s t r u c t i o n s in t h e p a c k a g e inser t 
using r e a g e n t s s u p p l i e d wi th t he ki t . T h e 
glyc-affin s y s t e m s e p a r a t e s g lycosy la ted 
h a e m o g l o b i n ( t o t a l H b A , ) f r o m the o t h e r 
h a e m o g l o b i n s a s t h e h a e m o l y s a t c pas ses 
th rough the p re - f i l l cd m i c r o - c o l u m n s . T h e res in 
in the c o l u m n is a n a f f in i ty m e d i u m c o m p o s e d 
of b o r o n a t e g r o u p s b o u n d t o a g a r o s e . G l y c o -
hacmog lob in b i n d s t o t h e s e g r o u p s a s t he 
sample p a s s e s t h r o u g h . T h e non -g lycos lya t ed 
h a e m o g l o b i n will no t b ind a n d is e l u t e d in t he 
first f r a c t i o n . G l y c o s y l a t e d h a e m o g l o b i n is 
e lu ted f r o m t h e c o l u m n w i t h a s e c o n d b u f f e r . 
A b s o r b a n c e s at 415 n m of b o t h f r a c t i o n s a r e 
used t o d e t e r m i n e t h e p e r c e n t t o t a l glyco-
h a e m o g l o b i n ( l l b A ( ) . Al l t he a s says w e r e 
p e r f o r m e d u n d e r usua l t e m p e r a t u r e c o n d i t i o n s 
in the t rop ics in t he d ry s e a s o n , wh ich was 
abou t 30°C. A ' s t a n d a r d ' s a m p l e o b t a i n e d f r o m 
one of t he a u t h o r s w a s r u n wi th e a c h assay . 

Statistical analysis 

The /-test fo r p a i r e d a n d u n p a i r e d s a m p l e s was 
used to assess f o r s ta t i s t ica l d i f f e r e n c e s . T h e 
level of s i gn i f i cance w a s a / ' v a l u e < 0 .05 . 

Results 

The H b A | v a l u e s in t h e p a t i e n t s a n d c o n t r o l s 
are s h o w n in T a b l e 1. T h e m e a n ± s .d . H b A | 

Table 1. Haemoglobin A | values in diabolic patients 
and controls 

H b A , ( % ) 
Number Mean ± s.d. 

All patients 45 12.5 + 5.6" 
New patients 13 14.4 ± 5.0*t 
Old patients 30 9.5 ± 2.9* 
Controls 13 5.2 ± 0.9 

*/ ' < 0.001 compared to value in controls. 
t/» < 0.01 compared to value in old patients. 

levels in t he n e w p a t i e n t s , 14.4 ± 5 . 0 ; o l d 
p a t i e n t s , 9 . 5 ± 2 .9; o r all t h e p a t i e n t s c o m -
b i n e d . 12.1 ± 5 .6 w e r e s igni f icant ly h i g h e r t h a n 
the m e a n va lue for t he c o n t r o l s . 5 .2 ± 0 .9 , I* < 
0 .001. T h e m e a n va lue for newly d i a g n o s e d 
p a t i e n t s w h o w e r e jus t t o be c o m m e n c e d o n 
t r e a t m e n t w a s a l so s ignif icant ly h igher t h a n the 
m e a n va lue for old p a t i e n t s w h o h a d b e e n o n 
s o m e f o r m of t r e a t m e n t f r o m a f e w w e e k s to 
severa l yea r s . T a b l e 2 p r e s e n t s t he d a t a t o s h o w 
the e f fec t of s t o r age of w h o l e b l o o d s a m p l e s for 
1 w e e k e i t h e r at r o o m t e m p e r a t u r e ( m e a n 
t e m p e r a t u r e a p p r o x i m a t e l y 30°C) o r in a re -
f r i g e r a t o r ( m e a n t e m p e r a t u r e a p p r o x i m a t e l y 
4°C) . T h e resu l t s ind ica ted that H b A j v a l u e s 
t e n d to fall slightly on s t o r a g e at r o o m t e m p e r a -
t u r e whi le t h e o p p o s i t e , a slight i nc r ea se is 
o b s e r v e d d u r i n g r e f r i g e r a t i o n at 4°C. T h e dif-
f e r e n c e s o b s e r v e d w e r e h o w e v e r no t s ta t is t ic-
ally s ign i f ican t . 

S a m p l e s w e r e o b t a i n e d f r o m o n e of t he 
a u t h o r s e v e r y w e e k a n d t he se w e r e run wi th 
e a c h w e e k l y assay . In six such assays , t he I I b A , 
va lues f o r t he ' s t a n d a r d ' w e r e a s fo l lows: 5 . 1 . 

Table 2. Effects of sample storage under different conditions on HbA, 
levels 

Baseline 

Storage at room 
temp for 1 week 

(30°C) 

Storage in 
refrigerator for 
1 week (4(>°C) 

Number 9 7 9 
H b A , % 
Mean ± s.d 10.3 ± 4.2 9.X ± 3.6*t 11.0 ± 4.2* 

*/* > 0.2 compared to baseline value 
t/» > 0.1 compared to post-refrigeration value. 
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52 O. O. Famuyiwa, A. (). Akanjt and A. /•'. liclla 

5 .3 , 5 . 5 . 5 .1 , 5 .9 a n d 6 .0 . T h e m e a n ± s .d . was 
5 .48 ± 0 .35 a n d the in t e r - a s say coe f f i c i en t of 
var ia t ion w a s 6 . 4 % . T h e e x p e c t e d va lue was 
5 % . 

Discussion 

W e h a d n o t e d p rev ious ly t h e des i rab i l i ty a n d 
po ten t i a l u s e f u l n e s s of u s i n g l l b A , m e a s u r e -
m e n t s to m o n i t o r t he m e t a b o l i c con t ro l of 
d i a b e t e s a m o n g p a t i e n t s in d e v e l o p i n g c o u n -
t r ies g iven the lack of r e s o u r c e s f o r f r e q u e n t 
b lood sugar d e t e r m i n a t i o n s ( F a m u y i w a ct al., 
1983). H o w e v e r , w e f o u n d t h e m i c r o - c o l u m n 
ca t ion e x c h a n g e c h r o m a t o g r a p h y a s mos t 
unsu i t ab le because of t he r e q u i r e m e n t for a 
highly r egu la t ed t e m p e r a t u r e of t he e n v i r o n -
men t ( o p t i m u m 23°C). t h e p o o r reproduc ib i l i ty 
of the assays a n d i n t e r f e r e n c e by l iable f r ac t i ons 
of l l bA |C . E r a s m u s ct al. (1983) , h a v e s h o w n 
that t h e co lo r imc t r i c m e t h o d of F luck iger a n d 
W i n t e r h a l t e r (1976) p r o v i d e s a highly prec ise 
anil a c c u r a t e m e t h o d fo r m e a s u r i n g l l b A | 
levels in Niger ian d i abe t i c s u b j e c t s . H o w e v e r , 
this m e t h o d may be l imi ted in its appl icabi l i ty in 
deve lop ing c o u n t r i e s t o t e r t i a r y ca re c e n t r e s 
w h e r e the necessa ry s u p p o r t faci l i t ies a n d 
pe r sonne l will be ava i l ab l e . 

T h e simplici ty of the m i c r o - c o l u m n m e t h o d 
m a d e it wor thwh i l e t o try t h e newly d e v e l o p e d 
system which was based o n a f f in i ty c h r o m a t o -
g raphy . T h e resul ts s h o w e d a c lea r s e p a r a t i o n 
of H b A i va lues in d i a b e t i c p a t i e n t s f r o m those 
in con t ro l s a n d d i a b e t i c p a t i e n t s previous ly on 
t r e a t m e n t h a d s ignif icant ly lower m e a n va lues 
than newly d i agnosed p a t i e n t s w h o w e r e yet to 
be c o m m e n c e d on t h e r a p y . It was felt tha t the 
grea tes t a d v a n t a g e of t he g lyc-af f in sys tem was 
t he fact that t he c o l u m n s c o u l d b e run u n d e r 
a v e r a g e a m b i e n t t e m p e r a t u r e that ob ta in in a 
t ropical coun t ry like Nige r i a a n d sa t i s fac tory 
resul ts still be o b t a i n e d . T h e abi l i ty to use t he 
kits wi thou t r e c o u r s e to a r e f r i g e r a t e d env i ron-
men t is a s ignif icant i m p r o v e m e n t ove r the 
ca t i on -exchange m e t h o d . T h i s will m a k e it 
possible for any phys ic ian in an u r b a n or 
provincial se t t ing in a d e v e l o p i n g c o u n t r y to use 
the kits . 

S to rage of pa t i en t s a m p l e s at r o o m t e m p e r a -
tu re (30°C) o r in a r e f r i g e r a t o r (4°C) did not 
cause any s ignif icant c h a n g e in t he H b A | 
values . A n i m p o r t a n t imp l i ca t ion of this f ind ing 
is that it may be poss ib le t o e v o l v e an ' o u t r e a c h 

p r o g r a m m e ' in deve lop ing coun t r i e s whereby 
who le b lood samples col lected f rom diabet ic 
p a t i e n t s w h o a r e be ing fol lowed u p in district 
a n d provincia l hospi ta ls o r hea l th cen t r e s may 
be co l lec ted on a schedu led basis and fo rwarded 
to a b igger facility for analysis . Many of these 
p laces a r e lacking in regular supply of electricity 
a n d they a r e t h e r e f o r e wi thout reliable 
r e f r i ge ra t i ng facilities. T h e results f r o m this 
s tudy wou ld suggest that non- re f r ige ra t ion of 
s a m p l e s f o r a pe r iod of I week d o e s not 
s ignif icant ly a f fec t t he results o b t a i n e d . It 
shou ld t h e r e f o r e be possible to m a k e H b A , 
m e a s u r e m e n t avai lable to a larger popu l a t i on of 
d i abe t i c p a t i e n t s t han would ordinar i ly have 
b e e n the case . 

I l o w e v e r , t he f indings f r o m this s tudy should 
p robab ly be c o n s i d e r e d only as p re l iminary . 
T h e r e is a n e e d t o invest igate f u r t h e r t he e f fec t 
of longer s t o r age of s a m p l e s a n d a lso to test the 
feasibil i ty of t he type of ' o u t r e a c h p r o g r a m m e ' 
r e f e r r e d to a b o v e . E f f o r t s in these d i rec t ions 
a r e cu r ren t ly u n d e r w a y . 
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