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Summary 

Glvcohaemoglobin (G l ib ) levels were mea-
sured in 34 non-pregnant controls and 20 
healthy pregnant Nigerian women in all the 
trimesters of pregnancy and the puerperium. In 
addition, cord blood G l i b was determined in 
the new-born babies of the pregnant women. 
The mean ( ± s . d . ) G H b levels, expressed as 
mmol fructose equivalents per gram of haemo-
globin. for the controls and for the first, second 
and third trimesters and the puerperium respec-
tively. were as follows: 89.9 (19.9). 82.1 (54.8). 
88.2 (55.5), 85.7 (62.7), 96.7 (51.3). There were 
no significant differences between the values 
for the controls and the pregnant women and 
the results for the first, second and third 
trimesters were also not significantly different 
from each other. There was a significant posi-
tive correlation between the G H b levels in the 
second and third trimesters and the puerperium 
with the fasting blood glucose in the respective 
preceding trimester. The mean cord blood G! Ib 
value of 88.5 (46.7) was not significantly dif-
ferent from the maternal levels throughout 
pregnancy. There was a significant positive cor-
relation between cord blood Gl ib and maternal 
G H b in the third trimester (r = 0.64, P < 0.05) 
as well as the maternal third trimester fasting 
blood glucose (r = 0.69. P < 0.05). However, 
there was no correlation between cord blood 
G H b and cord blood glucose or infant birth 
weight. The results of this study should prove 
useful in optimizing glycemic control in 
pregnant Nigerian diabetic women. 
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Resume 

Les niveaux de glycohemoglobine (GHb) 
etaicnt mesurcs chcz 34 temoins non-enceints et 
20 Nig<5rianes enceintes en bonne sante pendant 
tous les trimcstrcs de la grossesse et de la 
peri ode puerperale. La G H b du sang de cordon 
ombilical tftait aussi d l t c rmin lc chcz les 
nouveau-nes des femmcs enceintes. La moyen-
ne (±s .d . ) de niveaux de G H b , cxprim<5c en 
mmol equivalents de fructose par gramme 
d'hlnioglobinc des t lmoins pendant la p<5riode 
du premier, du second, du troisieme trimestre 
et puerperale etaicnt respectivement comme 
suivante: 89.9 (19.9); 82.1 (54.8); 88.2 (55.5); 
85.7 (62.7); 96.7 (51.3). II n'y avaient pas de 
differences significatives entre les valeurs pour 
les temoins et celles-ci des femmcs enceintes. 
Les resultats pour Ic premier, le second et le 
troisieme trimestre n'ont pas etc* aussi significa-
tivement differents. II y avail une significative 
correlation positive entre les niveaux de G H b 
pendant la seconde et la troisieme periode 
puerperale avec la glycemie a jeun pendant Ic 
trimestre precedent rcspectif. La moyenne de la 
valeur de G H b dans le cordon etait 88.5 (46.7) 
mais n'etait pas significativement differente des 
niveaux maternelles pendant la grossesse. II y 
avait une correlation significative positive entre 
la G H b du cordon et la G H b maternelle 
pendant le troisieme trimestre (r = 0.64; 
P < 0.05) egalement la glycemie A jeun 
maternelle du troisieme trimestre (r = 0.69; 
P < 0.05). Neanmoins, il n'y avait pas de corre-
lation entre la G H b et le glucose du cordon ou 
le poids de naissance du bebtf. Les resultats de 
cctte etude seraicnt utiles dans la controle 
glycemique optimal chez les enceintes diabeti-
ques nigerianes. 
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I n t r o d u c t i o n 

Glycosylated haemoglobin ( G l i b ) measure-
ment is now well established as a usetul tool for 
assessing glyccnue control in all categories of 
diabetic patients, including pregnant women 
One of its earliest applications in pregnani 
diabetic or potentially diabetic wom-*n was in 
assessing the degree of hyperglycemia in the 
early weeks of gestation. It was suggested b\ 
Mills ct a!. |1) that congenital malformation m 
inlants of diabetic mothers occurred before the 
seventh week ol gestation. Several investigators 
l ia\e also demonstrated that there is an associa-
tion between abnormally raised first trimester 
glycohaemoglobin levels, which reflects prc-
gestational and early gestational maternal 
hyperglycemia, and the occurrence of congeni-
tal abnormalities (2,3). Many pregnant women 
will not at tend the antenatal booking clinic until 
they are at least 12 weeks pregnant, or even 24 
to 30 weeks in most developing countries. 
Consequently, G l i b estimation is extremely 
useful in assessing the degree of maternal 
glyccmia in the 6 - 8 weeks prior to booking. It 
was recently suggested that women with ele-
vated first trimester G l i b should have an 
antenatal ultrasound examination between 18 
and 20 weeks, as some of the congenital 
anomalies can be so diagnosed very early [4|. 

Mintz and Skyler |5) recently concluded that 
the 'magic bullet' that has made metabolic 
normalization feasible and practical in diabetic 
patients has been the advent of self-monitoring 
of blood glucose at home. Unfortunately, this 
modality of management is not available for the 
majority of diabetic patients in most developing 
countries. Occasional or sporadic blood glucose 
estimation and unreliable urine testing are still 
all that is usually possible. In view of this 
prevailing reality, Famuyiwa et al. [6] have 
emphasized that G H b determination is highly 
suited for the management of diabetic patients 
in developing countries. They suggested that 
combining blood glucose estimation as fre-
quently as possible with 3-monthly measure-
ments of G H b , with every effort made to 
normalize the latter in particular, should result 
in an overall measure of control which is near 
optimal and which probably would not be 
achieved with the prevailing practice. It was 
also believed that such an approach would be 
cost effective. This suggestion applies even 
more to pregnant diabetic women who need 

to have normal blood glucose throughout 
pregnancy. 

In view of its immense potential for the 
management of diabetic pregnancy in develop-
ing countries, we have measured the GHh 
levels in a g roup of healthy non-diabetic 
pregnant Nigerian women in all three tri-
mesters of pregnancy and the puerperium in 
order to derive normal reference ranges. Cord 
blood G H b was also determined in the new-
born babies of these women. 

Subjects and methods 

Pregnant .subjects 

Forty healthy pregnant Nigerian women who 
were sure about their menstrual dates were 
recruited in the first trimester. They were 
among women at tending the antenatal clinic of 
the University College Hospital , Ibadan. Ni-
geria. Excluded from the study were those 
with any history of risk factors for diabetes in 
pregnancy, such as history of unexplained intra-
uterine death or stillbirth, large babies (weight 
2=4 kg), strong family history of diabetes, gross 
obesity (weight 5=90 kg) or glycosuria in current 
pregnancy. Also excluded were those with 
obstetric problems such as hydramnios or ante-
partum haemorrhage and those with significant 
medical disorders such as anaemia (packed cell 
volume ^ 3 0 % ) , hypertension in pregnancy 
(blood pressure ^140/90) , systemic infections, 
hepatitis, hacmoglobinopathy, etc. 

Each of the participants was studied in each 
of the three trimesters and the puerperium. In 
addit ion, their new-born infants were also 
evaluated. Only 20 of the 40 subjects recruited 
completed the study. Their ages ranged from 19 
to 38 yr with a mean of 26.2 yr. Their mean 
parity was 2.1. 

Non-pregnant controls 

Thirty-four non-pregnant women attending the 
Gynaecology clinic for minor gynaecological 
problems were recruited as controls. They were 
matched with the pregnant subjects as well as 
possible for age and parity. None of them had 
any past history to suggest diabetes mcllitus. 
Their mean age was 28.1 yr and mean parity 
1.7. 



Pregnane}' and cord blood glycohaemoglobin 

Glycosylated haemoglobin (HbAJ) estimation 

Fasting blood for G l i b estimation was drawn 
from each of the pregnant subjects in the first 
trimester (S-14 weeks), second trimester (24-28 
weeks), third trimester (32-36 weeks) and the 
puerperium — about 2 weeks after delivery. 
The fasting blood for G H b was followed by an 
oral glucose tolerance test (the results of this 
will be reported separately). 

Cord blood samples for glucose and G l i b 
were also obtained from the babies of the 
women who completed the study. The controls 
were studied similarly but only once. 

The colorimetric method of Fluckiger and 
Wintcrhaulter |7), as modified by Fisher et al. 
[8), was used for G H b estimation. The results 
were derived by estimating the amount of 
carbohydrate (fructose) equivalents of G H b 
from a fructose standard curve and expressed as 
mmol fructose per gram of haemoglobin. 

Student's /-test was used to determine the 
statistical difference between the means and 
Spearman's correlation coefficient and linear 
regression analysis were used to assess the 
relationship between G H b and several variables. 

Results 

Only the results of the 20 pregnant women who 
completed the study are presented. The G H b 
levels (mmol fructose per gram haemoglobin) 
for the controls and for the pregnant women in 
the three trimesters and the puerperium are 
shown in Table 1. There were no significant 
differences between the values for the pregnant 
subjects and those for the controls. However, 
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when the G1 lb values for the different stages of 
pregnancy were compared with each other, the 
mean results for the first trimester and second 
trimester were significantly lower then those 
for the puerperium (P < 0.05). There were 
no differences between the values for the first, 
second and third trimesters. 

Analysis of the correlation of G H b levels in 
the second trimester, third trimester and the 
puerperium with the fasting blood glucose in 
the respective preceding trimester demon-
strated statistically significant positive correla-
tions (Table 2). 

Table 3 shows the data on infant birth weight, 
cord blood glucose and cord blood G H b levels 
in the 20 singleton births from the pregnant 
subjects. The mean cord blood G H b was not 
different from the maternal G H b at any stage 
of pregnancy. None of the babies was hypo-
glycemic. There was a significant positive cor-
relation between the cord blood G H b and 
maternal G H b in the third trimester (r = 0.64, 
P < 0.05). There was a similar relationship 
between cord blood GHb and maternal fasting 
blood glucose in the third trimester (r = 0.60, 
P < 0.05) (Fig. 1). However, there was no 
significant correlation between cord blood G H b 
and cord blood glucose (r = 0.05, P > 0.05) or 
between cord blood G H b and infant birth 
weight (r = 0.19, P > 0.05). 

Discussion 

In this study, the G H b levels observed in 
healthy pregnant Nigerian women during the 
three trimesters and the puerperium were not 

Table 1. Glycohacmoglobin (GHb) values in pregnant subjects and controls 

Controls 
(mmol fructosc/g 

haemoglobin) 

Pregnant subjects (mmol fructosc/g haemoglobin) 

I T T 2 ' T3 PP 

n 
Range 
Mean 
s.d. 

34 20 20 20 20 
57.30-139.20 61.20-104.30 62.60-105.20 61.20-1! 1.20 70 20-114 40 

89.90 82.06 88.21 85.67 96 70 
19.90 54.87 55.55 62.72 51 28 

Tl , first trimester; T2. second trimester; T3. third trimester; pp = puerperium. 
'P < 0.05 compared to value in puerperium. 
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Tabic 2. Correlat ion of glycohaemoglobin (G l ib) levels with (he fasting blood sugar in the preceding trimester 

G l i b concentra t ion (mmol fruetose/g haemoglob in ) 

FBS ( T l ) G H b (T2) FBS (T2) G H b (T3) FBS (T3) G H b (pp) 

Mean 70 75 X8.21 66.10 85.67 66.80 96.70 
v d y. 97 55.55 12.61 62.72 13.83 51.80 
n 20 20 26 20 20 20 
r 0 60 0.46 0.71 
r < 0.0S < 0 05 < 0.05 

r i , first t r imester , T2, second tr imester ; T V third t r imester ; pp . p u e r p e r i u m . 
FBS. fasting Mood «ugar 
r. concla i ion coefficient. 

Table 3. Birth weights, cord blood glucose and cord b lood g lycohaemoglobin ( G H b ) levels 
in newborn Nigerian babies 

Infant birth weight Cord blood sugar C o r d b lood G H b 
(kg) (mg/100 ml) (mmol f ruc tose equivalents) 

n 20 20 20 
Mean 3.2 59.8 88.5 
s.d. 1.3 34.5 46.7 
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Fig. I . Correlat ion of glycohaemoglobin values in 
cord blood with maternal third t r imester fasting blood 
sugar. 

different f rom those in controls. The GHb 
values in this study were also similar to those 
repor ted by Kuti et al. (9| and Erasmus et al. 
[10] in Nigerian women using the colorimetric 
method . However , this is the first time that the 
same group of women have been followed 
throughout pregnancy. The results indicate that 
there is little change in G H b levels throughout 
pregnancy in healthy Nigerian women. These 
findings are similar to the observations of Leslie 
et al. [2J and Paulsen and Koury (11| who also 
did not find any significant changes in GHb 
levels during normal pregnancy. It is in con-
trast, however, with the results of Schwartz et 
al. [12] who observed a significant increase in 
the third trimester. 

The observation of a significant correlation 
between maternal G H b levels in the second 
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trimester through the puerperium and the fast-
ing blood glucose in the preceding trimesters 
confirmed its potential clinical usefulness in 
monitoring glycemie control for the preceding 
weeks. This is in agreement with the observa-
tions of other workers (2.13). 

Cord blood Cillb levels from Nigerian new-
born babies are being reported for the first time 
in this study. There was no difference between 
cord blood Cil lb and maternal Cil lb throughout 
pregnancy. This contrasts with the observations 
ot Zeller et al. | I4) who reported that cord 
blood Gl lb was only 60";, of that of the mother, 
whether maternal diabetes was present or not. 
However. Fadel et al. |15| demonstrated an 
increase in glycosylated haemoglobin in the 
cord blood of infants of diabetic mothers. It 
must be noted that cord blood GI lb is a mixture 
of 1 IbFIc and the HbA 1 usually found in adults. 
I IbFlc itself is believed to be a combination 
of acetylatcd and glycosylated components 
(I6.17|. 

There was a strong positive correlation be-
tween cord blood Gl lb and both maternal Gl lb 
and fasting blood glucose in the third trimester. 
This indicates that cord blood G H b level is 
most likely a direct function of maternal gly-
cemia in the preceding trimesters. However, 
there was no correlation between cord blood 
G H b and infant birth weight. Similarly. Fadel et 
al. (15| did not find any correlation between 
cord blood glycosylated haemoglobins and the 
birth weight ratio which is a more sensitive 
indicator of relative changes in the birth weight. 
Although their study included diabetic preg-
nant women, they were all well controlled. 
Studies which include late-presenting, poorly 
controlled diabetic women with large babies 
may demonstrate a relationship between cord 
blood G H b and birth weight. 

Cillb was measured in this study using the 
colorimetric method of Fluckigcr and Wintcr-
haultcr [7] as modified by Fisher et til. (8|. This 
method was also used by Kuti et al. [9] and 
Erasmus et al. [ 10J in their study of Nigerians. It 
has also been shown previously that the prevail-
ing high environmental temperature and 
humidity in a tropical developing country like 
Nigeria did not make the micro-column cation-
exchange chromatographic technique suitable 
for use 16). 

The method will also not distinguish HbF 
from the minor adult fast haemoglobins. The 

micro-column affinity chromatography method 
was. however, found to be satisfactory in the 
hot tropical environment [18) but the difficul-
ties associated with procuring kits from abroad 
have limited its applicability. The colorimetric 
method is highly suited for use in developing 
countries because all that is required is a 
colorimeter in good working condition and the 
procurement of reagents which are fairly stan-
dard. It measures total glycosylated haemo-
globin and it has the advantages that it is 
affected little by sample handling, storage 
conditions, haemoglobinopathics or non-
glucose adducts 119). However, it has the 
disadvantage that the G H b assay units are 
reported differently from laboratory to labora-
tory (20). This makes it difficult to compare 
the results from two different laboratories or 
with those done by other methods. 

Notwithstanding the foregoing, this study has 
tried to provide some reference values for Cil lb 
in all the three trimesters of pregnancy and the 
puerperium in healthy Nigerian women. In 
addition, cord blood Cillb levels in healthy 
newborn infants have been reported. It is 
hoped that these data will prove helpful in the 
management of pregnant diabetic Nigerian 
females. Similar data are needed for other 
tropical developing countries. 
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