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ABSTRACT

Background: Pre-delivery haemoglobin and serum ferritin concentrations of anaemic and
non-anaemic mothers were determined, and cord blood haemoglobin and serum ferritin
concentrations of their newborns were compared. This is to establish the mean values for
pre-delivery haemoglobin and serum ferritin concentrations of anaemic and non-anaemic
mothersand the cord blood haemoglobin and serum ferritin concentrations of their newborns
at term. Materials and Methods: A case-control study was done involving 142 pregnant
women and their newborns. They were divided into two groups - the anaemic group (n = 65)
and the non-anaemic (n = 77) group. Five millilitres of blood was collected from each woman
and 2 ml was collected from the cord of their newborns into ethylenediaminetetraacetic
acid (EDTA) bottle and plain bottle for full blood count analysis and ferritin assay, respectively.
Results: The mean pre-delivery haemoglobin concentrations of the women in anaemic group
and non-anaemic group were 9.5 + 1.01 g/dl and 12.15 £ 1.07 g/d], respectively, and their mean
serum ferritin concentrations were 64.45 £ 138.76 ug/l and 32.83 + 35.36 ug/l, respectively. The
mean cord blood haemoglobin concentrations for anaemic and for non-anaemic groups were
12.54 + 2.54 g/dl and 13.44 £ 2.23 g/dl (P = 0.02), respectively, and the mean cord blood serum
ferritin concentrations (non-anaemic, 69.38 + 78.88 ug/l; anaemic, 7.26 + 15.60 ug/1) (P=o0.00)
were higher in the newborns of non-anaemic than of anaemic mothers. Significant association
was found between maternal anaemia and cord blood ferritin concentrations (P = 0.025).
Conclusion: Maternal anaemia has significant effects on cord blood haemoglobin and serum
ferritin concentrations.
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Causes of anaemia during pregnancy in developing
countries are multi-factorial. This include nutritional

Anaemia in pregnancy is a major challenge to obstetric
care in developing countries where the prevalence rate
varies between 33 and 75%"? when compared with figures
from developed countries with a prevalence rate of 14%.3
Since the prevalence of anaemia in non-pregnant women
in developing countries is also high (43%),* it is possible
that many of these women were already anaemic at the
time of conception.
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deficiencies (iron, folate and vitamin B12),
and parasitic diseases such as malaria and hookworm
infestation.®> However, micronutrient deficiency,
especially iron deficiency, is believed to be the main
underlying cause for anaemia in pregnancy.® Pregnant
women are particularly vulnerable to iron deficiency
as a result of the increased demand for iron. The
expansion of plasma volume, increase in erythropoiesis
and increased demand of the foetoplacental unit for
iron occur throughout gestation and can vary markedly
between individuals.”

Due to haemodilution and mobilisation of iron, serum
ferritin concentration in women with adequate iron stores
at conception initially rises, then falls progressively by
32 weeks to about 50% pre-pregnancy levels, to rise again
mildly in the third trimester.?
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The placental transfer of iron from maternal plasma to
the foetal circulation during pregnancy is controlled by
hepcidin. When hepcidin concentrations are low, iron enters
blood plasma at a high rate; when hepcidin concentrations
are high, ferroportin is internalised, and iron is trapped in
enterocytes, macrophages and hepatocytes.® Though falsely
high values may be found in acute and chronic inflammatory
conditions, measurement of serum ferritin concentrations
has been shown to be a good index of iron store.’

This is preffered to examination of bone marrow aspirates
for haemosiderin, a “gold standard” for iron store.®

Iron transfer to the foetus occurs maximally after 30 weeks
of gestation corresponding to the time of peak efficiency
of maternal iron absorption following a considerable
fall in serum ferritin level which occurs between 12 and
25 weeks of gestation.! This probably occurs as a result
of iron utilisation for expansion of the maternal and foetal
red cell masses.!!

Harrison and Ibeziako'? reported that red cell haemolysis
caused indirectly due to Plasmodium falciparum was the
main aetiologic factor of anaemia in pregnancy in Nigeria,
followed by folate deficiency and haemoglobinopathy in
that order. They concluded that iron deficiency was rare.

A report by Lamina®?® also agreed with that of Harrison
and Ibeziako that malaria is still major problem among
pregnant women in malaria-endemic areas. However, in a
study conducted by Van der Jagt et al.° in 2007 in northern
Nigeria, iron deficiency ranked first as a major cause of
anaemia in pregnancy, malaria accounting for only 9.4%.

Whatever the cause, maternal anaemia has adverse
consequences on the outcome of pregnancy as anaemia
in pregnancies is associated with preterm deliveries, low
birth weights, morbidity and perinatal mortality due to the
impairment of oxygen delivery to placenta.'*

The aim of this study was to establish the mean values for
pre-delivery haemoglobin and serum ferritin concentrations
of anaemic and non-anaemic mothers and to compare these
values with the cord blood haemoglobin and serum ferritin
concentrations of their newborns.

MATERIALS AND METHODS

A case-control study was carried out at the Lagos State
University Teaching Hospital (LASUTH) Maternity Centre,
Ikeja, Lagos, Nigeria, between June 2009 and February
2010. The study was approved by Ethics and Research
Committee of LASUTH.

One hundred and forty-two consenting non-smoking
and HIV-negative pregnant women at term were divided
into two groups based on cut-off Hb concentration of
11 g/dl. All pregnant women enrolled belonged to

the age range of 17-41 years. Some who were below
18 years of age were legally counseled, and consent was
obtained from their mothers or husbands. The two groups
consisted of 65 anaemic pregnant women (Hb < 11 g/dl)
and 77 non-anaemic pregnant women (Hb > 11 g/dl),
respectively.’® In view of the fact that we did not have a
similar study, this study was preceded by a pilot survey
using 20 subjects in both groups in order to determine the
mean and standard deviations of cord blood haemoglobin
concentration using the formular proposed by Varkevisser
etall®

Though a sample size of 53 was obtained for each group,
100 participants were enrolled for each group. However,
only 77 non-anaemic and 65 anaemic women participated
fully in the study.

The newborns were grouped into two haemoglobin (Hb)
concentrations, viz. non-anaemic (Hb > 12.5 g/dl) and
anaemic (Hb < 12.5 g/dl).!” The cut-off value for ferritin
was 10 ug/l for the pregnant women and 60 pg/1 for the
newborns.!®

The women recruited for the study booked at the beginning
of second trimester. They received 200 mg elemental iron
in three divided doses and 5 mg folic acid daily, which
were commenced at the time of booking. Pregnant women
with history of chronic illness, such as hepatitis, sickle
cell disease, renal disorders, and those with obstetric
complications, such as preterm labour, placenta previa,
vaginal bleeding during pregnancy, pre-eclampsia,
gestational diabetes and HIV infection, were excluded.

Demographic data including age, educational status, parity,
cigarette smoking, alcohol consumption and obstetrical
history were obtained with the aid of a questionnaire.

Blood sampling

Five millilitres of blood was collected from each woman early
in the morning before labour and 2 ml was collected from
the cord of their newborn into ethylenediaminetetraacetic
acid (EDTA) bottle for full blood count analysis. The same
amount of blood was collected from each participant
into plain bottle for serum ferritin assays. Blood sample
was collected immediately after the participants were
admitted into the labour ward at 38 weeks of gestation.
Haemoglobin concentration was measured using the
Sysmex autoanalyser model KX-21N (Sysmex Corporation,
Kobe, Japan) on the same day of collection, while blood
for ferritin assay was centrifuged and sera separated
and stored at —40°C before analysis. Ferittin assay was
done using enzyme-linked immunosorbent assay (ELISA)
technique. The ELISA kit was manufactured by TECO
diagnostics (Anaheim, CA, USA).

Data analysis
Analyses were performed using SPSS, version 16.
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The descriptive data were expressed as mean = SD.
A probability value of P < 0.05 was considered to indicate
statistical significance. Pearson Chi square was used for
analytical assessment.

RESULTS

The data analysis of both anaemic and non-anaemic
mothers and their newborns is presented in Table 1.
In the anaemic group, the mean age [Table 1] was
28.98 £4.79 years (minimum age 17 years and maximum
age 41 years). The age range with the highest frequency
was 26-40 years. In the non-anaemic group, the mean age
was 29.56 + 4.22 years with a minimum age of 20 years
and a maximum age of 39 years. The age range with the
highest frequency was similar to that of the anaemic

group.

A total of 36 out of 65 (55.4%) of the anaemic pregnant
women had primary and secondary education; 40% (26 of
65) had primary, secondary and tertiary education; 3% (2
of 65) had primary education only, while only 1 (1.5%)
had no formal education. The pattern of education in the
non-anaaemic group was similar [Table 1].

Parity of women in the non-anaemic group was also similar
to that of the women in the anaemic group.

As shown in Table 2, the iron stores of both anaemic
and non-anaemic women were similar as 4.6% (3 of 65)
anaemic women had low iron store compared with 3.9% (3
of 77) of the non-anaemic group.

The mean Hb concentration of the anaemic women
was 9.5 £ 1.01 g/dl, while their mean serum ferritin
concentration was 64.45 + 138.76 ug/1 (minimum 10 and
maximum 770ug/1).

The mean Hb concentration of the non-anaemic women
was 12.15 + 1.07 g/dl, while their mean serum ferritin
concentration was much lower (32.83 *+ 35.36 ug/1)
than that of the anaemic women [Table 2]. There was no
significant difference in ferritin levels in both groups as 3
of 65 (0.05%) anaemic mothers had low ferritin (<10 ug/1)
while 3 of 77 (0.04%) non-anaemic mothers had low
ferritin.

The data analysis of babies born to both anaemic and
non-anaemic mothers is presented in Table 3. The mean
cord blood Hb concentrations were: Non-anaemic,
13.44 + 2.23 g/dl; anaemic, 12.54 *+ 2.54 g/dl. However,
the mean Hb concentrations of both groups were higher
than the cut-off value of 12.5 g/dl. The mean cord blood
serum ferritin (non-anaemic, 69.38 = 78.88 ug/1; anaemic,
7.26 + 115.60 pg/1) levels were higher in the newborns
of non-anaemic than of anaemic mothers. This was
significant (P=0.025). However, majority of the newborns

Table 1: Pregnant mothers’ parameters

Anaemic group Non-anaemic group

Mothers' age in years

Mean age 28.98+t4.97 29.5614.22

Min. age 17 20

Max. age 41 39
Mothers' age range

<18 3 [¢)

19-25 15 16

26-40 45 61

=41 2 o

Total 65 77
Mothers’ education

None 1

Primary 2 1

Secondary 36 37

Tertiary 26 35

Total 65 77

Table 2: Pregnant mothers’ haemoglobin and
ferritin parameters

Anaemic group Non-anaemic group

Mothers” haemoglobin

Mean 9.5+1.61 12.15%1.07
Min. 3 11
Max. 10.9 16
Mothers’ ferritin
Mean 64.451138.76 32.83135.36
Min. 10 8
Max. 770 176
Mothers’ ferritin
grouping
<10 pg/l 3 (0.05%) 3(0.04%)
>10 pg/l 62 74
Total 65 77

Table 3: Parameters of newborns of anaemic
and non-anaemic mothers

Mean Low (%) Normal High Total
Anaemic
Haemoglobin "12.54%2.54  27(41) 38 - 65
Ferritin 7.26t115.60 40 (61.5) 25 - 65
Non-anaemic
Haemoglobin ' 13.44%2.23 23(29.8) 54 - 77
Ferritin 69.38%78.88 44 (57.1) 33 - 77

of both anaemic (61.5%) and non-anaemic (57.5%)
mothers had low iron store.

DISCUSSION

With 10 pug/1as our cut-off for serum ferritin concentration
to define iron deficiency, majority of the pregnant women,
both anaemic and non-anaemic, had normal iron store. This
isin agreement with our recent report that iron deficiency
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is not the major cause of anaemia in our pregnant women.*
This reports also corroborates that of Saad Dosh®® from
Pakistan in which none of the samples of 40 pregnant
women showed a serum ferritin concentration in the range
found in iron deficiency (0-12 ug/1) and with many reports
in the past which claimed that iron deficiency was rare in
Nigerian pregnant women.!220-22

That iron deficiency is rare in Nigerian pregnant women
probably reflects the high iron content of Nigerian foods.?

It is, however, in contrast with a recent report from
northern Nigeria on the major causes of anaemia in
Nigerian pregnant women, which ranked iron deficiency as
the leading cause,® and with reports from other developing
countries which also ranked iron deficiency as the leading
cause.”®?*

The explanation for the difference in the findings with
the present study is uncertain. However, most studies
comparing iron levels in pregnant mothers and their
newborn babies are based on the standard tests of serum
iron, total iron binding capacity and percentage transferrin
saturation. Serum ferritin is a good measure of iron storage
in the body, particularly of the reticuloendothelial system.

The mean serum ferritin concentration of anaemic
mothers (64.45 + 138.76) pg/l was higher than that of
non-anaemic mothers (32.83 + 35.36). This could be due
to the effect of acute phase reaction which we could not
establish due to limitations because one of the anaemic
mothers had a very high serum ferritin level (770 ug/1)
accounting for the high overall mean value.

The prevalence of foetal anaemia in the anaemic
women (41.5% (27 of 65)) was higher than that in the
non-anaemic group (28.9%). This observation indicates
that maternal anaemia may affect foetal Hb status,
and agrees with reports by Reihaneh et al*® who found
significant differences between neonatal haemoglobin
levels of newborns from normal and anaemic mothers and
by Al-Hilli?® who also found a positive correlation between
maternal haemoglobin and cord blood haemoglobin.
Akaberi?” in his report on haemoglobin and serum ferritin
levels in newborn babies born to anaemic Iranian women
found significant differences in neonatal haemoglobin levels
between normal women with serum ferritin concentration
above 10 pg/l and anaemic women with serum ferritin
concentration above 10 pg/l. This may further confirm
that whatever the cause, anaemia in pregnancy may affect
foetal haemoglobin concentration.

The prevalence of foetal anaemia obtained in this study
is greater than 23.4% obtained from southern Malawi,®
but lower than 65.6% obtained from Abakaliki,?® Nigeria.

The mean cord blood haemoglobin concentration which
was also lower, though not significant, in the anaemic

group (12.54 £ 2.54 g/dl) than in the non-anaemic
group (13.44 £ 2.23 g/dl), was slightly above the cut-off
value of 12.5 g/dl used in this study. Since iron deficiency
usually precedes iron-deficiency anaemia, it may mean
that many of the newborns who were not anaemic at
birth were born with low iron store which may not be
able to sustain the babies through 6 months, accounting
for the high prevalence of anaemia in 6-9-month-old
children.®

As expected, the mean cord serum ferritin concentration
was also observed to be significantly lower in the
anaemic group (7.26 = 115.6) than in the non-anaemic
group (69.38 £ 78.88) (P =0.025).

That majority of the newborn babies had low iron
store despite the fact that majority of the women
studied had normal iron store may corroborate with a
report by Agarwal et al®! who concluded that mothers
with reasonably maintained ferritin and transferrin
saturation levels provide sufficient iron for maintenance
of cord haemoglobin, although foetal iron stores are likely
depleted. We noticed that the cut-off values for serum
ferritin concentrations to define iron deficiency vary with
different reports. For instance, a report from Mexico used
serum ferritin concentration of 30 ug/l as the cut-off and
observed that 14% of their newborns had low serum serum
ferritin concentration.?

In conclusion, we found out that maternal anaemia has
significant effects on cord blood Hb and serum ferritin
concentrations.
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