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ABSTRACT: Pregnant women in developing countries have been reported to consume diets with
low density of minerals and essential trace elements. Therefore, this study aims to assess the
serum levels of magnesium and manganese and its trimester correlates among pregnant women in
Ika community of Delta state, Nigeria. An analytical cross-sectional study was conducted to assess
the serum levels of magnesium and manganese among 64 apparently healthy pregnant and age
matched 25 healthy non-pregnant women attending antenatal clinic at obstetrics and gynaecology
unit of central hospital Agbor. The mean serum levels of manganese increased with increase in
gestational age while hypomagnesaemia 12.24ug/dl was observed in 60 (93.8%) of the pregnant
women with a larger preponderance in the second trimester There was significant difference
between the serum level of manganese in pregnant women compared to non-pregnant women
(p<0.001). There were no statistical significance between the serum levels of these trace elements
and occupation, nature of dietary intake, age of participants and trimester of pregnancy.We
observed an increase in the mean serum levels of manganese with trimester progression while a
high prevalence rate (93.8%) of magnesium deficiency among pregnant women was noted in this
study. Maximal awareness (advocacy) should therefore be given to pregnant women on the need
for adequate dietary intake and supplementation to avoid the complications associated with
deficiency of this nutrient. © JASEM
http://dx.doi.org/10.4314/jasem.v19i4.6
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INTRODUCTION
Micronutrient deficiency in women of reproductive
age is recognized as a major public health problem in
many developing countries with attendant morbidities
(Ramakrishman,2002). Micronutrient (essential trace
elements) are those elements that are required in
minute quantities by an organism to maintain normal
complex metabolism (e.g. metalloproteins) which are
required in enzymatic activities and can play
structural role in connective tissues or cell
membranes (Goldstein,1990).
Manganese (Mn) is an essential dietary mineral and a
component of the metalloenzymes such as superoxide
dismutase, arginase and pyruvate carboxylase, which
plays an important role in a number of physiologic
processes such as amino acid, lipid and carbohydrate
metabolism (Institute of Medicine,2001, Nicoloff et
al 2004).
Magnesium (Mg) is also a trace element which is
ingested with food or water and it is needed to stay
healthy as is an essential cofactor for multiple
enzymes involved in glucose metabolism and it has
been postulated to play a role in glucose homeostasis,
insulin action and in the development of type 2
diabetes mellitus (Larson & Wolk,2007).

An imbalance in the levels of these trace elements is
therefore worrisome, more so in a pregnant woman.
Nutritional deficiencies are common during
pregnancy and pregnant women in developing
countries have been reported to consume diets that
are low in minerals and vitamins (Keen et al, 1998
,Adam et al,2001,). There is a growing fear that
compromised magnesium nutritional status may be
involved in several disorders that can occur during
pregnancy. These include hypertension, vasospasm,
coagulation
defects,type
2
diabetes
mellitus,premature delivery, intrauterine growth
retardation and muscle cramping. Deficiencies of
trace elements such as zinc, copper, selenium and
magnesium have been implicated in various
reproductive events like infertility, spontaneous
abortions, congenital anomalies, pre-eclampsia,
placental abruption, premature rupture of membranes,
still births and low birth weight (Hofmeyr et al,
2007). Magnesium deficiency can paradoxically
increase the risk of, or protect against oncogenesis
(Cortes and Moses, 2007). It has been proposed that
Mg is central in the cell cycle, and that its deficiency
is an important conditioner in precancerous cell
transformation. Also, at high levels, magnesium can
cause damage to the brain, liver, kidneys, and the
developing foetus (Smith et al, 2007).
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Demonstration of Mn deficiency syndrome has been
less clear although it has been associated with several
chronic diseases like osteoporosis, epilepsy and
diabetes mellitus (Nicoloff et al,2004). On the
contrary, prolonged industrial exposure causes
increases in serum manganese to greater than 5.4g/L
(>30nmol/L) which is an indices of manganese
retention that typically manifest with neurological
symptoms in pregnant women (Burtis, 2008).
Although it is increasingly acknowledged that
societal factors play a significant role in
micronutrient status and pregnancy outcomes
(Aydemir et al,2003, Chandra,2008), studies on
impacts of socioeconomic status on pregnancy
outcomes have produced conflicting reports
(Tuntiseranee et al,1999).
Major researches have also shown that serum
magnesium and manganese levels are lower in
pregnant women especially in rural and developing
countries which may be due to poverty, lack of
knowledge about adequate prenatal nutrition or other
factors such as water hardness, mal absorption
associated with disease or inadequate intakes and
dietary taboos associated with pregnancy. More so
with westernization of our diet, it has become of great
concern to the African man because many of such
refined foods contain less of these trace elements
because of the micronutrient status of soils and plants
following agro farming compared to fresh vegetables
and fruits which we get from our subsistence farming
hence resulting in deficiencies with adverse
consequences for both mother and newborn infants
(Gittelsohn et al,1997).
In the light of this, it is therefore justifiable to find out
what the levels of these trace elements are among Ika
community residing in a semi-urban area of Nigeria,
because an imbalance in the levels of these trace
elements is worrisome, more so in a pregnant woman.
We hypothesise that changes in the serum levels of
trace elements among pregnant women may have
contribution from the socioeconomic status.

MATERIALS AND METHODS
Study Design: This was an analytical cross
sectional study designed to assess the serum
levels of magnesium and manganese among
pregnant women in Ika community, Delta state,
south-south Nigeria.
Study Area And Population: Ika constitute a major
ethnic group in the whole area of delta north
senatorial district (Anioma) with Agbor being the
local government headquarters. Agbor is a semiurban community in Ika south local government area
of delta state. It is located at latitude 6.26N and
longitude 6.19E, with population of over 67,616
people. The main occupation of the dwellers is
subsistence farming; mainly yam and cassava with
*1
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some animal husbandry. Other professionals such as
civil servants, traders, and artisans also constitute
their work force. Majority of those recruited had low
level of education (primary and a few with secondary
education). The study population involved pregnant
women attending the antenatal clinic of central
hospital Agbor and age matched non-pregnant
women.
Study Duration: The study was carried out within a
three month period (January 2010 to March, 2010) in
which a total of 89 patients were recruited. Sample
were collected twice weekly from the Wednesday and
Friday clinic of the obstetrics and gynaecology unit.
Sample Size Estimation: Sample size was determined
by using this formula (n) = Z2 S2
d2 Using the standard deviation of magnesium of
0.20 (Akinloye et al, 2010) and a degree of attrition
of 4%, a minimum sample size of 96 was calculated.
However, 96 subjects were actually recruited,but only
89 of them gave their consent,so n=89 (64 pregnant
and 25 non pregnant women). Ethical consideration
was sought from the hospital and informed consent
obtained from participants. The study was conducted
according to the revised version of the declaration of
Helsinki (Tatsuo,2009)
Inclusion Criteria: Healthy non-lactating, nonsmoking and non-alcoholic pregnant and nonpregnant women (control) were included in the study.
Exclusion Criteria: Lactating mothers, smoking and
alcoholic individuals were excluded from this study.
Women with acute and chronic illnesses such as
hypertension or taking any other medications that
could potentially affect levels of trace elements were
also excluded.
Sample Collection: Five millilitre of venous blood
sample was collected from each of the subjects with
sterile disposable needles and syringes. This was
dispensed into a clean dry plain container while
avoiding haemolysis. Sample was placed on the
bench and allowed to stand for at least 1 hour before
centrifuging. The serum was then transferred to vials
and stored at -20°C until batch analysis.
Biochemical Analysis And Principle: Serum
magnesium and manganese were determined by
flame atomic absorption spectrophotometry using a
direct method as described by Kaneko (1999).
The atoms of the element, when aspirated into the
atomic absorption spectrophotometer (AAS),
vaporized and absorbed light of the same wavelength
as that emitted by the element when in the excited
state. The amount of light absorbed in the flame is
proportional to the concentration of the element in the
sample.
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Procedure: Spectrophotometric measurement of
serum concentrations of magnesium and manganese
were performed on a Beck 200 atomic absorption
spectrophotometer (AAS). The samples were thawed
and 1:20 dilution made with 0.1N HCl then aspirated
directly into AAS for analysis. Working standard
solutions were prepared by diluting the stock standard
with 0.1N HCl and the required part per million
(ppm) used for the standardization of the
corresponding trace elements.
The reference values used here were similar to those
previously documented in the literature.
Serum level of Magnesium = 1.6-2.6mg/dl (1626mg/l) (Physicians, 2005). Reference range for
serum manganese = 5-13mcg/L (9-24nmol/L) (Burtis
et al, 2008).
Statistical Analysis: Data were collated, inputted into
a computer and statistical analysis performed using
SPSS version 22 software. Data obtained from this
study were expressed as mean and standard deviation.
The differences between groups were compared using
the independent sample student t-test and one-way
analysis of variance (ANOVA). Pearson correlation
coefficient was used to measure the level of
association between serum levels of magnesium and
manganese. P < 0.05 was used as level of significance
at a 95% confidence interval for all analysis. Results
were represented in tables and bar charts.

trimester pregnancy after subjecting it to a post Hoc
test. P=0.02.
This is a very weak positive correlation between the
serum levels of the trace elements among pregnant
women. This observed association is not statistically
significant.
We also correlated age against serum levels of trace
elements and found a very weak positive correlation
with Mg (c=0.121, p=0.341) and a very weak
negative correlation with Mn (c= -0.028, p=0.826).
Both were not statistically significant.
Pregnancy is a hyper metabolic state and as such the
demand for both energy and nutrients is increased
during pregnancy and thereby making these women
vulnerable to nutritional deficiencies because of the
increased metabolic demands imposed by the
growing foetus (Mistry et al 2011, Emokpae et
al,2015).

RESULTS AND DISCUSSION
Ninety six patients were recruited for the study
however, only 89 subjects including 64 healthy
pregnant women aged 19-49 years and 25 age
matched control subjects (healthy non-pregnant
females) consented to participate in the survey;
giving a response rate of 92.7%.
Table 1: Socio-demographic characteristics of the
pregnant women N = 64 (100%)
Variable
Age
18-33
34-49
Occupation
Farming
Civil servant
Self-employed
Home marker

frequency

(%)

54
10

84.4
15.6

15
15
22
12

23.4
23.4
34.4
18.8

Above socio-demographic factors have no significant
association with serum level of trace element (P >
0.05)
We observed a rise in serum levels of magnesium
with increase in gestational age while serum level of
manganese decreased with increasing gestational age.
However, the observed difference was not significant.
There was a statistically significant difference in the
serum level of magnesium between first and third
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Fig.I: Dietary intake by pregnant women
Two essential mineral elements were studied to
estimate their serum levels for the purpose of
establishing the baseline status in pregnancy among
Ika women of Delta state, Nigeria. It is hoped that the
knowledge of their mineral status will be helpful in
guarding against mineral deficiency or overload in
the course of management, so as to ensure a better
pregnancy course. We found an increased level of
serum manganese with increase in gestational age
however hypomagnesaemia was recorded in 60
pregnant women (93.8%) involving all the three
trimesters but more in second trimester (96.2%). A
similar study done in Benin City, Nigeria also
recorded hypomagnesaemia with negative correlation
with gestational age (Krebs and Briggs, 1923).
The first reports of blood magnesium levels during
pregnancy was done in 1923 by Krebs and Briggs
who reported a range of 1.7-2.2 mEq/liter among 17
women in their 8th to 40th weeks of pregnancy. In
our study, we found a range of 0.84-1.86 mg/dL for
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the pregnant women and 1.06-1.69 mg/dL for the
control group. Both values were far lower than the
reference values.
Celli (1965) did a study which compared the serum
levels of 40 pregnant women at different stages of
pregnancy with those of non-pregnant women and
found that the average value 2.0 mEq/liter at the
outset (which equalled the control average) fell to an
average of 1.7 by the end of pregnancy. This was

similar to our finding of equal mean of serum
magnesium during first trimester with the control
(1.31mg/dL) which dropped to 1.16mg/dL in the third
trimester.
Majority of pregnant women who ate protein based
diet where in the second trimester while those that ate
more of vegetables and fruits where in the second
(38.9%) and third trimester (33.3%) respectively.

Table 2: Mean values of trace elements, pregnant women versus control.
Microelement Test Subjects (no) Means Std Error Std Deviation P-value
Mg (mg/mL)

Pregnant
Control

64
25

Mn (μg/dl)

Pregnant
Control

25

64

12.24
13.78

0.24
0.36

23.15
0.93
39.26
1.71

1.94

P > 0.05

1.78
7.40
8.56

P < 0.05

Serum magnesium was lower in pregnant subjects compared with non-pregnant controls P > 0.05 while serum
manganese in pregnant subjects significantly lower when compared with non-pregnant women P < 0.05.
Lower serum levels of magnesium of 1.9 mEq/litre measured during the third trimester of pregnancy compared
to a level of 2.2 mEq/litre in healthy non-pregnant
development of hypomagnesaemia in pregnancy
women has been reported by Celli Acella The author
(Mahran & Hanna,1968). DeJorge et al affirmed that
suggests that these differences, taking into account
this results from correction of the dilution of plasma
the increasing demands of the rapidly growing foetus,
that occurs during pregnancy in their study of 139
may indicate an occult magnesium deficiency. We
pregnant women, and they concluded that the
had about 94% of our pregnant women who were
hypomagnesaemia is real only during the first half of
hypomagnesaemic at different levels of gestation but
pregnancy and during the last month . Development
with a larger preponderance in the second trimester.
of hypomagnesaemia in early pregnancy could be
In comparism with the pregnant women an apparently
explained by the development of hyper emesis that
higher level of serum magnesium except in the first
can lead to loss of minerals, including magnesium
trimester where they were same was observed the
and even reduce intake (Magum et al, 1985). We
control group. Similar studies have acknowledged the
however did not elicit such from our patients
Table 3: Mean values of trace elements among pregnant women versus
age of respondents, occupation and dietary intake.
Serum Mg (standard deviation) Serum Mn (standard deviation)
Age
18-33
12.24 (2.00)
23.64 (7.58)
34-49
12.22 (1.67)
20.47 (6.01)
Occupation
Farming
12.15 (1.24)
22.29 (7.25)
Civil servants
11.66 (1.57)
21.43 (6.48)
Self-employed
12.31 (2.07)
23.79 (7.86)
Home maker
12.93 (2.68)
25.18 (8.07)
Dietary intake
Carbohydrate
12.58 (2.04)
23.97 (6.98)
Protein based diet
12.03 (1.99)
22.79 (7.18)
Vegetables & fruits
12.12 (1.78)
22.69 (8.46)

The mean serum levels of Magnesium and Manganese declined with increase in age. This observed difference is
however not statistically significant. [t=0.028; P=0.978; CI= (-1.33-1.36)].
There were no statistically significant difference between the occupation, nature of dietary intake of pregnant
women and the serum levels of trace elements. (F=0.966; P=0.415) and (F=0.485; P=0.618) respectively.
Magnesium nutritional status can be influenced by a
number of factors, but the easiest to correct is
magnesium intake. In addition, dietary factors can
modulate the absorption of the amount of magnesium
ingested (Zola et al, 2009). In our survey, we found
no statistically significant difference between the
nature of dietary intake of pregnant women in Ika
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community and the mean serum level of magnesium.
(F=0.485; p=0.618).
Published data on maternal blood concentrations of
manganese during pregnancy indicate higher
concentrations of 15–20 μg/L than the values
observed in the blood of the general adult population
of 4–15 μg/L (Kopp et al, 2012). This was similar to
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our finding except for the 4% that fell below this
range.
Contrary to general belief that manganese deficiency
cannot arise in humans because the element is widely
distributed in foodstuffs, it has been reported that
most western diets, even best planned, tend to be
deficient in this important trace mineral partly due to
the current farming methods, particularly the
excessive use of agrochemicals which is known to
cause severe manganese deficiencies, both in the soil
and in the crop it yields (Sillanpaa, 1982). It has also
been documented that nutritional manganese
deficiency in humans can easily arise due to its poor
absorption rate, combined with modern food
production which strips manganese from the
foodstuffs, from the soil to the table. Manganese
absorption is also greatly hindered by the presence of
other trace minerals, particularly of iron, as these two
metals compete for the same binding sites,
manganese having far inferior affinity to the carrier
protein than iron. This observation was particularly
noteworthy, as during pregnancy most women are
routinely prescribed iron supplementation which
further reduces the body manganese status
(William,1971). However, in our report, we observed
a dose response relationship between the serum levels
of manganese and increase in gestational age despite
the fact that all the pregnant women were placed on
routine haematinics
Table 4: Mean values of trace elements among
pregnant women versus trimester.
Serum Mg (standard deviation) Serum Mn (standard
deviation)
Trimester
First
Second
Third

13.09 (2.36)
12.17 (1.93)
11.62 (1.30)

20.22 (5.04)
24.01 (7.89)
24.45 (8.02

Because of the similarity in chemistry between Mn
and Mg and because they can replace each other in
several biochemical systems (Stephannsson et al,
2000), it is possible that with a reduction in dietary
Mn, dietary Mg will be utilized to a greater extent by
the body. This could explain why the serum level of
magnesium was declining why that of manganese
was apparently normal to high.
Conclusion: The importance of trace elements in
pregnancy and the consequent deficiencies cannot be
over emphasized. Our diets in recent times consist of
more and more refined foods and this has been of
serious concern to the modern man who does not
receive enough of these trace elements in his food
from the soil to the table. There is therefore need to
boost maternal awareness of dangers associated with
deficiency of essential trace elements during
pregnancy and dietary supplements may be of use in
combating this shortage.
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Recommendations: Elemental interactions among
trace elements such as manganese, copper, zinc, iron
and magnesium does exist and this contributes to
variations in the plasma levels of these trace elements
thereby resulting in deficiency of one or two of such
elements. Regrettably however, most supplemental
programmes in developing countries such as Nigeria
mainly focus on iron supplementation with no
concern for other trace elements. In view of the
above, we recommend;
Prenatal supplementation should be encouraged in
women of reproductive age as is done many
developed countries such as USA 2. Government
policy change such as in agro farming leaching agents
should be discouraged. 3. Health education to
pregnant women in Ika community on the need to
supplement their diet. 4. We encourage further study,
such as soil analysis in the locality to be able to
accurately predict the level. 5. Base-line nutritional
status of this sort is helpful in guarding against
mineral deficiency or overload in the course of
management of antenatal and postnatal women hence
this study can be replicated in different parts of the
country to establish a base line in the locality.
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