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Introduction

Magnesium and calcium are essential for
foetal growth. Various physiological changes occur
during pregnancy for maternal adaptation as well as to

Abstract

BACKGROUND: Pregnancy is described as a normal physiologic state associated with various biochemical
changes. Magnesium and calcium are essential macronutrients required for foetal growth. Complications
associated with their deficiency during normal pregnancy include; low neonatal birth weight, pre-eclampsia,
eclampsia and preterm labour. Changes in serum levels of magnesium and calcium in normal pregnancy have not
been extensively studied among Ghanaian women.

AIM: To determine the variation in serum magnesium and calcium levels with gestational age in normal
pregnancy in Ghanaian women.

METHODS: A hospital-based comparative cross-sectional study was conducted among 32 normal non-pregnant
women (Group A) and 100 normal pregnant women (Group B) attending the clinic at the Korle-Bu Teaching
hospital. The group B pregnant women were further divided into Group B1 (n = 33), Group B2 (n = 37) and Group
B3 (n = 30) based on their pregnancy gestation as first, second and third trimester respectively. Blood samples
were obtained from the antecubital vein of subjects and total serum calcium, magnesium, protein and albumin
were estimated. Data obtained were analysed using SPSS for windows version 20. Analysis of variance (ANOVA)
was employed to determine the statistical differences between the groups. A p-value of < 0.05 was considered
significant.

RESULTS: Mean serum total calcium and magnesium in first, second and third trimester normal pregnant women
were 2.14 + 0.16, 2.13 + 0.44, 2.13 + 0.35 mmol/L and 0.77 %+ 0.11, 0.77 + 0.16 and 0.76 * 0.14 mmol/L
respectively. Mean serum total calcium and magnesium levels in non-pregnant women were 2.20 + 0.16 and 0.80
+ 0.10 mmol/L respectively. There was a statistically non-significant difference in serum total calcium and
magnesium between non-pregnant and normal pregnant women, with p-values of 0.779 and 0.566 respectively.
Mean total serum protein and albumin in first, second and third-trimester normal pregnant women were 68.42 +
10.37, 70.46 + 6.84, 66.70 + 7.83 g/L and 39.92 + 3.22, 40.75 + 8.06, 38.26 + 3.02 g/L respectively. Mean total
serum protein and albumin in non-pregnant women were 73.13 + 7.02 and 42.94 + 3.03 g/L respectively. Mean
total serum protein and albumin levels were lower in pregnant women as compared to non-pregnant women with
the difference being significant in the third trimester (p-values of 0.012 and 0.002).

CONCLUSION: Total serum calcium and magnesium levels in normal pregnancy were non-significantly lower
compared to non-pregnant women in Ghana. There was a reduction in total serum protein, and albumin levels
during pregnancy with a significant reduction noticed during the third trimester compared to the non-pregnant
state.

foetus [2], [3]. Imbalances in maternal nutritional
status and foetal demands can produce catastrophic
complications [4], [5] especially in the third trimester
where there is a rapid development of the foetus [6].
Hormonal alterations during pregnancy may alter
serum nutritional status including macronutrient levels

meet the nutritional demands of the developing foetus ~ [7]-

[1]. Maternal nutritional status during pregnancy has
been reported to influence the development of the

Various biological processes in the body
require calcium as it is the most abundant mineral in
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the body. Total blood calcium consists of ionic/free
(50-65%), protein-bound mainly albumin (30-45%)
and calcium complexed to anions (5-10%) mainly
bicarbonate, citrate and lactate [8]. These three forms
exist in equilibrium with each other maintaining a
constant serum level in health. The readily available
form of calcium to cells is the ionised form which
therefore reflects accurate physiological calcium
status. About 50% of maternal serum calcium is
bound to proteins in healthy non-pregnant states.
Maternal serum calcium levels have been reported to
vary with the gestational age of pregnancy [9], [10].
Most studies have reported a significantly reduced
total serum calcium levels in normal pregnancy
especially the third trimester of pregnancy [11], [12],
[13]. This has been explained on account of dietary
deficiency, increasing demand of the growing foetus
[14], [15] as well as haemodilution from fluid retention
during the latter stages of pregnancy [16]. This is
compounded by increasing urinary loss of calcium [17]
and a fall in serum albumin levels [18], [19]. A normal
growing foetus accumulates about 21g of calcium
(range 13-33g) [20]. However, 80% of this
accumulation occurs rapidly in the third trimester due
to skeletal mineralisation [18], [21]. However, other
studies have reported no variation in total serum
calcium levels with increasing gestational age [22]
while others have reported an increase in maternal
serum calcium levels compared to the non-pregnant
state [23].

Magnesium is the fourth commonest mineral
ion as well as the second commonest intracellular
cation in the body. About 50% of total body
magnesium is located in bones while the other 50% is
mainly located intracellularly. Approximately 1% is
found intravascularly, and its level is tightly controlled
[24] Magnesium acts as a co-factor for various
enzymatic processes. It also has a role in peripheral
vascular relaxation [25] Serum levels of magnesium
has been reported to be between 1.5-2.1 mg/dl [26].
The decrease in serum magnesium levels with
increasing gestational age has been reported in some
studies and initiation of labour has been attributed by
some to myometrial magnesium deficiency [27], [28].
Maternal to foetal transfer (with almost 80% of the
transfer occurring during the third trimester) and
haemodilution during pregnancy has been proposed
as mechanisms for the observed decrease in serum
magnesium during pregnancy [16].

Magnesium is an important mineral for foetal
growth. Deficiency of magnesium during pregnancy
has been associated with pre-eclampsia, eclampsia,
preterm labour and delivery of babies with low birth
weight [29].

A wide range of serum magnesium levels has
been reported among non-pregnant women and
pregnant women at all trimesters [30]. Other studies
have reported no difference in serum magnesium
levels between pregnant and non-pregnant women
[31].

Therefore in the serum levels of total calcium
and magnesium during normal pregnancy seem
inconclusive. The paucity of literature on the subject in
our setting, therefore, necessitated this study.

Material and Methods

This is a comparative cross-sectional study
conducted between June and August 2016 at the
Korle-Bu Teaching Hospital

The site of this study was the Korle-Bu
Teaching Hospital which is the largest tertiary referral
hospital in Ghana. The obstetrics and gynaecology
department has approximately 400 beds and conducts
over 11,000 deliveries annually.

All  healthy pregnant and non-pregnant
women between the ages of 18 and 35 years inclusive
who visited the antenatal and gynaecology clinic of
the hospital were included in the study.

Pregnant and non-pregnant women with
diabetes and hypertension, renal disease, chronic and
acute infections, history of thyroid; parathyroid;
pancreatic; hepatic disease, and women who were on
calcium and magnesium supplements/medications
containing these minerals were excluded from the
study.

On fulfilling the inclusion criteria and obtaining
informed consent, consecutive recruitment of one
hundred and thirty-two (132) women was done,
consisting of 32 normal non-pregnant women as
controls (Group A) and 100 normal pregnant women
(Group B).

Normal pregnant women in Group B were
further divided into three groups (Bl, B2 and B3)
based on the gestational ages of their pregnancies.
Group B1 (gestational age 1-13 weeks, n = 33), Group
B2 (gestational age 14-28 weeks, n = 37) and Group
B3 (gestational age 29-40+ weeks, n = 30).

The age, weight, and height of the recruited
women were recorded. Their blood pressures were
also measured in the sitting position using the right
arm on two occasions separated by 15 minutes
interval and averaged using mercury
sphygmomanometer and a stethoscope.

Without the application of a tourniquet, four
(4) millilitres of venous blood was obtained from the
cubital vein of the left arm with the patient in the sitting
position using a 19G hypodermic needle and a
syringe and the blood sample was immediately
transferred into a coded plain test tube. Within two (2)
hours of collection, samples were sent to the
laboratory and centrifuged at 4,000 rpm for 10
minutes to obtain the serum which was subsequently
stored at -20°C before analysis within 24 hours of
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sample collection. Serum magnesium and total serum
calcium were determined using an atomic absorption
spectrometer in acetylene-air flame (Variant 240FS;
Varian Australia Pty Ltd, VIC, Australia) with reference
ranges of 0.74-1.03 mmol/L and 2.12-2.62 mmol/L,
respectively.

Data collected was handled confidentially with
anonymous code identifiers for each subject and
stored in Microsoft access data base 2010. Analysis
of the data was done using the SPSS version 20.
Comparison of means of total serum calcium and
magnesium between the groups were done using
analysis of variance (ANOVA). Statistical significance
was considered at a p-value < 0.05.

Approval for this study was obtained from the
ethical and protocol review committee of the
University of Ghana School of Medicine and Dentistry.

Results

There was no significant difference in age,
and systolic blood pressure in the groups of women
studied. There was, however, a significant difference
in BMI, and diastolic blood pressure of the groups of
women studied.

Table 1: General characteristics of subjects

difference in serum albumin and total serum protein
between the groups of women studied.

Table 3: Serum electrolytes range of values in normal
pregnancy and non-pregnant women
Characteristics . . Second Third
Non-pregnant First trimester . .
trimester trimester
n=32 n=33 n=237 n =30
Range
Total serum calcium 1.95-2.66 1.58-2.52 1.21-3.70 1.33-2.83
(mmolll)
Serum magnesium 0.62-1.07 0.45-1.04 0.46-1.09 0.49-1.02
(mmol/l)

There was a wide range of total serum
calcium in normal pregnancy (1.21-3.70 mmol/l) and
non-pregnant women (1.95-2.66 mmoll/l).

There was a wide range of serum magnesium
in normal pregnancy (0.45-1.09 mmol/l) and non-
pregnant women (0.62-1.07mmol/l).

Table 4: Pairwise comparison analysis of differences in
diastolic blood pressure

Comparison p-value
First trimester vrs Second trimester 0.137
First trimester vrs Third trimester 0.445
Second trimester vrs Third trimester 0.937
First-trimester vrs Non-pregnant 0.068
Second trimester vrs Non-pregnant <0.001*
Third-trimester vrs Non-preghant 0.001*

Non- First Second Third
pregnant trimester trimester trimester
Characteristic n=32 n=233 n=37 n =30
Mean (SD) p-value
Age (years) 31(5.11) 29 (3.76) 30 (3.97) 30 (2.60) 0.291
BMI (kg/m°) 29 (6.23) 25 (6.25) 28 (5.52) 30 (5.50) 0.001*
Systolic BP (mmHg) 118 (16.08) 111 (14.70) 112(12.11) 116 (13.38) 0.118
Diastolic BP (mmHg)  77(9.35)  71(10.46) 66 (7.68) 68 (8.54)  <0.001*

*significant at p < 0.05, kg = kilogram, m = metres, mmHg = millimetres of mercury, g =
gram, dl = decilitre SD = standard deviation.

The median (ranges) of parity of subjects
were; non-pregnant 1(0-5), first trimester 1(1-2),
second trimester 1(0-3) and third trimester 1(0-7).
There was no significant difference (p-value = 0.965)
in parity.

*significant at p < 0.05, vrs = versus.

There was no significant change in diastolic
blood pressure with gestational age among the normal
pregnhant women. The diastolic blood pressures were
however significantly lower among women in the
second and third trimester of pregnancy compared to
the non-pregnant state.

Table 5: Pairwise comparison analysis of differences in total
protein

Comparison p-value
First trimester vrs Second trimester 0.719
First trimester vrs Third trimester 0.836
Second trimester vrs Third trimester 0.239
First-trimester vrs Non-pregnant 0.094
Second trimester vrs Non-pregnant 0.526
Third-trimester vrs Non-pregnant 0.012*

Table 2: Total serum calcium and magnesium levels of
subjects

Non- First Second Third
Characteristic pregnant trimester trimester trimester

n=232 n=33 n=37 n=30

Mean (SD) p-value

Total serum calcium 2.20(0.16) 2.14(0.16) 2.13(0.44) 2.13(0.35) 0.779
(mmol/l)
Serum magnesium 0.80(0.10) 0.77(0.11) 0.77(0.16) 0.76(0.14) 0.566
(mmol/l)
Serum albumin (g/l) 42.94(3.03) 39.92 (3.22) 40.75(8.06) 38.26 (3.02) 0.004*
Total serum protein 73.13(7.02)  68.42 70.46 (6.84) 66.70 (7.83) 0.014*

() (10.37)

*significant at p < 0.05, vrs = versus.

There was a reduction in total serum protein
levels during pregnancy with a significant reduction
noticed during the third trimester compared to the
non-pregnant state. There was no significant inter-
trimester change in total serum protein.

Table 6: Pairwise comparison analysis of differences in Serum
albumin

*significant at p < 0.05, mmol/l = millimole per litre, g/l = gram per litre, SD = standard
deviation.

There was no significant change in total
serum calcium and magnesium among the groups of
women studied. There was, however, a significant

Comparison p-value
First trimester vrs Second trimester 0.900
First trimester vrs Third trimester 0.557
Second trimester vrs Third trimester 0.186
First-trimester vrs Non-pregnant 0.078
Second trimester vrs Non-pregnant 0.275
Third-trimester vrs Non-pregnant 0.002*

*significant at p < 0.05, vrs = versus.

There was a reduction in serum albumin
levels during normal pregnancy with a significant
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reduction noticed during the third trimester compared
to the non-pregnant state. Serum albumin levels
showed no significant inter-trimester change.

Discussion

Normal pregnancy is associated with a
reduction in systemic vascular resistance secondary
to vasodilatation from reproductive hormones such as
oestrogen and progesterone [32], [33]. Both systolic
and diastolic blood pressures (DBP) have been
reported to decrease in normal pregnancy. The
reduction in DBP is reportedly greater than the
reduction in systolic blood pressure (SBP). We
observed a non-significant reduction in systolic blood
pressures but a significant reduction in diastolic blood
pressure especially in second and third trimesters
compared to the non-pregnant state, with no
significant inter-trimester change in DBP, a finding
consistent with those of other similar studies [32], [34],
[35]. The reduction in blood pressure noted in these
studies starts in the first trimester and nadirs in the
second trimester, with a rise towards the pre-
pregnancy levels in the third trimester just as noted in
our study. The DBP in the third trimester in this study
was still significantly lower compared to the non-
pregnant state.

Other studies have reported a non-significant
change in blood pressures [36] while others have also
noted a progressive rise in blood pressure throughout
pregnancy [34], [37], [38]. These studies analysed the
blood pressures based on patients’ weight before
pregnancy or total weight gained during pregnancy,
factors which were not considered in this study and
may, therefore, account for the differences in our
results

We observed a non-significant reduction in
total serum calcium levels during normal pregnancy (p
= 0.779). This observation is supported by those of
Standley et al., [22] and Olatunbosum et al., [39] but
contrast those of Bassam Hanna [40] and Sultana et
al., [41]. Studies by Bassam Hanna and Sultana et al.,
argued that the low serum total calcium observed in
late normal pregnancy was due to increased foetal
demand and physiological haemodilution secondary to
increased intravascular volume as a result of
significantly reduced serum albumin levels (which is
the main calcium binding plasma protein) [40], [41]. In
this study, we observed significantly reduced total
serum proteins (p = 0.012) and albumin (p = 0.002) in
the third trimester compared to the non-pregnant state
as observed by Sultana et al.,

However, total serum calcium levels were not
significantly reduced. Thus changes in total serum
calcium levels in pregnancy may be unrelated to
alterations in serum protein levels as noted by Oberst

and Plass [42]. The differences in results may be
attributed to factors that were not considered in this
study but which are known to influence total serum
calcium levels including pre-analytical factors such as
alterations in blood pH, exercise, postural changes,
increased ventilation and diurnal variation, [8], [43],
[44] and dietary habits [8], [45], [46]. Another factor
that could have affected the total serum protein and
albumin levels and therefore total serum calcium
levels which were not considered in this study is
proteinuria [47], [48]. Differences in seasons and
climate (differences in exposure to sunlight and
therefore vitamin D synthesis), as well as racial
differences, could also account for the differences in
results [49], [50], [51].

We also observed a non-significant reduction
(p = 0.566) in serum magnesium during the
progression of normal pregnancy compared to non-
pregnant women as noted by Zohreh and Sara [52]
and Deeper V Kanagal et al., [53]. Although a lot of
studies have reported a fall in serum magnesium
levels during normal pregnancy [3], [28], [54], [55] and
has attributed this to foetal demand, haemodilution
especially in late pregnancy and urinary loss,
Newman (1957) and Archari et al., (1961) reported a
non-significant change in serum magnesium levels in
both pregnant and non-pregnant women as a result of
a wider range of serum magnesium levels in both
pregnant and non-pregnant women [30], [31]. In this
study, there was a wider range of serum magnesium
levels in both non-pregnant and pregnant women.
This could, therefore, account for our finding of a non-
significant difference in serum magnesium levels in
non-pregnant and pregnant women. The dietary
history to estimate calcium and magnesium intake of
the women in our study was not done. Genetic
differences concerning dietary absorption, utilisation
and demand by the foetuses, as well as urinary
excretion of calcium and magnesium may account for
differences between our findings and those of others.

In conclusion, we observed a non-significant
reduction in systolic blood pressures but a significant
reduction in diastolic blood pressure especially in
second and third trimester compared to the non-
pregnant state, with no significant inter-trimester
change in DBP. There was no significant difference in
total serum calcium and magnesium levels in normal
pregnancy compared to non-pregnant women in
Ghana. There was a reduction in total serum protein,
and albumin levels during pregnancy with a significant
reduction noticed during the third trimester compared
to the non-pregnant state.

Further longitudinal research is however
needed to determine the normal ranges of serum
magnesium and total calcium levels as well as the
influence of dietary intake and the urinary excretion of
these electrolytes on serum levels of both pregnant
and non-pregnant Ghanaian women.
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