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ABSTRACT

We report the exceptional case of an intrauterine fetal death
Objective: the aim of this study was to determine the serum
levels of calcium and magnesium in patients with pre-
eclampsia/eclampsia and compare with those with normal
pregnancies. Materials and methods: venous blood samples
were collected from 48 patients with pre-eclampsia, 30
patients with eclampsia, and 78 normal pregnant women. All
the subjects were either in the third trimester or within the
puerperium. The blood samples were analysed for calcium
and magnesium using a colorimeter analyser. The data were
analysed using SPSS 17. Results: The serum calcium in the pre-
eclamptic and eclamptic patients were significantly lower than
in normal pregnant women (2.05£0.4mmol/1, 1.940.2mmol/1
vs. 2.6+0.4mmol/1, p<0.000). Unlike serum calcium, serum
magnesium was lower in the patients with either pre-
eclampsia or eclampsia compared with normal pregnant
women but the difference was not statistically significant.
Conclusion: this study revealed that serum calcium and
magnesium in preeclampsia/eclampsia are lower compared
to normal pregnancy. It was also revealed in this study that
serum calcium and magnesium are lower in patients with
eclampsia compared to patients with pre-eclampsia. These
findings support the hypothesis that hypocalcaemia and
hypomagnesaemia may play a role in the pathogenesis of pre-
eclampsia-eclampsia.
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INTRODUCTION

Hypertension is a common medical condition
during pregnancy and about 10% of women will
have their blood pressure recorded as above
normal at some point during the antenatal period
before delivery.1l It is estimated to complicate
about 5% of all pregnancies and 11% of first
pregnancies®.

Pre-eclampsia is defined as hypertension
and significant proteinuria beginning during
the second half of gestation in a previously
normotensive and non-proteinuric pregnant
woman®¥. It complicates 4-8% of all
pregnancies®®. Eclampsia on the other hand, is
the new onset of grand mal seizures occurring
during or up to 6weeks after pregnancy that
do not have another identifiable cause®”. It
could also be defined as the development of
convulsions and/or unexplained coma during
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SOMMARIO

lo scopo di questo studio era di fattori che determinano i livelli
sierici di calcio e magnesio in pazienti con pre-eclampsia /
eclampsia e appare con Quelli con gravidanze normali. Materiali
e metodi: campioni di sangue venoso sono stati prelevati da
48 pazienti con preeclampsia, 30 pazienti con eclampsia, e 78
donne in gravidanza normale. Tutti i soggetti erano o nel terzo
trimestre o All'interno del puerperio. I campioni di sangue
sono stati analizzata per il calcio e magnesio utilizzando
un analizzatore colorimetro. I dati sono stati analizzata
utilizzando SPSS 17. Risultati: Il calcio sierico nei pazienti
pre-eclampsia e eclampsia erano significativamente pitt bassi
rispetto alle donne in gravidanza normale (2,5 + 0.4mmol / 1,
1,9 £ 0.2mmol / 1 vs 2.6 £ 0.4mmol / 1, p <0.000). A differenza
di calcio sierico, del magnesio nel siero & stata inferiore nei
pazienti con o pre-eclampsia o eclampsia Rispetto alle donne
in gravidanza normali, ma la differenza non era statisticamente
significativa. Conclusioni: questo studio ha rivelato che il calcio
sierico e magnesio in preeclampsia / eclampsia sono Rispetto
inferiore alla gravidanza normale. E “stato rivelato in questo
also studio che il calcio sierico e magnesio sono piit bassi nei
pazienti con eclampsia Rispetto ai pazienti con pre-eclampsia.
Questi risultati supportano lipotesi che lipocalcemia e
ipomagnesiemia possono giocare un ruolo nella patogenesi
della preeclampsia-eclampsia.

pregnancy or postpartum in patients with signs
and symptoms of pre-eclampsia.8 Incidence of
eclampsia in developed countries ranges from
5-7 cases per 10,000 deliveries9, quite unlike in
developing countries where Nigeria belongs,
where the prevalence ranges from 2-16.7% (%12,

Pre-eclampsia and eclampsia are not distinct
disorders but the manifestation of the spectrum
of clinical symptoms of the same condition.9
Once eclampsia occurs the risk to mother and
baby is substantial. WHO estimates that the
incidence of pre-eclampsia is seven times higher
in the low and middle-income countries than in
high-income countries, and the risk of a woman
in a low-income country dying of pre-eclampsia/
eclampsia is three hundred times that of a woman
in a high-income country©"

Pre-eclampsia has remained a significant
public health threat in both developed and
developing countries(9). WHO had estimated
its incidence to be 7 times higher in developing
countries than in developed countries and a
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woman in a developing country is 300 times more
likely to die from pre-eclampsia and eclampsia®'.
Globally, pre-eclampsia and eclampsia account
for 10-15% of maternal deaths™. Unlike in the
developed countries where pre-eclampsia and
eclampsia are associated with near-miss rather
than maternal death, death usually results from
eclampsia in the developing countries®. The
high maternal morbidity and mortality in the
developing countries is due to barrage of factors
that include delays (Types L1I, and I1I), unbooked
status of patients, high parity, and multiple
convulsions before admission®®'”). It can also
lead to significant foetal morbidity and mortality,
including an increased incidence of placental
abruption, intrauterine growth restriction, and
preterm delivery®¥

To date, the aetiology of pre-eclampsia has
remained poorly understood but it has been
documented that pre-eclampsia is polygenetic
and is caused by a combination of maternal and
foetal genes with influence of environmental
factors.18 Pathogenesis of eclamptic convulsions
has also remained source of controversy®.

The overall risk of seizure is approximately 1%
in developed countries8 and 2.3% in developing
countries6 and can occur at virtually any time
in pregnancy up to within the first 48 hours of
delivery, though it has been reported as late as
23 days postpartum®®. The reported frequency
of antepartum eclampsia ranged from 38-53%,
intrapartum eclampsia ranged from 18-30%,
while postpartum eclampsia had ranged from
11-44% respectively©®.

Pre-eclampsia and eclampsia are not distinct
disorders but the manifestation of the spectrum
of clinical symptoms of the same condition.9
Pre-eclampsia complicates about 4-8% of all
pregnancies®® while the incidence of eclampsia
in Nigeria ranges from 2-16.7% unlike in
developed countries where its incidence ranges
from 5-7 cases per 10,000 deliveries®. Pre-
eclampsia could be mild or severe. It is mild
when the blood pressure is >140/90mmHg but
<160/110mmHg associated with proteinuria
of >0.3-3g/24hr without associated symptoms
but when there is a sustained blood pressure
that is 2160/110mmHg measured twice, at least
6hours apart with evidence of other end organ
damage it is described as been severe. Pre-
eclampsia could also be classified as being early
or late depending on whether it is occurring
prior to 34 weeks or not®. There is significant
maternal-foetal morbidity associated with pre-
eclampsia especially when the onset is below 32

weeks(14,19—21)‘

Focus is currently on ways to prevent pre-
eclampsia based on the different theories
surrounding the aetiology of pre-eclampsia,
micronutrient supplements have been
investigated as potential preventive ways®?).
Hypocalcaemia has been reported in essential
hypertension in human and experimental
models of hypertension in animals, and has been
implicated in the pathogenesis of elevated blood
pressure®. There is evidence that low serum
calcium may also be associated with increased
neuromuscular irritability and seizures®).
Interestingly, neuromuscular excitability,
vasoconstriction, elevated blood pressure,
and increased vascular sensitivity to pressor
agents are also characteristic of magnesium
depletion®?. The results from many clinical
studies show the relationship between the
aggravation of hypertensive complications
and change in concentration of various ions
especially calcium and magnesium in the serum
of pre-eclamptic and eclamptic mothers®?>26-2%),
On the physiological basis, calcium plays
an important role in muscle contraction, a
decrease in extracellular calcium concentration
increases the excitability of nerve and muscle
cells and conversely an increase in extracellular
calcium concentration stabilizes the membrane
by decreasing excitability®*). The reduction
in serum calcium and increased intracellular
calcium can cause an elevation of blood pressure
in pre-eclampsia®. Hypomagnesaemia also
increases hypertensive tendencies by increasing
angiotensin II action, decreasing levels of
vasodilatory prostaglandins (PGs), increasing
levels of vasoconstrictive PGs and growth factors,
increasing vascular smooth muscle cytosolic
calcium and impairing insulin release, thereby
producing insulin resistance and alteration of
lipid profile®.

MATERIALS AND METHODS

The Scientific and Ethical committee of the
Ahmadu Bello University Hospital, Zaria, Kaduna
State of Nigeria approved the study protocol, and
an informed written consent was obtained from
each participant before recruitment. The study
population consisted of 156 pregnant women in
the third trimester of pregnancy that presented
to the antenatal clinic, delivery suite, and the
postnatal ward of the hospital. Out of the 156
pregnant women 78 served as the control; while
48 had pre-eclampsia and 30 had eclampsia.




The consecutive patients who met the inclusive
criteria were selected as they presented at the set
out locations in the hospital using the convenient
sampling method.

For the purpose of this study significant
hypertension and proteinuria were as defined
by the International Society for the Study of
Hypertension in Pregnancy (ISSHP), which are
blood pressure of 2140/90mmHg and proteinuria
of 22+ respectively. Korotkoff phase V was
used to designate the diastolic blood pressure.
Pregnant women with either a diagnosis of pre-
eclampsia or eclampsia in the third trimester or
postpartum that were not on calcium supplement
and had not been commenced on magnesium
sulphate therapy were included in the study
while those with chronic medical illness like
diabetes mellitus and renal disease, multiple
gestation were excluded.

At presentation at the clinics, ward, or
delivery suite the blood pressure of each subject
was taken in the supine position with a left
lateral tilt using an Accoson table-top mercury
sphygmomanometer that had the appropriate
size cuff with the arm at the level of the heart.
After taking the blood pressure the mid-stream
urine sample was obtained and tested with
combi-9 urinalysis strip for proteinuria.

Height was measured with each subject
standing barefooted on a standard Seca
Stadiometer. The height was read from under
the head piece on the calibrated metre of the
stadiometer to the nearest 0.1cm. Weight was
measured using a calibrated weighing scale
(Camry digital weighing scale) without shoes
and subjects wearing light clothes; weight was
read to the nearest 0.1kg. All these were done at
presentation for those who were conscious while
the measurements of those that presented in a
state of unconsciousness were taken after they
had regained consciousness.

The socio-economic status (SES) of each of
the subjects was assessed using the husband’s
occupation and the subject’s educational
attainment as proposed by Olusanya et al.®".

10ml of venous blood specimen was collected
by venepuncture with sterile 10ml syringe with
21G disposable hypodermic needle from the
ante-cubital vein without a tourniquet from
each subject after the skin over the site had been
swabbed clean with methylated spirit-soaked
cotton wool and allowed to dry.

Laboratory procedure: Each of the blood
samples collected was transferred into a plain
specimen bottle containing no anticoagulant
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and allowed to clot for 30 minutes. It was then
centrifuged with Hettich centrifuge machine at
4000 rpm for 10 minutes to separate the serum
from the cells. The serum aliquots were harvested
with a clean Pasteur pipette into a plain bottle and
immediately stored at -200C in Haier Thermocool
deep freezer until the time of analysis. The
frozen samples were allowed to thaw at room
temperature before analysis. Albumin was
analysed for in the sera of the subjects so as to
factor out the real level of calcium, however, it
was observed that all the subjects had normal
albumin level so there was no need to calculate
for any factor. Serum calcium was measured by
colorimetric method. This is based on the principle
that calcium reacts with o-cresolphthalein
complexone in an alkaline medium to give a blue
coloured complex. Magnesium which interferes
with the reaction is bound out of solution by
8-hydroxyquinoline. The absorbance of the
standard and that of the complex were read with
Spectro-V16 spectrophotometer at a wavelength
of 650nm specified by the manufacturer of the
kit used in this study. The calcium concentration
was calculated by the formula:

Absorption of sample

Calcium conc. (mmol/1) = X Concentration of standard

Absorption of standard

Magnesium was measured with Calmagite-
EGTA-Colorimetric. Magnesium forms a purple
coloured complex when it reacts with calmagite
in alkaline solution. The interference by calcium
is prevented by the use of EGTA (ethylene
glycol tetraacetic acid). The intensity of the
colour formed is proportional to the magnesium
concentration in the sample. Reagent sample
mixture was then incubated for 5minutes at room
temperature. The absorbance of the standard
and the sample was measured against reagent
blank at a specific wavelength of 520nm using
Spectro-V16 spectrophotometer. Magnesium
concentration was calculated as follows;

Absorption of sample

Magnesium conc. (mmol/l) = X Concentration of standard

Absorption of standard

For the purpose of this study the normal
reference values of serum calcium (2.1-2.6mmol/1)
and magnesium (0.66-1.03mmol/1) for the
Chemical Pathology laboratory of ABUTH were
used.
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The data obtained were analyzed using SPSS
version 17 for windows. The mean values of
serum level of calcium and magnesium obtained
from patients with pre-eclampsia and eclampsia
who met the set out criteria were compared
with those of the controls using ANOVA. The
values of the mean of serum level of calcium
and magnesium of patients with pre-eclampsia
were compared with eclamptic patients using the
student t-test to see if there was any significant
statistical relationship. A multivariate analysis
between these results and the sociodemographic
variables of the subjects was done using Chi
square. Correlation analysis was also carried
out between the systolic and diastolic blood
pressures and levels of calcium and magnesium
of the subjects. A p-value of equal to or less than
0.05 was considered to be statistically significant.

RESULTS

The total number of Parturients that were
cared for during the period of this study was
1,074 out of which 156 subjects met the set out
inclusion criteria; out of these 156 subjects 78 of
them had pre-eclampsia/eclampsia (i.e. 48 pre-
eclamptics and 30 eclamptics) and they served
as the test group while the remaining 78 subjects
that served as control were normal pregnant
women. These two groups were matched for age,
gestational age, and parity.

Table 1 below highlights the
sociodemographic variables and the clinical
parameters of the subjects studied. Mean age,
mean gestational age, and parity between the pre-
eclamptic/eclamptic and control groups were
not statistically different. There was significant
statistical difference between the mean systolic
and diastolic blood pressure of the test group and
the mean systolic and diastolic blood pressure of
the control group as shown in the table 1 below.
The differences in the mean weight and height of
the patients with pre-eclampsia/eclampsia and
control were not statistically significant.

Tablel
Sociodemographic variables and the clinical parameters of the subjects
Pre-eclampsia/Eclampsia Control
N =78 N =78 P Value
Demographic status
Age (years) 265%6 274+6 0.370*
G.A (weeks) 343+3 34.0+3 0.556*
Postpartum 6 (7.7%) 5 (6.4%)
Parity
Primigravidae 42 (54.8%) 43 (55.1%)
Multipara 26 (33.3%) 26 (33.3%) 0.968*
Grandmultipara 10 (12.8%) 9 (11.5%)
Booking status
booked 51 (65.4%) 76 (97.4%) 0.000**
unbooked 27 (34.6%) 2(0.26%)
Socioeconomic status
Upper 15 (19.2%) 42 (53.8%)
Middle 22 (28.2%) 28 (35.9%) 0.000**
Lower 41 (52.6%) 8 (10.3%)
Clinical status
SBP(mmHg) 171 +26 111 £11 0.000%*
DBP(mmHg) 110+ 16 67+ 9 0.000**
Height(m) 1.57 £0.06 1.59 £0.05 0.076*
Weight(kg) 74.6 £15 714 +13 0.155*
BMI(kg/m?) 30.2 £ 0.05 282+48 0.010**

**significant at p-value <0.05, *not significant at p-value >0.05




Table 2 below compares the mean serum
calcium and magnesium of the patients with
eclampsia, pre-eclampsia, and control using
ANOVA. There is a significant statistical
difference in the p-values of the different trace
elements studied. Table 3 below shows the
difference in the mean serum calcium and
magnesium in the pre-eclamptic and eclamptic
patients. The mean values were lower in the
eclamptic patients, however, there was no
significant statistical difference when their means
were compared using the student T-test.

Table 4 shows the Chi-square values of the
cross-tabulation of the serum calcium against
the status of the subjects studied and their
sociodemographic characteristics. Statistical
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significance was observed between serum
calcium level and the status of the subjects
studied; their booking status as well as their social
class. Table 5 also shows the Chi-square values
of the cross-tabulation of the serum magnesium
against the status of the subjects studied and
their sociodemographic characteristics. Statistical
significance was only observed between serum
magnesium level and the age group of the
subjects.

As shown in tables 6 and 7 below, calcium and
magnesium showed negative correlation with
systolic and diastolic blood pressure values in the
test and control groups, however, the correlation
was not statistically significant.

Table 2
Comparing the mean serum levels of calcium and magnesium of patients with pre-eclampsia, eclampsia, and control with ANOVA
Laboratory Data Pre- Eclamptic Control
Eclamptic
N=48 N=30 N=78 p-value
Mean serum calcium 2.05+0.4 1.9+0.2 2.6+0.4 0.000**
(mmol/1)
Mean serum 0.82+0.03 0.82+0.07 0.86+0.07 0.004**
magnesium (mmol/I)

At 95% CI, **significant at P-value <0.05

Table 3

Comparing the mean serum levels of calcium and magnesium of pre-eclamptic patients with eclamptic patients using

the student’s t-test

Laboratory Data Pre-Eclamptic Eclamptic

N=48 N=30 p-value
Mean serum calcium( mmol/1) 2.05+0.4 1.9£0.2 0.076**
Mean serum  magnesium (mmol/1) 0.82+0.03 0.82+0.07 0.944**

At 95% CI, *not significant at P-value >0.05
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Z‘::slse—:zbulution of level of calcium with status of subjects and their sociodemographic characters using Chi square
Level of calcium
<2.1 mmol/1 2.1-2.6 mmol/1 >2.6 mmol/1 p-value
test | control test | control test | control
Subjects’ status
Test group 51 - 26 - 1 - 0.000**
Control group - 8 - 28 - 42
Age(years)
<20 4 0 6 1 1 8
20-24 13 3 6 3 0 10
25-29 18 1 7 14 0 12 0.373*
30-34 9 1 4 8 0 7
35-39 6 2 2 1 0 5
240 1 1 1 1 1 0
Gestational
age(weeks)
28 4 0 1 4 0 2
29-33 16 2 9 0 10
34-38 20 3 12 11 1 21 0.636*
>39 7 3 5 0 3
Postpartum 4 0 1 0 6
Parity
Primigravida 26 0 15 11 1 21
Multipara 20 2 6 14 0 17 0.477*%
Grandmultipara 5 3 5 3 0 4
Booking status
Booked 30 7 20 27 1 42 0.000**
Unbooked 21 1 6 1 0 0
Social class
Upper 9 4 6 16 0 22
Middle 18 3 3 9 1 16 0.001**
Lower 24 1 17 3 0 4

**significant at P-value <0.05, *not significant at P-value >0.05
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gj(ilse—tibulation of level of magnesium with status of subjects and their sociodemographic characters using Chi square
Level of magnesium
<0.66mmol/1 0.06-1.03mmol /1 >1.03mmol/1 p-value
test | control test | control test | control
Subjects’ status
Test group 1 - 76 - 1 - 0.188*
Control group - 0 - 74 - 4
Age(years)
<20 0 0 11 9 0 0
20-24 0 0 18 16 1 0
25-29 0 0 25 24 0 3 0.000**
30-34 0 0 13 15 0 1
35-39 0 0 8 0 0
240 1 0 0 0
Gestational
age(weeks)
28 0 0 5 5 0 0
29-33 0 0 24 17 1 2
34-38 1 0 32 31 0 2 0.717*
>39 0 0 14 0 0
Postpartum 0 0 7 0 0
Parity
Primigravida 0 0 42 32 0 4
Multipara 24 33 0.477*
Grandmultipara 10 9
Booking status
Booked 50 72 0 0.889*
Unbooked 0 26 2
Social class
Upper 15 39
Middle 22 27 0.493*
Lower 39 8 0

**significant at P-value <0.05, *not significant at P-value >0.05

F(l,::rrlejuﬁtion of serum calcium and magnesium with systolic and diastolic blood pressures in the test group
Calcium Magnesium
Systolic blood pressure Pearson correlation -0.119 -0.075
Sig. (2.tailed) 0.300* 0.515*
N 78 78
Diastolic blood pressure Pearson correlation -0.103 -0.107
Sig. (2.tailed) 0.371* 0.351*
N 78 78

*correlation not significant at the 0.01 level (2-tailed) with P-value >0.05
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Table 7
Correlation of serum calcium and magnesium with systolic and diastolic blood pressures in the control group
Calcium Magnesium
Systolic blood pressure Pearson correlation -0.135 -0.113
Sig. (2.tailed) 0.239* 0.324*
N 78 78
Diastolic blood pressure Pearson correlation -0.069 -0.208
Sig. (2.tailed) 0.550* 0.068*
N 78 78

*correlation not significant at the 0.01 level (2-tailed) with P-value >0.05

DISCUSSION

This study observed a statistically significant
lower serum calcium and magnesium levels
in patients with pre-eclampsia—eclampsia
compared to normal pregnant women. These
findings may suggest a possible involvement
of hypocalcaemia and hypomagnesaemia in the
aetiopathogenesis of pre-eclampsia-eclampsia.
The findings in this study agree with the findings
reported by other investigators: Sukopan et al®
in Thailand, Idogun et al® in Benin, Nigeria, and
Akinloye et al® in Oshogbo, Nigeria. However,
in contrary to the findings in this study Odigie et
al® in Lagos, Nigeria and Golmohammad lou et
al® in Iran did not find any significant difference
in the serum calcium and magnesium of pre-
eclamptic women when compared with normal
pregnant women.

This study also revealed that the serum levels
of calcium and magnesium were lower in the
patients with eclampsia compared with levels in
the pre-eclamptic patients though the differences
were not statistically significant. This difference
in the levels of these micronutrients may be due
to the disease progression from pre-eclampsia
to eclampsia since it is a known fact that pre-
eclampsia is a progressive disease.

Again, this study also revealed that the serum
calcium in the pre-eclampsia/eclampsia group
was below the lower limit of normal reference
range for this centre; however, the mean serum
magnesium was within normal range. On the
other hand, the mean values of both these two
micronutrients in the control group were within
normal range. It was also found out in this study
that majority of the patients in the pre-eclampsia/
eclampsia group were in the low socioeconomic
class, and when the sociodemographic variables
of the subjects were compared with their disease
status; the booking status and the socioeconomic
class showed a significant relationship. These

findings are consistent with the findings by
Omole-Ohonsi et al® in Kano, Nigeria in
their study of risk factors for pre-eclampsia
in 2008. Kano is about 150km from Zaria with
similar geographical ethnic characteristics.
The implication of these findings could be that
their dietary intake of calcium-rich food had
been inadequate. Though the natural trend of
homeostatic mechanism tends to maintain calcium
level but still the presence of lower level of serum
calcium in pre-eclamptic/eclamptic women
may indicate the chronicity of micronutrients
deficiency which may be a causative factor for
the occurrence of pre-eclampsia/eclampsia in
these patients. Various possible explanations
have been proposed by different investigators to
explore the link between nutritional deficiency
and pre-eclampsia/eclampsia® though research
findings from literature have suggested that
there is a relationship between nutritional
status of calcium and the onset of progression
of pre-eclampsia®??. While the cause of pre-
eclampsia/eclampsia remains elusive to scientific
knowledge, calcium and magnesium deficiencies
are thought to be implicated?*®. Decreased
serum calcium levels lead to an increase in the
parathyroid hormone levels, thereby increasing
the intracellular calcium levels, which leads
to an increase in the vascular smooth muscle
contraction and thus an increase in the blood
pressure. Reduced serum magnesium also
increases hypertensive tendencies by increasing
the vasoconstrictor effect of angiotensin II
and nor-adrenaline®”. Since calcium and
magnesium are two intracellular ions that play
very important roles in cellular metabolisms and
they compete with each other, high magnesium
concentrations inhibit the release of acetylcholine
(Ach) while high calcium concentrations enhance
the release of Ach from the pre-synaptic nerve




terminal®). During cellular injury, there is
influx of calcium ions into the cell leading to
increased intracellular ions and loss of calcium
homeostasis®). In pre-eclampsia/eclampsia
there is widespread vasospasm, ischemia, and
cellular hypoxia leading to reversible endothelial
injury®). Since magnesium antagonises the effect
of calcium, in order to counteract intracellular
calcium migration there is also an influx of
magnesium into the cells. This could explain why
both calcium and magnesium were reduced in
the patients studied. This also forms the basis for
the use of magnesium sulphate in the prevention
and control of convulsion in pre-eclampsia/
eclampsia.

When serum calcium level was compared
with the status of the subjects studied and their
sociodemographic characteristics it was observed
that a statistically significant relationship
existed with the booking status of the subjects
and their socioeconomic class with p-values
being 0.000 and 0.001respectively. Low literacy
level and lack of economic power could have
contributed to their attitude to non-booking at
antenatal period and thereby resulting in their
inability to have enlightenment on benefits that
could be derived from eating calcium-rich food,
purchasing same, and other benefits of antenatal
care. However findings in other studies with
respect to magnesium have been conflicting,
with some findings showing significantly
lower serum magnesium in patients with pre-
eclampsia/eclampsia while others did not find
any difference at al®22263233),

In this study inverse correlation of serum
calcium and magnesium with SBP and DBP in the
test and control groups was observed though the
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