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ABSTRACT

Introduction: Pre-eclampsia (PE) is a disorder of pregnancy
characterised by hypertension with proteinuria after 20 weeks
of pregnancy in previously normotensive and non-proteinuric
patients which may progress to seizures (eclampsia) and
maternal and foetal death if emergency delivery is not
performed. Environmental and nutritional factors may play
a role in the aetiology of pre-eclampsia. Pregnant women in
the developing countries consume diets with lesser amounts
of essential minerals and vitamins. Among all, there exists an
alteration in Calcium (Ca) and magnesium (Mg) metabolism
during pregnancy which could be a potential factor causing
pre-eclampsia.

Aim: The present study was conducted to assess, compare
and correlate serum total Ca, Mg and uric acid level in pre-
eclampsia and normotensive pregnancy.
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Original Article

Serum Calcium and Magnesium levels

IN Pre-eclampsia

Materials and Methods: This is a hospital based comparative
cross-sectional study which was conducted from March 2016
to February 2017. Serum Ca, Mg and uric acid as estimated by
Cobas c311 Auto analyser. Data were analysed using SPSS
version 21.0.

Results: Mean Serum Ca and Mg was significantly lower in
PE compared to normotensive pregnant women (8.69+1.59
mg/dL and 1.91+0.36 mg/dL versus 10.13+0.66 mg/dL and
2.08+0.12 mg/dL).Serum Uric acid and creatinine was raised
in PE compared to the control women respectively.

Conclusion: The findings of the present study demonstrates
lower levels of serum total Ca and Mg in pre-eclampsia
compared to normal pregnancy. Serum total Ca level was
found decreasing with the severity of pre-eclampsia, though
the finding was statistically insignificant.
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INTRODUCTION

Pregnancy is commonly complicated with hypertensive
disorders accounting for approximately 2-10% of the total
gestations [1,2]. Pre-eclampsia is a disorder of pregnancy
characterised by high maternal systolic blood pressure
>140 mmHg and/or diastolic blood pressure >90 mmHg
measured on two occasions separated by at least 6 hours
with associated proteinuria more than 300 mg or persistent
>30 mg/dL (>1+ dipstick) in random urine sample [3]. The
disorder usually progresses in the third trimester of pregnancy
and worsens over time [4,5]. Patients with gestational
hypertension and pre-eclampsia, both are characterised by
similar risks like increased maternal age, obesity, low levels
of serum Ca, Mg and increased concentration of uric acid
[5]. Environmental and nutritional factors may play a role
in the aetiology of pre-eclampsia. Pregnant women in the
developing countries generally consume diets with lesser
amounts of essential minerals and vitamins. An inadequate
intake might be harmful not only for the mother but also for
the growing foetus. Although the aetiology of this disease
is not fully elucidated and placental ischemia is considered
to have a major role in the pathogenesis [6]. Pre-eclampsia
develops in 4-5% pregnancies worldwide and it is a leading
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cause of maternal and foetal death in developing countries
like Nepal. A WHO Survey on Maternal and Perinatal Health,
in 2014 showed 2.18% preeclamptic deliveries out of 8265
deliveries. Among all preeclamptic outcome, 38.12% and
24.43% were reported with low birth weight and preterm
deliveries respectively. In this survey the perinatal death were
reported as 10.75% compared to 1.08% maternal mortality
[7,8]. Pregnancy may induce hypertension in women who
are apparently normotensive before pregnancy [9]. Risk
stratification and prediction of severity at an early stage in
pre-eclampsia helps in appropriate management and timing
of foetal delivery in order to avoid serious sequelae like
eclampsia [10]. Studies have reported that changes in levels
of trace elements in blood such as Ca and Mg observed in
preeclamptic patients may contribute to the pathogenesis
of pre-eclampsia. Decreased serum Ca level has been
reported to cause increased blood pressure by stimulation
of parathyroid hormone and renin release. Ca might have
an indirect effect on smooth muscle function by increasing
Mg levels which in turn causes peripheral vasodilatation
[11,12]. Various studies have evaluated several biochemical
parameters, including serum Ca, Mg and uric acid, during
the first or second trimester of pregnancy, as potential




I.. Rajendra Kumar Chaudhari et al., Serum Ca and Mg in PE

predictors of pre-eclampsia [13,14]. Women belonging to
the low socio-economic backgrounds consume Mg even
below the recommended levels and studies have shown that
Mg supplementation reduces foetal growth retardation, low
birth weight and pre-eclampsia. Successful management of
eclamptic seizures with Mg therapy strongly suggest that
women with Mg deficiency might develop pre-eclampsia
[15-19]. Moreover, the results from most of the studies are
inconsistent and does not state the importance of these trace
elements in the prediction of severity of pre-eclampsia.

Thus, the present study was undertaken to assess serum
total Ca, Mg and uric acid level in pre-eclampsia and
normotensive pregnancy. The study also highlights the
association of serum Ca, Mg and uric acid level with severity
of pre-eclampsia.

MATERIAL AND METHODS

It was a hospital based comparative cross-sectional study
conducted from March 2016 to February 2017 for duration
of one year after the ethical approval from Institutional Review
Committee (IRC). This study was done in Department of
Biochemistry in collaboration with Department of Obstetrics
and Gynaecology, BPKIHS, Dharan, Nepal. Convenient
sampling was done to enroll the study participants and informed
consent was obtained from all the study participants.

Sample Size Calculation

Based on the literature of Abdellah A et al., [15], the Ca and Mg
level reported in the preeclamptic group was (7.56+0.82 mg/dL)
and (1.75+0.11 mg/dL) and in the control group was (8.69+0.34
mg/dL) and (1.87+0.11 mg/dL) respectively.

Sample size was calculated based on Mg level because the
lower minimum difference of mean was observed in the Mg
as compared to Cai.e. 0.12mg/dL. Based on this, assuming
Mg as normally distributed in each groups with S.D. 0.11 and
the true differences between the mean is 0.12 mg/dL. We
need to enroll 19 cases in each arm to be able to reject null
hypothesis. The mean in between the two groups are equal
with probability of power 90% and 5% level of significance
(using power and sample size program, PS version 3.0.32)
[http://ps-power-and-sample-size-calculation.software.
informer.com]

Adding 10% more in the study sample, the final sample size
was made 21 in each group.

Sample Size Calculation:

(Za/2+ZB) 202
82
Though, the sample size was calculated as 21, but during
the enrollment total of 37 cases and control was included in
the present study.

The inclusion criteria for the case and control
For case (n=37): American College of Obstetricians and
Gynaecologists (ACOG), 2002 guidelines were applied for
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recruitment of cases which are maternal systolic blood
pressure (SBP) >140 mmHg and/or diastolic blood pressure
(DBP) 290 mmHg measured on two occasions separated by
at least 6 hour, with associated proteinuria >300 mg /day or
persistent >30 mg/dL (>1+ dipstick) in random urine sample
or qualitative, >1+, after 20 weeks of gestation [20].

For control (n=37): Age and trimester matched normotensive
and non-proteinuric pregnant women.

The exclusion criteria included presence of any self-reported
acute illness, diagnosed cardiac, renal or hepatic disease,
any current treatment of cardiac or blood pressure related
morbidities, history of any surgeries and heavy alcohol or
recreational drug use and those who are not willing to take
part in the study.

The common inclusion criteria for both groups were: normal
foetal morphology and the absence of concomitant disease
and gestation between 24 and 36 gestational weeks.

Convenient sampling technique was applied for recruitment
of cases and control and an informed consent was taken
from each participants before enrolling them in the study.

Categorisation of Pre-eclampsia

PE was further categorized into 3 groups namely mild,
moderate and severe PE on the basis of National Institute
for Health and Care Excellence (NICE) guidelines, 2011. The
categorisation are as follows; Mild PE: SBP140-149 mmHg
and DBP- 90-99 mm Hg; Moderate PE; SBP- 150-159 mm
Hg and DBP 100-109 mmHg; Severe PE; SBP- 160 mm Hg
and DBP- 110 mm Hg [21].

Anthropometric and Clinical characteristics

Gestational age, parity, Body Mass Index (BMI), Systolic
Blood Pressure (SBP), Diastolic Blood Pressure (DBP) and
mean arterial pressure (MAP) were recorded in both the
study groups. The results of PE group were compared with
that of the healthy age and gestational week matched control

group.

Biochemical Analysis

Estimation of serum Cawas done by 5-nitro-5’-methyl-BAPTA
(NM-BAPTA) method and Mg via decrease in the xylidyl blue
absorbance photometrically. Serum uric acid and creatinine
levels were measured by Uricase, peroxidase method and
kinetic Jaffe’ method respectively. All the parameters were
assessed in cobas ¢311 autoanalyser.

STATISTICAL ANALYSIS

Data was collected, entered using Microsoft Excel™ and
analysed using Statistical Package of Social science (SPSS)
version 11.5 Normality of the data was tested by Kolmogorov
and Smirnov test. All data were expressed in terms of figure,
percentage, mean and standard deviation. Descriptive
statistics was used to express the demographic data.
For parametric variables, independent t-test and Pearson
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correlation coefficient was used to assess the relation
between quantitative variables. Linear regression was used
for association of the variables with SBP and DBP. Logistic
regression analysis was done to determine the association
of serum Ca, Mg and uric acid levels in mild versus moderate
and mild versus severe pre-eclampsia respectively. p<0.05 is
considered as statistically significant.

RESULTS

This is a hospital based comparative cross-sectional study
conducted from March 2016 to February 2017. Thirty
seven diagnosed cases of pre-eclampsia and 37 healthy
pregnant women as controls were enrolled in the study.
The demographic characteristics and mean blood arterial
pressure is depicted in [Table/Fig-1]. It was noted that
POG, BMI, SBP, DBP and MAP was significantly higher in
preeclampsia as compare to control group (p<0.001). [Table/
Fig-2] depicts the comparison of biochemical parameters
between the groups. We observed a significant difference
in serum Ca, Mg, creatinine and uric acid levels between
PE and healthy control group. Biochemical parameters of
the study population showed that mean serum total Ca
and Mg levels were significantly reduced in pre-eclampsia
as compared to the healthy control group. Multi-linear
regression analysis of serum Ca, Mg and uric acid showed
that serum Ca (regression coefficient= -6.91, p-value=0.001),
Mg (regression co-efficient= -16.76, p-value= 0.76) and uric
acid (regression coefficient= 4.34, p-value= 0.001) predict
the outcome of SBP depicted in [Table/Fig-3]. Similarly,
multi-linear regression analysis of serum Ca (regression
coefficient= -4.88, p-value= 0.001), Mg (regression co-
efficient= -5.66, p-value= 0.68) and uric acid (regression
coefficient= 3.75, p-value= 0.001) showed that serum Ca,
Mg and uric acid predict the outcome of DBP as depicted
in [Table/Fig-4]. Multinomial regression analysis of the study
variables in Pre-eclampsia depicts that the level of serum
Ca, Mg and uric acid is not associated significantly with the
severity of pre-eclampsia i.e. from mild to moderate or mild
to severe pre-eclampsia. Our findings suggest that decrease
in serum Ca level is associated with increase in severity

Cha?aecrlz:?s"ﬁcs PE (n=37) | Control (n=37) | p-value
Age (years) 26.72+5.39 25.97+4.97 0.542 a
POG (weeks) 36.00+2.90 31.17+4.30 0.001 a*
BMI (kg/m?) 29.26+5.40 24.08+3.66 0.001 a*
SBP (mmHg) 143.61+£17.26 | 108.61+8.33 0.001 a*
DBP (mmHg) 97.22+9.44 67.78+6.80 0.001 a*
MAP (mmHg) 208.42+21.75 | 153.79+11.30 | 0.001 a*
[Table/Fig-1]: Demographic and clinical characteristics of the study

participants.
POG: Period of Gestation; BMI: Body Mass Index; SBP: Systolic Blood

Pressure; DBP: Diastolic Blood Pressure; MAP: Mean Arterial Pressure; a:
Independent sample t-test;
*p value <0.05 considered to be statistically significant

National Journal of Laboratory Medicine. 2018, Oct, Vol-7(4):BO01-BO06

Rajendra Kumar Chaudhari et al., Serum Ca and Mg in PE ..I

of pre-eclampsia, though the association was statistically
insignificant as depicted in [Table/Fig-5].

Biochemical Pre-eclampsia | Control

Parameters (n=37) (n=37) £
Calcium (mg/dL) 8.69+1.59 10.13+0.66 | 0.001a*
Magnesium (mg/dL) 1.91+£0.36 2.08+0.12 | 0.001 a*
Creatinine (mg/dL) 0.49+0.24 0.30+0.07 | 0.001 a*
Uric Acid (mg/dL) 4.40+2.14 2.70+0.80 | 0.013a*
[Table/Fig-2]: Biochemical parameters of the study participants.

a: Independent sample t-test;
*p-value <0.05 is considered to be statistically significant

Variables Coefficient | SE t-value | p-value
Intercept 189.56 19.84 - -
Calcium (mg/dL) -6.91 1.50 -4.5 0.001*
Magnesium (mg/dL) -16.76 17.83 -0.94 0.35
Uric Acid (mg/dL) 4.34 1.15 37 0.001*
[Table/Fig-3]: Multiple linear regression analysis of SBP with the

ANOVA table for the model

Coefficient: Regression coefficient; SE: Standard error;
*p-value <0.05 is considered to be statistically significant

Variables Coefficient | SE t-value | p-value
Intercept 119.80 15.29 - -
Calcium (mg/dL) -4.88 1.15 -4.21 0.001*
Magnesium (mg/dL) -5.66 13.74 -0.41 0.68
Uric Acid (mg/dL) 3.75 0.88 4.22 0.001*
[Table/Fig-4]: Multiple linear regression analysis of DBP with the

ANOVA table for the model.

Coefficient: Regression coefficient; SE: Standard error;
*p-value <0.05 is considered to be statistically significant

Variables B (Regr_ession Standard L(_eve_l _of
Coefficient) Error Significance
Mild v/s Moderate Pre-eclampsia
Calcium (mg/dL) -0.314 0.643 0.69
Magnesium (mg/dL) 1.214 1.268 0.33
Uric Acid (mg/dL) 0.188 0.792 0.81
Mild v/s Severe Pre-eclampsia
Calcium (mg/dL) -0.194 0.95 0.83
Magnesium (mg/dL) 1.378 1.371 0.31
Uric Acid (mg/dL) 0.138 0.958 0.88
[Table/Fig-5]: Multinomial regression analysis for severity of pre-

eclampsia.
*p-value <0.05 is considered to be statistically significant

DISCUSSION

Pre-eclampsia has been considered as a disease of
unknown pathophysiology. Numerous aetiologies has been
put forward in light of this serious condition of pregnancy
[22-24]. Altered concentration of various trace elements has
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been reported during pregnancy [25,26]. Serum Ca and Mg
are two intracellular ions that are very important for cellular
metabolism such as muscles contractibility, secretion,
neuronal activity as well as cellular death [22]. Changes in the
levels of Ca, Mg and copper in all the trimesters of pregnancy
and zinc during mid and late pregnancy and postpartum
period have been reported. Moreover, reduction in serum
Ca, Mg and zinc during pregnancy has been attributed as
a possible contributor among the various aetiologies of PE,
therefore supplementation of these elements in diet may be
of high value to prevent this devastating condition [25].

The present study depicts lower serum Ca and Mg in
preeclapmsia compared to normal pregnant women, i.e.
serum Ca (8.69+1.59 mg/dL versus 10.13+0.66 mg/
dL) and serum Mg(1. 91+0.36 mg/dL versus 2.08+0.12
mg/dL) respectively. This is in accordance with the study
reported from other parts of the world [11-17]. Maternal
hypocalcemia during pregnancy has been known for more
than 40 years. Total serum Ca tends to decrease over the
course of pregnancy in normal women and decreased
significantly during pre-eclampsia. The effect of serum Ca on
changes in blood pressure could be explained by the level
of intracellular concentration of Ca. Lower total serum Ca
eventually causes increased intracellular Ca concentration
leading to constriction of smooth muscles in blood vessels
and increased vascular resistance [26-29].

Similarly, reduced Mg is most often seen during pregnancy.
Hypomagnesaemia in most pregnant women is associated
with haemo-dilution, renal clearance during pregnancy and
increased demand by the growing foetus. Mg levels may
have significant effects on cardiac excitability, vascular tone,
contractility and reactivity. Low Mg levels thus, can lead to
a reduced cerebral blood flow, cerebral vasospasm and
increase in neuronal burst [30].

Furthermore, previous reports suggest that altered Ca
homoeostasis, as exhibited by increased Ca excretion,
is associated with higher blood pressure levels [31]. Low
serum Ca levels may also increase blood pressure by
stimulating parathyroid hormone and renin release, which
in turn increases intracellular Ca in smooth muscle, leading
to vasoconstriction. The observation is further supported
by the 2011 WHO recommendation, which found a higher
risk of pre-eclampsia in pregnant women with low dietary
intake of Ca and recommended supplementation for such
women [32]. This implies that Ca levels may play a role in
hypertensive disorders in pregnancy.

Serum Uric acid has been employed as a pathogenic
factor in pre-eclampsia [33]. The results from the present
study depicts significantly increased serum uric acid in
Pre-eclampsia compared to normal pregnant women in
accordance to study done by Niraula A et al., Powers RW et
al., Pramanik T et al., and Patel T et al., [10,34-37]. Literature
reports numerous predictive biochemical indicator for the
prediction of severity in Pre-eclampsia with none of them
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showing desirable sensitivity and specificity. Retrospective
studies have shown a significant association between serum
uric acid and severity of Pre-eclampsia [38-39]. This finding is
supported by the present study as well which demonstrates
an increased mean serum uric acid (4.40+2.14 mg/dL) in
pre-eclampsia compared to that of normal pregnant women
(2.70+0.80 mg/dL) with the difference between the two
groups being statistically significant. Hyperuricemia in PE is
mainly the result of decreased GFR and increased tubular
reabsorption, but it may also occur due to amplified placental
production of uric acid caused by increased metabolism
of purines in the placenta, acidosis, or an increase in the
activity of xanthine oxidase/dehydrogenase, thus being not
only a marker of pathological state and renal dysfunction
but also playing a role in pathogenesis of the disease [20,
39-41]. Multi-logistic regression have shown that pregnancy
in advanced maternal age (> 40 years) was associated with
a two-five fold increase in the odds of developing PE as
reported by various studies [12-13]. Low serum Ca has
been attributed as one of the aetiology for the development
of hypertension in pregnancy which eventually leads to Pre-
eclampsia [12,14-16]. The present study has shown that
preeclamptic patients have significantly lower serum Ca
and Mg levels. Association of serum Ca, Mg and uric acid
level in mild, moderate and severe pre-eclampsia depicts
that Ca was negatively correlated in these patients but the
difference in between mild v/s moderate and mild v/s severe
pre-eclampsia was statistically insignificant.

LIMITATIONS

We did not find any definite trend in level of total serum
Ca, Mg, uric acid and age of gestation with the severity of
pre-eclampsia probably due to disparity in number of study
population between mild, moderate and severe case. The
present study is a cross-sectional study so we recommend
a prospective study with equal number of mild, moderate
and severe cases of pre-eclampsia to establish the definite
mechanism of Ca and Mg metabolism in severity of pre-
eclampsia.

CONCLUSION

The present study reveals that low serum Ca and Mg levels
are associated with pre-eclampsia, which might be attributed
to the development and progression of the disease. Also,
the present study highlights a decrease of serum Ca with
severity of pre-eclampsia. Thus, these trace elements along
with other serum biomarkers would definitely be helpful in
effective management of pre-eclampsia.
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