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ABSTRACT
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Background- Hypertensive disorders are major factors responsible for morbidity and
mortality in pregnancy and Pre-eclampsia, a pregnancy specific disorder, is the leading
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unknown, with poorly understood pathophysiology. Though the findings are
heterogenous and inconsistent, several recent studies indicate that serum levels of

Published: 16 May 2024 calcium and magnesium may have a role in preeclampsia. Aim: The study is aimed to

of normotensive pregnant women.

significant.

compared to normotensive pregnant women.

of these nutrients in pre-eclampsia which needs further investigation.
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compare the levels of serum calcium and magnesium in pre-eclamptic women with that

Materials & Methods: Total of 120 pregnant women, of which 60 are pre-eclamptic
(cases group) and 60 are normotensive (controls group), with similar demographic data
were included in the study. Serum calcium and magnesium levels were measured and
analyzed. Data on BMI (Body Mass Index), maternal and gestational ages and blood
pressure was collected and compared between the two groups. Data was expressed as
Mean + S.D. Comparison of serum elements of both groups was performed by
Independent t-test and chi square test. P value of < 0.05 was considered as statistically

Results: The serum calcium and magnesium levels were significantly lower in pre-
eclamptic cases compared to normotensive controls. The study also showed that pre-
eclamptic women had higher BMI and systolic and diastolic blood pressure, when

Conclusion: There was a significant reduction in serum calcium and magnesium levels
in pre-eclamptic women when compared to normal pregnant women, suggesting the role
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INTRODUCTION

Hypertensive disorders of pregnancy, including pre-eclampsia complicate 5 to 10% of all pregnancies worldwide.[*2% In a
developing country like India, pre-eclampsia is a significant and one of the most common cause of maternal and fetal
morbidity and mortality™® Pre-eclampsia is a rapidly progressive, multisystemic and multifactorial disorder specific to
human pregnancy. It is characterized by the new onset of hypertension (systolic/diastolic blood pressure > 140/90 mmHg),
proteinuria (>300 mg/24hrs) and pathological edema usually occurring after 20 weeks of gestation.®7]

Despite decades of extensive research done worldwide, the etiology of preeclampsia is elusive and is still a mystery and it
was once called as “the disease of theories”.[®l Though the exact etiology of pre-eclampsia remains unclear, many theories
suggest that abnormal placental implantation and abnormal trophoblastic invasion as possible causes of this disorder.1%
Pregnancy is a period associated with increasing metabolic demands compounded by requirements of a growing fetus.™
Both environmental and nutritional factors may play a role in etiology of pre-eclampsia. An inadequate dietary intake of
nutrients might be harmful not only for mother but also for the growing fetus.''2 Nowadays, nutritional deficiency is
gaining prominence in pathogenesis of pre-eclampsia. It is assumed to be a predisposing factor in the development of pre-
eclampsia because nutrients can modulate oxidative stress by increasing or decreasing free radicals or antioxidants and
providing substrates for free radicals formation. Nutritional deficiencies are commonly found in pregnant women and it is
well known that the pregnant women in developing countries consume diets deficient in essential minerals and
vitamins.[21314 Pregnancy may induce hypertension in women who were apparently normotensive before becoming
pregnant.'>161 Annually, hypertensive disorders of pregnancy account for 40,000 maternal deaths. "]

Several studies have reported that changes in serum levels of calcium and magnesium observed in pre-eclamptic patients
may contribute to the pathogenesis of pre-eclampsia.l*® Lowering of serum calcium level can cause high blood pressure in
pre-eclamptic mothers by stimulating parathyroid hormone and renin release and also by inducing vasoconstriction by
increasing its level in vascular smooth muscle.[*!

Magnesium serves as an essential cofactor for many enzymes and plays an important role in nerve transmission and
peripheral vasodilatation.[*3%°! Successful management of eclamptic seizures with magnesium therapy strongly suggest that
pregnant women having magnesium deficiency might develop pre-eclampsia.l*® It has been hypothesized by numerous
studies that oscillations in the maternal serum ions may be the instigating cause of elevated blood pressures seen in
preeclampsia.’®! Many clinical studies showed the relationship between this hypertensive complication and changes in the
serum levels of calcium and magnesium in pre-eclamptic women.*8 However, the results from most of the studies are
inconsistent and the role of calcium and magnesium in pregnant women remains uncertain and is still under discussion.
Thus, the present study was done to measure and compare serum levels of calcium and magnesium of pre-eclamptic women
with that of normotensive pregnant women.

MATERIALS AND METHODS
This case control study was conducted on total of 120 women. aged between 18 - 35 years , comprising 60 pregnant women
diagnosed with preeclampsia (cases group) and 60 normotensive pregnant women (controls group) attending the antenatal
clinic and admitted in the obstetric ward in the Department of Obstetrics & Gynaecology in Maharajah’s Institute of Medical
Sciences, Nellimarla, Vizianagaram during period 2023 - 2024. All participants in the study were in the 3" trimester of
pregnancy with a gestational age of more than 24 weeks. Informed consent was obtained from all the study participants and
the study was approved by Institutional Ethics committee.
Inclusion criteria for cases & controls:
For cases:
Preeclamptic pregnant women were selected based on the following criteria:

o New onset of hypertension after 20 weeks of gestation

e Systolic blood pressure (SBP) > 140 mmHg and Diastolic blood pressure (DBP) > 90 mmHg on 2 separate occasions 6

hours apart.
e Associated with proteinuria of more than 300mg/day or atleast 1+ on dipstick test.[%2

For controls

Age and trimester matched pregnant women without hypertension (with BP < 140/90 mmHg with no increase in SBP up to
30 mmHg and DBP up to 15 mmHg due to pregnancy) and without evidence of proteinuria were selected.

Exclusion criteria:

Pregnant women with renal disease, diabetes, endocrine disorder, or any other systemic disease / with secondary causes of
hypertension and on calcium supplementation were excluded from the study.

Height and weight of each subject were measured, in standing erect position against wall without shoes with a wall mounted
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ruler and using a standard weighing scale without shoes and subjects wearing light clothes, respectively. BMI of each
subject was calculated using the formula, weight (kg)/ height (m?). Blood pressure was measured with participants in a
restful position using a mercury sphygmomanometer with appropriate sized cuff on atleast 2 occasions. Clean-catch, mid-
stream urine sample was obtained in a clean sterile container from each participant and tested with urinalysis strip for
proteinuria. Venous blood samples were collected and analyzed for serum calcium and magnesium. Serum calcium was
estimated by O-cresolphthalein complexone method and magnesium was estimated by Xylidyl Blue method. Results
obtained were tabulated, entered in MS Excel work sheet and analyzed using SPSS version 20. Numerical data was
expressed as Mean £ SD. Differences in demographic characteristics and biochemical parameters between the two groups
were statistically analyzed using Independent t-test and Chi-square test. P-value of < 0.05 was considered as statistically
significant.

RESULTS

The present study enrolled 120 pregnant women, aged 18-35 years, of which 60 women with preeclampsia were considered
as cases and another 60 normotensive women as controls.

Table 1 depicts the clinical and demographic characteristics of Cases and Control groups. The mean age did not show any
significant difference between the 2 groups. The body mass index (BMI) is higher in preeclamptic cases when compared to
normotensive controls which is statistically significant (29.34+ 2.88 kg/m? vs 23.72+ 2.26 kg/m?, p value < 0.001). The
period of gestation (weeks) was significantly lesser in pre-eclamptic cases compared to normotensives (36.70 = 0.80 vs
38.26 + 0.92, p value < 0.001). The systolic and diastolic blood pressures were significantly higher in cases compared to
controls ( SBP - 154.40 + 11.84 vs 109.60 + 5.80, p value < 0.001, DBP - 99.20 + 8.74 vs 72.40 + 5.28, p value < 0.001).

Table 1: Clinical & Demographic Characteristics of Cases & Controls

General Characteristics Cases (n = 60) Controls (n = 60) p-value
Age (years) 28.42 +4.34 26.74 + 3.16 0.246NS
BMI(Kg/m?) 29.34 +2.88 23.72+2.26 <0.001
Gestational Age(weeks) 36.70 £ 0.80 38.26 £ 0.92 <0.001
Systolic BP(mmHg) 154.40 £ 11.84 109.60 £+ 5.80 <0.001
Diastolic BP(mmHg) 99.20 £ 8.74 72.40 £5.28 <0.001

Values are expressed as mean + SD (standard deviation), p value < 0.05 - Statistically Significant
BMI - Body Mass Index, BP - Blood Pressure, NS — Not Significant

Table 2 depicts the comparison of levels of serum calcium and magnesium (biochemical parameters) between the 2 groups.
The serum calcium concentration was significantly lower in the pre-eclamptic cases compared to the normotensive controls
(7.62 £ 0.74 mg/dl vs 9.23 = 0.67 mg/dl, p value < 0.001). The serum magnesium concentration was also significantly lower
in the pre-eclamptic cases compared to the normotensive controls (1.28 = 0.46 mg/dl vs 2.07 £ 0.31 mg/dl, p value < 0.001).

Table 2: Comparison of Biochemical Parameters in Cases & Controls

Parameter Cases (n = 60) Controls (n = 60) p-value
Calcium (mg/dl) 7.62+0.74 9.23+0.67 <0.001
Magnesium (mg/dl) 1.28 +0.46 2.07+£0.31 <0.001

Values are expressed as mean + SD (standard deviation), p value < 0.05 - Statistically Significant

DISCUSSION

Pre-eclampsia, a complex, dynamic pregnancy specific complication, is associated with increased maternal and fetal
morbidity and mortality especially in developing countries.[®?2 Despite considerable research for several years, the exact
etiology of this disorder still remains unknown, although contributory factors include obesity, diabetes, calcium deficiency,
old maternal age and job stress./?®!

Pregnancy is an anabolic state associated with complex physiological adaptations occurring in the maternal system and
these changes are necessary to meet the requirements of a growing fetus.? Nutritional deficiencies are common during this
period and studies show that pregnant women in developing countries consume diets that are low in essential minerals and
vitamins.' Dietary deficiencies of minerals like calcium and magnesium during pregnancy have been implicated to be
responsible for various gestational complications, such as pre-eclampsia, eclampsia, preterm birth and intrauterine growth
retardation.*?)

Several studies have reported that alteration in levels of serum calcium and magnesium observed in pre-eclamptic
patients could be responsible in pathophysiology of pre-eclampsiaf?>2! Since both these elements have significant role in
blood pressure regulation, the present study was conducted to compare serum levels of calcium and magnesium of pre-
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eclamptic women with that of normotensive pregnant women.

In the present study, both serum calcium and magnesium levels are significantly reduced in pre-eclamptic pregnant
women when compared to normal pregnant women. These findings are in accordance with other studies and confirmed the
hypothesis that hypocalcemia and hypomagnesemia may be the etiological factors in the development of pre-eclampsia.[*82

In pregnancy, the increase in plasma volume leads to concomitant hemodilution state which results in dilution of all the
constituents of plasma including calcium and magnesium.?® Calcium physiologically plays a vital role in muscle
contraction and regulation of water balance in cells. Changes in plasma calcium levels lead to alteration of blood pressure. 2"
Maternal hypocalcemia during pregnancy has been known for many years. Over the course of pregnancy, total serum
calcium tends to decrease in normal women and decreased significantly during preeclampsia.*® Furthermore, with
advancement of pregnancy, there is more pronounced hypercalciuria due to enhanced renal plasma flow and glomerular
filtration rate. Hence, in response to this hypocalcemic effect, there is increased synthesis of parathyroid hormone which
inturn raises intracellular calcium concentration in vascular smooth muscles and have vasoconstriction effect. This process
leads to increased vascular resistance of arteries and arterioles that might result in hypertension in pre-eclamptic mothers. !

Like hypocalcemia, reduced magnesium concentration in blood is often seen during pregnancy. Magnesium levels may
have profound effects on cardiac muscle excitability and on vascular tone, contractility and reactivity.!** Magnesium acts as
a cofactor for many enzymes and plays a significant role in neurochemical transmission and peripheral vasodilatation. It also
promotes vascular muscle relaxation.**! Hypomagnesemia observed in most pregnant women could be due to decreased
dietary intake, increased renal clearance, haemodilution due to expansion of the extracellular space and increased
consumption of minerals by the growing fetus. Reduced level of extracellular magnesium causes partial membrane
depolarization and decreased repolarization along with opening of calcium membrane channels, leading to an intracellular
calcium shift.

Further, the already existing increased fetal calcium demand may also block resorption of calcium from a bone with
concurrent intracellular pull. This phenomenon results in vasoconstriction together with an increase in blood pressure in pre-
eclamptic women.[? Increased blood pressure may also be due to decreased vasodilating action of serum magnesium.
Reduced concentrations of these maternal serum ions, calcium and magnesium, induce constriction of vascular smooth
muscles and increase vascular resistance and thus cause elevation in blood pressure.?”]

In the present study, we observed that levels of serum calcium and magnesium were decreased significantly in pre-
eclamptic women compared to normotensive pregnant women. Similar to the findings in other studies,®5%8 our study
showed no significant difference in the maternal ages of pregnant women with pre-eclampsia (cases) and those who are
normotensive (controls). In this study, we also found that BMI, SBP and DBP of preeclamptic women were significantly
higher when compared to normotensive pregnant women. Our results are consistent with findings of other studies. 2111523
Women with a greater BMI in pregnancy are more likely to become hypertensive than those having a lower BMI.[2%
Maternal obesity predisposes a woman to develop pre-eclampsia, and a relationship between increasing BMI and the risk of
developing pre-eclampsia during pregnancy is well established.?] Gestational age was significantly lesser in pre-eclamptic
cases than that of normotensive controls. Studies done by Chaurasia et al, Deepa VK et al and Vanaja D et al also showed
similar findings.[*2%3% Based on the results obtained in the present study, we support the hypothesis that decreased levels of
serum calcium and magnesium may contribute for generation of oxidative stress, increased vascular resistance and high
blood pressure observed in pre-eclamptic women. Hence, measurement of these elements may be used in early diagnosis of
pre-eclampsia in pregnancy. Further, pregnant women especially in developing countries should also be encouraged to
consume diets rich in calcium and magnesium.

CONCLUSION

In the present study, decreased serum calcium and magnesium levels and elevated blood pressure have been observed in the
pre-eclamptic women compared to normal pregnant women. Results obtained in our study support the earlier hypothesis that
hypocalcemia and hypomagnesemia may have a role in the etiology of pre-eclampsia during pregnancy. Estimation of these
elements, which are relatively economical and safe, can be used as a cost effective screening tool for prediction of pre-
eclampsia in early stages of pregnancy. Dietary interventions by increasing intake of calcium and magnesium may reduce
the disease risk in pregnant women.
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