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Abstract

Background: Pre-eclampsia is one of the important complications of pregnancy with unclear etiology. Many theories
suggest abnormal placental implantation and abnormal trophoblastic invasion as possible causes. Since calcium,
magnesium, contributes significantly in the functioning of the vascular smooth muscles, they may have their role in
pathogenesis of preeclampsia. Aims and Objectives: To study correlation between mid-gestational low serum calcium
and magnesium levels and subsequent development of preeclampsia. Material and method: In a prospective and
longitudinal study, 443 nulliparous women between 20-35 years of age were enrolled at 20-25 weeks of gestation and
were followed up till delivery for pregnancy outcome. Serum Calcium and magnesium levels were done at enrollment.
Mid-gestational calcium and magnesium levels of the women who subsequently developed pre-eclampsia were compared
with age matched controls that had uneventful pregnancy. Results: Serum calcium levels of cases were significantly
decreased compared to controls (P <0.0001). On the other hand, Serum magnesium exhibited slightly decreased in cases
as compared to controls, though the difference was not statistically significant. Conclusion: Low levels of Calcium and
Magnesium found in our study suggest their role in pathogenesis of pre-eclampsia. Calcium supplementation during early
pregnancy may be helpful in prevention of pregnancy induced hypertension.
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INTRODUCTION
Pregnancy is a physiological state associated with
substantial and on occasion, profound alterations in
metabolic and biochemical processes. Preeclampsia is a
pregnancy-specific multi-systemic disorder characterized
by proteinuria and the onset of hypertension after 20

weeks of pregnancy. It is a rapidly progressive condition
characterized by high blood pressure, thrombocytopenia,
edema of the lower extremities and protein urea.1
Multiparous women have an incidence of 6-7% and it
occurs more frequently in primiparous women.2
Regardless of parity, multiple gestations have an
incidence of 30%.2 Preeclampsia is believed to be
multifactorial in origin, with risk severity influenced by
both maternal and fetal determinants.[3] Women with
preeclampsia do not usually demonstrate frank
hypertension until second half of pregnancy, but vasoconstrictive effects may be present earlier. Alterations in
vascular reactivity may be detected as early as gestational
week 20.4 It is a major condition responsible for maternal
and perinatal morbidity and mortality worldwide. 5
Calcium is a intracellular second messenger involved in
many processes such as signal transduction,
neurotransmission, enzyme and hormone secretion, cell
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cycle regulation and programmed cell death. It is a crucial
element for adequate fetal development and prenatal
programming of future diseases.6. Calcium is actively
transported across the placenta to reach about 25–30 mg
of Calcium at term in the fetus. About 80% of the total
fetal Calcium is accumulated during the last trimester of
pregnancy.7 This Calcium transfer allows adequate fetal
skeleton mineralization and various cellular functions.
Magnesium regulates vascular tone and reactivity and
help in maintenance of normal blood pressure by
synthesizing vasodilators like prostacyclins and nitric
oxide.8 Also magnesium act as a calcium channel blocker
which intern may reduce the release of calcium and thus
decrease vascular resistance. In addition, activation of the
Na-K ATPase pump by magnesium, that controls the
balance of these minerals contributing to the homeostasis
of electrolytes in cells.9 Several evidences indicate that
various micro and macro elements might play an
important role in development of preeclampsia. Calcium,
magnesium, sodium and potassium are important in the
functioning of the vascular smooth muscles. Various
studies have shown association between low levels of
these elements and preeclampsia. Hence, the present
study was designed to evaluate role of calcium and
magnesium in the preeclampsia

AIM
To evaluate low serum Calcium, Magnesium levels as
risk factor for preeclampsia.

OBJECTIVE
To study correlation between mid-gestational low serum
calcium and magnesium levels and subsequent
development of preeclampsia.

MATERIAL AND METHOD
In a prospective longitudinal study, 500 nulliparous
women between 20-35 years of age without any prepregnancy medical diseases were enrolled at 20-25 weeks
of gestation. Serum Calcium and magnesium levels of all
the women were done at the time of enrollment. All the
women were followed up till delivery for development of
preeclampsia and pregnancy outcome.
Diagnosis of preeclampsia10
1. Systolic blood pressure of 140 mmHg or higher
or diastolic blood pressure of 90 mmHg or higher
on two occasions at least 4 hours apart after 20
weeks of gestation in a woman with a previously
normal blood pressure or
2. Systolic blood pressure of 160 mmHg or higher
or diastolic blood pressure of 110 mmHg or
higher. Hypertension can be confirmed within a
short interval (minutes) to facilitate timely
antihypertensive therapy and
Proteinuria
1. Greater than or equal to 300mg per 24-hour urine
collection( or this amount extrapolated from a
timed collection) or
2. Protein/creatinine ratio greater than or equal to
0.3
Out of total 443 subjects included in the study, 43
developed preeclampsia. 86 out of 278 subject with full
term delivery without any complications were included in
control group. Serum Calcium and Magnesium levels of
cases and controls that were measured at 20-25 weeks
were compared.

OBSERVATIONS AND RESULTS
Table 1: Pregnancy outcome of women included in study
Pregnancy outcome
Number (Percentage%)
Full term delivery without complication
278 (55.98%)
Pregnancy induce hypertension
119 (26.86%)
Gestation diabetes mellitus
27 (6.09%)
Still birth
29 (0.45%)
Low birth weight
47 (10.60%)
Total
443(100%)
Table 2: Distribution of pregnancy induced hypertension
Number of subjects (Percentage %)
Gestational hypertension
66(55.5%)
Preeclampsia
48(40.3%)
Eclampsia
5(4.2%)
Preeclampsia superimposed on chronic hypertension
0(0%)
Chronic hypertension
0(0%)
Total
119(100%)

5 out of 48 subjects with preeclampsia also had gestational diabetes mellitus, therefore excluded from study group. 43
subjects with severe preeclampsia and 86 subjects out of 278 subject with full term delivery without any complications
were included in cases and control group respectively.
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Table 3: Distribution of Serum calcium and magnesium in controls and cases
Statistical test
Parameter
Controls
Cases
P value
Statistical significance
Applied
Calcium
9.24 ±1.3
8.5 ± 0.88
<0.0001
Significant
(8.6-10.2mg/dl)
Unpaired
Magnesium
1.98 ± 0.21
1.65 ± 0.29
t test
0.052
Non-significant
(1.9-2.7mg/dl)

There was statistically significant decrease in calcium value of control as compared to cases (P<0.0001) Serum
Magnesium levels of cases were low compared to control though the difference was not statistically significant. (0.052)

Graph 1 and 2: Distribution of Serum Calcium and Magnesium levels of controls and cases

DISCUSSION
Preeclampsia is one of the leading cause of maternal
mortality and morbidity in India. Maternal death has
grave effect on the surviving child.11 Incidence of
preeclampsia in India is reported to be 8-10% of
pregnancies in various studies, while it is four times
higher in primipara than in multipara. Nulliparity is a
strong risk factor, almost tripling the risk of preeclampsia
(odds ratio of 2.91, 1.28 to 6.61) based on a systematic
review of controlled studies. 12 In our study which
included only primipara, 26.9% developed pregnancy
induced hypertension and 9.8% showed signs of
preeclampsia. In this study, we observed low levels of
Calcium and Magnesium in preeclamptic women
compared to women who had no complications during
pregnancy. Serum calcium of cases were significantly
decreased compared to controls.[Table 3, Graph: 1] On
the other hand, Serum magnesium exhibited slightly
decreased in cases as compared to controls, though the
difference was not significant. [vide Table 3, Graph: 2]
Similar results were seen in the study conducted by JeanDaniel Lalau et al showed PIH having a negative
correlation between blood pressure and plasma corrected
calcium (r = -0.43, P < .05), which was in agreement with
epidemiological studies of essential hypertension.13 An
international study, in which calcium supplementation
was given in women with low calcium intakes (<600
mg/dl) showed decrease in severity of the disease,
however, did not find any reduction in incidence of
preeclampsia.14. Low calcium intake results in high
parathyroid hormone levels and increased membrane

permeability, resulting in increased intracellular calcium
levels and decreased serum calcium levels. The former
triggers vascular smooth muscle contraction and
contributes to increased blood pressure,15 release renin
from the kidney, leading to vasoconstriction and retention
of sodium and fluid. These changes may contribute to the
development of PIH and preeclampsia.16 Increased renal
clearance due to hemodilution during pregnancy and
consumption of minerals by growing fetus leads to
hypomagnesaemia.17 Magnesium levels have significant
effects on cardiac excitability and on vascular tone,
contractility and reactivity.18 Mac Donald et al have
shown experimentally that magnesium has a role in
vasoprotection. These findings support the fact that
hypocalcemia and hypomagnesemia correlate to severe
preeclampsia19 Lower levels of 1,25(OH)2D3 and PTH in
hypertensive pregnancy have been seen in various studies
and suggested that alterations in calcium regulatory
hormones could contribute to the development of
preeclampsia, and the symptom of hypocalcemia20. Other
studies suggest that in preeclampsia the low levels of 1,
25(OH)2D3 cause a decrease in intestinal calcium
absorption and serum ionized calcium. The lower ionized
calcium causes an increase in PTH levels, which
stimulate calcium loss from bones, and tubular
reabsorption of calcium from kidney leading to
hypocalciuria.21,22,23,24,25

CONCLUSION
Intake of balanced diet fulfilling all nutrient requirement
from pre-conceptional period is important for maternal
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and fetal wellbeing as well as for positive pregnancy
outcome. Presence of low levels of these elements during
early pregnancy suggest their possible role in etiology of
preeclampsia. Supplementation of these elements in diet
may be of value to prevent complications like
preeclampsia during pregnancy.

LIMITATIONS
We did not study Serum Calcium and Magnesium levels
at the time of actual diagnosis of preeclampsia. Calcium
and magnesium intake of the subjects was not assessed.

REFERENCES
1.

Sarsam DS, Shamden M, Al Wazan R. Expectant versus
aggressive management in severe pre-eclampsia remote
from term. Sing Med J. 2008; 49: 698.
2. Frederiksen MC. Complications of pregnancy. In:
Frohlich ED edt. Rypins Intensive reviews. Obstetrics
and
gynecology.17thedn.
Philadelphia.Lippincott
Williams and Wilkins Publications.2000: p: 93-35
3. Gathiram P, Moodley J. Pre-eclampsia: its pathogenesis
and pathophysiolgy. Cardiovasc J Afr. 2016; 27(2):71–
78. doi:10.5830/CVJA-2016-00
4. Marshall WJ, Bangert SK. Edts. Clinical biochemistrymetabolic and clinical aspects.2nd edn. Edinburg:
Churchill Livingstone. 2008:156-16
5. Ghulmiyyah L, Sibai B. Maternal mortality from
preeclampsia/eclampsia. Semin Perinatol. 2012 Feb;
36(1):56-9. doi: 10.1053/j.semperi.2011.09.011. PubMed
PMID: 22280867.
6. Shen PJ, Gong B, Xu FY, Luo Y. Four trace elements in
pregnant women and their relationships with adverse
pregnancy outcomes. Eur Rev Med Pharmacol Sci. 2015
Dec;19(24):4690-7.
7. Bandebuche S, Sagade B, Sontakke AN. Serum
magnesium in pregnancy induced hypertension. Int J Res
Med Sci 2013;1:413- 6
8. Marangoni F, Cetin I, Verduci E, Canzone G, Giovannini
M, Scollo P, Corsello G, Poli A. Maternal Diet and
Nutrient Requirements in Pregnancy and Breastfeeding.
An Italian Consensus Document. Nutrients. 2016 Oct 14;
8(10):629.
9. Houston M. The role of magnesium in hypertension and
cardiovascular disease. J Clin Hypertens (Greenwich).
2011
Nov;
13(11):843-7.
doi:10.1111/j.17517176.2011.00538.x. Epub 2011 Sep 26. Review.
10. Vogel JP, Souza JP, Mori R, Morisaki N, Lumbiganon P,
Laopaiboon M, OrtizPanozo E, Hernandez B, PérezCuevas R, Roy M, et al: Maternal complications and
perinatal mortality: findings of the World Health
Organization Multicountry Survey on Maternal and
Newborn Health

11. Freund G, Arvan DA. Clinical biochemistry of
preeclampsia and related liver diseases of pregnancy: a
review.Clin Chim Acta. 1990 Nov 5;191(3):123-51.
Review.
12. Donovan P. Hypertensive disorders of pregnancy. Aust
Prescr. 2012; 35(2):47–50.
13. Lalau JD, Jans I, el Esper N, Bouillon R, Fournier A.
Calcium metabolism, plasma parathyroid hormone, and
calcitriol in transient hypertension of pregnancy. Am J
Hypertens. 1993 Jun;6(6 Pt 1):522-7.
14. Villar J, Abdel-Aleem H, Merialdi M, et al. World Health
Organization
randomized
trial
of
calcium
supplementation among low calcium intake pregnant
women. Am J Obstet Gynecol. 2006; 194:639–49.
15. Sendhav S, Khubchandani A, Gandhi P, Sanghani H,
Sidhu G, Vadhel A, A comparative study of serum uric
acid, calcium and magnesium in preeclampsia and
normal pregnancy Journal of Advance Researches in
Biological Sciences, 2013, Vol. 5 (1) 55-58. 20 24267,8,13,21-2311,12.
16. Hacker AN, Fung EB, King JC. Role of calcium during
pregnancy: maternal and fetal needs. Nutr Rev. 2012 Jul;
70(7):397-409.
17. Kisters K, Barenbroka M, Louwenb F, Hausberga M,
Rahna KH, Koscha M. Membrane, intracellular and
plasma magnesium, and calcium concentrations in
preeclampsia. Am J Hypertens. 2000; 13: 765-769.
18. Kharb S, Goel K, Bhardwaj J, Nanda S. Role of
magnesium in preeclampsia. Biomed Biotechnol Res J
2018; 2: 178-80.
19. Ingec M, Nazik H, Kadanali S. Urinary calcium excretion
in severe preeclampsia and eclampsia. Clin Chem Lab
Med 2006; 44: 51-3
20. August P, Marcaccio B, Gertner JM, Druzin ML, Resnick
LM, Laragh JH. Abnormal 1,25-dihydroxyvitaminD
metabolism in preeclampsia. Am J Obstet Gynecol 1992;
166(4):1295–9.
21. Magee LA, Pels A, Helewa M, Rey E, von Dadelszen P;
SOGC Hypertension Guideline Committee. Diagnosis,
evaluation, and management of the hypertensive
disorders of pregnancy: executive summary. J Obstet
Gynaecol Can. 2014 Jul; 36(7):575-6.
22. Belizan JM, Villar J, Gonzalez L, Campodonico L,
Bergel E. Calcium supplementation to prevent
hypertensive disorders of pregnancy. N Engl J
Med. 1991;325(20):1399–1405.
23. Kumar A, Devi SG, Batra S, Singh C, Shukla DK.
Calcium supplementation for the prevention of preeclampsia. Int J Gynaecol Obstet. 2009; 104(1):32–36.
24. Lopez-Jaramillo P, Delgado F, Jacome P, Teran E, Ruano
C, Rivera J. Calcium supplementation and the risk of
preeclampsia in Ecuadorian pregnant teenagers. Obstet
Gynecol. 1997; 90(2):162–167.
25. Lopez-Jaramillo P, Narvaez M, Felix C, Lopez A.
Dietary calcium supplementation and prevention of
pregnancy hypertension. Lancet. 1990; 335(8684):293.

Source of Support: None Declared
Conflict of Interest: None Declared

Copyright © 2019, Medpulse Publishing Corporation, MedPulse International Journal of Biochemistry, Volume 11, Issue 2, August 2019

