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Background: Vitamin D insufficiency has been associated with several adverse health
outcomes, including pregnancy outcomes, and is increasingly recognised as a public
health concern. It is responsible for approximately 50,000 maternal deaths yearly
worldwide, 25% of all cases of fetal growth restriction, and 15% of preterm births in
developed countries. Objective: Vitamin D and magnesium sulfate act by altering the
calcium levels so this study was conducted to see if vitamin D supplementation has
any additive role to magnesium sulfate treatment in preeclampsia and in preventing
its progression to eclampsia. Materials and Methods: This cross sectional study was
conducted in the Department of Biochemistry, in collaboration with Department of
Obstetrics and Gynecology, at MMIMSR, Mullana (Ambala), Haryana, India. One
hundred and fifty pregnant females attending the Obstetrics clinic were selected
for the study and were divided into three groups of fifty each. Group | (Control):
Normotensive healthy pregnant females, Group Il: Preeclamptic patients receiving
magnesium sulfate therapy and Group lll: Preeclamptic patients receiving magnesium
sulfate therapy along with vitamin D supplementation (33000 IU once every two
weeks, orally after 28 weeks up to 36 weeks). The samples were analysed for
serum total calcium, ionized calcium, serum phosphorous, serum magnesium,
serum albumin, serum alkaline phosphatase, serum creatinine and serum uric acid.
Results: Mean levels of total calcium, ionised calcium, phosphorous, magnesium,
albumin, alkaline phosphatase, creatinine and uric acid before and after delivery were
calculated in all the three groups. Serum calcium (total and ionised), albumin and
magnesium were decreased in preeclamptic women whereas serum phosphorous
and uric acid were increased in preeclamptic. Vitamin D supplementation improved
calcium status, uric acid level and albumin level were also improved. Conclusion:
Vitamin D supplementation in early pregnancy improves the calcium status and
reduces the severity of preeclampsia.
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INTRODUCTION

Pre-eclampsia occurs in 2-5% of pregnancies and is a major cause of perinatal and maternal morbidity
and mortality.l"! Despite the current state of perinatal care, pre-eclampsia continues to be associated
with high perinatal mortality and intrauterine fetal growth retardation. While the pathophysiology of
pre-eclampsia remains unclear, activation or dysfunction of the vascular endothelium in uteroplacental
circulation has been proposed as a possible cause of preeclampsia. Dysfunctional endothelium in
the uteroplacental circulation not only increases peripheral vascular resistance, but also influences
generalized vasoconstriction v humoral factors released from the placenta. Therefore, hypertension
rapidly improves after delivery. Since endothelial cells maintain the homeostasis of the coagulation
cascade, the inflammatory process, and vascular tone, endothelial cell activation or dysfunction can
affect thrombosis, inflammation, and hypertension.? Pre-eclampsia causes changes in virtually all
organ systems, most notably the cardiovascular system, renal, hematological and immunological system.
Alteration in the various chemistries in mother’s serum have been found to be associated with the
aggravation of hypertensive complications.?!

Low levels of vitamin D may be a risk factor for preeclampsia, and calcium supplementation in
women with low calcium diets found no change in pre-eclampsia rates but did find a decrease in

the rate of severe pre-eclamptic complications. Recent studies have suggested that aberration in
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calcium homeostasis is responsible for hypertension in pregnancy.
The role of ionized calcium has also been suggested in membrane
excitability and vasodilation.!! Significant changes in maternal
vitamin D and calcium metabolism occur to provide the calcium
that is needed for fetal bone mineral accretion. The pathogenesis
of pre-eclampsia involves a number of biological processes that
may be directly or indirectly affected by vitamin D, including
immune dysfunction, placental implantation, abnormal angiogenesis,
excessive inflammation, and hypertension.”” Vitamin D has
been hypothesized to influence pre-eclampsia risk.®l Magnesium
sulfate used as treatment in pre-eclampsia increases the levels of
parathyroid hormone (PTH) which promotes the conversion of
25-hydroxycalciferol to 1,25-dihydroxycalciferol and also increases
placental production of 1,25-dihydroxycalciferol. As both vitamin
D and magnesium sulfate act by altering the calcium levels so this
study was conducted to see if vitamin D supplementation has any
additive role to magnesium sulfate treatment in pre-eclampsia and
in preventing its progression to eclampsia.

MATERIALS AND METHODS

This cross sectional study was conducted in the Department of
Biochemistry, in collaboration with Department of Obstetrics and
Gynecology, at Maharishi Markandeshwar Institute of Medical
Sciences and Research (MMIMSR), Mullana (Ambala), Haryana,
India. 150 pregnant females attending the Obstetrics clinic were
selected for the study. These subjects were divided into three groups
of 50 each as follows:
Group I: (Control) — Normotensive healthy pregnant females.
Group II: Pre-eclamptic patients receiving magnesium sulfate
therapy.
Group III: Pre-eclamptic patients receiving magnesium sulfate
therapy along with vitamin D supplementation (33,000 IU
once every 2 weeks, orally after 28 weeks up to 36 week).

All the subjects were primigravida (>20 weeks of gestation), below
35 years of age, fulfilling the criteria of severe preeclampsia, i.c.,
blood pressure 2140/90 mm Hg, excretion of more than 300 mg
of urinary protein/24 h and edema were included in our study.

Exclusion criteria

Patients with multiple pregnancy, elderly primigravidas, chronic
hypertension, pre-existing renal disease and diabetes mellitus were
excluded.

All the subjects received intravenous magnesium sulfate as per Zuspan
regimen.” 5 ml of venous blood was collected under all aseptic
precautions. Serum was separated and estimation of biochemical
parameters was carried out within 4-6 h. The samples were analyzed
for serum total calcium by O-ctesolphthalein complexone method,!”
ionized calcium by Ion selective electrode method,!' serum
phosphorous by Fiske and Subbarow method," serum magnesium by
the Calmagite dye method,™! serum albumin by dye binding method,!"

serum alkaline phosphatase by 4-nitrophenyl phosphate, serum

creatinine by Jaffe’s reaction" and uric acid by Uricase method.!"”
These parameters were determined at the time of registration in the
antenatal clinic, before starting magnesium sulfate therapy, either in
spontancous labor or before induction, and after giving magnesium
sulfate therapy at the time of delivery. The internal control sera of
two different levels were used to calibrate the instruments.

Data management and statistical analysis

During data collection completed questionnaires were checked
regularly to check, to rectify any discrepancy, logical errors or missing
information. The data entry was carried using Microsoft Office Excel
worksheet and then exported to statistical software and analyzed
using appropriate statistical tests by using Statistical Package for
Social Services (SPSS version 15 for MAC IBM, Inc). Means were

calculated and ~test was applied to find out significance level.

RESULTS

The study was conducted on 150 pregnant females attending the
Obstetrics and Gynecology clinic at MMIMSR Mullana. Mean values
of different parameters were calculated before and after giving
magnesium sulfate therapy as shown in Tables 1 and 2 and Figures 1, 2
and 3. Significance among various parameters in different groups

were also calculated [Table 3].

Parameters Control Group | Group Il
(n=50) (n=50) (n=50)

Total calcium (mg/dl) 9.81+0.66 9.34+0.75 9.39+0.38
lonized calcium 3.84+0.33 3.69+0.33 3.74+0.33
(mg/dl)
Phosphorous (mg/dl) 3.86+0.68 4.86+1.26 3.95+1.11
Magnesium (mg/dl) 1.86+0.21 1.81£0.19 1.89+0.45
Albumin (g/dl) 3.58+0.51 3.24+0.44 3.36x0.20

Alkaline phosphatase 323.82+202.53 282.7+94.33 293.66+108.4
(lU/L)

Creatinine (mg/dl) 0.81+0.06 0.82+0.05 0.830.07
Uric acid (mg/dl) 4.54+1.74 8.87+2.12 7.69+1.79
Parameters Control Group | Group Il
(n=50) (n=50) (n=50)
Total calcium (mg/dl)  9.77+0.76 8.4+0.73* 8.94+0.368*
lonized calcium 3.92+0.37 3.27+0.27* 3.41+£0.42*
(mg/dl)
Phosphorous (mg/dl)  3.89+0.65 4.64+0.87 3.69+0.49
Magnesium (mg/dl) 1.89£0.24 3.66+0.64* 3.20+0.55*
Albumin (g/dl) 3.63+0.57 3.14+0.45 3.29x0.15

Alkaline phosphatase 310.5+178.99 290.16£76.69 284.38+92.47
(IUIL)

Creatinine (mg/dI) 0.81+0.05
Uric acid (mg/dI) 4.49+1.56
*P < 0.05 (statistically significant)

0.81+0.06
8.32+1.98”

0.79+0.04*
6.79+1.548*
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Figure 1: Serum levels of different biochemical parameters in cases
and controls before delivery
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Figure 2: Serum levels of different biochemical parameters in cases
and controls after delivery
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Figure 3: Serum levels of alkaline phosphatase (IU/L) in cases and
controls before and after delivery

DISCUSSION

Vitamin D insufficiency has been associated with several
adverse health outcomes, including pregnancy outcomes, and
is increasingly recognized as a public health concern. It is
responsible for approximately 50,000 maternal deaths yearly
worldwide, 25% of all cases of fetal growth restriction, and 15%
of preterm births in developed countries." Observational data
suggest a link between low 25-hydroxyvitamin D (25(OH) D)
levels — the best measure of vitamin D status in humans —
and an increased risk of adverse pregnancy outcomes such as
gestational diabetes, preeclampsia, infections, caesarean section,
and fetal growth restriction.!"”

Vitamin D has direct influence on molecular pathways proposed to
be important in the pathogenesis of preeclampsia. Epidemiological
studies have reported high incidence of pre-eclampsia in antenatal
mothers that have disturbed calcium homeostasis.! In the present
study we have seen the effect of vitamin D supplementation and
magnesium sulfate on calcium homeostasis in normal healthy
pregnant and pre-eclamptic patients. We found a significant
decrease in total calcium, ionized calcium and uric acid in both
group I (calcium supplemented) and group II (calcium and
vitamin D supplemented) subjects after giving magnesium sulfate.
However, magnesium showed a significant increase in both the
groups. Halhali e7 a/. reported that with pre-eclampsia circulating
levels of total and ionized calcium are significantly lower as
compared to controls. No difference was observed in total and
ionized magnesium and inorganic phosphorous. Magnesium sulfate
treatment resulted in significant decrease in total and ionized
calcium.?”

Mean serum total calcium and ionized calcium levels in pre-
eclamptic women were lower than in normal pregnant women.
Some improvement was observed in the vitamin D supplemented
group but the increase was not significant. The data supported the
hypothesis that calcium might be a cause in the development of
preeclampsia. The effect of serum calcium changes in blood pressure
could be explained by the level of intracellular concentration of
calcium. The increase in intracellular calcium concentration when
serum calcium went lower led to constriction of smooth muscles
in blood vessels and increase of vascular resistance. The present
finding is similar to the previous studies.”*? Women with pre-
eclampsia have lower urinary calcium excretion, lower ionized
calcium levels, higher PTH levels, and lower 1,25(OH),D levels,
compared with normotensive pregnant control subjects. Low
plasma calcium levels induce several common mechanisms that
are associated with hypertension, such as increasing renal renin
and PTH levels.” It is thought that placental defects that cause
decreased synthesis of active vitamin D could be a key event in
the development of this disease by contributing to decreased
calcium levels.?" Atallah e a/. found that calcium supplementation
produces modest blood pressure reduction in pregnant women who
are at risk for hypertensive disorder of pregnancy and in women
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Parameters Before After
Control versus Control versus  Group-l versus Control versus Control versus  Group-l versus

Group-l Group-ll Group-ll Group-l Group-ll Group-ll
Total calcium 0.0012* 0.0002* 0.675 0.0001* 0.0001* 0.0001*
lonized calcium 0.025* 0.13 0.450 <0.0001* 0.0001* 0.050*
Phosphorous 0.001* 0.62 0.0002* <0.0001* 0.085 0.0001*
Magnesium 0.21 0.23 0.062 <0.0001* 0.0001* 0.0002*
Albumin 0.006* 0.005* 0.082 <0.0001* <0.0001* 0.0276*
Alkaline phosphatase 0.23 0.358 0.58 0.46 0.3682 0.744
Creatinine 0.36 0.128 0.44 1.0 0.029* 0.0527
Uric acid 0.001* 0.0001* 0.002* <0.0001* <0.0001* 0.0001*

*P < 0.05 (statistically significant)

1A recent study in 274 pregnant

with low dietary calcium intake.
women showed that vitamin D deficiency at or before week 22 of
gestation was an independent predictor of pre-eclampsia and low
vitamin D status in the neonate. Patients with 25(OH) D levels
<15 ng/mL had a 5-fold increase in the risk of pre-eclampsia,
despite receiving prenatal vitamins.!

Significant increase in phosphorous was observed in pre-eclamptic
group as compared to control, but this increase was more in group
I as compared to group IL It is known that several factors such as
vitamin D, Ca**, Mg**, and catecholamines etc., influence secretion
of PTH, which in turn regulates activity of 1o-hydroxylase in
kidney thereby, regulating the synthesis of vitamin D.P Fall in
calcium increases PTH in kidney, decreases absorption of phosphate
and increases its excretion which in turn decreases phosphate
concentration in the body.”” Increase in calcium and decrease in
phosphorous as seen in group II suggests that calcium phosphorous

product remains unaltered.

The mean magnesium levels in pre-eclamptic women were
lower than normal pregnant women but it was not statistically
significant. Hypomagnesemia in pregnant women is associated with
hemodilution, renal clearance during pregnancy and consumption
of minerals by the growing fetus.’ Previous studies reported a
relationship between hypomagnesemia and pregnancy induced
hypertension. They proposed that magnesium promoted vascular
muscle relaxation. Magnesium levels may have significant effects on
cardiac excitability and on vascular tone, contractility and reactivity.*
Kister ez al. observed that plasma and intracellular magnesium
concentrations were significantly lower in healthy pregnant and
pre-eclamptic group as compared to non-pregnant healthy females.
In erythrocyte membranes, magnesium content was significantly
decreased in the pre-eclamptic women as compared to healthy
subjects®!

Significant decrease in albumin and increase in serum uric acid
levels was seen in pre-eclamptic as compared to controls. Vitamin
D supplemented group showed non-significant improvement in
albumin and significant improvement in uric acid levels. Our results
are similar to previous studies."®*" The increase in serum uric acid has

been primarily secondary to reduced renal urate clearance because of

renal dysfunction. The elevation of uric acid in pre-eclamptic women
often precedes hypertension and proteinuria.l'¥ Uric acid is not only
the marker for severity but also plays a role in pathogenesis. Mazzali
et al. demonstrated that inhibiting the activity of uricase in rat leads
to development of hypertension and renal renal changes including
afferent arteriolopathy, mild tubulointerstitial fibrosis, glomerular
hypertrophy and eventually glomerulosclerosis with subsequent
albuminuria and proteinuria,’"! these changes were mediated by
stimulation of renin angiotensin system and inhibition of nitric
oxide synthase. Soluble uric acid impairs nitric oxide generation
in endothelial cells. Thus, hyperuricemia can induce endothelial

dysfunction.

CONCLUSIONS

The present study proved that pre-eclampsia is associated with
alteration in calcium metabolism and glomerular filtration. Though,
we studied the effect of vitamin D on calcium metabolism during
pregnancy, the limitation of our study was that vitamin D levels
could not be estimated as facilities for its estimation were not
available in our institution. Vitamin D supplementation in early
pregnancy improves the calcium status and reduces the severity
of preeclampsia. Further studies are needed to determine the
serum vitamin D levels and the degree of supplementation that is
required to optimize maternal and fetal outcomes. However, because
vitamin D supplementation is simple and cost-effective with a low
likelihood of toxicity, and has a beneficial effect in preeclampsia,
we recommend supplementation in all pregnant women to maintain
normal serum levels of 25(OH) D.

Ethical considerations

The present study was approved by the Ethical Committee of
MMIMSR. The approval was on the agreement that patient
anonymity must be maintained, good laboratory practice, quality
control ensured, and that every finding would be treated with utmost
confidentiality and for the purpose of this research only. All work
was performed according to the International Guidelines for Human
Experimentation in Biomedical Research.?3 Approval was obtained

from the subjects by taking the informed consent.
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