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ABSTRACT
Aim: The role of vitamin D has been studied in growth and reproduction, carcinomas, psoriasis etc. Even in preeclampsia
aberration in calcium homeostasis was found to be associated with decreased calcitriol levels. In present study, we
investigated the role of vitamin D supplementation in regulation of calcium homeostasis and prevention of preeclampsia.
Methods: The study comprised of 200 primigravidae, out of which 100 were managed with routine antenatal protocol
(control group) while other 100 women received supplemental vitamin D (60,000 IU, every fortnight) along with routine
antenatal protocol (study group) from 28±1 week till 36±1 week of gestation. Serum and urinary parameters of calcium
homeostasis were estimated in both the groups and “Odds Ratio” was calculated to know the relative risk of preeclampsia.
Results: The incidence of preeclampsia was found to be 10% in Control group and 4% in the Study group. The Odds Ratio for
Preeclampsia was found to be 0.375 (95% confidence interval - 0.114-1.24) in Study group. Significant increase in serum and
urinary calcium level (p<0.001) and decrease in serum phosphorus level (p<0.01) was observed in study group at 36 week.
The urinary calcium/creatinine ratio was found to be significantly increased in study group (p<0.001) and a negative
correlation was observed between blood pressure and urinary calcium/creatinine ratio in study group at 36 week.
Conclusion: It is suggested that vitamin D supplementation during the third trimester of pregnancy, is efficacious in
reducing the risk of preeclampsia by increasing therapeutic effectiveness of calcium supplementation in pregnant women.
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INTRODUCTION
Preeclampsia is a leading cause of maternal
mortality throughout the world and is
associated with perinatal morbidity and
mortality. It is defined as the development of
hypertension (blood pressure over 140/90) and
proteinuria during the second half of gestation
and it complicates 3-7% of normal
pregnancies1.It has been suggested that vitamin
D plays a role in blood pressure regulation.
Receptors for 1, 25-dihydroxyvitamin D
(calcitriol) have been found in target tissues that
regulate blood pressure2. There are also
indications that both hypocalcemia and
hypercalcemia affect blood pressure and in both
cases, vitamin D metabolism is involved3.

It has been observed that decreased calcitriol
levels during preeclampsia impair intestinal
calcium absorption leading to hypocalcemia. As
a compensatory mechanism there is increase in
tubular reabsorption of calcium and it leads to
hypocalciuria during preeclampsia4. It has been
reported
that
hypocalciuria
predicts
preeclampsia long before clinical manifestation
exist5. 24- hour urinary calcium excretion and
calcium-creatinine ratio are reliable screening
parameter of preeclampsia6. Further, it has
been observed that calcium supplementation
alone during pregnancy does not prevent
preeclampsia but a combined therapy of
calcium and vitamin D3 has been found to be
more efficacious7.
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A tendency towards a lower level of 1, 25
dihydroxy Vitamin D has been reported in
preeclampsia8. The low level of active vitamin D
is due to the reduced amount of 1-alpha
hydroxylase. This enzyme is located in kidney
and placenta and both of which are known to
be affected in Pregnancy Induced Hypertension
(PIH) 9. The pathogenesis of preeclampsia also
involves other biological processes that may be
directly or indirectly affected by vitamin D,
including immune dysfunction, placental
implantation, abnormal angiogenesis, excessive
inflammation, and hypertension10. So, Vitamin
D has been hypothesized to influence
preeclampsia risk. The search for an effective
preventive therapy has therefore been a major
focus of obstetrical investigation.
Thus, the present study was undertaken to
assess the role of vitamin D supplementation in
prevention of preeclampsia.
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MATERIALS AND METHODS
This was longitudinal prospective, case
controlled study conducted in the Department
of Biochemistry, in collaboration with the
Department of Obstetrics and Gynaecology, Pt.
B.D. Sharma PGIMS, Rohtak. Two hundred
primigravidae attending antenatal clinic of the
Department of Obstetrics and Gynecology were
selected for the study after a written and
informed consent as per Declaration of
Helsinki11. The study was approved by the
Institutional Ethical Committee.
The selection criteria included women with
singleton pregnancy, below 35 years of age,
28±1 weeks of gestation with normal blood
pressure. Women with multiple pregnancy,
essential and chronic hypertension, preexisting
renal disease, diabetes mellitus and elderly
primigravida (age >35 years) were excluded
from the study. The women fulfilling the
required criteria were randomly divided into
two groups without any selection bias.
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One hundred pregnant women selected in the
control group were managed with the
conventional antenatal care (supplementation
of calcium, 1000 mg and iron, 40 mg from
second trimester of pregnancy) and another
one hundred pregnant women in the study
group, were supplemented with vitamin D
along with conventional antenatal care. Vitamin
D was given as oral supplementation (in the
form of sachets dissolved in milk), in doses of
60,000 IU once in every two weeks, orally, after
28 week up to 36 week12.
All the women were thoroughly examined;
blood and 24 hour urine were collected.
Samples were collected at the time of
enrollment (28 ± 1 weeks) and at 36 ± 1 weeks
of gestation. All precautions were followed as
per Clinical Laboratory Standard Institute (CLSI)
guidelines13. Blood sample was collected in
commercially available plain vial. Sample was
allowed to clot and then centrifuged at 3000
rpm for 10 minutes. Serum was separated and
analysed immediately. 24 hour urine sample
was collected in a sterile container on the same
day. Urine was acidified with 6N Hydrochloric
acid before measurement of urinary calcium.
Presence of albuminuria was assessed by a
semiquantitative method using albustix
(Siemens health care).
During the follow up period (28th to 36th week),
subjects were followed up for development of
any signs of preeclampsia (increase in blood
pressure, albuminuria, excessive weight gain
during routine antenatal visits). Blood samples
collected were used for estimation of serum
calcium and phosphorus. 24 hour Urine was
evaluated for urinary calcium and creatinine
and urinary calcium to creatinine ratio was
calculated to assess the role of kidneys in
regulation of calcium homeostasis in Pregnancy
Induced Hypertension (PIH).
All serum and urinary parameters were
performed on fully automated Random Access
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Analyzer (KONELAB 30, Thermo scientific).
Serum and urinary calcium were measured
using Arsenazo III method using commercial kits
from Randox Laboratories. Serum phosphorus
was measured by using commercial kits from
Siemens Diagnostics. 24 hour Urinary creatinine
was measured by Jaffe’s reaction.
The levels of serum and urinary biochemical
parameters were compared between the study
and control group by unpaired t test. For paired
samples, Wilcoxon-signed rank test was used.
The observed values for these parameters of
calcium homeostasis were correlated to the
maternal sign of preeclampsia i.e. blood
pressure using Pearson’s correlation coefficient.
P < 0.05 was considered significant. The
statistical analysis was carried out using
Statistical Package for the Social Sciences (SPSS)
analytical software, version 18+.

RESULTS
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± 0.76 years in the study group. This difference
in age was not statistically significant, indicating
that the women were age matched. All the
antenatal females selected were normotensive
at 28 ±1 weeks.
At 36 weeks, ten subjects were found to have
blood pressure >140/90mmHg in the control
group, whereas only four subjects in study
group had blood pressure > 140/90 mm Hg.
Mean systolic blood pressure in the control
group at 36 ±1 week was 129.1±0.88mmHg and
at 28±1 week was 121.9±0.92mmHg. This rise in
mean systolic blood pressure in the control
group was statistically significant. The mean
systolic blood pressure in the study group was
120.2 ± 0.83 mmHg at 28±1 weeks and 122 ±
0.73 mmHg at 36±1 weeks and the difference
was not found to be significant (p>0.05). Mean
diastolic blood pressure remained unaltered at
gestation age of 36 weeks with or without
vitamin D supplementation (Table 1).

Mean age group of the women selected in the
control group was 19.75 ± 0.52 years and 20.35
Table 1: Comparison of Blood Pressure between the two groups at 28 and 36 weeks
Parameter
Control group (n=100) Mean ±SE
Study group ( n=100) Mean ± SE
28 week
36 week
28 week
36 week
Systolic BP(mmHg)
121.9 ± 0.92 129.1 ± 0.88*
120.2 ± 0.83
122.0 ± 0.73**
Diastolic BP (mmHg)
78.1 ± 0.69
80.2 ± 0.73
77.4 ± 0.55
78.7 ± 0.55

At 28±1 weeks, albuminuria was nil/trace in
both groups. At 36 ± 1 weeks, albuminuria was
present in the “++” range (~ 100mg/dl) in seven
primigravidae and “+++”(~ 300 mg/dl) in three
primigravidae in the control group. In the study
group albuminuria was “++” in four
primigravidae who also demonstrated the
presence of high blood pressure at 36±1 week.
Thus, it has been observed that the incidence of
preeclampsia was 10% in the control group at

36±1 week and 4% in vitamin D supplemented
group. The relative risk for preeclampsia
development was found to be 0.375 (95%
confidence interval= 0.114-1.24) in study group
and 2.67(95% CI 3.89 - 1.67) in control group.
A comparative analysis of 200 subjects in
control and study group for serum and urinary
biochemical parameters at 28 & 36 week are
shown in Table 2 with significant p values.
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* p value < 0.001 with the corresponding group at 28 week
**p value < 0.001 when compared with the control group at 36 week
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Table 2: Comparison of Biochemical Parameters in two groups at 28 and 36 week
Parameter
Control Group (n=100)
Study group (n=100)
Mean ±SE
Mean ±SE
Serum calcium(mg/dl)
Serum Phosphorus(mg/dl)
24 hr Urinary Calcium(mg/day)
24 hr Urinary Creatinine(mg/day)
Calcium/Creatinine ratio

At 28 week
8.75±0.065
3.51±0.46
147.7±4.15
1465.2±2.23
0.1±0.001

At 36 week
8.6±0.056*
3.63±0.41
138.9±4.03#
1501.7±2.38#
0.09±0.009#

At 28 week
8.57±0.031
3.57±0.30
147.8±3.20
1481.9±2.28
0.09±0.009

At 36 week
9.33±0.056*,**
3.06±0.48*,**
168±3.43#,**
1484±2.01
0.12±0.012#,**

#
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*p value < 0.05, p value <0.01 with the corresponding group at 28 week
** p value < 0.001 when compared with the control group at 36 week

At 28±1 week there is no significant difference
observed in serum and urinary parameters. Rise
in mean serum calcium level and decrease in
serum phosphorus in study group after vitamin
D supplementation was statistically significant
within the corresponding group (p<0.05) and
also in comparison with the control group at
36±1 wk (p<0.001). Increased serum calcium
along with decrease in serum phosphorus
resulted into same calcium phosphorus product
during the entire study period. A significant
negative correlation was observed between
serum calcium and blood pressure. When
vitamin D was added to the routine protocol,
rise in mean serum calcium level with a nonsignificant change in blood pressure was seen at
36 ± 1 weeks. (r=-0.214, p<0.05).
In the study group, a significant rise in mean
24hr urinary calcium was seen when compared
within the corresponding group (p<.01) and in
comparison to the control group at 36 ± 1 week
(<0.001). In control group, decrease in 24 hr
urinary calcium was observed at 36 week in
comparison to the mean value of 24 hour
urinary calcium at 28 ± 1 week(<0.001). An
increase in 24hr urinary creatinine was seen in
control group at 36 ± 1 weeks in comparison to
the study group but this difference was not
significant statistically.
Significantly high urinary calcium to creatinine
ratio was observed in study group as compared

to control group at 36th week of gestation.
When compared within the groups, a significant
decrease in ratio was observed with increase in
gestation in the control group (p<0.001) and it
was found to be negatively correlated with
blood pressure (r-0.677, p<0.001). In the study
group, observed ratio increased as gestation
period advanced, whereas blood pressure
remained unaffected or decreased. This inverse
relationship of urinary calcium to creatinine
ratio with blood pressure after supplementation
of vitamin D was statistically significant (r-0.342,
p<0.001).

DISCUSSION
Epidemiological studies have reported high
incidence of preeclampsia in antenatal women
having disturbed calcium homeostasis14. Since
Vitamin D is one of the hormones involved in
regulation of calcium, the present study
evaluated the effect of vitamin D
supplementation on calcium homeostasis after
28 week of gestation and its effect on blood
pressure and calcium homeostasis in pregnancy
at 36 weeks.
In the present study, all women were
normotensive at 28 weeks. However, at 36
weeks high blood pressure was found to
complicate 4% of pregnancies in Vitamin D
supplemented group in comparison to 10% in
the control group. These findings are in
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accordance with Ito et al, who reported the
incidence of Pregnancy Induced Hypertension
(PIH) 10.9% when vitamin D3 was
supplemented with calcium in comparison to
the incidence of 16.9% found in the control
group. It has been suggested that vitamin D
increases the therapeutic effectiveness of
calcium supplementation and combination of
vitamin D and calcium will be more efficacious
in reducing the incidence of PIH than calcium
alone7. The relationship between blood
pressure and vitamin D supplementation in
pregnancy has not been studied extensively.
However, a study carried out by pfeifer et al 15,
concluded that combined oral supplementation
of vitamin D and calcium lowered the systolic
blood pressure in hypertensive women. Also, in
various hypertensive rat models oral vitamin D
supplementation helped in reducing blood
pressure and also inhibited rennin expression1617
. Kaur et al, in another study found that
supplementation of vitamin D in 60,000 IU
during 6th and 7th month of pregnancy increases
protein, DNA and RNA content of placenta and
improved the placental growth18. It has been
known that placenta expresses 1- alpha
hydroxylase, required in vitamin D metabolism.
A relative risk of 0.375 with CI of 0.114-1.24 has
been observed in the study group. In another
study a 27% reduction in risk of pre-eclampsia
has been observed after vitamin D
supplementation in nulliparous women with
odds ratio of 0.73 (95% confidence interval =
0.58-0.92) 19.
In the present study, the incidence and severity
of albuminuria at 36±1 weeks, was higher in
control group (10%) as compared to the vitamin
D supplemented primigravidae (4%). Various
recent studies have demonstrated a negative
association between albuminuria and Vitamin D
levels20, 21. Though Vitamin D levels were not
analysed in the present study, nonetheless, it
can
be
assumed
that
Vitamin
D
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supplementation in the study group probably
resulted in lower incidence and severity of
albuminuria in this group. Recent studies have
also demonstrated the reno-protective effects
of Vitamin D analogs22.
In the vitamin D supplemented group a
significant increase in serum calcium and a
significant decrease in serum phosphate was
observed at 36 ± 1 week. These changes can be
attributed to the known effects of vitamin D on
kidneys and intestine leading to increased
calcium levels and decreased phosphate levels.
1,25 (OH)2 vitamin D acts on the intestine and
increases the absorption of calcium by inducing
the synthesis of protein calbindin 9K-D and
increases the serum calcium23. Calcium
regulating hormone in kidney decreases the
absorption of phosphate and increases its
excretion. One of the targets for Vitamin D is
bone. When serum calcium is low, it increases
osteoclastic activity and stimulates the process
of demineralization. In PIH demineralization
occurs at a faster rate thus Vitamin D may
additionally help in restoring the process of
mineralization in pregnant females destined to
develop PIH.
In the present study, a significant negative
correlation was observed between serum
Calcium levels and blood pressure.
Our results are in accordance with the findings
of meta-analysis done by Bucher et al in which
they found an inverse relationship between
blood pressure and calcium supplementation24.
It has been reported that calcium regulating
hormones affect vascular smooth muscle cell.
This reduces intracellular ionized calcium and
improves the ability of vascular smooth muscle
cell to extrude calcium. This in turn decreases
the release of rennin and diminishes response
to pressor stimuli in pregnant women destined
to develop PIH25. Direct effect of Vitamin D on
rennin angiotensin system has also been
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observed. Vitamin D receptor decreases the
expression of gene encoding for rennin26.
Taufield et al have suggested calcium excretion
a better parameter to assess the incidence of
PIH compared to other serum parameters27. In
the present study, a significant rise in mean 24
hour urinary calcium and urine calcium
/creatinine ratio was seen in Vitamin D
supplemented group in comparison to control
group. Suarez et al assessed the efficacy of
calciuria as a diagnostic test for prediction of
preeclampsia. The sensitivity was 80%,
specificity 64.8%, positive predictive value
38.7%, negative predictive value 92.1% and the
relative risk was 4.928.
Urinary calcium represents a balance between
glomerular filteration and tubular reabsorption.
After vitamin D supplementation in the present
study, increased urinary calcium maybe because
of raised levels of serum calcium. This increased
filtered load of calcium overrides the effect of
PTH on tubular reabsorption of calcium.
Rodriguez et al, suggested if calcium creatinine
ratio <0.04 at 24-34 week in asymptomatic
primigravida chances of development of PIH at
term increased 29. In the present study, it has
been observed that 18% of subjects in the
control group at 36±1week have calcium to
creatinine ratio<0.05 and the incidence of PIH
was 10%. After vitamin D supplementation, only
6% subjects have calcium to creatinine ratio
<0.05 at 36 ±1weeks and incidence of PIH was
4%.

Page

149

CONCLUSIONS
The investigations support the view that most
of the pregnant women prone to develop PIH
may have altered calcium homeostasis due to
undetected
decreased
Vitamin
D.
Administration of Vitamin D in doses of 33000
IU during the third trimester of pregnancy may
show efficacious in reducing the incidence of
PIH.
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However, future research is necessary to
identify women who stand to benefit most from
Vitamin D supplementation during pregnancy. It
would be more appropriate to include
determination of Vitamin D levels in antenatal
protocol before supplementation as it would
avoid the side effects related to unnecessary
treatment with Vitamin D.
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