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Abstract

Background: Pre-eclampsia and eclampsia have remained a major global public health
threat in contributing significantly to maternal and perinatal morbidity and mortality. Based on
the inverse relationship between serum 1,25(0OH)2D3 levels and plasma renin activity found
previously, it is speculated that 1,25(0OH)2D3 might be a negative endocrine regulator of renin
production in vivo. During pregnancy, vitamin D may play a role in implantation and placental
function potentially due to angiogenic, immunomodulatory, and antiinflammatory effects. Vitamin D
deficiency can affect the health of both mother and fetus by increasing the production of
inflammatory cytokines and stimulating the activity of T-regulating cells. Vitamin D is emerging
as a promising agent for pre-eclampsia prevention.

Aims and objectives: The objective of this study is to compare the vitamin D levels in pre-
eclamptic and healthy non-pre-eclamptic pregnant women in labor and find out the relationship
between vitamin D levels and pre-eclampsia.

Methodology: The present cross-sectional study was carried out on pregnant women with
pre-eclampsia in labor. For each case with pre-eclampsia, one uncomplicated, normotensive
pregnant woman in labor was taken as control. On admission to the labor room detailed history,
physical examination followed by thorough obstetrics and systemic examination was done.
Required investigations were done including vitamin D and calcium levels. Maternal and fetal
condition was monitored during labor/cesarean section, mode of delivery, maternal and fetal
outcomes were recorded. After delivery, 2cc of cord blood was collected in a serum tube and
sent for vitamin D levels. Data was collected and analyzed statistically using Epi-info version 7.1.

Results: It was observed that the patients in both groups were comparable with respect to
demographic and obstetrics characteristics except for significantly high BP in group I. Vitamin D
deficiency (i.e. < 20 ng/ml) was significantly more in group | as compared to group Il and the
difference was highly significant (p < 0.0001). Similarly, the mean maternal calcium levels were
significantly lower in group | in comparison to group Il (p < 0.0001) i.e. the mean maternal calcium
level in group | and group Il were 8.03 + 0.94 and 9.19 + 0.67 respectively. It was also observed
that the level of 25-OH-D in neonates of preeclamptic women was significantly lower than for
those of the normal pregnant women (p < 0.0001).

Conclusion: Vitamin D deficiency is highly prevalent in all parts of the world. Pregnant
women and neonates are highly vulnerable to vitamin D deficiency. Preeclampsia is indeed
associated with lower vitamin D levels and the pathophysiology of pre-eclampsia involves
vitamin D and calcium metabolism through their role in immunomodulation, angiogenesis and
anti-inflammatory effects. From the present study, it was observed that vitamin D and calcium
levels were significantly lowered in women with pre-eclampsia as compared to those of the
normotensive pregnant women. So early detection of vitamin D and calcium deficiencies may be
helpful in preventing occurrence of PET and its complications.
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Introduction

Pre-eclampsia (PE) is a pregnancy-specific syndrome,
affecting many bodily systems, characterized by high
blood pressure which develops after 20 weeks of gestation,
complicating 2% - 8% of pregnancies and increasing maternal
and fetal mortality and morbidity [1]. Pre-eclampsia and
eclampsia have remained a major global public health
threat in contributing significantly to maternal and perinatal
morbidity and mortality [2]. According to a study in 2014, the
global incidence of pre-eclampsia and eclampsia was 2.16%
and 0.28%, respectively. Corresponding figures in India are
1.97% and 0.43%, respectively [3]. Pre-eclampsia can lead to
eclampsia, which can put the mother and her fetus at risk of
death [5].

During pregnancy, vitamin D may play a role in
implantation and placental function potentially due to
angiogenic, immunomodulatory, and antiinflammatory effects
[2]. Vitamin D deficiency is highly prevalent in women
of reproductive age and in pregnant mothers. Vitamin D
deficiency can affect the health of both mother and fetus by
increasing the production of inflammatory cytokines and
stimulating the activity of T-regulating cells. It results in poor
bone mineralization in infants, low birth weight, and other
adverse pregnancy outcomes [8].

The rennin-angiotensin system (RAS) is a regulatory
cascade that plays an essential role in the regulation of blood
pressure, electrolyte and volume homeostasis. Inappropriate
stimulation of the RAS has been associated with hypertension
[4]. Animal and human studies suggest that vitamin D
deficiency may increase activity of the rennin-angiotensin
system. Individuals with low 25(0H)D levels have increased
systemic and kidney specific RAS activation, whereas
hypertensive individuals with polymorphisms in the vitamin
D receptor also have increased RAS activation [4-7].

The role of vitamin D in pre-eclampsia is related to the
effect of vitamin D on renin-angiotensin system (RAS). Vitamin
D is a negative endocrine regulator of RAS, which suppresses
renin gene expression. Therefore, serum vitamin D levels are
inversely associated with blood pressure and renin activity
[22]. Pre-eclampsia is thought to originate in early pregnancy
when the maternal immune system limits placental invasion
in mothers vulnerable to cardiovascular diseases. Calcitriol
can be considered a pregnancy supporting factor that could
work through several mechanisms to reduce pre-eclampsia
risk including a direct influence of calcitriol on implantation,
placental invasion and angiogenesis.

Vitamin D is emerging as a promising agent for pre-
eclampsia prevention. Several studies have demonstrated an
association between higher 25-hydroxy vitamin D (25[OH]D)
levels in pregnancy and reduced risk of preeclampsia,
especially severe preeclampsia [4,8]. Compared to normal
pregnancies, vitamin D metabolism is markedly altered in
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preeclampsia. This may be due to reduced placental 1-alfa
hydroxylase activity resulting in lower circulating calcitriol
concentrations compared to normotensive or chronically
hypertensive pregnant women [20].

US Endocrine Society has defined vitamin D levels as
follows:

Deficiency < 20 ng/ml (50 nmol/L)
Insufficiency 21 - 29 ng/ml (52.5 - 72.5 nmol/L)
Sufficiency > 30 ng/ml (65 nmol/L)

Toxicity > 150 ng/ml

(ng/ml x 2.5 = nmol/1)

To our knowledge, there is no published data in the
population of Himachal Pradesh, northern India regarding
vitamin D levels in preeclamptic and healthy normotensive
pregnant women. The objective of this study is to determine
vitamin D status, based on the serum 25(0H)D concentrations
in pregnant women with pre-eclampsia and compare it with
that of healthy pregnant controls.

Aims and objectives

The objective of this study is to compare the vitamin D levels
in pre-eclamptic and healthy non-pre-eclamptic pregnant
women in labor and find out the relationship between vitamin
D levels and pre-eclampsia.

Material and methods

The present cross-sectional study was carried out in the
Department of Obstetrics and Gynaecology, Dr. Rajendra
Prasad Government Medical College, Kangra at Tanda,
(H.P.) on pregnant women with pre-eclampsia in labor after
the approval from the institutional ethical committee and
protocol review committee. For each case with pre-eclampsia,
one uncomplicated, normotensive pregnant woman in labor
was taken as control. Both the groups were matched for
demographic data (age, parity, period of gestation, BMI).

International Society for the study of Hypertension in
Pregnancy (ISSHP) defines pre-eclampsia as: BP >/140/90
mmHg after 20 weeks of gestation and the existence of one or
more of the following conditions: proteinuria >/1+ dipstick,
other maternal organ dysfunction: (renal, liver neurological
and hematological complications) and uteroplacental
dysfunction during pregnancy [5]. They were grouped into two
groups, group I (100 women presenting with preeclampsia
with systolic BP of 140 mmHg or higher, and or diastolic BP
of 90 mmHg or higher on two occasions 4 hours apart with
proteinuria) and group II (100 healthy normotensive pregnant
women with comparable demographic characteristics).

Inclusion criteria: A singleton pregnancy with pre-
eclampsia in labor, Healthy normotensive singleton pregnant
women as control.

www.obstetricgynecoljournal.com m



To compare serum Vitamin D status in pre-eclamptic and non-preeclamptic pregnant women in labour: A tertiary care centre study of Northern

India

Exclusion criteria: History of chronic medical disorder
(pre-existing diabetes mellitus, chronic hypertension),
intestinal malabsorption, any evidence of liver, kidney, or
gastrointestinal diseases. The use of medications that affect
serum vitamin D level e.g. anticonvulsants, antituberculosis
drugs.

On admission to the labor room, detailed history including
obstetric history, menstrual history, POG, past history, medical
history, surgical history, history of allergy to drugs was
taken followed by thorough examination. General physical
examination of the patient as per protocol was carried out
followed by a thorough systemic examination to rule out any
systemic disease. Detailed obstetric examination including
abdominal, per speculum and per vaginum examination
was done and the required investigations were done. Blood
sample was taken in a serum test tube and sent for vitamin D
and calcium levels along with other investigations.

Antihypertensive and seizure prophylaxis if required were
given as per the institutional protocols. After stabilization,
the patients were planned for the mode of termination of
pregnancy which was decided as per indication. i.e induction/
augmentation of labour/cesarean section.

Maternal and fetal conditions were monitored during
labor/cesarean section, mode of delivery (vaginal/cesarean
section), maternal and fetal outcome were recorded. After
delivery, 2cc of cord blood sample was taken in a sterile tube
and sent for vitamin D levels. Patient was monitored in the
postpartum or post-operative period as per institutional
protocol. The samples were sent to the biochemistry
laboratory. Quantification of serum 25(0OH)D was performed
using a commercial enzyme-linked immunosorbent assay.

Statistical analysis

Results obtained were analyzed statistically using Epi-info
version 7.1 and Microsoft Excel.

Observations

The participants were divided into two groups, group I
(100 women presenting with preeclampsia in labor) group II
(100 healthy normotensive pregnant women with comparable
demographic characteristics) and the study was conducted
w.e.f January 2018 to January 2019. Following observations
were made:

Table 1 shows the mean age of group I and group II was
26.79 = 4.35 years and 26.04 + 3.05 years respectively.
Majority of the patients (41%) were in the age-group of 21-
25 years group followed by 26-30 years (39%). More than
90% of women in both groups were booked (97% in group
I and 94% in group II). As this institute mainly caters to the
rural population. So, the majority of patients in the two groups
belonged to rural area i.e. 88% in group I and 86% in group
II. It was observed that 82% of women in group I and 64% of
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Table 1: Baseline demographic and obstetrics characteristics. N = 200.

Group | Group Il
(pre eclamptic) | (healthynormotensive) p value
N =100 N =100
Mean age 26.79 + 4.35 years 26.04 + 3.05 years 1.000
BMI 22.69 + 3.08 22.31£2.96 0.32
Booking status % of
booked/unbooked 9713 94/ 0.495
H H 0,
Residential % of 88/12 86/14 0.833
Rural/urban
Mean POG 37.80 £ 2.17 weeks 38.06 + 1.89 weeks 0.309
Mean systolic 162.30 + 12.34 115.40 + 5.46 <0.0001
BP mmHg
Mean diastolic BP 102.52 + 8.51 71.18 £ 4.41 <0.0001
mmHg

women in group II belonged to the lower middle class. Only
3% of patients in each in the group were below the poverty
line. The difference regarding socioeconomic status was
statistically significant (p = 0.011).

Regarding the education status of patients, majority of
patientsi.e. 45% in group I and 60% in group Il were educated
upto 12% standard. None of the women in both groups was
illiterate. In group I, 4% of patients and in group 11, 7% patients
were underweight (BMI < 18.5) and 16% in group I, and 10%
in group Il were overweight (BMI 25-29.9). BMI distribution
was comparable between 2 groups (p = 0.32).

In group I, 65% of patients and in group 11, 69% of patients
were with zero parity. None of the patients in both the groups
was para 5 or above. Majority of the women were full-term
with period of gestation = 37 weeks (73% in each group) and
27% of women in each group had premature gestation. In
group I, 6% and in group II, only 2% of women had a period
of gestation between 31 weeks to 31 weeks 6 days. The
difference was not statistically significant (p = 0.309).

The mean systolic blood pressure in group [ and in group
II was 162.30 + 12.34 and 115.40 + 5.46 respectively and the
mean diastolic blood pressure in group I and group Il was
102.52 +8.51 and 71.18 + 4.41 respectively We observed that
mean systolic as well diastolic blood pressure at the time to
admission was significantly higher in group I in comparison
to group II (p < 0.0001)

In the present study, none of the women in group I had
normal vitamin D levels (i.e. > 30 ng/ml) whereas, 27% of
women in the control group had normal vitamin D levels and
the difference was highly significant (p = 0.0001). The mean
vitamin D level in group I and in group II were 8.87 + 4.66
(vitamin D deficient) and 25.83 + 7.07 (vitamin D insufficient)
respectively and were significantly lower in group I in
comparison to group Il (p < 0.0001). Vitamin D deficiency
(i.e. <20 ng/ml) was significantly more in group I as compared
to group Il (p <0.0001) as out of 100 women in the group I, 97
women had vitamin D deficiency whereas in group II only 25
out of 100 women had vitamin D deficiency. It was observed
that in pregnant women with pre-eclampsia, vitamin D levels
were significantly lower as compared to healthy normotensive
pregnant women.
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The mean maternal calcium level in group I and group II
was 8.03 * 0.94 mg/dl and 9.19 * 0.67 mg/dl respectively.
We observed that mean maternal calcium levels were signi-
ficantly lower in group I in comparison to group II (p = 0.0001)
(Table 2).

Induction of labor was done in 53% of patients of group |,
whereas only 10% of women in group Il had induction of
labour. As shown in Figure 1, significantly more number of
women in the control group (i.e.89%) had normal vaginal
delivery as compared to the women in the study group
(i.e.48%). In contrast, the incidence of operative delivery was
much higher in the study group as compared to the control
group, i.e. 52% and 11% respectively. None of the patients
had operative vaginal delivery in group II while 3 patients in
group I had an operative vaginal delivery.

In the present study, 86 out of 100 women in group II and
only one-third (i.e. 32 women) in group I had birth weight >
2.5kg. In the pre-eclamptic group, 61 out of 100 newborns had
birth weight between 1.5-2.5 kg whereas only 12 newborns in
the control group had birth weight between 1.5-2.5 kg. There
was no neonatal mortality in the present study. In group I,
7% of neonates had birth weight < 1.5 kg whereas only 2% of
neonates in group Il were low birth weight. In group I, 20%
of neonates were admitted to NICU for more than 24 hours
whereas in group Il only 2% of neonates had NICU admission.

Table 2: Maternal vitamin d and calcium levels. N = 200.
Group | Group Il

(healthy normotensive)
N =100

(pre eclamptic)
N =100

p value

Vitamin D levels (ng/ml) | No. of cases & % No. of cases %
<=20 97 97 25 25
21-30 3 3 48 48
0.0001
>30 0 0 27 27
Mean 8.87 + 4.66 25.83+7.07
Calcium levels (mg/dl)
<85 70 70 12 12
8.5-11.0 29 29 88 88
< 0.0001
>11.0 1 1 0 0
Mean + SD 8.03 £ 0.94 9.19+0.67
90% -
80% -
70% /
60%
50% - H Group |
40% - | | Group 1l
30% /
20% -

10% -

[ == |

Operative vaginal

0%

Normal Vaginal ~ Cesarean Section
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Table 3 shows the cord blood vitamin D levels in both
groups.

The mean cord blood vitamin D level of group I and group
Il was 6.99 = 2.45 (vitamin D deficient) and 21.93 * 5.53
(vitamin D insufficient) respectively.

The mean level of 25-OH-D in neonates of preeclamptic
women was significantly lower than for those of the normal
pregnant women (6.99 = 2.45 vs. 21.93 * 5.53 ng/ml,
p=0.0001). The number of neonates with vitamin D deficiency
in preeclamptic women was higher than that in the normal
pregnant group (p = 0.0001). Only six neonates in group Il had
sufficient vitamin D level (> 30 mg/ml) and none in group L.

Discussion

Vitamin D deficiency is a worldwide epidemic, with a
prevalence that ranges from 18% to 84% depending on the
country of residence, ethnicity, and local clothing customs
and dietary intake. Clinical studies establishing an association
between vitamin D levels and adverse pregnancy outcomes
such as preeclampsia, gestational diabetes, and low birth
weight, preterm labor, and cesarean delivery have conflicting
results [21].

Preeclampsia is a multisystem disorder defined as new-
onset hypertension and proteinuria. There is a growing
interest in the role of maternal vitamin D status in the
development of preeclampsia.

Vitamin D deficiency is highly prevalent in women of
reproductive age and in pregnant mothers. The mean age of
patients in our study and in various other studies to compare
maternal vitamin D levels in pre-eclamptic and normotensive
women was in the range of 22-30 years. In the present
study, the mean age of patients in group I and in group II
was comparable to the studies done by Abedi, et al. [13] and
Mohaghegh, et al. [15].

In the present study majority of patients in the two groups
were having normal BMI (80% in group I and 83% in group II)
similar to studies by Abedi, et al. [13] and Mohaghegh, et al.
[15]. suggesting no significant relationship between BMI and
PET as most of the patients had BMI within the normal range
in both groups (Table 4).

In the present study the mean POG in group [ was 37.80 *

Table 3: Cord blood vitamin d levels. N = 200.

Group | Group Il
(healthy normotensive)

N =100

Cord blood vitamin D
levels (ng/ml)

(pre eclamptic)
N =100

p value

No. of cases % No. of cases %
<20 100 100 42 42
21-30 0 0 52 52
0.0001
> 30 0 0 6 6
Mean 6.99 +2.45 21.93 +5.53
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Table 4: Demographic and obstetrical characterstics of various studies.

Abedi, et al. [13] Mohaghegh, et al. [15] Bakacak, et al. [14]

Gogaram, et al. [19]

Present study

Groups | | Il | Il | Il | ]
AGE 26.58 +5.3 | 23.31+4.04 264156 24+44 28.9£5.80 29.2+8.40 23.42+3.36 | 23.28+3.58 | 26.79+4.35  26.04 £3.05
BMI 22.39+3.6 23.6+3.5 23.3+3.9 23.4+31 29.3+4.75 30.6 £3.72 22.69+3.08 | 22.31+2.96
POG 375+066 @ 38.8+1.23 37.5+0.6 39.3+1.2 35.3+2.94 38.5+1.43 35.3+294 | 385+143 | 37.80+2.17 | 38.06+1.89
SBP 148 £ 10.5 109+£75 148.2+10.4 107 +£7.5 156 114.5 162.30 £ 12.34  115.40 + 5.46
DBP 93.9+7.8 69.07 + 8.1 946+ 8.6 107 £7.5 105.7 £ 6.62 68.9 £8.77 102,52 £8.51 | 71.18 £4.41

2.17 weeks and in group II it was 38.06 + 1.89 weeks which
was comparable to the study done by Abedi, et al. [13] and
Mohaghegh, et al. [15]. However, in the study by Bakacak,
et al. [14] and Gogaram, et al. [19] the mean gestational age
of women in preeclamptic group was significantly lower than
the control group.

The mean systolic and mean diastolic BP of patients in our
study was 162.30 + 12.34 mmHg and 102.52 + 8.51 mmHg in
the preeclamptic group and 115.40 + 5.46 mmHg and 71.18 *
4.41 mmHg in the normotensive group, similar observations
were made in the study by Bakacak, et al. [14]. However
the mean systolic and diastolic BP at admission was lower
than the present study in the study by Abedi, et al. [13] and
Mohaghegh, et al. [15].

Table 5 shows the maternal vitamin D levels in various
studies. The mean vitamin D levels in the study group was
8.87 + 4.66 ng/ml (vitamin D deficiency) and in the control
group was 25.83 + 7.07ng/ml (vitamin D insufficiency) and
the difference was highly significant and is comparable to
studies by Mohaghegh, et al. [15] and Bakacak, et al. [14].

Whereas in the study conducted by Dhillon, et al. [18],
Sadin, et al. [11], Sahu, et al. [17] and Mehmood, et al. [16]
there was a universal prevalence of vitamin D deficiency
among the pregnant females, but the level of serum vitamin D
was significantly lower in the preeclamptic group as compared
to the normotensive. The above findings in different studies
may indirectly suggest that vitamin D deficiency could
increase the risk of pre-eclampsia.

In the present study, the mean maternal serum calcium
levels in the preeclamptic women were 8.03 + 0.94 mg/dl
and in the normotensive women was 9.19 * 0.67 mg/dl
(p = < 0.001) similarly to the studies done by Sahu, et al. [17]
and Gupta, et al. [10] the mean serum calcium level in group I
was below 8.5 mg/dl (8.30 + 1.46; 8.50 + 0.80) and in group II
was above 8.5 mg/dl (8.82 + 0.92; 8.89 + 0.55).

‘Table 5: Mean maternal vitamin d levels. ‘
Mean maternal vitamin D(ng/ml)

In our study, the number of neonates with vitamin D
deficiency (< 20 ng/ml) in the preeclamptic group was higher
than that in the normotensive group (100% vs. 42 %) which is
comparable to the study by Mohaghegh, et al. [15] suggesting
that direct link between maternal vitamin D level in PET with
low level in neonates. Whereas in a study by Gupta, et al.
[10] although the neonates of both the groups had vitamin D
deficiency with vitamin D levels of 4.40 ng/ml and 7.25 ng/
ml in group I and group Il respectively but significantly low in
group I as compared to group II.

Conclusion

From the present study, it was observed that vitamin D
and calcium levels were significantly lowered in women with
pre-eclampsia as compared to those of the non-pre-eclampsia
pregnant women. Early detection of deficiencies of these
parameters may be helpful in preventing the occurrence of PET
and its complications. So, this study has raised the possibility
of the association of maternal vitamin D deficiency with that
of PET. There is an extreme lack of awareness regarding the
importance of vitamin D and its sources, especially in the
population of Himachal Pradesh. Women of childbearing age
should be well supplemented by taking diets rich in vitamin D
so as to prevent vitamin D deficiency and insufficiency later
in pregnancy. This might reduce the risk of developing pre-
eclampsia and also prevent neonatal vitamin D deficiency.
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