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INTRODUCTION

Prevalence of  Vitamin D deficiency (VDD) in pregnancy 
is variable across the world.1-3 Some of  the studies have 
reported high prevalence even in sun-rich countries like 
India which is situated between 8° and 37°N latitudes.4-8 

Gradually, it has been realized that effects of  Vitamin D 
are not limited to the maintenance of  calcium homeostasis. 
Hence, implications of  VDD in pregnancy may not be 
limited to effect on maternal and fetal skeletal integrity. 
Various studies have found association between VDD and 
adverse outcome of  pregnancy. High prevalence, health 
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implications of  VDD, and availability of  simple treatment 
provide enough rationale for testing all pregnant women 
for VDD but financial constraints discourage this.9 Hence, 
it is necessary find simple and convenient indicators that 
could serve as surrogate markers for VDD.

Optimum serum concentration of  Vitamin D in 
pregnancy and dose of  routine supplementation have 
been a matter of  debate. VDD has been mostly defined 
as serum concentration below 20  ng/ml. Institute of  
Medicine recommends dietary allowance of  600 IU/d of  
Vitamin D for pregnant women to attain this level.10 On 
the other hand, it has been observed that serum level of  
parathormone starts rising when serum level of  Vitamin 
D falls below 30 ng/ml. Hence, Endocrine Society guides 
the clinicians that pregnant and lactating women may be 
provided at least 1500–2000 IU/d of  Vitamin D to achieve 
a target serum concentration of  30 ng/ml.2 Vitamin D 
supplementation in the dose of  800–1600 IU/day during 
pregnancy has not been found to bring significant change 
in serum Vitamin D level.11

Vitamin D receptors as well as 1α-hydroxylase are 
expressed in both decidua and trophoblast cells in the 
first trimester and serum concentration of  1,25-(OH)2D 
increases beyond usual regulatory control.12,13 Role of  
Vitamin D in extraskeletal benefits in pregnancy has been 
attributed to its immunomodulatory properties that allow 
deeper trophoblastic invasion into spiral arteries.

Cochrane review concluded that women who receive 
Vitamin D supplements have higher maternal and neonatal 
serum levels.14 Many cross-sectional and prospective studies 
have shown association between VDD in pregnancy and 
adverse outcome. There is a paucity of  well-designed 
randomized control trials (RCTs) to study the effect of  
supplementation in preventing adverse outcome because 
of  inherent ethical issue of  depriving women (among those 
randomized to placebo group) of  their recommended daily 
dose of  Vitamin D in pregnancy. Hence, we planned this 
RCT to study the effect of  higher dose of  Vitamin D on 
pregnancy outcome without depriving any participant of  
her recommended daily dose of  Vitamin D.

Aims and objectives
To know the prevalence of  Vitamin D deficiency among 
pregnant women and to study the effect of  Vitamin D 
supplementation on maternal and fetal outcomes. 

MATERIALS AND METHODS

This double-blind randomized placebo controlled trial 
(1:1 allocation) was conducted at a tertiary care center 

in North India. The study was approved by Institute’s 
Ethics Committee. It was conducted in full compliance 
with guidelines of  Good Clinical Practice and the Helsinki 
Declaration. The trial was registered with CTRI (www.ctri.
nic.in) vide registration number: CTRI/2013/10/004056.

Consecutive pregnant women attending antenatal clinic 
were explained about the study and invited to participate. 
Written informed consent was taken from each woman 
willing to participate. Women between 18 and 35  years 
of  age at 12–16 weeks of  gestation with singleton viable 
pregnancy were included in the study. Women with medical 
disorders such as diabetes, hypertension, thyroid disorders, 
liver, and gallbladder diseases or renal diseases, using 
medication that is known to affect Vitamin D metabolism 
(anti-tubercular, anti-epileptics, and theophylline), women 
with a history of  uterine surgery, and women who did not 
give consent were excluded from the study.

Eligible women were assessed for risk factors such as place 
of  residence (urban or rural), sun exposure time in summer 
and in winter, body surface area exposed to sunlight, 
socioeconomic status,15 and body mass index (BMI). Skin 
surface area exposed to sun was considered “large” if  
exposed area included forearms, hands, and face and it 
was considered “limited” if  sun exposure was confined to 
only hands and face. Findings were recorded by a blinded 
observer in pre-designed form.

Blood samples were obtained and stored as sera after 
centrifugation, in untreated Vacutainer and refrigerated 
immediately at −20°C. Serum 25-OH Vitamin D3 levels 
were estimated using enzyme-linked immunosorbent 
assay (ELISA, DIAsource, Belgium). This assay has very 
low cross-reactivity to the other metabolites of  Vitamin 
D3 and Vitamin D2 (<0.2%). VDD was defined as serum 
concentration of  25(OH)vitamin D <20 ng/ml. Inter- and 
intra-assay coefficient of  variation was 4.3–9.2% and 
2.5–7.8%, respectively. Relation of  gallbladder ejection 
fraction with VDD was also studied and reported along 
with risk factors for VDD earlier by our group.16

Antenatal investigations were done according to institute’s 
protocol. Vitamin D was started in the dose of  200 IU twice 
a day along with calcium. After excluding major congenital 
malformations by ultrasound at 18 weeks, women were 
randomized using permuted blocks randomization to 
receive the intervention or identical looking placebo. 
Intervention group received capsules containing 30,000 IU 
of  Vitamin D (cholecalciferol) each, to be taken orally twice 
a day for 5 days, making total dose of  300,000 IU. Vitamin 
D capsules and similar looking placebo capsules were 
packed in similar looking opaque sealed sachets, each sachet 
containing two capsules; five such sachets were packed 
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into envelops with a serial number from randomization 
list. The investigator, the subjects, and data entry operator 
were all blinded to results of  Vitamin D estimation and 
randomization. Compliance was checked by collecting the 
empty packs at subsequent visit.

All the women were followed up in antenatal outdoor 
clinic. All the women were provided with phone number of  
investigators to contact for any emergency and to inform 
the investigator when they would come for admission for 
delivery. Details of  labor including onset of  labor, duration 
of  labor, and mode of  delivery were recorded. The baby 
was assessed by the neonatologist for Apgar score and 
anthropometry. As the weight, head circumference, and 
length are affected by gestational age at delivery, z-scores 
were calculated for these parameters to ensure valid 
comparison.

Results of  Vitamin D estimation and allocation to either 
group were revealed to the statistician after delivery of  
the last subject.

Outcome measures were prevalence of  VDD and 
comparison of  maternal outcomes in terms of  
preeclampsia/gestational hypertension, gestational diabetes 
mellitus, spontaneous preterm labor, gestational age at 
delivery and mode of  delivery, duration of  labor, and 
neonatal outcomes such as neonatal birth weight, head 
circumference, crown heel length, neonatal Apgar score 
at 5 min, and admission to neonatal intensive care unit 
(NICU)/neonatal nursery between the intervention and 
placebo groups.

RESULTS

Participants
A total of  364 women were invited to participate. Out of  
these, 44 women declined to participate. Sixteen women 
were excluded due to fetal malformations (n=8) and 
medical or surgical disorders (n=8) (Figure 1). Mean age 
was 24.8±3.1 years. Mean BMI was 21.8±3.4 kg/m2.

Prevalence and predictors of VDD
Of  these 304 women, 280 (92%) had Vitamin D deficiency. 
Median Vitamin D level of  whole cohort was 7.9  ng/
ml (IQR 5.7, 12). One hundred and ninety-eight women 
(65%) had severe VDD (serum 25-OH Vitamin D level 
<10 ng/ml). Women residing in urban areas (P<0.001), 
having limited skin area exposed to sun (P=0.03) and 
sun exposure time of  ≤30  min in summer (P=0.013) 
and ≤90 min in winter (P=0.013), had significantly lower 
Vitamin D level (Figure  2). Vitamin D levels showed 
positive correlation with sun exposure time in summer 
(ρ=0.161; P=0.005) and winter months (ρ=0.211; P<0.001) 

and negative correlation with socioeconomic score 
(ρ=−0.131; P=0.023) and BMI (ρ=−0.112; P=0.05).16 
Women with VDD had lower median calcium levels than 
those with normal Vitamin D (8.9 mg/dl [IQR 8.6, 9.1] 
vs. 9.3 mg/dl [IQR 8.9, 9.4]; P=0.03).

Effect of VDD and Vitamin D supplementation on 
maternal and fetal outcome
Out of  304 eligible women, seven were excluded because 
they did not return timely (till 20 weeks) for intervention. 
Finally, 297 women were randomized into two groups. 
One hundred and fifty-one women were allocated to 
intervention group and 146 to placebo group (Figure 1). 
There was no difference between the two groups with 
respect to demographic profile and Vitamin D level 
(Table 1). Six and 10 women from each respective group 
did not come to our institute for delivery mainly due to 
social reasons, hence, considered to be lost to follow-up. 
Most of  these had migrated to their parents’ home in the 
third trimester for delivery and postpartum care.

Maternal outcome
We did not find significant difference in incidence of  
preeclampsia, gestational diabetes mellitus, and gestational 
age at delivery between the intervention and placebo 
groups (Table 2). Mode of  delivery was also similar in two 
groups. Among the Vitamin D deficient women (serum 
level <20  ng/ml), those who were assigned to placebo 
group (did not receive intervention) had longer duration 
of  labor than those who were Vitamin D replete at baseline 
(8.23±4.31 h vs. 5.59±2.71 h; P=0.031). Within the placebo 
group, duration of  labor had inverse relation with serum 
25-OH Vitamin D (r=−0.210; P=0.027).

Fetal outcome
The median weight- for-gesta t iona l  age,  head 
circumference, crown-heel length, Apgar score at 5 min 
of  life, and admission to NICU were not significantly 
different between the two groups. Fetal malformations 
were observed in three newborns in the intervention 
group (club foot in one and polydactyly in two babies) 
and in two newborns in the placebo group (cleft palate 
and hydrocephalus). One of  the two abortions in 
placebo group was induced due to fetal malformation 
(hydrocephalus) and the other one was due to pre-viable 
rupture of  membranes.

DISCUSSION

Having defined VDD as serum Vitamin D level of  <20 ng/
ml, we found a very high prevalence of  VDD (92%) 
among pregnant Indian women. The previous studies from 
the region4-6 have also reported high prevalence among 
pregnant women. This indicates that it has not changed 
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significantly overtime. Most of  the women (65%) in our 
study had severe VDD (<10 ng/ml).

Serum Vitamin D levels were significantly higher among 
rural women than urban women likely because of  
lesser pollution in rural areas or more outdoor activity. 

Sun exposure time affected serum Vitamin D levels as 
longer duration of  exposure to sun (for at least 30 min 
in summers and 90  min in winters) resulted in higher 
serum concentration of  Vitamin D. Vitamin D levels are 
expected to be affected by seasonal variation in our part 
of  the country as geographically it is in subtropical zone. 
Socioeconomic status and BMI showed inverse relation 
with serum Vitamin D levels. As the socioeconomic score 
increased serum Vitamin D level decreased.

Despite significant difference in Vitamin D levels among 
women belonging to different demographic parameters, it 
is important to realize that the respective median Vitamin 
D concentrations were low (Figure  2). It is difficult to 
comment with confidence whether presence of  these 
demographic features can become the basis of  diagnosis 
and treatment of  VDD without actual testing.

Vitamin D deficient women had significantly lesser 
serum calcium levels as compared to Vitamin D replete 

Enrollment Assessed for eligibility (n=364)

Eligible and consented (n=304)

Allocation

Follow-Up

Analysis

Randomized (n=297)

Excluded (n=60)
•Not meeting inclusion criteria (n=16)
•Declined to participate (n=44)

Serum Vit D and predictors
of VDD assessed 

Failed to report timely for intervention
(n=7), hence excluded

Allocated to intervention (n=151)
•Received allocated intervention (n=151)
•did not receive allocated intervention (n=0)

Allocated to placebo (n=146)
•Received allocated intervention (n=146)
•Did not receive allocated intervention (n=0)

Lost to follow-up (preferring antenatal
care and delivery at nearby place) (n=6)
Discontinued intervention (n=0)

Lost to follow-up (preferring antenatal
care and delivery at nearby place) (n=10)
Discontinued intervention (n=0)

Analysed (n=145)
•Excluded from analysis (lost to follow up)
(n=6)

Analysed (n=136)
•Excluded from analysis (lost to follow up)
(n=10)

Figure 1: Diagram showing flow of participants. VDD: Vitamin D deficiency
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women. Optimal calcium levels are important for muscle 
function. We observed longer duration of  labor among the 
Vitamin D deficient women who did not receive Vitamin D 
supplementation, that is, the women who were randomized 
to placebo arm. This can be explained by poor muscle 
function attributable to lower calcium level in Vitamin D 
deficient women.

We did not find significant difference in maternal and 
fetal outcome between Vitamin D supplementation group 
and placebo group. Cochrane review also concluded that 
Vitamin D supplementation in pregnancy improves serum 
Vitamin D level, but further investigation is needed to see 
whether this converts into better pregnancy outcome or 
not.14 Decline in 25(OH)D concentration by 50 nmol/liter 
was found to double the risk of  preeclampsia (adjusted 
odds ratio, 2.4) in one study.17 Further, serum 25(OH) D 
level (median 18 ng/ml) was found to be lesser among 
the women with early-onset (before 34  weeks) severe 
preeclampsia as compared to healthy controls (median 
32  ng/ml).18 Lower Vitamin D levels (24.2  ng/ml vs. 
30.1 ng/ml) have been found to be associated with risk 
of  GDM also.19 Women with GDM were found to have 
2.7 times more chance of  having VDD in one study.20

However, causality cannot be ascertained from observational 
studies. RCT would be needed to establish cause and effect 
relation between VDD and adverse pregnancy outcome but 
these cannot be carried out due to inherent ethical issues related 
to depriving a woman of  her daily recommended Vitamin D 
supplement. Cochrane review does not take into account the 
findings of  Hollis et al.,21 due to lack of  controls. Hollis et al., 
found significant difference in preeclampsia (2.6% and 8.1%) 
and primary cesarean section rate (14% and 25%) between 

Table 1: Baseline parameters of the intervention 
(Vitamin D supplementation) and placebo group
Parameter Vitamin D 

supplementation 
group (n=151)

Placebo 
group 

(n=146)
Age (mean±S.D.) years 24.8±3.1 24.9±2.9
Parity; n (%)

Nulliparous 122 (80.8) 105 (71.9)
Socioeconomic status; 
n (%)

Upper and upper-middle 54 (35.8) 61 (41.7)
Lower-middle and middle 64 (42.38) 52 (35)
Upper-lower and lower 33(21.85) 33 (22.60)

Residence; n (%)
Rural 66 (43.7) 67 (45.9)
Urban 85 (56.3) 79 (54.1)

BMI; (mean±S. D) kg/m2 21.6±3.3 22.0±3.5
Median Vitamin D; (IQR) 
(ng/ml)

7.8 (5.7–11.5) 8.6 (5.7–12.8)

BMI: Body mass index, S.D.: Standard deviation, IQR: Interquartile range

Table 2: Comparison of maternal and fetal outcome between two groups
Parameter Vitamin D Placebo P value
Antenatal complications (n=151) (n=146)

Gestational diabetes mellitus (n) 5 5 0.5
Fasting plasma glucose (mean±S.D.) mg/dl 76.8±6.86 76.0±9.14 0.389
Preeclampsia/gestational hypertension (no.) 40 40 0.6

Labor and delivery (n=145) (n=134)
Gestation at delivery (days) (mean±S.D.) 268±10.7 268±9.16 0.652
Induced labor (no.) 45 48 0.2
Spontaneous preterm labor (n) 8 6 0.6
Duration of labor (hours) (mean±S.D.) 8.8±5.6 8.7±4.3 0.105

Mode of delivery (n)
Vaginal delivery 102 104
Instrumental 8 12
Cesarean section (total) 35 18
Cesarean section in labor 30 16

Neonatal outcome
Birth weight (mean±S.D.) kg 2.88±0.494 2.87±0.412 0.844
Weight-for-gestational-age 
z-score [median (1st, 3rd quartile)] 

−0.81 (−1.37, +0.02) −0.62 (−1.35, +0.027) 0.903

Head circumference (mean±S.D.) cm 34.09±1.51 34.09±1.2 0.989
Head circumference z-score median (1st, 3rd quartile) 0.05 (−0.26, +0.53) 0.21 (−0.29, +0.53) 0.830
Length(mean±S.D.) cm 49.77±2.46 49.48±2.01 0.338
Length z-score [median (1st, 3rd quartile)] −0.09 (−0.46, +0.34) −0.13 (−0.58, 0.21) 0.250
Apgar at 5 min median (1st, 3rd quartile) 9(9, 9) 9(9, 9) 0.4
Malformation (n) 3 2 0.5

Live born
Stillborn
Abortus

145
0
0

133
1
2

0.2

Jaundice requiring phototherapy (no.) 20 13 0.3
NICU/NNN admission (n) 5 4 0.8

NICU: Neonatal intensive care unit, NNN: Special care neonatal nursery, S.D.: Standard deviation
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higher dose and conventional daily dose of Vitamin D. However, 
it is important to note that they observed difference in these 
parameters between the two arms 4000 IU/d (cumulative dose 
of  756,000 IU) versus 400 IU/d (cumulative dose 75,600 IU) of  
Vitamin D from 12 weeks. No difference was observed between 
intermediate supplementation dose group (2000 IU/day) and 
400  IU/d group. In our study also, conventional dose of  
400 IU/d was given to all women. Overall compliance with 
routine daily prenatal supplements (iron and calcium) is not 
good among our antenatal women. Hence, we chose to give 
supplement at one time and also collected empty packs in 
subsequent visit. In our study, the difference in the cumulative 
dose between the two groups was 300,000 IU that was much 
lower than the cumulative dose given by Hollis et al. This dose 
may not have been sufficient to bring about the difference in 
severely deficient cohort. Considering the pathogenesis of  
preeclampsia from early gestation, supplementation at an earlier 
gestation (in the first trimester) rather than at 18–20 weeks may 
have made a difference.

Hollis et al., also found a significant reduction in cesarean 
section rate in high-dose supplementation group.21 We did 
not find significant difference in mode of  delivery though 
duration of  labor was longer in Vitamin D deficient women 
within the placebo group. We did not find significant 
difference in duration of  labor among women assigned to 
Vitamin D versus placebo group.

Birth weight and gestational age are the two important 
determinants of  neonatal outcome. Data from three trials 
involving 463 women suggest that women who receive 
Vitamin D supplements during pregnancy less frequently 
have baby with birth weight below 2500 g but this difference 
was of  borderline significance14 (RR 0.48; 95% CI 0.23–1.01). 
The dose of  supplementation in these studies was 56,000–
1,200,000  IU. Some of  the earlier studies have reported 
greater length and head circumference of  the offspring of  
women receiving higher dose of  Vitamin D22 while others 
did not.4 Another meta-analysis did not observe a significant 
effect in pooled analysis of  small for gestational age babies.23 
In our study, weight-for-gestational age z-scores and other 
anthropometric parameters were not significantly different in 
two groups but the highest centile of  birth weight was higher 
(97th) in the intervention group than the placebo group (89th). 
Relation between preterm delivery and VDD has also not 
been observed consistently across various studies.23-25 Even 
higher dose of  Vitamin D supplementation has not made a 
significant difference in this parameter21 (P=0.4).

Strengths
All investigators were blinded for Vitamin D levels and 
group allocation. Thus, ascertainment biases, differential 
recall biases, and selection biases are unlikely. We addressed 
all the outcomes pertaining to maternal and fetal health. 

Large sample size and small “lost to follow-up” fraction is 
another strong point. The main question that whether there 
is any advantage of  supplementing Vitamin D over and 
above the current practice of  400 IU/d is well addressed as 
the entire cohort received the currently recommended dose.

Limitations of the study
Supplementation with 300,000 IU must have improved the 
Vitamin D status but may not have corrected the deficiency. 
Post-intervention-Vitamin D level could not be checked due to 
logistic issues. Since both the intervention and placebo groups 
received the routine dose, the difference in cumulative dose 
between two groups got reduced and might this have been the 
reason for not observing significant difference in outcome.

CONCLUSIONS

Vitamin D is highly prevalent among pregnant women. 
It is associated with significantly longer duration of  
labor. In vitamin D deficient pregnant women, additional 
supplementation with 300,000 IU of  vitamin D does 
not affect the maternal and fetal outcome significantly. 
However, higher dose of  vitamin D is safe in pregnancy.
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