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Abstract

Objective Study was planned to know vitamin D status in
mothers and their newborns and effect of vitamin D defi-
ciency on pregnancy outcome. Study design: Two hundred
consecutive pregnant women with singleton pregnancy
admitted to the labor ward of a tertiary care center were
recruited for the study. Maternal and cord blood samples
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were taken and analyzed for 25(OH) D level. Maternal and
fetal outcomes were studied.

Results High prevalence of hypovitaminosis D was found
among pregnant women. Eighty-six percentage had vitamin D
deficiency, 9.5% had insufficiency, and only 4.5% had suffi-
cient vitamin D level. Women with preeclampsia had statis-
tically significant vitamin D deficiency and insufficiency as
compared to patients who had normal blood pressure levels
(p = 0.04). Cesarean section rate was significantly higher in
patients with vitamin D deficiency and insufficiency compared
to sufficient group (p = 0.004). Cord blood 25(OH) D levels
strongly correlated with maternal serum 25 (OH) D levels
(p = 0.001, correlation coefficient » = 0.84).

Conclusions This study showed a very high prevalence of
hypovitaminosis D among pregnant women and excellent
correlation between maternal and fetal 25(OH) D levels.
Hypovitaminosis D was associated with preeclampsia,
increased Cesarean rate, and low birth weight babies.

Keywords Hypovitaminosis D - Pregnancy outcomes -
Newborn

Introduction

Vitamin D is a complex hormone system known to be
involved in bone metabolism. Recently, vitamin D has
been implicated in physiologic processes as diverse as
vascular health, metabolism, immune function, and pla-
cental function. Vitamin D can be synthesized by our skin
under the effect of sunlight. Despite the fact that Indian
subcontinent is situated between 8.4°N and 37.6°N latitude
and has adequate sunshine throughout the year, studies
have shown widespread prevalence of hypovitaminosis D
in India [1-3]. The reasons cited for high prevalence of
VDD in our country despite favorable natural conditions
are increased skin melanin pigment, less outdoor activity,
vegetarian diet, wearing of more covered clothing, and no
policy of fortification of food items with vitamin D [1].

There is no consensus in defining hypovitaminosis D in
pregnancy and cutoff serum value range from 10 to 32 ng/
ml. According to American College of Obstetrics and
Gynaecology (ACOG), serum 25(OH) D concentration of
at least 20 ng/mL is needed to avoid bone problems and
vitamin D deficiency should be defined as circulating
25(0OH) D levels less than 32 ng/ml [4]. According to
Canadian Paediatric Society, serum 25(OH) D concentra-
tion below 10 ng/ml is used as a cutoff for deficiency and
between 10 and 30 ng/ml as a cutoff for insufficiency [5].
Institute of Medicine (IOM) recommended -circulating
level of 25(OH) D to be more than 20 ng/ml [6].

The topic of maternal vitamin D requirements during
pregnancy with regard to maternal and fetal outcomes has
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been poorly studied, and no conclusive evidence links
lower levels of 25-hydroxyvitamin D with adverse preg-
nancy outcomes. Clinical studies establishing an associa-
tion between vitamin D levels and adverse pregnancy
outcomes such as preeclampsia, gestational diabetes, low
birth weight, preterm labor, Cesarean delivery, and infec-
tious diseases have conflicting results.

Maternal vitamin D deficiency is a major risk factor for
vitamin D deficiency in infancy as the fetus and newborn
are entirely dependent on the mother for their supply of
vitamin D. Studies have shown that maternal serum
25(OH)D levels correlate positively with cord blood
25(0OH)D levels [7].

As the studies regarding the prevalence of hypovita-
minosis D in pregnancy and correlation of maternal and
cord blood serum vitamin D levels are very sparse from
India and none of these studies have correlated the preg-
nancy outcome with hypovitaminosis D, this study has
been planned to know the vitamin D status in mothers and
their newborns and effect of vitamin D deficiency on
pregnancy outcome.

Methods

A total of 200 pregnant women with singleton pregnancy
admitted to the labor ward for delivery and their newborns
were consecutively recruited for the study. Exclusion cri-
teria were pregnant patient with known history or evidence
of overt thyroid, parathyroid or adrenal diseases, hepatic or
renal failure, metabolic bone disease, type 1 diabetes
mellitus and malabsorption, and not willing to participate
in the study. Detailed history was recorded from the
recruited pregnant women including complete demo-
graphic details, dietary history, past medical history, pre-
vious obstetric history, antenatal history including details
of any antenatal complications. Intake of vitamin D tablets
during pregnancy, its dose, and duration were also recor-
ded. Labor and delivery details including induction of
labor, mode of delivery, newborn birth weight, and
APGAR scores were recorded. Maternal and cord blood
samples (5 ml each) were drawn at the time of delivery for
estimation of 25(OH) D to diagnose hypovitaminosis D and
correlation between maternal and cord blood serum con-
centrations of vitamin D. Serum was separated from col-
lected samples, and they were stored at — 20°C till
analysis. Same sample was also tested for serum calcium.
Vitamin D was analyzed by chemiluminescence method on
Advia Centaur XP. Vitamin D deficiency was defined as
25(0OH) D levels in blood < 20 ng/ml, and insufficiency of
vitamin D was defined as 25(OH) D levels < 32 ng/ml [5].
After the estimation of vitamin D levels in the mothers and
their newborns, recruited for the study, vitamin D status in
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Table 1 Correlation between maternal and cord blood vitamin D levels (» = number)

Cord blood vitamin D Maternal vitamin D p value
Deficient Insufficient Sufficient

Deficient (n = 170) 168 (97.7%) 2 (10.5%) 0 < 0.001

Insufficient (n = 23) 4 (2.3%) 17 (89.5%) 2 (22.2%)

Sufficient (n = 7) 0 0 7 (77.8%)

mothers and their newborns was known. Outcome of °

pregnancy—antenatal complications (preeclampsia, gesta- = o

tional hypertension, eclampsia, gestational diabetes, pre- 2

term labor, PROM), rate of induction, rate of Cesarean g

sections, low birth weight babies (weight < 2500 g), pre- <

term birth, and small for gestational age were studied in §

women with hypovitaminosis D, and it was statistically o

compared with the outcome in pregnant women having £

sufficient level of vitamin D. >

Results

A total of 200 consecutive pregnant women, admitted in
labor room for delivery, with singleton pregnancy willing
to participate in the study were recruited. Subjects under-
went biochemical investigations, including vitamin D
levels and calcium levels. Maternal and fetal outcomes in
relation to vitamin D levels were recorded. The descriptive
data and further analyzed data are presented as follows. For
detailed statistical analysis, subjects (mothers) were divi-
ded into three groups depending upon their vitamin D
levels: deficient group [25(OH) D levels < 20 ng/ml],
insufficiency group [25(OH) D levels 20-32 ng/ml], and
sufficient group [25(OH) D levels > 32 ng/ml].

Out of the 200 cases enrolled, 172 (86%) of the subjects
were vitamin D deficient and 19 (9.5%) were vitamin D
insufficient. Only nine (4.5%) pregnant women had suffi-
cient vitamin D levels. Mean value of the vitamin D level
in mothers was 12.6 (ng/ml) + 6.8 ng/ml.

Vitamin D levels were not found to be affected by dif-
ference in age, socioeconomic status, religion, rural versus
urban population, BMI, and parity of pregnant women. No
significant difference was seen in hypovitaminosis D
prevalence in relation to dietary factors, sun exposure, and
calcium and vitamin D supplements intake. This finding
explained that the dose of vitamin D (500 IU/day) taken
during pregnancy was not sufficient to normalize their
vitamin D levels in deficient state. And also most of the
subjects had sun exposure over face and hands only and
that to for very less time.

Mean calcium level in deficient group was 8.6 (SD 1.2)
mg/dl, in insufficient group was 9.3 (SD 1.1) mg/dl, and in
sufficient group was 10.0 (SD 2.7) mg/dl. Despite high
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Fig. 1 Scatter plot depicting correlation between maternal and cord
blood vitamin D levels (r = 0.84)

prevalence of hypovitaminosis D, mean calcium level in
three groups was within normal range. (Normal serum
calcium level in pregnant women in third trimester is
8.2-9.7 mg/dl.)

Fifty-two (26%) patients were found to have
preeclampsia out of 200 cases enrolled. Statistically sig-
nificant number of preeclampsia patients had vitamin D
deficiency and insufficiency as compared to patients who
had normal blood pressure levels (p = 0.04). However,
statistically no correlation was seen, of vitamin D defi-
ciency and insufficiency with gestational hypertension
(p = 0.407). There was no association found between
vitamin D deficiency or insufficiency with GDM, preterm
labor, PROM, gestational hypertension, cholestasis, [IUGR,
abruption, and anemia.

Of the 200 patients, 48% had spontaneous onset of
labor, 43% underwent induction of labor for various rea-
sons, and 9% underwent elective Cesarean section. Of the
patients who underwent Cesarean section, 92% had vitamin
D deficiency and 6% had insufficiency as compared to
patients who underwent normal vaginal delivery, 85.6%
had vitamin D deficiency, and 10.8% had insufficiency, and
this difference was statistically significant (p = 0.004).

Significant correlation was seen between vitamin D
levels in mothers and vitamin D levels in cord blood of
their newborns (p = 0.001, correlation coefficient
r = 0.84). In cord blood, deficiency was seen in 170 (85%)
samples, insufficiency was seen in 23 (11.5%), and suffi-
ciency was seen only in seven (3.5%) samples. In mothers
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Table 2 Fetal birth weight and vitamin D levels in mother (» = number)

Fetal birth Wt. (kg) Deficient Insufficient Sufficient p value
<25nm="177) 73 (94.7%) 4 (5.3%) 0 0.01
>25(n=123) 99 (80.5%) 15 (12.2%) 9 (7.3%)

with vitamin D deficiency, cord blood vitamin D deficiency
was seen in 97.7% and insufficiency was seen in 2.3%
(Table 1, Fig. 1). No vitamin D cord blood level was suf-
ficient in mothers having vitamin D deficiency. Multi-
variate analysis was done to evaluate determinants of cord
blood vitamin D levels. Variables presented in Table 1
were included in the model. Of these, maternal vitamin D
levels and gestational age at birth significantly influenced
the cord blood vitamin D levels. The variables included in
the multivariate regression model were responsible for
74% of variability observed in vitamin D levels in cord
blood (adjusted R square value = 0.74).

Mean birth weight of babies born to mothers having
vitamin D deficiency was 2.7 (0.5) kg, those having
insufficiency was 2.9 (0.5) kg, while mean birth weight of
babies born to mothers having sufficient vitamin D levels
was 3.0 (0.3) kg. Of the babies having birth weight
<25kg, 94.7% of their mothers had vitamin D defi-
ciency, 5.3% had insufficiency, and none had sufficient
vitamin D levels (Table 2). However, of babies who had
birth weight > 2.5 kg, 80.5% of their mothers had vitamin
D deficiency, 12.2% had insufficiency, and 7.3% had suf-
ficient vitamin D levels. So there was significant associa-
tion of hypovitaminosis D with low birth weight babies
(p = 0.01). No significant association was found between
vitamin D levels with IUGR, fetal distress, and APGAR of
babies. No baby in our study had congenital malformation.

Discussion

Our study where 200 consecutive pregnant women with
singleton pregnancy were recruited showed a high preva-
lence of vitamin D deficiency in pregnant women. Vitamin
D deficiency was seen in 86% of the mothers, insufficiency
was seen in 9.5%, and only 4.5% mothers had sufficient
vitamin D levels [25 (OH) D > 32 ng/ml]. Although the
literature is sparse from India, few studies which have been
conducted in India have also shown high prevalence of
hypovitaminosis D despite India being a tropical country
with abundant sunshine for most or all of the year [1, 3, 8].

Clinical studies establishing an association between
vitamin D levels and adverse pregnancy outcomes such as
preeclampsia, gestational diabetes, low birth weight, pre-
term labor, Cesarean delivery, and infectious diseases have
conflicting results. Overall, most of the studies were
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conducted in the developed countries with very sparse data
from the developing countries like India. Our study
revealed that maternal hypovitaminosis D was significantly
associated with preeclampsia (p = 0.04). Among the
pregnant women in our study who had preeclampsia,
96.2% had vitamin D deficiency, 3.8% had vitamin D
insufficiency, and none had sufficient vitamin D levels.
This is in accordance with various studies whereby lower
maternal serum vitamin D concentrations were found in
women with preeclampsia when compared to normotensive
uncomplicated women [9-11]. However, recent study done
by Fernandez-Alonso et al. found no difference in mean
early pregnancy maternal 25(OH) vitamin D in those who
developed preeclampsia compared to those with normal
pregnancies, but the number of cases enrolled was too less
[12].

No statistically significant association was found in our
study, of vitamin D levels with other adverse antenatal
complications like gestational hypertension, gestational
diabetes mellitus, preterm labor, PROM, cholestasis, and
abruption.

Hypovitaminosis D was not found to be significantly
associated with higher rate of induction of labor; however,
Cesarean rate was higher in this group in our study. Of the
patients who underwent Cesarean section, 92% had vitamin
D deficiency and 6% had insufficiency as compared to
patients who underwent normal vaginal delivery, 85.6%
had vitamin D deficiency, and 10.8% had insufficiency, and
this difference was statistically significant (p = 0.004);
similar result was seen in a study by Merewood et al. [13].

In our study, cord blood 25(OH) D strongly correlated
with maternal serum values of 25(OH) D. Mean maternal
serum 25(OH) D level was 12.5 (SD 6.8) ng/ml, and mean
cord blood 25(OH) D level was 12.3 (SD 7.1) ng/ml.
Eighty-six percentage of mothers had vitamin D deficiency,
and 9.5% had vitamin D insufficiency, while 85 and 11.5%
of cord blood samples had vitamin D deficiency and
insufficiency, respectively. In mothers with vitamin D
deficiency, cord blood vitamin D deficiency was seen in
97.7% and insufficiency was seen in 2.3%. None of the
cord blood sample showed sufficient vitamin D level, in
mothers having vitamin D deficiency. However, in a study
by Agarwal et al. [14], no significant difference (p = 0.82)
in 25(OH) D3 levels between paired maternal and umbil-
ical cord blood samples was found, but the number of
subjects recruited in study was too less (n = 20).
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Vitamin D deficiency and insufficiency in mothers of
babies weighing < 2.5 kg were seen in 94.7 and 5.3%,
respectively, and none had sufficient vitamin D levels.
However, of babies who had birth weight > 2.5 kg, 80.5%
of their mothers had vitamin D deficiency, 12.2% had
insufficiency, and 7.3% had sufficient vitamin D levels.
Hence, we observed that offspring with low birth weight
had significantly higher prevalence of vitamin D deficiency
and insufficiency among their mothers (p = 0.011), and
this association was present even after adjusting for con-
founding factors like preeclampsia, gestational age,
prepregnancy BMI, and anemia. Various studies have
demonstrated lower birth weight in infants born to mothers
with low circulating 25(OH) D concentrations [15-17],
while other studies have shown no differences [18-21]. No
significant association was found in terms of vitamin D
levels with ITUGR, fetal distress, or APGAR score of baby.

Conclusion

This study showed a very high prevalence of hypovita-
minosis D (86% had vitamin D deficiency, and 9.5% had
vitamin D insufficiency) among pregnant women in a ter-
tiary care hospital of northern India and excellent corre-
lation between maternal and fetal 25(OH) D levels.
Hypovitaminosis D was associated with preeclampsia,
increased Cesarean rate, and low birth weight babies. Our
study showed no association of hypovitaminosis D with
GDM, preterm labor, PROM, gestational hypertension,
cholestasis, IUGR, abruption, anemia, fetal distress, and
APGAR score. As the number of subjects (mother—infant
pair) recruited was only 200, more large-scale studies are
required to study the exact prevalence and effect of
hypovitaminosis D on pregnancy outcomes.
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