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huge. The high prevalence of VD deficiency during pregnancy is
increasingly recognized, especially in women, following customs

{fﬁy"‘;"rgs-' like a veil. Uttarakhand located at the foothills of Himalayas is the
N:Ogn;;y totally socio-culturally diverse state with higher population den-
Delivery sity in the plain region like Dehradun, India.

Vitamin D Methods: To understand the differences in VD status we evaluated
25 (OH) D levels in three trimesters of pregnancy and at birth in
neonatal serum and cord blood along with 15 days of life born
within our hospital along with mother respectively.

Results: The study demonstrated a high prevalence of VD levels at
the time of pregnancy. The studied reflects a deficiency of serum
VD in the first trimester 18 + 6 ng/ml, while in second and third
trimester VD levels were more 38 + 3 and 41 + 4 ng/ml respec-
tively as compared to first. There was a significant difference in VD
status due to the presence of supplementation in both cord blood
and in neonatal serum. There are many traditional factors which
contributed to the observation of the high occurrence of VD defi-
ciency in this study. Identifying VD deficiency at pregnancy time
and after birth should be essential for the growth of public policy
for anticipation and supplementation.

Conclusions: The study demonstrated a high prevalence of VD
status with significant differences due to the existence of supple-
mentation. There are many traditional factors which contributed
to the observation of the high occurrence of VD deficiency in this
study. Identifying VD deficiency at pregnancy time and after birth
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should be essential for the growth of public policy for anticipation
and supplementation. To improve this situation, pregnant mothers
should be educated about the importance of VD deficiency at and
after birth for the development of risk factors.
© 2019 The Author(s). Published by Elsevier Ltd on behalf of
European Society for Clinical Nutrition and Metabolism. This is an
open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Vitamin D (VD) deficiency is a global health problem and presently 50% population is VD deficient
where there is abundant sunshine throughout the year also. Recent literature and research demon-
strates a soaring occurrence of VD deficiency and reported that it is not only in adult and children but
also in pregnant women and their neonates [1]. Its concentration in neonates is associated with
maternal VD status throughout pregnancy because the fetus is altogether dependent on the mother for
VD. The active and circulating VD in the form of 25(0OH)D which is stored in maternal crosses the
placenta into the blood-stream of the fetus and its status at birth is highly correlated with maternal VD.
An elevated predominance of VD deficiency has been reported from many global regions including
northern and southern Europe, North America, the Middle East, Asia and Australasia [2,3].

The reasons for this widespread deficiency are many because (a) in metabolic and physiological
processes of the human body VD is one of the essential ingredients, (b) influence the body's ability to
create and absorb VD which depends on where you live, the season, how much time you spend out-
doors without sunscreen, skin pigmentation, age, obesity, pollution, and having healthy intestines with
optimal absorption capacity, (c) VD is consumed through fortified foods like milk, egg yolk, salmon and
cod liver oil [4—6]. 75% of the Indian population consumes fortified milk or its products which are not a
reliable source of VD consumption.

The lack and strategy of adequate maternal VD supplementation during pregnancy causing
confusion among mothers and health care practitioners is due to different recommendations by the
Health societies and Councils [7]. Literature reports that neonatal VD status is highly correlated with
maternal vitamin storage and during pregnancy; women need extra amount to support her fetus,
which may achieve and maintain adequate VD status as compared to other non-pregnant [8]. True
vitamins are ingested, producing endogenously as produced through exogenous supplementation and
these factors come in to play because it is, in fact, a misnomer which moves to other areas in the body to
exert its action.

Circulating 25(OH)D is the major form of VD and is considered as the primary indicator of its status
as it is essential for multiple actions in the human development and comes from skin or diet which is
biologically inert and hydroxylated in the liver as 25(0OH)D with a further hydroxylation in kidney as 1,
25 (OH);D to be active.

In a country like ours, India where sunshine is abundant throughout the year, the extent of VD
deficiency is still huge. The high prevalence of VD deficiency during pregnancy is increasingly recog-
nized, especially in women, following customs like a veil. In India, studies have reported VD deficiency
levels ranging from 50 to 86.5% for neonatal and young infants [9].

Uttarakhand, a state located at the foothills of a Himalayan mountain range in the northern part of
India referred as God's Land is a totally socio-culturally diverse state with higher population density in
a plain region like Dehradun-capital of Uttrakhand. Its extreme weather conditions had been
responsible for certain negative life-style practice thus causing hypertension, diabetes, hypovitami-
nosis D, COPD and tuberculosis among the people. Information indicates that Socio-economic factors
like unemployment, education, and poverty are common among above region that causes VD
deficiency.
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In order to understand the differences in VD status we evaluated 25(OH)D levels in three trimesters
of pregnancy, at birth in serum & cord blood and after 15 days of life born within our hospital [Hi-
malayan Institute of Medical Sciences, Dehradun, India] with the main objectives:

e VD status in three trimesters,

e Projected the occurrence of VD sufficiency, insufficiency and deficiency in mother and newborn at
delivery,

e Neonatal levels of VD in cord blood samples and associations between VD levels at birth and after
fifteen days of delivery.

To the most excellent of our knowledge, no such study among the Dehradun population is available
in the literature.

2. Methods

100 healthy pregnant women and their neonates of Dehradun district receiving care at Obstetrics
clinics of Himalayan Institute of Medical Sciences, Jollygrant, Dehradun were enrolled and at every
trimester's blood samples and complete interview about their history and health were taken
(December 2016 to February 2017). Consent in writing from each participant was obtained after
explaining the nature of the project by filling a completed self-administered questionnaire included
the information about VD supplements, maternal ethnicity, demography, education level, socioeco-
nomic status, BMI, sun-light exposure related to clothing, etc and gave their approval for the analysis of
cord and blood samples. Women affecting VD or calcium metabolism and twine or multiple preg-
nancies were excluded. The ethical clearance was obtained for the project to conduct the study. The
serum samples were assayed as per period: December to February; March to May; June to August;
September to November. All pregnant women were assumed to be on regular adequate supplemented
VD as recommended by Gynecologists. They had received daily supplementation of 1000 mg calcium
and 400 IU VD/day from 12 weeks of gestation onwards. All the neonates were born healthy from un-
complicated vaginal delivery showing no signs of distress and mothers were healthy with no chronic
diseases which affect the VD status.

VD status was investigated in cord blood and serum for quantitative determination using
commercially available ELISA kits by measuring the concentration of the major circulating VD
metabolite 25(OH)D which reflects both dietary intake and endogenous production. The lowest
sensitivity of the measurement was 0.5 ng/dl, with accuracy of 98.3% recovery and intraassay precision
of CV <8% (as per CLS1 guideline EP5-A2). In the uterus, the fetus is wholly dependent on the mother
with a half-life of VD approximately two months in the form of 25(OH)D which crosses the placenta
into the bloodstream of the fetus [10,11].

Maternal with neonates-blood samples were drawn at the delivery time and after 15 days also.
Serum was separated and kept at —20 °C for estimation. We also collected umbilical cord blood sample
subsequent to postpartum from the umbilical vein after clamping. Cord blood was also collected at the
time of delivery. Newborn measurements like birth weight, height, head, and neck circumference were
measured at birth. Socioeconomic status was categorized according to the total score of education,
occupation, and monthly per capita family income.

The establish reference values in cord blood & serum were:

Deficient: <20 ng/ml (<50 nmol/L), Insufficient: 20—30 ng/ml (50—75 nmol/L),

Sufficient/adequacy: >30 ng/ml (>75 nmol/L), Intoxication: >150 ng/ml (375 nmol/L).

3. Results

The association with demographic, socioeconomic and BMI characteristics of all the 100 Pregnant
women are summarized in Table 1.

All the participants belong to Dehradun district and conceived first-time pregnancy within the age
group from 25 to 30 years at Mean + SD = 26 + 4 years. All the neonates (63% male and 37% female)
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Table 1

Association with demographic, socioeconomic and BMI characteristics of pregnant women.
Questionnaire variables Pregnant women
All were first time pregnant Neonate Male (63%) Neonate Female (37%)
Age in years 22-30 (26%) 25-30 (74%)
Residence Rural (15%) Urban (85%)
House hold income (Indian rupees) 2.5-5 lakhs (67%) >5 lakhs (33%)
Education level Graduate (72%) Post-graduate (28%)
BMI (kg/m?) 20-25 (45%) 28-32 (55%)
(NV= <25.5)
Weight gain during pregnancy (kg) 5-10 (85%) >10 (15%)

were healthy, born from vaginal delivery after uncomplicated pregnancies. None of them showed signs
of distress at delivery and mothers were hale and hearty with any chronic diseases which influence the
VD status.

Most of the subjects (54.25%) were from lower socioeconomic status. They were belonging to an
urban area (85%) and 72% were graduate. The average household income in Indian rupees was
approximately 5 lakhs. The participants had mean body mass index of 27 + 4 (calculated as weight in
kilograms divided by height in meters squared). Mostly all of the pregnant women gain weight (>5 kg)
during the time of pregnancy.

There were total 100 neonates out of which 63% were males (boys) and rest were females (girls). The
mean birth weight of neonates was 2700 + 253 gm, the mean birth height was 43 + 6 cm, with mean
head and chest circumference 33 + 4 cm and 29 + 4 cm, respectively. The deliveries were assayed as
into four periods: December to February; March to May; June to August; September to November.

A concentration of serum VD was observed in the first trimester as 18 + 6 ng/ml, while in second
and third trimester VD levels were more 38 + 3 and 41 + 4 ng/ml respectively as compared to first as
shown in Table 2. With related to any season or/and month in any trimester there were no significant
differences in the level of VD levels with p value more than 0.05. All the neonates were born
throughout the study period December—November from vaginal delivery and were healthy.

Table 3 illustrates that VD levels in cord blood were sufficient/adequacy (mean > 30 ng/ml) while
the serum neonatal at the time of delivery were insufficient (mean < 30 ng/ml). All the pregnant
women had received daily supplementation of 1000 mg calcium and 400 IU VD/day from 12 weeks of
gestation onwards. It was observed that the mean serum VD levels of pregnant women at the time of
delivery were 40 ng/ml approximately. After 15 days of delivery the levels of VD in neonatal and their
mother decreases by 15—20% and were found to be deficient/insufficient (mean > 20 ng/ml).

4. Discussion

Vitamin D deficiency has become a general community health predicament associated with many
types of diseases mainly related to high risk of reduced fetal bone mineral accrual, respiratory in-
fections and wheezing, preeclampsia, gestational diabetes and infectious disease-related in neonatal.
Due to the highly significant occurrence of VD deficiency in both developed as well as in developing
countries, the possible health consequences should not be underestimated as the cases of rickets is on
the rise [12] and this worsens during pregnancy because of active transplacental transport of Calcium
to the developing fetus [13].

To our knowledge, the present study is the first VD levels information among pregnant women and
their neonates in Dehradun, Uttrakhand. Its status in the infant is closely correlated with maternal VD
status during pregnancy and a high prevalence of maternal VD deficiency has been reported from many
global regions including northern and southern Europe, North America, the Middle East, Asia and
Australasia [14]. The study in Western populations has long-established that optimal VD supply not
only influences the path of pregnancy but is also required for fetal and neonatal Calcium homeostasis,
bone maturation and mineralization along with metabolic sequelae [15].
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Table 2
Levels of Vitamin D at different trimesters.
First Trimester Second Trimester Third Trimester
Mean + SD Mean + SD Mean + SD
Serum Vitamin D levels ng/ml 17.89 + 5.9 37.89 +£2.9 41.23 +£3.9

In our study, the mean age of pregnant women was reported to be 26 + 4 years and mostly was
deficient of VD in expectant or first trimesters. Similar results were quoted by Rajoria and they too have
found VD deficiency more in expectant females <30 years as compared to those >30 years [16].

Studies have publicized that majority of pregnant women had sub-optimal VD levels during their
reproductive phase of life [17], which may be due to factors include limited sunlight exposure, reduced
dietary VD and calcium intake, ethnicity, age, socio-economic status, smoking, repeated pregnancies,
obesity, malabsorption syndromes, medications that increase vitamin D catabolism, and chronic liver
and/or kidney disorders [18,19]. In addition, an individual's lifestyle has also been shown to influence
VD status, such as the amount of exercise, reduced VD intake in the diet, biochemical indices such as
triglyceride levels, factors associated with VD deficiency, and prevalence in pregnant. It was reported
that plasma 25(OH)D concentrations were lower in vegetarians and vegans than in meat and fish eaters
and reported that diet is an important determinant of plasma 25(OH)D [20]. Reasonably lower
occurrence rates of VD deficiency during early pregnancy have also been reported from other parts of
India (62%), UK (57%), Canada (39%), and Spain (18%). This high frequency worldwide of VD deficiency
in pregnant women still stresses the importance of VD supplementation in early pregnancy [21].

Present study had also contributed to observe that high prevalence of VD deficiency increased due
to urbanization that may be due to poor outdoor activity and greater pollution, coupled with skin
pigment. There is high occurrence of VD deficiency due to lack of proper diet, poor calcium intake,
community customs and remaining confined to the four walls of prehistoric housing that deprives the
elderly, children and female population of the benefit of the sunshine [22].

Similar results were reported showing overall prevalence of VD deficiency in pregnant women as
84.3% and 84% in urban and rural population in northern India [23]. An extensive study of existing
literature reveals widespread variation in prevalence of VD status of pregnant women, in range of
environment all over the world in second trimester was 44.9% in African American and 2% in whites in
USA, 50.6% in Ireland, 83.5% in turkey, 80.5% in Australia and 74.1% in India [24,25].

In our study insufficient exposure to sunlight was spectator to be a key hazard for VD deficiency and
its exposure being a major cause of VD in maintaining standard 25(OH) D levels. On asking about time,
85% usually spent 15—30 min/day under sunlight with their regular cloths while only 10% spent more
than 60—120 min/day as a schedule exercise. 5% were not sure about sunlight exposure. It was also
observered in the present study that higher the physical activity higher the sun exposure. Two studies
among pregnant women in Lucknow [24] and Mumbai [26] had found mean total body surface area %
hour exposed to sun 6% and 7% h/day, respectively and reported that might be due to physiological
status of study participants and urban setting in the latter studies. A study among pregnant women
[27] found similar results in rural Lucknow to our finding, and it might be attributed to rural setting of
both studies.

Revealing dresses and cleavage bearing cloths are frowned in customary Uttarakhand households.
Pregnant women are expected to cover themselves even more and are discouraged from outdoor
activity. They were not exposed to sun light due to orthodox following or conforming to the traditional
or generally accepted rules or beliefs of a religion, philosophy, or practice in the family. In the present
study, we found no significant association of VD between sex of the neonate, maternal age, socio-
economic status, body mass index, and education level which was in line with some previous studies
[28,29]. However, in Jordan, lower gestational age was found to be associated with VD deficiency in the
neonate [30].

It was also observered by us that 85% had gain weight from 5 to 10 kg while 15% had gain more than
10 kg of weight at the end of pregnancy, especially between second and third trimesters. This may be
due to increased intestinal calcium absorption during pregnancy which meets fetal calcium demands
[31]. Cross-sectional reports have shown that in cases of severe maternal VD deficiency, serum PTH
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Table 3
Levels of Vitamin D of cord blood and serum.

Vitamin D levels (Mean) ng/ml

Neonate Male Neonate Female
Cord blood 36.2 34.8
Serum neonatal at time of delivery 275 29.1
Serum Pregnant women at time of delivery 40.2 39.1
Serum neonatal after 15 days 17.6 19.0
Serum Pregnant women after 15 days 223 20.5

concentrations are increased, 1, 25(0OH) 2D concentrations are decreased, and osteomalacia may occur.
Observational studies and VD supplementation trials among pregnant women at high risk of VD
deficiency have reported that improved neonatal handling of calcium will improve maternal VD status.
Results concerning the effects of VD on maternal weight gain and fetal growth in high-risk populations
are conflicting and inconclusive. There is no evidence to indicate a beneficial effect of VD intakes during
pregnancy above amounts routinely required preventing VD deficiency among non-pregnant women
[32].

Our study showed that in first trimesters VD levels were deficient in 89% of cases with noteworthy
predictors for VD deficiency like common practices of social and cultural in Uttrakhand that stop
sufficient exposure of pregnant and young women to sunshine. The major source of VD is its synthesis
in dermis and epidermis, which is affected by ultraviolet B rays, including approximately 90% of the
entire body need. Thus inadequate radiation or lack of UVB and in turn reduced dermal synthesis is
considered as one of the main determinants of VD deficiency. All of the pregnant women were on
multivitamins in between their first trimester as recommended by their consultants and were over-
whelming the daily optional intake of food rich in VD as per the nutritional guidelines.

Individual's prior studies have shown that covered dress style may be an important factor affecting
the prevalence of VD deficiency in pregnant women due to the religious and cultural reasons [33]. The
etiology of the turn down of VD status in women is probable multifactorial, but may be due in part to
increasing BMI and increased sun protection, coupled with decreased dietary intake of vitamin D, such
as milk and other dairy products [34,35].

The increasing use of multivitamins and mineral dietary supplements in younger to older adults
does not appear to be associated with a corresponding increase in VD concentrations [36] and clinical
guidelines suggest that doses of VD more than 600 IU/day may be needed to maintain adequate plasma
levels, but the appropriate standard is still debated [37]. In some randomized controlled studies,
loading doses as high as 1000—4000 IU/day were needed before adequate VD plasma concentrations
were measured [38].

In second trimesters VD levels were sufficient in 90% of cases because all were receiving daily
supplementation of 1000 mg calcium and 400 IU VD/day along with adequate amount of sunrays and
recommended intake of food for a period of more than 1—2 months as recommended by their
consultant. Many women feel better during the second trimester of pregnancy as there are major
changes taking place inside their bodies as their babies grow and develop. The second trimester re-
quires essential nutrients to support that growth.

VD supplements intake was the most actionable determinant of VD status, suggesting that VD
supplementation during pregnancy should receive more attention in clinical practice. Women with a
diet higher in dairy, poultry and eggs had less VD deficiency in Pakistan [39] while in U.S. women with
lower VD dietary intake had more deficiency [40].

In the third trimesters VD level were found to be more than second trimesters in almost (98%) all the
cases perhaps owing to adequate supplementations along with daily supplementation of 1000 mg
calcium and 400 IU VD/day for a period of 6—7 months. As reported through the self-administered
questioner, they were taking part in daily house hold work and were more exposed to sunlight.
Mostly they were taking milk and its products once in a day as suggested by their consultant. Mostly
knowledge of VD was not adequate during first and second trimesters of pregnancy but our study
voluntaries had briefed the VD status of the neonates' correlation with maternal VD status during
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pregnancy and how fetus is totally dependent on the mother for VD. All the women became health
conscious of VD deficiency and its risk factors during pregnancy.

The samples were assayed as per period: December to February; March to May; June to August;
September to November and a small seasonal influence cannot be discounted. The rise in VD levels
with advancing pregnancy may be a natural phenomenon similar to the rise in steroid hormones.
The mean serum VD levels during the third trimester were 41 + 3 ng/dl, which is sufficient/
adequacy.

A similar finding had suggested that women receiving supplementation closer to delivery date
had higher serum VD levels without a rise in fetal stores [41]. Many studies had reported that
significant changes in maternal VD and calcium metabolism occur during pregnancy as to provide
the calcium needed for fetal bone mineral accretion. Approximately 25—30 g of calcium are
transferred to the fetal skeleton by the end of pregnancy, most of which is transferred during the
last trimester [42]. The 3 possible calcium sources that may supply the mother with the necessary
calcium to support fetal growth include increased intestinal absorption from the diet, increased
renal conservation, and increased bone mobilization [43]. It has been estimated that the fetus ac-
cumulates up to 250 mg/d calcium during the third trimester. Data from multicentre studies specify
that an overall prevalence of VD deficiency of 53% among women in the third trimester of preg-
nancy in Switzerland [44]. This overall prevalence is somewhat comparable with the prevalence
reported in neighboring countries also, such as Germany (77%), Northern Italy (85%) or France (41%)
[45,46].

Blood samples from the pregnant women and neonatal at time of pregnancy and after 15 days of
delivery were collected. Umbilical cord blood samples were also collected subsequent to postpartum
from the umbilical vein after clamping. It was observed that the mean serum VD levels of pregnant
women at the time of delivery were 40 ng/ml approximately. Data from our study indicated that VD
levels in cord blood were sufficient/adequacy (mean > 30 ng/ml) while blood sample of neonatal at the
time of delivery were insufficient (mean < 30 ng/ml) because all the pregnant women had received a
daily supplementation of 1000 mg calcium and 400 IU VD/day from 12 weeks of gestation onwards. All
the neonates were born throughout the study period December—November from vaginal delivery after
uncomplicated pregnancies and were healthy. Measurement of VD during the first and second
trimester may have been beneficial because this may have allowed the commencement of supple-
mentation earlier to enable VD levels to normalize at the time of delivery. Our results add to the ev-
idence that cord blood VD levels strongly correlated with maternal values as reported by several
studies [47,48].

We observed significantly mean serum VD levels of pregnant women at the time of delivery higher
than median cord blood VD levels which differ from most of the published data [49]. A review
acknowledged that the VD level in cord blood at delivery may range from 68 to 108% of maternal levels.
Significantly lower median maternal VD levels compared with cord blood levels have also been re-
ported by others; the reasons for the discrepancies are not known yet. There might be a link with the C-
3 epimer concentration of the 25 (OH) D molecules that has been shown to be present especially in
cord blood. This molecule involves in proliferation, differentiation, neurotrophism, neuroprotection,
neurotransmission and neuroplasticity and exerts its biological function by influencing gene expres-
sion from side to side VD response elements [50,51].

Randomized clinical trials have shown that prenatal VD supplementation increases both maternal
25(0OH)D and offspring birth weight [52]. It was observed from our study that after 15 days of delivery
the levels of VD in neonatal and their mother decreases by 15—20% and were found to be deficient/
insufficient (mean > 20 ng/ml) mostly in all cases (97%). Their may be many reasons for the same: (a)
due to immense change, which includes changes in physical proportions, physiology partner support,
psychiatric care and responsibility, (b) were admitted in hospital for 2—6 days or not allowed to take
part in any activity of family nor allowed to come out from their rooms as a spiritual rights/ritual and
not allowed to sit in sun (c) VD supplements were stopped by their gynecologists, (d) protective
clothing that completely cover the body was worn by the entire sample (100%), sunscreen was used
(84%) and (e) new born were only taking breast milk which contains less amount of VD.

Similar observations of VD levels had been shown in a number of longitudinal studies among
breastfed infants [53,54].



V. Mehrotra et al. / Clinical Nutrition Experimental 28 (2019) 102—110 109

5. Conclusions

The study demonstrated a high prevalence of VD status with significant differences due to the
existence of supplementation. There are many traditional factors which contributed to the observation
of high occurrence of VD deficiency in this study. Identifying VD deficiency at pregnancy time and after
birth should be essential for the growth of public policy for anticipation and supplementation. To
improve this situation, pregnant mothers should be educated about the importance of VD deficiency at
and after birth for the development of risk factors.
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