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Abstract Research into the extra-skeletal functions of
vitamin D has been expanding in recent years. During
pregnancy, maternal vitamin D status may be of concern
because of the key role of this vitamin in fetal skeletal
development and due to the association between hypovi-
taminosis D and adverse maternal—fetal outcomes. There-
fore, the objective of this manuscript was to review the
maternal—fetal impact of gestational vitamin D deficiency
and the benefits of vitamin D supplementation during
pregnancy. A literature search was performed in PubMed
and Embase employing the following keywords: vitamin D
deficiency, pregnancy, 25-hydroxyvitamin D, and hypovi-
taminosis D. All relevant articles in English language
published since 1980 were analysed by the two authors.
Neonatal complications derived from vitamin D deficiency
include low birth weight, growth restriction, and respira-
tory tract infection. In the mother, vitamin D deficiency has
been associated with altered glucose homeostasis and
increased incidence of gestational diabetes mellitus, pre-
eclampsia, and bacterial vaginosis. However, the current
state of the evidence is controversial for some other end-
points and the actual benefit of vitamin D supplementation
in pregnancy remains unclear. Additional longitudinal
studies may clarify the actual impact of vitamin D defi-
ciency during pregnancy, and randomised trials are
required to define the benefits of vitamin D
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supplementation in reducing the incidence of adverse out-
comes in the mother and infant.
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Introduction

Several functions of vitamin D have been studied in the last
years [1], and vitamin D deficiency has been associated
with co-morbidities beyond bone health [1, 2]. During
pregnancy, vitamin D actions are still under evaluation, but
it is considered essential for fetal skeletal development.
Furthermore, vitamin D deficiency in the pregnant women
has been associated with adverse outcomes to the mother,
such as gestational diabetes mellitus (GDM) and pre-
eclampsia, and to the offspring, such as small for gesta-
tional age (SGA) newborns [3-5].

Many studies have been published in recent years on this
subject of vitamin D deficiency and pregnancy and,
therefore, the objective of this manuscript was to critically
review the available literature about the maternal—fetal
impact of vitamin D deficiency.

Methods

Literature search was performed in PubMed and Embase,
employing the following keywords: vitamin D deficiency,
pregnancy, 25-hydroxyvitamin D, and hypovitaminosis D.
The studies of interest were original papers and critical
reviews on the subject of vitamin D and pregnancy. All
relevant articles in English language published since 1980
were analysed by the two authors. Only human research
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was considered. Additional studies were considered when a
relevant data was cited by any reviewed paper. Data were
organized as maternal or fetal repercussions of vitamin D
deficiency or as vitamin D supplementation during preg-
nancy. Limitations of the studies were discussed in the text.

Therefore, this manuscript is an updated non-systematic
review of the literature about vitamin D and pregnancy,
with emphasis on the maternal-fetal impact of vitamin D
deficiency.

Physiology and Biological Role of Vitamin D

Vitamin D, or calciferol, is currently considered an
essential pro-hormone. The term vitamin D actually com-
prises a series of fat-soluble secosteroids, of which vitamin
D2 (ergocalciferol) and vitamin D3 (cholecalciferol) are
the main representatives. Vitamin D2 is added to foods and
differs from vitamin D3 in their side chain structure.
Vitamin D3 is synthesized in the skin from 7-dehydro-
cholesterol after exposure to ultraviolet B (UVB) radiation,
and is under the influence of several factors, including the
seasons of the year, skin colour, latitude, altitude, sun-
screen use, age, and exposed skin area [2]. Therefore,
exposure to sunlight is the main source of vitamin D,
although some foods provide a direct supply of vitamin D3
[6]. Both ergocalciferol and cholecalciferol are manufac-
tured commercially and available as dietary supplements.
They are pro-hormones and exhibit identical responses in
the body [7, 8], although there is not an agreement in lit-
erature regarding the potency of these two forms of vitamin
D and evidence in humans is lacking [8, 9]. All forms of
vitamin D are considered biologically inactive until they
undergo enzyme-mediated hydroxylation reactions. The
first such reaction takes place in the liver, mediated by 25a-
hydroxylase, and produces 25-hydroxyvitamin D, the most
abundant circulating form of vitamin D; the second reac-
tion takes place in the kidney, mediated by 1a-hydroxylase,
and produces 1,25-dihydroxyvitamin D, a biologically
active hormone. Renal 1,25-dihydroxyvitamin D synthesis
is regulated positively by parathyroid hormone (PTH) and
negatively by fibroblast growth factor-23. Serum calcium
and phosphorus levels also influence these reactions [2].
The classic effect of vitamin D is regulation of calcium
and phosphorus homeostasis and maintenance of bone
health. However, most tissues in the body express receptors
for the active form of vitamin D and many of these contain
the enzyme required for conversion of 25-hydroxyvitamin
D to 1,25-dihydroxyvitamin D for local use [1]. Hence,
several extra-skeletal roles have been ascribed to vitamin
D, such as regulation of the innate and adaptive immune
system, reduction of proliferation of cancer cells, regula-
tion of cardiovascular function and blood pressure and of

hormone secretion, including stimulation of insulin secre-
tion [1].

In view of the importance of vitamin D, the Institute of
Medicine (IOM) recently published [8] new recommended
daily intakes for calcium and vitamin D based on the
current evidence of bone health, chronic disease, and health
outcome indicators for the United States population. Dur-
ing pregnancy and lactation, the recommended daily intake
is 600 IU, taking into account the needs of the fetus and
maternal milk output.

Vitamin D Deficiency

The IOM recommends [8] that the diagnosis of vitamin D
deficiency should be performed by 25-hydroxyvitamin D
measurement, since it is the best biomarker of deficiency
and reflects both endogenous vitamin D synthesis and
vitamin D supplementation. The cut-off value for diagnosis
of vitamin D deficiency should be set at 20 ng/mL
(50 nmol/L) [8] (To convert from ng/mL to nmol/L, mul-
tiply by 2.5; vitamin D levels will be expressed as ng/mL
throughout this article). Cut-off values for vitamin D
insufficiency in the current literature, including the latest
Endocrine Society recommendations, range from 20 to
30 ng/mL [2, 6], although the IOM stresses that higher cut-
offs may artificially inflate the prevalence of hypovita-
minosis D.

There is no evidence to suggest any benefit of popula-
tion-wide screening for vitamin D deficiency, with current
recommendations suggesting measurement of 25-hydrox-
yvitamin D status in at-risk individuals [6]. Therefore,
screening is indicated in patients with rickets, osteomala-
cia, osteopenia or osteoporosis, chronic kidney disease,
liver failure, malabsorption, obesity, and patients on anti-
epileptics, anti-retroviral drugs, and glucocorticoids, as
well as in pregnant and nursing women [6].

Vitamin D deficiency has been increasingly recognized
as a worldwide epidemic, affecting children, adults and the
elderly alike [2]. The leading cause of vitamin D deficiency
is lack of sun exposure. Sunscreen use, ageing, darker skin
pigmentation, and winter (especially above the 33rd par-
allel north and below the 33rd parallel south) are associated
with reduced vitamin D synthesis [2, 3]. Intestinal malab-
sorption, increased vitamin D catabolism (i.e., due to anti-
epileptic or anti-retroviral therapy), kidney failure,
nephrotic syndrome, and liver failure are also associated
with vitamin D deficiency [2]. Obesity, in turn, is associ-
ated with hypovitaminosis D due to deposition of vitamin
D (whether of dietary origin or endogenous) in adipose
tissue, thus reducing its bioavailability [10].

The consequences of hypovitaminosis D have been the
object of extensive study. They include reduced intestinal
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Table 1 Prevalence of vitamin D deficiency among different populations of pregnant women

Study Prevalence (%) Location, latitude Cut off level Vitamin D
(ng/mL) supplementation®
Grant et al. [76] 57.7 Auckland, New Zaeland, 36° <20 5 %
Weinert et al. [77]b 53.3 Porto Alegre, Brazil, 30° <20 0
McAree et al. [17] 36 London, England, 51°N <10 NA
Gernard et al. [18] 34.8 12 U.S. Medical Centers, <15 NA
variable latitude
Aly et al. [78] 14.2 Khafji Joint Operation <12 0
Hospital, Arabia Saudita, 28°
Song et al. [79] 96.8 Beijing, China, 39° <20 46.4 %
Toher et al. [80] 60.7 Dublin, Ireland, 53° <12 10 %
Parildar et al. [81]° 35.8 Istanbul, Turkey, 41° <20 0
Bartoszewicz et al. [82] 31.3 Warsaw, Poland, 52° <20 72.7 %
Vandevijvere et al. [83] 44.6 Belgium, variable latitude <20 62 %
Collins-Fulea et al. 2012 [84] 71.7 Michigan, U.S.A., 42° <20 NAY
Haggarty et al. [85] 21.5 North Scotland, 57° <10 21 %
Gale et al. [27] 21.2 Southampton, England, 50° <11 6.5
Bodnar et al. [86] 29.2 Pittsburgh, U.S.A., 40° <15 90 %
Lee et al. [87] 50 Boston, U.S.A., 42° <12 70 %
Waiters et al. [19] 6 Inuvik, Canada, 68° <12 71.9 %

NA not available

* Vitamin D supplementation at the moment of serum 25-hydroxyvitamin D measurement

® Women with gestational diabetes

¢ Control group (non-diabetic pregnant women)

4" All women with vitamin D insufficiency received supplementation, but the data about how many women were taking supplements at the time

of vitamin D measurement is not available

absorption of calcium and phosphorus and increased PTH
levels [11], leading to bone density loss. In adults, this
condition may result in osteomalacia, osteopenia, osteo-
porosis and increased risk of fractures; in children, it may
lead to rickets [2]. Studies have shown that, in addition to
bone damage, vitamin D deficiency is associated with other
co-morbidities [1, 2], such as neoplasms [12], autoimmune
diseases (including type 1 diabetes mellitus), infections,
insulin resistance and type 2 diabetes mellitus (DM) [13],
cardiovascular and all-cause mortality [14].

Vitamin D and Pregnancy
Significance and Prevalence of Vitamin D Deficiency

During pregnancy, mobilization of maternal calcium
stores is required for fetal skeletal development. This
leads to a variety of physiological adaptations, such as
increased maternal bone mobilization and increased
absorption of calcium in the bowel, which are at least
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partly mediated by 1,25-dihydroxyvitamin D. Total 1,25-
dihydroxyvitamin D status increases in the first trimester,
whereas free 1,25-dihydroxyvitamin D levels increase in
the third trimester, both returning to normal during the
puerperal period and lactation [15, 16]. Renal synthesis,
stimulated by prolactin and placental lactogen, appears to
play the most important role, although the placenta,
decidua, and fetal kidneys also express lo-hydroxylase
[16]. It bears stressing that vitamin D circulates almost
entirely in a form bound to serum protein, and that, in
pregnancy, vitamin D-binding protein levels are
increased. Nevertheless, free 1,25-dihydroxyvitamin D
levels are elevated in pregnancy [15]. Hence, maintenance
of optimal mineral metabolism during pregnancy without
compromising maternal or fetal bone mass may be chal-
lenging in women with vitamin D deficiency.

Prevalence of hypovitaminosis D in pregnancy is
considered high in different populations (Table 1),
although it may vary according the latitude, ethnicity,
supplementation of vitamin D, body mass index, season
and the cut-off used to define deficiency of vitamin D
among studies [17, 18].
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Fetal Repercussions

As noted above, the fetus depends on maternal 25-hy-
droxyvitamin D and calcium stores; therefore, the high rate
of vitamin D deficiency in pregnancy has repercussions in
the offspring of affected women [3, 4]. Plasma levels of
vitamin D in the neonate correspond to approximately
60-70 % of maternal levels [19], although some studies
have reported even lower values [20]. In a Canadian study,
the prevalence of vitamin D deficiency (defined as cord
blood levels of vitamin D < 11 ng/mL) among neonates
born to mothers who were on vitamin D replacement
during pregnancy was 46 %, with variations attributed to
season and skin colour [21].

In observational studies, the incidence of SGA birth was
related to vitamin D status in many studies [5, 18, 22-25].
In a prospective cohort study, vitamin D levels below
10 ng/mL in the second trimester were associated with a
threefold risk of SGA, although there was no significant,
continuous association between vitamin D and birth weight
[22]. In another multi-ethnic cohort study of over 3,000
pregnancies, vitamin D deficiency at 13 weeks gestational
age was associated with low birth weight and increased risk
of SGA [23]. In a U.S. study of over 2,000 births, 25-hy-
droxyvitamin D levels >15 ng/mL before 26 weeks ges-
tational age was associated with higher birth weight and
larger head circumference and halved the risk of SGA birth
[18]. Conversely, other observational studies have failed to
demonstrate an association between vitamin D deficiency
and birth weight or length [26, 27]. Nevertheless, a meta-
analysis of observational studies, published in 2013, rein-
forced the association between vitamin D deficiency and
risk of SGA birth [5]. Therefore, the increased risk of SGA
newborns in pregnancies with vitamin D deficiency is one
of the most studied endpoints until this moment and this
association is demonstrated in many observational studies
and meta-analysis.

An established association exists between low birth
weight and increased risk of cardiovascular disease and type
2 DM in adulthood [28, 29]. However, despite the likely
association between hypovitaminosis D during pregnancy
and SGA newborns, their long-term consequences have yet
to be fully elucidated. In the longest UK cohort studied thus
far on the topic, only 30 % of the children of mothers
assessed for hypovitaminosis D in late pregnancy returned
for follow-up at age 9 years [27]. The cardiovascular
parameters assessed in these children were not associated
with maternal vitamin D status during pregnancy [27].

Longitudinal growth and bone mineralization in child-
hood may also be affected by gestational vitamin D defi-
ciency [4, 26, 30, 31]. During the fetal period, vitamin D
appears to be associated with femoral growth [4, 30]; at
birth, infants born to women with lower vitamin D status

have been found to have decreased long-bone length [26].
However, it is not a universal finding and some studies
disagree with this results [27, 31]. Bone mass was reported
to be lower in the offspring of women with lower vitamin
D status [32], but a recent prospective and well-designed
study did not find any association [33]. Therefore, the real
influence of maternal vitamin D upon offspring bone health
is still under study.

Although a Japanese study reported lower levels of
vitamin D in women with preterm labour [34], other lon-
gitudinal studies have not corroborated this association
[35]. Likewise, gestational age at birth was similar between
vitamin D-deficient and non-deficient groups in some
cohorts [36]. Other investigators have reported lower ges-
tational age at delivery among vitamin D-deficient women
[23, 26], although the difference in gestational age was as
small as 0.2 weeks in one study [23] and lost statistical
significance after adjustment in the other [26]. The asso-
ciation between vitamin D deficiency and prematurity is
still controversial.

The role of maternal vitamin D in childhood respiratory
illnesses has also been studied. The risk of lower respira-
tory tract infection by the respiratory syncytial virus [37]
and of any history of respiratory tract infection [38] were
associated with lower cord blood vitamin D levels in
neonates. The risk of recurrent wheezing also appears to be
lower in children whose mothers had higher vitamin D
intake during pregnancy [39] and when cord blood vitamin
D levels are higher [38]. However, the association with
asthma remains uncertain [27, 38]. Therefore, neonatal
respiratory infections appear to be associated with maternal
hypovitaminosis D, but more corroborative studies should
be performed.

The risk of other atopic manifestations, such as eczema
[27] and food allergies [40], may be positively associated
with maternal vitamin D status. On the other hand, in a
study of 231 infants assessed during the first year of life,
the risk of eczema was higher among those with a cord
blood vitamin D level below 20 ng/mL [41]. Therefore, the
relationship between vitamin D and immune response
remains contradictory and under-explored.

The evidence for an association between vitamin D
deficiency and risk of type 1 DM in children is also
controversial. A recent nested case—control study found a
twofold risk of type 1 DM development in the offspring
of women with gestational vitamin D levels at the lowest
quartile [42]. Conversely, a Finnish study found no dif-
ferences in vitamin D levels between women whose
children developed type 1 DM and those who did not
[43].

In a Spanish cohort, maternal vitamin D status corre-
lated positively with child mental and psychomotor
development scores at age ~ 14 months [44]. A systematic
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review reported an association between birth month and
risk of developing multiple sclerosis, particularly in areas
with poor sunlight exposure, which may suggest an influ-
ence of vitamin D during pregnancy [45]. Maternal milk
intake and vitamin D status may also be associated with
reduced risk of multiple sclerosis in the offspring [46].
However, a case—control study found no such association
[47]. Further research is required to ascertain whether a
relationship exists between maternal vitamin D status
during pregnancy and psychomotor development and
neurological disease in children.

Maternal Repercussions

One of the maternal complications most closely associated
with vitamin D deficiency during pregnancy is pre-eclamp-
sia. Many observational studies have reported an increased
risk of pre-eclampsia among women with low vitamin D
status [48-51]. However, other studies have failed to confirm
this association [35, 52-54], particularly in high-risk sub-
groups [52, 54]. A meta-analysis of observational studies
published in 2013 suggested a relationship between hypo-
vitaminosis D and the incidence of pre-eclampsia, but the
association was non-significant in the studies that adjusted
for confounders [5]. Therefore, the association between
hypovitaminosis D and pre-eclampsia seems probable, but it
should be confirmed by additional well-designed prospective
studies, especially in women of high-risk.

The role of vitamin D in type 2 DM and GDM develop-
ment has also been studied, and vitamin D deficiency appears
to be associated with altered glucose homeostasis during
pregnancy [5, 55]. Hypovitaminosis D in early pregnancy or
in the second trimester is associated with increased incidence
of GDM, an association that appears to be independent of
maternal age, race, and body weight [36, 56]. In a cohort of
pregnant women whose vitamin D levels were measured
before gestational age 16 weeks, increased vitamin D status
were associated with a reduction in risk of maternal hyper-
glycaemia at gestational age 24 and 28 weeks, although only
in smokers [57]. Therefore, vitamin D may be a potentially
modifiable risk factor for GDM.

Vitamin D deficiency has also been consistently asso-
ciated with increased incidence of bacterial vaginosis
during pregnancy [58], and this association was recently
supported by a systematic review [S5]. Bacterial vaginosis
incidence is relevant since it has been associated with
adverse obstetrical outcomes such as premature rupture of
membranes, preterm birth, early labor, postpartum endo-
metritis [59] and preclinical pregnancy loss [60]. It may
also has gynaecological consequences to women’s health,
such as endometritis, increased risk of acquiring sexually
transmitted disease [59], including HIV [61], cervical
intraepithelial neoplasia [62] and tubal infertility [60].
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Increased rates of caesarean section among women with
hypovitaminosis D have been reported by some authors
[63, 64], but other studies suggest this outcome is inde-
pendent of maternal vitamin D status [35]. This association
must be clarified since caesarean delivery may bring short
and long term complications to women, such as rehospi-
talization, postpartum infections [65], deep vein thrombo-
sis [66], and abnormal placentation in future pregnancies
[67].

In the Amsterdam cohort, maternal vitamin D deficiency
in early pregnancy was associated with increased levels of
depression symptoms as detected on a questionnaire
administered at 16 weeks gestational age [68]. However, a
causal relationship cannot be established, as vitamin D
measurements were obtained at a time very close to
questionnaire administration [68]. In a sample of African-
American women, serum vitamin D status in early preg-
nancy were inversely correlated with scores on a depres-
sion scale [69]. Therefore, initial data suggests a possible
association of depression and hypovitaminosis D, but fur-
ther studies are necessary.

Vitamin D Supplementation During Pregnancy

Clinical trials of vitamin D replacement during pregnancy
have been heterogeneous, and their findings on the reduc-
tion of adverse maternal-fetal outcomes remain contro-
versial. In 1980, supplementation with ergocalciferol at a
dose of 1,000 IU daily in Asian women during the third
trimester of pregnancy led to a non-significant reduction in
the rate of SGA birth, from 29 to 15 %, and neonates in the
control group had larger fontanelles, suggesting impaired
ossification [20]. There were no between-group differences
in gestational age at birth [20]. In a clinical trial led by
Hollis et al. [70], 350 women were randomly allocated to
receive 400, 2,000 or 4,000 IU/day of vitamin D and fol-
lowed until delivery. The highest dose (4,000 IU/day) was
the most effective in inducing sufficient maternal levels of
vitamin D. However, supplementation was not associated
with any difference in gestational age at birth, birth weight,
or need for neonatal intensive care unit admission [70]. A
2012 Cochrane Collaboration analysis reported a lower
incidence of birth weight <2,500 g when vitamin D sup-
plementation was provided during pregnancy, although the
difference was only borderline significant (relative risk
0.48; 95 % CI 0.23-1.01), and there were no reductions in
rates of pre-eclampsia, nephritic syndrome, stillbirth, or
neonatal mortality [71]. Other clinical trials have since
been published in 2013. In one such trial, vitamin D sup-
plementation at doses of 2,000 or 4,000 IU/day versus
400 IU/day was not associated with differences in fetal
anthropometric parameters or gestational age at birth,
although the main objective of the study was to assess
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serum 25(OH)D levels in maternal and cord blood [72].
Wagner et al. [73] randomized 257 pregnant women to
receive 2,000 or 4,000 IU/day of vitamin D and found a
positive association between vitamin D dose and neonatal
weight percentile, as well as a negative association
between end 25(OH)D levels and premature labour and
infection. It bears stressing that, in all of the aforemen-
tioned studies, higher doses were considered safe during
pregnancy and more effective at inducing adequate
25(OH)D status [70, 72, 73]. Therefore, the authors con-
sider traditional recommendations for vitamin D supple-
mentation during pregnancy to be insufficient [73]. Two
other studies assessed vitamin D doses of 35,000 U/week
[74] and 50,000 U/week [75], which increased maternal
and neonatal/cord blood vitamin D status without any
adverse effects. Therefore, additional studies are still
required to define optimal dosages for vitamin D supple-
mentation during pregnancy and, particularly, their actual
benefits in reducing the incidence of adverse outcomes in
the mother and infant.

Conclusion

Vitamin D deficiency is highly prevalent worldwide, both in
the general population and among pregnant women. The
long-term consequences of hypovitaminosis D have yet to be
fully elucidated. Specifically in pregnancy, studies have
found it to be associated with increased incidence of adverse
maternal and fetal outcomes. The better studied endpoints
until this moment are the increased incidence of SGA new-
borns, gestational diabetes, pre-eclampsia and bacterial
vaginosis; and other consequences of hypovitamosis D are
still under study. However, at this time, many studies have
methodological flaws and definitive conclusions cannot be
drawn. It is also important to highlight that available obser-
vational data do not confirm causality.

Most international experts and organizations agree on the
need to screen for vitamin D deficiency during pregnancy
and provide supplementation when indicated, although there
is no consensus as to the optimal dosage of supplementation
and no agreement on the actual benefit it provides in terms of
maternal and fetal endpoints. Further research is required to
clarify the association between vitamin D deficiency and
adverse maternal and fetal outcomes, particularly among
high-risk populations (such as women with diabetes and
hypertension), and to define optimal strategies for vitamin D
supplementation in pregnancy.
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