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Abstract

Background It has recently been demonstrated that vita-

min D (VD) deficiency during pregnancy and lactation can

give rise to problems in mothers and their children.

Aim To discuss the implications of VD deficiency during

pregnancy and the best VD supplementation to use in order

to avoid risks for the mother and child.

Methods PubMed was used to select all of the clinical

studies published in the last 15 years concerning VD

deficiency in pregnant women and its impact on the fetu-

ses, neonates and infants, as well as the use of VD sup-

plementation during pregnancy.

Results Several studies have suggested that VD defi-

ciency is associated with possible major outcomes in the

preconception period, during pregnancy, perinatally and in

childhood. A 25(OH)D concentration of [32 and

\50–60 ng/mL seems to be associated with the lowest risk

of disease, and the administration of 2,000 IU/day to

pregnant and breastfeeding women seems to maintain

adequate 25(OH)D levels. However, not all the experts

agree with these conclusions because some of them do not

think that VD deficiency can really cause extraskeletal

manifestations and consider that the traditionally suggested

400–600 IU/day can be enough to permit an adequate bone

development.

Conclusions Despite an increasing amount of data seems

to suggest that pregnant women need a greater amount of

VD than recommended in the past, further studies are

needed to determine how much VD has to be given to

assure a regular evolution of the pregnancy and an ade-

quate development of the fetus and the young child.

Keywords Bone development � Pregnancy � Respiratory

infection � Vitamin D � Vitamin D deficiency � Vitamin D

supplementation

Introduction

Vitamin D (VD) has long been considered an essential

nutrient for bone health. Its role in pregnant women and

children has been clearly defined by the demonstration that

VD deficiency during intrauterine life and early childhood

can lead to rickets, growth retardation, skeletal deformities

and an increased risk of fractures risk [1, 2]. However, it is

only recently that systematic VD supplementation became

universally recommended for pregnant women. As late as

2004, the UK National Institute for Clinical Excellence in

Antenatal Care recommended that VD supplementation

should not be routinely offered to pregnant women [3], but

now most of the experts worldwide suggest that women

should be given VD supplements during pregnancy,

although there is no agreement on the amount useful for

assuring optimal pregnancy outcomes and childhood

growth [4].

It has recently been demonstrated that VD can generate

a number of biological responses other than those relating

to bone metabolism, and that VD deficiency during preg-

nancy and lactation can give rise to problems in mothers

and their children. Low maternal 25(OH)D levels have

been associated with early-onset severe preeclampsia and

poor effects of infertility treatment. On the contrary, VD

supplementation seems to reduce the risk of primary
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cesarean section, gestational diabetes and preeclampsia [5–

9]. Downstream effectors of VD have been detected in

fetuses with a gestational age of as young as 14 weeks, and

it has been found that VD modulates early lung develop-

ment and surfactant production [10, 11]. It has also been

shown that serum 25(OH)D levels during pregnancy can

condition the expression of tolerogenic genes, which sug-

gests that the immunomodulatory function of VD (widely

demonstrated in vitro and in vivo in experimental animals

and humans of any age) occurs prenatally [12]. Moreover,

diseases of neonates and young infants other than con-

genital rickets have been associated with a low VD intake

by pregnant mothers, thus confirming that substantial VD

supplementation is necessary to assure optimal baby health.

This new knowledge has convinced various experts that

greater VD supplementation than usually recommended is

needed during pregnancy in order to assure optimal maternal

health, adequate fetal development and a healthy postnatal

life. The main aim of this review is to discuss the implications

of VD deficiency during pregnancy and the best VD supple-

mentation to use in order to avoid risks for the mother and

child. PubMed was used to select all of the studies published

in the last 15 years using the following combinations of text

words: ‘‘VD’’ and ‘‘pregnant women’’ or ‘‘pregnancy’’ or

‘‘fetus’’ or ‘‘neonate’’ or ‘‘infant.’’ More than 1,500 articles

were found, but only papers published in English as well as

those showing evidence-based data or presenting recom-

mendations from Scientific Societies were included.

Prevalence of VD deficiency in pregnant women

About 40 years ago, it was decided that, despite 1,25

(OH)D was the active form of VD, serum 25(OH)D levels

could provide the best measure of VD status and that

evaluating their Gaussian distribution in the healthy gen-

eral population could establish the cut-off level for defining

so-called VD deficiency. At that time, it was though that

25(OH)D concentrations of \10 ng/mL were indicative of

deficiency in otherwise healthy adults, whereas higher

values always indicated normality [13].

However, a more recent and detailed analysis of the

ways in which VD becomes available to the body has led to

the conclusion that the old methods of assessing VD status

were grossly inaccurate because factors such as limited

ambient ultraviolet radiation, inadequate sun exposure and

host factors could significantly influence the final results

and lead to a wrong cut-off value [14]. Moreover, data

collected in studies evaluating the correlation between

plasma 25(OH)D levels and a series of biomarkers [intes-

tinal calcium absorption, maximal parathyroid hormone

(PTH) suppression, bone fracture prevention and optimal

bone turnover] clearly indicate that only concentrations

significantly higher than 10 ng/mL can permit an adequate

bone metabolism [15]. However, there is no definite con-

sensus about the minimum normal 25(OH)D value for

healthy humans of different ages and whether and how this

minimum level has to be increased for particular subjects

such as pregnant women. The Institute of Medicine of the

USA (IOM) that bases its recommendation on what is

needed to maintain skeletal integrity indicates that if a

pregnant women exhibits a circulating level of 20 ng/mL,

she should be considered replete [16]. On the contrary, the

Endocrine Society that consider also other VD-dependent

factors recommends a circulating level C30 ng/mL in order

to assure a satisfactory evolution of the pregnancy and an

optimal fetal development [17]. Other experts consider

suboptimal all the 25(OH)D serum values lower than

32 ng/mL and distinguish deficiency when the 25(OH)D is

\20 ng/mL from insufficiency if it is between 20 and

29 ng/mL (Table 1) [18]. On the basis of these premises,

most studies of 25(OH)D levels in pregnant and breast-

feeding women have found that deficiency is an ongoing

epidemic, although its prevalence may vary significantly

depending on the characteristics of the enrolled popula-

tions, the role played by factors influencing VD skin syn-

thesis and the amount of VD supplementation (Table 2). In

most cases, the studies have clearly shown that the dose of

solar irradiation, skin phototype and dietary VD intake can

significantly condition serum 25(OH)D levels in pregnant

women [18–21]. Figure 1 summarizes VD pathway. Black

women living at latitudes of more than 51� who do not

receive VD supplementation during pregnancy and lacta-

tion are at the highest risk of deficiency; furthermore,

because of their high melanin pigmentation, they remain at

higher risk even when they live at lower latitudes and

receive VD supplementation [18–21]. Bodnar et al. [18]

measured serum 25(OH)D levels in 200 white and 200

black pregnant Americans living in the north of the USA

and classified them as having deficient (B10 ng/mL),

insufficient (11–32 ng/mL) or adequate levels ([32 ng/

mL). At the time of delivery, VD deficiency and insuffi-

ciency were recorded in 29.2 and 54.1 % of the black

women and in 5 and 42.1 % of the white women, respec-

tively. The results were similar at \22 weeks of gestation.

After adjusting for their pre-pregnancy body mass index

(BMI) and peri-conceptional multivitamin use, the black

Table 1 Vitamin D reference values

Stage Serum 25(OH)D, ng/mL

Deficiency \20

Insufficiency 20–29

Adequacy 30–99

Toxicity C100
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women showed a smaller mean increase in maternal

25(OH)D from winter to summer (p \ 0.01) and remained

significantly more frequently VD deficient [18]. Johnson

et al. [19] evaluated pregnant women of different races

living at a southern latitude in the USA and found that,

although most of them had 25(OH)D levels of\32 ng/mL,

almost all of the African–Americans had inadequate VD

concentrations. Similarly, Hamilton et al. [20] studied 559

women living in South Carolina at a latitude of 32�N (48 %

African–Americans, 38 % Hispanics and 14 % white or

belonging to other races) and found that 48 % were VD

deficient, and an additional 37 % had insufficient 25(OH)D

levels. Finally, Ginde et al. [21] who conducted a sec-

ondary analysis of 928 pregnant and 5,173 nonpregnant

women aged 13–44 years from the National Health and

Nutrition Examination Survey 2001–2006 found that

minority race as well as ethnicity were independently

associated with significant lower 25(OH)D levels.

However, together with these factors, nutritional status

could also contribute to the development of VD deficiency. It

has been found that increases in serum 25(OH)D concen-

tration following exposure to UV-B radiation correlate

positively with cholesterol levels, regardless of skin pheno-

type, suggesting that a very low cholesterol serum concen-

tration could cause problems in natural VD synthesis [22].

Impact of VD deficiency in pregnant women on fetuses,

neonates and infants

Body weight and bone development

Fetuses depend entirely on the mother for the supply of

calcium and 25(OH)D, which crosses the placenta and

reaches cord blood concentrations similar to or only

slightly lower than those found in women at delivery [23].

Consequently, VD concentrations are lower in black neo-

nates than in those born to white mothers although, as in the

mothers, the differences are more evident during the winter.

Basile et al. [23] measured 25(OH)D levels in 100 cord

blood samples and found that African–American infants had

significantly lower levels than their white counterparts

(10.5 ± 6.0 vs. 19.5 ± 9.6 ng/mL; p \ 0.0001). The mean

25(OH)D level in the white born in November–March

(15.7 mg/mL) was 11.3 ng/mL lower than that in those

born in April–October (29.0 ng/mL), whereas the differ-

ence among the African–American infants was 3 ng/mL

(10.1 and 13.1 ng/mL) [23].

Albeit with some exceptions [24], most of the studies

carried out over the last 30 years have clearly shown that

children whose mothers had higher levels of 25(OH)D in

the third trimester of pregnancy [25] or who received VD

supplementation, while their child was in utero [26],

showed better postnatal growth or a higher whole body and

lumbar spine bone mineral content. More than 20 years

ago, it was found that VD-supplemented Asian women

living in India [27] or London [25] gained significantly

more weight and had infants with higher birth weights than

those not receiving supplementation living in Asia. The

increases in birth weight ranged from 80 to 410 g, and one

study showed a twofold reduction in low birth weight [23].

More recently, Burris et al. [28] found that second trimester

25(OH)D levels of\10 ng/mL were associated with higher

odds of neonates who were small for their gestational age.

As such very low 25(OH)D levels were significantly more

frequent among black women, the authors suggested that

VD status might contribute to racial disparities in the

prevalence of infants who were small for their gestational

Table 2 Risk factors for

vitamin D deficiency
Major risk factor Specific risk factor

Low ambient ultraviolet

radiation

Northern latitudes

Winter season

High level of air pollution

Limited sun exposure Excessive sun avoidance (i.e., shade, sunscreen)

Extensive clothing cover

Built or indoor environment

Host factors Dark skin

Obesity

Aging

Inappropriately low dietary intake

Malabsorptive syndrome (i.e., celiac disease, Whipple’s disease, cystic fibrosis,

inflammatory bowel syndrome, short gut syndrome)

Liver and renal diseases

Use of certain drugs (i.e., glucocorticoids, phenytoin, phenobarbital, highly

active antiretroviral therapy, rifampin)
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age. Moreover, a number of studies have shown that

women who drink a significant amount of milk during

pregnancy are more likely to have babies who are large for

their gestational age, whereas those who restrict milk

drinking have infants with lower birth weights (*80 g)

[29], thus suggesting that milk consumption and VD intake

are both significant predictors of birth weight. Moreover, in

line with the increased PTH levels associated with VD

deficiency, a small study of 30 VD-deficient Pakistani

gravidae found an inverse correlation (r = -0.39;

p = 0.05) between lower birth weights and higher maternal

PTH levels [30].

Together with birth weight, it has been found that VD

deficiency during pregnancy is associated with poor skel-

etal mineralization and bone defects. Low maternal

25(OH)D levels predispose to hypocalcemia in the imme-

diate postpartum period and rickets during over the next

few months [31]. Craniotabes with impaired skull ossifi-

cation and larger fontanels was first described some years

ago in neonates born to VD-deficient mothers [31], and

these findings have been repeatedly confirmed. It has also

been reported that postnatal VD supplementation can

improve VD status but only partly eliminates the differ-

ences in bone variables induced by maternal deficiency

during the fetal period [32, 33]. In a 9-year longitudinal

study, Javaid et al. [32] followed up 198 children whose

VD status-related neonatal characteristics were well

defined and found that reduced 25(OH)D levels in the

mothers during late pregnancy were associated with

reduced whole body (r = 0.21; p = 0.008) and lumbar

spine bone mineral content (r = 0.17; p = 0.03) in their

9-year-old children. Viljakainen et al. [33] followed up 87

children from birth to 14 months of age when they mea-

sured bone variables using peripheral computed tomogra-

phy of the left tibia and compared serum 25(OH)D and

bone turnover markers with maternal VD status during

pregnancy. Serum 25(OH)D concentrations, bone mineral

density and bone mineral concentration were similar in all

of the children regardless of their baseline values, but the

total tibial bone cross-sectional area, which was greater in

the neonates with higher 25(OH)D levels, remained greater

(multivariate analysis of variance: p = 0.068) [33].

Finally, Ioannou et al. [34] performed a study to detect

correlations between bone characteristics and maternal VD

concentration. They evaluated 357 pregnant women at

34 weeks of gestation and fetal femur volume (FV) toge-

ther with proximal metaphyseal diameter (PMD) immedi-

ately after birth and found that 25(OH)D concentrations

could be considered independent predictors of both vari-

ables with a strict correlation between the amount of VD,

FV and PMD.

Respiratory diseases

Young infants are frequently affected by respiratory dis-

eases, and given the important function of VD in innate and

adaptive immunity, it has been suggested that inadequate

25(OH)D levels at birth or in the first months of life due to

insufficient VD intake by pregnant or breastfeeding women

may condition susceptibility to, and the severity of, respi-

ratory tract infections in the first months of life and later.

Various studies have clearly confirmed this hypothesis in

healthy children [35–38] and those with severe underlying

diseases [39]. Roth et al. [35] found that serum 25(OH)D

concentrations were inversely associated with the risk of

lower respiratory tract infection in breastfed children aged

1–13 months living in Bangladesh. Karatekin et al. [36]

observed that neonates admitted to an intensive care unit

because of acute lower respiratory tract infection had lower

25(OH)D concentrations than age-matched healthy con-

trols. Camargo et al. [37] analyzed the 25(OH)D content in

cord blood taken from 922 newborns and correlated the

SUN       7-dehydrocholesterol in the skin      FISH     MEAT      SUPPLEMENTS

Vitamin D3 Vitamin D3 Vitamin D2, D3

LIVER

25(OH)D

KIDNEY PROSTATE GLAND, LUNG, COLON, IMMUNE CELLS

1,25(OH)2

Fig. 1 Metabolic pathway of

vitamin D (VD)

Eur J Nutr

123



values with the their clinical history of respiratory infec-

tions at 3 months or wheezing at 15 months and then

annually. After adjusting for the season of birth, they found

that the cord blood 25(OH)D concentrations were inversely

associated with the risk of respiratory infection by the age

of 3 months (odds ratio: 1.00 [reference] for C32 ng/mL,

1.39 for 10–32 ng/mL and 2.16 for \10 ng/mL) and

inversely associated with the risk of infectious wheezing by

15 months, 3 and 5 years of age (all p \ 0.05) [37].

Finally, Belderbos et al. [38] found that cord blood VD

deficiency is associated with an increased risk of respira-

tory syncytial virus (RSV) bronchiolitis during infancy, an

effect that is explained by the fact that VD decreases the

RSV induction of NF-jB-linked chemokines and cytokines

in the airways epithelium while maintaining an antiviral

state, thus reducing viral inflammation without affecting

viral clearance [40].

The possible relationship between 25(OH)D concentra-

tions at birth or in the first months of life and the occurrence

of wheezing and asthma is much less clear. Most studies

have found that VD deficiency is frequently associated with

the wheezing that follows respiratory infections, whereas the

association between VD and allergic diseases (including

asthma) is still widely debated. Camargo et al. [41] studied

the relationship between total VD intake during pregnancy

and the incidence of recurrent wheezing associated with

respiratory infections in children before the age of 3 years.

In comparison with the mothers in the lowest quartile of

daily intake (median: 356 IU), those in the highest quartile

(724 IU) were at a lower risk of having a child with recurrent

wheezing (odds ratio [OR] 0.39; 95 % confidence interval

[CI] 0.25–0.62; p for trend\0.001) [41]. A 100 IU increase

in VD intake was associated with a lower risk (OR 0.81;

95 % CI 0.74–0.89), regardless of whether the VD came

from the diet (OR 0.81; 95 % CI 0.69–0.96) or supplements

(OR 0.82; 95 % CI 0.73–0.92) [41].

On the contrary, the same authors found that low cord

blood 25(OH)VD levels had no association with incident

asthma at the age of 5 years [37]. Moreover, there are data

that seem to indicate that both high and low cord blood

25(OH)D levels are associated with aeroallergen sensiti-

sation in children, and studies that suggest that 25(OH)D

levels might lead to increased markers of atopy and an

increased risk of allergic conditions [42–44]. Rothers et al.

[42] found that cord blood 25(OH)D levels of B20 and

[40 ng/mL were both associated with increased total IgE

levels and detectable inhalant allergen-specific IgE levels

up to the age of 5 years.

On the other hand, Hypponen et al. [43] found that

supplementation with high daily doses of VD (C2,000 IU/

day) in the first year of life was associated with an

increased skin prick test response and allergic rhinitis in

more than 5,000 subjects aged 31 years.

It has been suggested that the apparent nonlinear

relationship between VD status and allergic/asthmatic

outcomes may be due to the fact that VD supports a TH2-

mediated anti-inflammatory cytokine profile, and so

increased 25(OH)D levels may lead to sustained TH2

skewing in immune system markers in the circulation,

while simultaneously creating opposing anti-inflammatory

effects in the lung [44]. However, a recent elegant study

found no significant associations between maternal late-

pregnancy 25(OH)D level and either asthma or wheeze at

age 6 years [45], which indicates that further research into

these complex relationships is clearly warranted.

Other diseases

A number of studies of experimental animals and humans

have clearly suggested that VD deficiency or VD supple-

mentation can be associated with an increased or reduced

risk of developing type 1 diabetes [46, 47]. There are few

data concerning the long-term effects of VD status in

pregnant or lactating women, but observational studies

conducted during pregnancy indicate that VD insufficiency

is associated with an increased prevalence of islet cell

antibodies and modified insulin sensitivity in the offspring,

and that a history of VD supplementation in pregnant

women may lead to a lower childhood incidence of type 1

diabetes [48].

Experimental studies suggest that VD is also involved in

brain development, and that VD deficiency during preg-

nancy can lead to larger lateral ventricles, reduced nerve

growth factor protein content, and the lower expression of a

number of the genes involved in neuronal structure or

neurotransmission [49, 50].

In humans, an increased risk of schizophrenia and

multiple sclerosis has been observed at increasing latitudes,

and in patients born in winter or spring, which is consistent

with the low maternal 25(OH)D levels [49]. Moreover,

Whithouse et al. grouped the serum 25(OH)D concentra-

tions of 743 white women after 18 weeks of gestation into

quartiles and assessed the behavior of their offspring using

the Child Behavior Checklist at the ages of 2, 5, 8, 10, 14

and 17 years (numbers: 412–652); receptive language was

assessed using the revised Peabody Picture Vocabulary

Test at the ages of five (n = 534) and 10 years (n = 474).

Although the statistical analyses did not reveal any sig-

nificant associations between the maternal serum 25(OH)D

quartiles and offspring behavioral/emotional problems at

any age, there was a significant linear trend between the

quartiles and language impairment at 5 and 10 years of

age: the risk of VD-deficient women having a child with

clinically significant language difficulties was almost twice

that of women whose 25(OH)D levels were [32 ng/mL

[50]. Moreover, recently, a positive linear relationship was
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found by Morales et al. [51] between circulating maternal

25(OH)D concentrations in pregnancy and mental and

psychomotor scores in the offspring. After adjustment for

potential confounders, infants of mothers with 25(OH)D

concentrations in pregnancy [30 ng/mL showed higher

mental score (b = 2.60; 95 % CI 0.63–4.56) and higher

psychomotor score (b = 2.32; 95 % CI 0.36–4.28) in

comparison with those of mothers with 25(OH)D concen-

trations \20 ng/mL.

Recommendations for monitoring and supplementation

Given the possible major outcomes related to VD deficiency

at different stages of life, VD supplementation is usually

recommended during pregnancy (Table 3). However, the

amount of the VD supplement is not clearly defined. The

UK National Institute for Clinical Excellence stated in 2008

(and confirmed in 2011) that pregnant women should

receive 400 IU/day of VD [52], whereas the IOM recom-

mends a dietary intake of 600 IU/day for all adults

regardless of whether they are pregnant or not [16]. More-

over, it is stated that this intakes can be obtained in most of

the cases through the diet so that only subgroups of women,

particularly those with poor nutrition, those living at

northerly latitudes or in institutions, or those with very dark

skin pigmentation might require supplementation [53].

Different recommendations, reporting significant higher

VD supplements, were, on the contrary, prepared by other

scientific Societies that have based their statements on a

series of clinical trials indicating that 400 or 600 IU/day

could be largely insufficient to reach adequate serum VD

levels. Lee et al. [54] studied healthy pregnant women that

in most of the cases had received a daily prenatal intake of

400/600 IU of vitamin D and found VD deficiency (\12 ng/

mL) in 50 % of mothers and 65 % of their newborn infants,

with a positive correlation between maternal and infant

plasma 25(OH)D concentrations. Similar results have been

reported by Cockburn et al. [55] studying pregnant women

that were given 400 IU/day, and in whom at delivery, lower

than normal 25(OH)D levels were found. Moreover, studies

of VD supplements of 800–1,600 IU/day during the third

trimester of pregnancy in women with 25(OH)D levels of

\15 ng/mL have shown that VD levels only increase by

5.8–11 ng/mL and remain lower than required [56]. On the

basis of these observations, in 2007 (and subsequently in

2010), the Canadian Pediatric Society recommended

administering 2,000 IU/day to pregnant and breastfeeding

women in order to maintain VD and calcium sufficiency

[57]. This suggestion (which is now accepted by a great

number of experts) [58] seems to be strongly supported by

the findings of a recent trial. Women were randomised

during the first trimester of pregnancy to receive VD 400,

2,000 or 4,000 IU per day until delivery, and it was found

that a supplementation of 2,000 IU/day was adequate in

most cases [59]. In particular, it was reported that mean

25(OH)D concentrations at delivery and 1 month before

delivery were significantly different (p \ 0.0001), and that

the percentage of women achieving VD sufficiency was

significantly different by group and highest in the 4,000 IU

group (p \ 0.0001) [59]. The relative risk (RR) of achiev-

ing a concentration of C32 ng/mL 1 month before delivery

was significantly different between the 2,000 and 400 IU

group (RR = 1.52; 95 % CI 1.24–1.86) and between the

4,000 and 400 IU group (RR = 1.60; 95 % CI 1.32–1.95),

but not between the 4,000 and 2,000 IU group (RR = 1.06;

95 % CI 0.93–1.19) [59].

A relevant amount of VD is suggested even to maintain

normal VD milk concentrations during breastfeeding and

to assure what is needed for an optimal development.

Wagner et al. [60] reported that with limited sun exposure a

VD intake of 400 IU/day did not sustain circulating

maternal 25(OH)D levels and thus supplied only extremely

limited amounts of VD to the nursing infant via breast

milk. Only a maternal VD intake of 6,400 IU/day elevated

circulating 25(OH)D in both mother and nursing infant to

normal levels [60].

Furthermore, the administration of a greater than usual

amount of VD was safe and well tolerated [61]. No sig-

nificant adverse event has been associated with the use of

either 2,000 or 4,000 IU/day, and a risk assessment based

on well-designed clinical trials of VD has calculated that a

dose of C10,000 IU/day could be considered the tolerable

upper intake level and a serum 25(OH)D level of 100 ng/

mL the maximum acceptable blood concentration [61]. On

the other hand, the possibility of humans to tolerate without

relevant clinical problems 25(OH)D levels significantly

higher than that traditionally recommended seems sup-

ported by the findings of the study by Luxwolda et al. [62].

These authors studied VD concentrations in several African

populations and found different mean values according to

age, sex, pregnancy, delivery and sunlight exposure.

However, these 25(OH)D concentrations were in most of

the cases near 100 ng/mL and never lower than 70 ng/mL.

However, the problem of the best amount of VD to

administer to pregnant women is far from to be solved, and

the controversy between favorable and negative research-

ers seems at the moment irremediable. Those that are

adverse to a greater supplementation of VD to pregnant

women think that the evidence that higher dosages of VD

are needed because they confer benefit for or are casually

related to extraskeletal health outcomes is not compelling.

Consequently, they think that only the amount needed to

assure adequate bone development and maintenance has to

be administered. Moreover, they are critical toward the

studies that seem to indicate a positive effect of the
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administration of higher doses of VD because in many

cases, they have been carried out on small groups of sub-

jects and with debatable methods [16]. Finally, the risk of

toxicity with higher doses given for a prolonged time is not

completely excluded mainly because it is not defined the

role of the 25(OH)D baseline level on the final concen-

trations. It could be supposed that in pregnant women with

normal 25(OH)D baseline levels, higher amounts of VD

can lead to toxicity. On the other hand, those who support

the systematic use of higher doses think that the extra-

skeletal effects of VD have been clearly demonstrated

in vitro and in vivo both in the experimental animals and in

the humans. Moreover, they think that there are no risks of

adverse events, and that some negative conclusions

regarding the clinical trials that seem to show that higher

doses of VD are need during pregnancy are largely

debatable. The best example at this regard is the recently

published Cochrane review in which it was concluded that,

even if VD supplementation in a single or continued dose

during pregnancy increases serum 25(OH)D concentrations

at term, the clinical significance of this finding and the

potential use of this intervention as a part of routine ante-

natal care are yet to be determined as the number of high

quality trials and outcomes reported is too limited to draw

conclusions on its usefulness and safety [63]. In this case,

the most important randomized clinical trial that enrolled

about 500 pregnant women receiving different amounts of

VD was not included because the study did not have a

control group of patients without VD supplementation.

This can be considered a relevant mistake leading to wrong

conclusions on the effectiveness, safety and tolerability of

VD in pregnancy because a control group receiving the

standard of care of giving 400 IU VD/day as part of the

prenatal supplement was, on the contrary, included.

Conclusions

Serum 25(OH)D concentrations in pregnant women were

frequently found much lower than those considered nor-

mal. This is mainly true of black women, but has also been

frequently demonstrated in white, particularly those living

in northern regions. Dietary intake can be very poor

because the VD content in food is limited. Moreover, skin

synthesis is frequently insufficient to assure adequate

serum levels. Although not fully known, the consequences

of low 25(OH)D levels in pregnant women seem to be

many and are sometimes very severe for both mother and

child. Further studies are urgently needed in order to

evaluate the role of VD during pregnancy, and the amount

of VD needed to eliminate any risk of negative conse-

quences more precisely.
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Table 3 Possible major

outcomes related to vitamin D

(VD) deficiency at different life

stages

Life stage Outcome

Preconception Unsuccessful in vitro fertilization

Pregnancy Reduced activation of innate immunity in the placenta

Increased risk of gestational diabetes and preeclampsia

Delay in fetal lung development and surfactant production

Delay in fetal bone development

Perinatal Increased risk of cesarean delivery

Reduced body size and shape at birth

Poor skeletal mineralization and bone defects at birth

Childhood Lower bone mineral content with skeletal deformities and increased risk of fracture

Growth retardation

Rickets

Increased risk of respiratory tract infections

Increased risk of wheezing and asthma

Increased risk of type 1 diabetes

Increased risk of central nervous system disorders
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