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Vitamin D intake: what advice should be 
given to women of childbearing age?
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“…sometimes inaction can also cause substantial harm by 
withholding potentially beneficial treatment.”

Vitamin D has been traditionally associ-
ated with calcium metabolism and skel-
etal outcomes, such as rickets and osteo-
porosis  [1]. For women of a childbearing 
age, vitamin D supplementation through 
multivitamins and fortification of dairy 
and cereal products had essentially eradi-
cated these known effects associated with 
vitamin D deficiency. However, a recent 
resurgence of rickets in infants [2] and 
increasing evidence supporting the impact 
of vitamin D deficiency on maternal, fetal 
and infant health [3–5] have challenged 
this dogma and the recommendations for 
women of childbearing age. The recently 
updated dietary reference intakes (DRIs) 
for calcium and vitamin D proposed con-
servative guidelines for vitamin D intake 
based only on what has been proven 
through large clinical trials [6]. These 
guidelines will be summarized in the con-
text of emerging evidence suggesting that 
higher doses of vitamin D supplementation 
and target blood levels may be warranted.

Vitamin D physiology: the basics
Vitamin D is not technically a vitamin; 
rather, it is a fat-soluble prohormone that 
the body can generate, circulate, and 
activate to produce endocrine, paracrine 
and autocrine effects [7,8]. The two major 
forms of vitamin  D are cholecalciferol 
(vitamin D

3
), produced in human and ani-

mal skin, and ergocalciferol (vitamin D
2
), 

produced by plants. Both forms are avail-
able as supplements, and because there is 

limited knowledge regarding which form 
is more effective in human health, they 
are typically collectively described as sim-
ply vitamin D. Vitamin D is produced in 
the skin by exposure to UVB radiation. 
It is metabolized in the liver to the major 
circulating form, 25-hydroxyvitamin D 
(25OHD), which crosses the placental bar-
rier and is the most accurate blood meas-
ure of vitamin D status. The active form 
is 1,25-dihydroxyvitamin D (1,25OH

2
D, 

or calcitriol), which can be formed sys-
temically in the kidney and locally in 
most tissue (including the placenta). The 
vitamin D receptor binds calcitriol and is 
found through the body, regulating over 
1000 human genes [9]. 

“Vitamin D is not technically 
a vitamin; rather, it is a  

fat-soluble prohormone…”

Defining vitamin D deficiency: how 
much is enough?
There has been signif icant debate in 
recent years surrounding what 25OHD 
serum  levels constitute as deficient, rela-
tively insufficient and optimal vitamin D 
status  [10]. Culminating in the recent 
DRIs for vitamin D [6], there is growing 
consensus that people of all ages require 
serum 25OHD levels of at least 20 ng/ml 
(to convert to nmol/l, multiply by 2.497) 
to support skeletal health. While there 
are data to support higher target levels 
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for osteoporosis prevention, 25OHD levels ≥30 ng/ml are also 
associated with optimal nonskeletal outcomes [11]. Regardless of 
how vitamin D deficiency is classified, a large proportion of US 
women of childbearing age were assessed as deficient between 
2001 and 2006; 42% had 25OHD levels of <20 ng/ml and 
78% had <30 ng/ml [12]. During pregnancy, despite routine use 
of prenatal vitamins, 33% still had levels <20 ng/ml and 69% 
had <30 ng/ml. In addition, because most Americans derive 
vitamin D from sunlight exposure (vs diet and supplements), 
ambient UVB radiation, skin pigment and barriers all drive vita-
min D status [13]. Thus, women who have to stay indoors, live at 
higher latitudes (especially in winter), have dark skin, regularly 
wear sunscreen and cover exposed skin with clothing are at an 
even higher risk of vitamin D deficiency.

Vitamin D & health outcomes in women of 
childbearing age
Comprehensive reviews on vitamin  D and health have been 
recently published for the general population [8], and specifically 
on women of childbearing age [3–5]. Current knowledge of the 
impact of vitamin D on women and infant health from precon-
ception to lactation will be briefly summarized and representative 
studies cited.

Women’s health
Vitamin D has a potential role in fertility, although this has not 
been extensively investigated. In rodent models, vitamin D appears 
to have an important role in ovarian function and litter size [14]. 
In human studies, higher 25OHD levels were an independent 
predictor of successful pregnancy among IVF patients [15]. To date, 
no clinical trials of vitamin D supplementation and successful 
conception have been performed.

“The major circulating form of vitamin D readily 
crosses the placenta, thus fetal and newborn 

vitamin D status is dependent almost entirely on 
the mother.”

There are substantial epidemiologic data to support a beneficial 
effect of vitamin D on the incidence and severity of preeclamp-
sia. Circumstantially, preeclampsia is more common in vita-
min D-deficient populations, including in women with darker 
skin and those who live at higher latitudes during the winter sea-
son [16]. In several observational studies, lower material 25OHD 
levels were associated with an increased incidence of preeclamp-
sia  [17,18]. In addition, vitamin D supplementation appears to 
mitigate this increased risk [19], although larger trials are needed 
to confirm this effect, determine optimal doses and understand 
the role of vitamin D, independent of calcium supplementation.

Vitamin D metabolites are known to increase insulin produc-
tion and sensitivity [7,8]. Cross-sectional studies have suggested a 
potential association between vitamin D status and gestational 
diabetes [20,21]. In addition, vitamin D regulates innate and adap-
tive immune function [7,8]. Accordingly, cross-sectional studies 
have shown an association between lower 25OHD levels and 

increased prevalence of bacterial vaginosis [22]. However, longitu
dinal studies and clinical trials for these outcomes have not yet 
been performed.

Infant health
The major circulating form of vitamin D readily crosses the pla-
centa, thus fetal and newborn vitamin D status is dependent 
almost entirely on the mother [23]. As a result, low maternal 
25OHD levels have long been associated with poor skeletal min-
eralization and bone development in utero, infantile rickets and 
reduced infant size in cross-sectional and longitudinal studies [24]. 
Maternal vitamin D supplementation to achieve serum 25OHD 
levels of >20 ng/ml have mitigated these adverse outcomes [25]. In 
addition, because vitamin D is excreted in very low concentrations 
in human milk, almost all cases of rickets occur in exclusively 
breastfed infants of vitamin D-deficient mothers [2].

“…most foods have a relatively low vitamin D 
content, and the typical American diet contains 

limited vitamin D.”

There is increasing evidence that vitamin  D deficiency 
in  utero and during early life is associated with nonskeletal 
health effects. Two prominent examples are Type 1 diabetes and 
wheezing/asthma. For both of these outcomes, lower maternal 
vitamin D intake and cord blood 25OHD levels have been associ-
ated with increased risk of disease [26,27]. In addition, vitamin D 
supplementation in the first year of life decreased the risk Type 1 
diabetes in longitudinal cohorts [28]. Ongoing clinical trials will 
further clarify these associations.

Recommendations for vitamin D intake
Vitamin D is derived from three primary sources in humans:

•	 UVB radiation from sunlight;

•	 Food with natural or fortified vitamin D content;

•	 Supplements.

Ambient UVB radiation is the primary source of vitamin D 
for most humans. Although light-skinned adults can obtain 
2000–3000 international units (IU) from 10–15 min of sunlight 
exposure on the arms and legs [8], sunlight is generally not recom-
mended as a source of additional vitamin D owing to the risks of 
UV radiation. Sunscreen is effective at mitigating the risks of UV 
radiation, but also blocks up to 99% of vitamin D production in 
the skin [29].

Dietary sources include fatty fish and fortified dairy prod-
ucts. However, most foods have a relatively low vitamin D 
content, and the typical American diet contains limited vita-
min D. Thus, supplements are the alternative way to improve 
vitamin D status. 

Dietary reference intakes
The 1997 DRIs for calcium and vitamin D [30] were recently 
updated and the report provides recommendations for intake 
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from diet and supplements for the American and Canadian 
population, including a specific focus on pregnant and lactating 
women [6].

The appointed committee, composed of 14 Institute  of 
Medicine scientists, was charged with establishing the Rec
ommended Daily Allowance (RDA) for Vitamin D. The RDA 
is defined as meeting or exceeding the needs of 97.5% of the 
population, based on what has been established as a cause–effect 
relationship by large randomized controlled trials and meta-
analyses. This is a rigorous standard, especially given that the 
field of vitamin D and nonskeletal outcomes is relatively new. 
Consequently, the recommendations of the committee were 
conservative.

The 2011 RDA for vitamin D was set at 600 IU per day for 
children and adults age 1–70 years (raised to 800 IU per day for 
those aged >70 years). These recommendations were based solely 
on proven benefit for skeletal health (e.g., rickets and osteoporosis 
prevention) to achieve target serum 25OHD levels of 20 ng/ml. 
The committee commented that most Americans receive this 
amount of vitamin D from diet and current supplements, since 
multivitamins (including prenatal vitamins) typically contain 
400 IU of vitamin D. For pregnant and lactating women, the 
committee did not find sufficient randomized controlled trials to 
support a higher RDA, and thus the recommendation was also 
600 IU per day.

Why might the 2011 DRIs be inadequate for women of 
childbearing age?
In the months following the release of the 2011 DRIs, there 
has been substantial criticism of the conservative RDAs for 
vitamin D [31]. In defense of the recommendations, the com-
mittee is tasked with making broad recommendations for the 
population rather than individuals, and thus maintains a high 
standard of evidence for proven efficacy and a lower standard 
of evidence of any potential toxicity. However, individual clini-
cians and patients can weigh existing evidence and make deci-
sions on supplementation based on their assessments of the risks 
and benefits.

“In the months following the release of the 
2011 dietary reference intakes, there has been 

substantial criticism of the conservative 
recommended daily allowances for vitamin D.”

Over two out of every five US women of childbearing age have 
25OHD levels less than the conservative 20 ng/ml threshold 
(for skeletal health) and nearly four out of every five have levels 
less than 30 ng/ml (which appears to be a minimum target for 
nonskeletal health outcomes) [12]. These levels are in the con-
text of many women taking multivitamins, which contain at 
least 400 IU of vitamin D. These data alone support a need for 
intake higher than 600 IU per day for many women. In addition, 
vitamin D toxicity (e.g., hypercalcemia and kidney stones) has 
not been observed below 10,000 IU per day of supplementation 
and serum 25OHD levels <88 ng/ml [32]. Owing to the lack 

of definitive evidence for a benefit of high-dose vitamin D sup-
plementation and uncertainty regarding long-term effects, the 
Tolerable Upper Intake Level (UL) of supplementation was set 
at 4000 IU per day for the population, including pregnant and 
lactating women. The UL was defined by the level above which 
risk may increase and below which is likely to cause no risk to 
almost all individuals in the population.

Accordingly, clinicians may choose to weigh the substantial 
potential for benefit (albeit not proven) of a higher dose vita-
min D supplementation against the relatively minimal risk for 
women of childbearing age. With this in mind, a reasonable 
starting dose would be 1000 IU per day followed by measure-
ment of serum 25OHD levels. Even if the target level is the 
conservative 20 ng/ml threshold, some women will need more 
than 1000 IU per day. To achieve 30 ng/ml, many more women 
will need higher doses of supplementation. This strategy recog-
nizes the relatively large therapeutic window before any toxicity 
is observed. Because vitamin D is poorly excreted in human 
milk, women who are exclusively breastfeeding may need up to 
4000 IU per day (or even higher) to provide adequate vitamin D 
to the infant, or provide vitamin D supplementation directly to 
the infant [33].

Conclusion
According to one Institute of Medicine committee member, 
“The onus is on the people who propose extra calcium and vita-
min D to show it is safe before they push it on people” [101]. The 
committee argues that in the absence of definitive proof for effi-
cacy, we should observe the maxim ‘primum non nocere’ (first, 
do no harm). While I fully support this principle, sometimes 
inaction can also cause substantial harm by withholding poten-
tially beneficial treatment. If all of the promising data for poten-
tial benefit of higher dose vitamin D supplementation on skeletal 
and nonskeletal health are proven inaccurate, the committee’s 
recommendations will be lauded for their foresight. However, 
if even some of the evidence is substantiated by large clinical 
trials, we will have missed an opportunity to improve the health 
of women of childbearing age and their children. Over the next 
decade, until large clinical trials are resulted and the next DRIs 
for vitamin D are provided, the high potential for benefit and 
minimal risk for harm suggests that judiciously higher amounts 
of vitamin D supplementation, with serum 25OHD measure-
ment when considering doses >1000–2000 IU per day, may be 
the best course to improve women’s health while minimizing 
potential risk.
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