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INTRODUCTION The exact amount of vitamin D required for pregnant women to adequately supply the foetus during
pregnancy is still unclear. This randomised trial attempted to determine the optimal dose of vitamin D necessary during
pregnancy in order to attain a vitamin D level > 20 ng/mL in neonates.
METHODS A total of 51 healthy, pregnant women in Yazd, Iran, were recruited in 2009. Of these, 34 were randomised
to receive either 50,000 IU (Group A) or 100,000 IU (Group B) of vitamin D3 per month from the second trimester of
pregnancy. The remaining 17 pregnant women, who formed the third group (Group C) and were found to have vitamin
D deficiency, were initially treated with 200,000 IU of vitamin D 3 , following which the dose was adjusted to 50,000 IU
per month. 25-hydroxyvitamin D (25[OH]D) in cord blood was measured by chemiluminescence immunoassay, and a
serum 25(OH)D level < 20 ng/mL was defined as deficiency.
RESULTS All the pregnant women had a vitamin D level < 30 ng/mL at the beginning of the second trimester.
The neonates of 76% of women from Group A had sufficient levels of 25(OH)D. All the neonates born to women in
Groups B and C had 25(OH)D > 20 ng/mL. No side effects were observed in our participants during the period of vitamin
D supplementation.
CONCLUSION A vitamin D 3 dose > 50,000 IU/month is required during the second and third trimesters of pregnancy
for vitamin D-deficient pregnant women in order for their neonates to achieve serum 25(OH)D levels > 20 ng/mL.
Supplementation with < 50,000 IU/month is insufficient to ensure a vitamin D level > 20 ng/mL in all neonates born to
vitamin D-deficient pregnant women.
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I NTRO D U C TIO N
Vitamin D inadequacy and deficiency are global problems, and
their prevalence is high even in developed countries. In particular,
pregnant women have been identified as a high-risk group, with
global reports citing that 20%–80% of pregnant women may
suffer from vitamin D inadequacy.(1) Evidence from animal studies,
with some supportive findings from human studies, suggests that
maintaining adequate levels of vitamin D and calcium during
pregnancy may decrease the risks of preeclampsia.(2,3) Moreover,
gestational diabetes mellitus appears to be more common in
pregnant women with a low vitamin D status.(2,3) There is also
evidence suggesting that vitamin D-deficient women are at
increased risk of bacterial vaginosis and Caesarean sections,(4)
both of which have potentially adverse effects on the neonate.
Some well-known consequences of severe clinical vitamin D
deficiency in pregnancy can be life-threatening to the neonate,
while lesser degrees of hypovitaminosis D may have important
immediate and long-term implications for offspring health.
Prematurity, low birth weight and lower bone density, as
well as later sequelae such as higher rates of lower respiratory
tract infection in the first months of life, asthma, diabetes
mellitus, autism and dental problems, are examples of neonatal
outcomes known to be related to vitamin D deficiency
in pregnancy.(5-12)
25-hydroxyvitamin D (25[OH]D) is the main circulatory
component of vitamin D, and its measurement is used as a marker
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for defining vitamin D status. Due to the different actions of
vitamin D, it is often difficult to arrive at an overarching consensus
on the optimal serum level of 25(OH)D. Fig. 1 shows some
cut-off points of serum 25(OH)D for optimal action of vitamin
D, as proposed by Heaney.(13) The effects of vitamin D status on
pregnancy outcomes such as prematurity, vaginosis, Caesarean
section and gestational diabetes mellitus were recently reported
in a study by Dror.(3)
The exact amount of vitamin D required during pregnancy
has not been defined. Evidence shows that the recommended
dosages of prenatal care vitamins is insufficient to effect a
significant change in the serum 25(OH)D levels of pregnant
women; in vitamin D-deficient pregnant women, amounts
< 1,000 IU could not maintain a sufficient level at the end of
pregnancy.(14,15) Our protocol for vitamin D3 administration in
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pregnant women was based on Holick’s recommendation, in
order to maintain serum 25(OH)D levels > 30 ng/mL with other
forms of vitamin D supplementation during pregnancy.(16,17)
The present study aimed to determine the optimal dosage
of vitamin D supplementation necessary in pregnant women in
order to prevent vitamin D deficiency and to maintain a serum
25(OH)D level > 20 ng/mL in neonates from a locality known
to have a high prevalence of vitamin D deficiency.(18)

M E TH O DS
The study was carried out on 51 healthy, pregnant women from
the beginning of their second trimester of pregnancy during the
autumn and winter of 2009 in Yazd (31°53’50”N/54°22’04”E),
Iran, where > 90% of the days are sunny and well-organised
prenatal care is available to most pregnant women. The
women were randomly recruited from two primary care
clinics. The first measurement of serum 25(OH)D was done
at the beginning of the second trimester of pregnancy using
chemiluminescence immunoassays (DiaSorin, spA, Via
Crescentino, Vercelli, Italy). Vitamin D3 for supplementation
was obtained locally (Alhavi Pharmaceutical Co, Tehran, Iran).
The study was approved by the ethics committee of the Shahid
Sadoughi Medical University, Yazd, Iran.
The participants were distributed into three groups. Of the
51 participants, 34 were randomly classified into two groups
– Group A received 50,000 IU/month and Group B received
100,000 IU/month (50,000 IU every two weeks) of vitamin
D 3 supplementation. The remaining 17 women, with serum
25(OH)D levels < 20 ng/mL, were allocated into the third group,
Group C. These vitamin D-deficient women in Group C were
recruited from among 32 pregnant women who had been
checked for vitamin-D deficiency prior to enrolment in the
study. The women in Group C were treated with a total of
200,000 IU (50,000 IU/week for four weeks) of vitamin D 3,
followed by supplementation with 50,000 IU/month.
The calcium levels of all the women were checked in the
delivery room.
Obstetricians and midwives conducted monthly visits
to ensure that the participants adhered to the recommended
dosage of vitamin D 3. At the time of delivery, the level of
25(OH)D in cord blood was measured, and a paediatrician
examined the neonate for possible anomalies and recorded the
anthropometric measurements. The weight and rate of
prematurity of the neonates were compared against the local
records of birth certificates from the health centre for the Yazd
province. In 2005, the mean weight of neonates in Yazd province
was 3,130 ± 106 g, with a prematurity rate of 8%, according
to the local annual report of the health centre in Yazd, Iran.(19)
Samples were allocated as 51 (β = 80%; α = 5%; standard
deviation = 10; d = 2.8). Normality of the variable (25[OH]D)
was checked using the Shapiro-Wilk test (Group A, p < 0.05).
The Mann-Whitney U test was used for comparing the means
between groups.
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Table I . Distribution of women on dif ferent amount s of
vitamin D supplementation regimens during pregnancy,
based on the level of 25-hydroxyvitamin D (25 [OH]D) in cord
blood.
Group

25(OH)D level in cord blood [No. (%)]
> 30 ng/mL
(Sufficient)

20–30 ng/mL
(Insufficient)

< 20 ng/mL
(Deficient)

Group A

6 (35)

7 (41)

4 (24)

Group B

10 (59)

7 (41)

0 (0)

Group C

14 (82)

3 (18)

0 (0)

Group A: 50,000 IU/mth; Group B: 100,000 IU/mth; Group C: deficiency
therapy + 50,000 IU/mth

Ta b l e I I . L e ve l s o f 2 5 - hyd r ox y v i t a m i n D (2 5 [O H] D) i n
the cord blood of neonates born to women on vitamin D
supplementation.
Group

25 (OH)D level (ng/mL)

p-value*

Group A

25 ± 7 (17–42)

0.003

Group B

32 ± 12 (24–54)

Data is presented as mean ± standard deviation (range). * Based on MannWhitney test
Group A: 50,000 IU/mth; Group B: 100,000 IU/mth

R E S U LT S
The mean age of the participants was 25 ± 3 years. 76% of the
pregnant women were either primigravida or secundigravida, and
all the participants were educated. Initial measurements of serum
25(OH)D at the beginning of the second trimester of pregnancy
revealed that all 51 participants had a serum 25(OH)D level
< 30 ng/mL; 53% of participants from Group A and 65% from
Group B had initial levels < 20 ng/mL. The mean serum 25(OH)D
levels in groups A, B and C were 16 ± 7.4 ng/mL, 18 ± 7.8 ng/mL
and 7 ± 3.0 ng/mL, respectively. Calcium levels (range
8.6–10.3 mg/dL) were in the normal range for all participants.
Table I summarises the distribution of women on the
different vitamin D supplementation regimens during pregnancy,
based on the serum 25(OH)D levels in cord blood. The mean
25(OH)D levels found in the cord blood from Groups A and B
are shown in Table II. Higher levels of 25(OH)D are found in
the cord blood from Group B than from Group A. The mean
25(OH)D level in the cord blood from Group C was 35 ± 8 (range
27–51) ng/mL, which was significantly higher than that in
Group A (Mann-Whitney U test; p < 0.001) and Group B (MannWhitney U test; p < 0.005).
There was no significant difference in the average birth
weights of neonates among the three groups (Group A: 3,279 g;
Group B: 3,579 g; Group C: 3,367 g; p = 0.4). The average length
of the neonates in the three groups also did not differ significantly
(Group A: 51.9 cm; Group B: 52.1 cm; Group C: 52.0 cm;
p = 0.8). The pregnant women were seen regularly during prenatal
follow-up, and none of the participants complained about
having to consume the vitamin D supplements.

DISCUSSION
The present study confirms previous reports of high rates of
vitamin D deficiency among pregnant women in our region.(20)
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More than 60% of the pregnant women in our study were
vitamin D deficient and none of those studied had an ideal
vitamin D level (> 30 ng/mL) prior to vitamin D supplementation.
This is similar to the findings of reports from the region.(20)
This deficiency could be due to lifestyle factors such as a
preference for indoor activities, the lack of intake of vitamin
D-fortified food, avoidance of sun exposure (for cosmetic reasons
or fear of skin malignancy), and the practice of veiling among
Iranian women, which was an aggravating factor for vitamin-D
deficiency in our cohort.
Our findings support the general consensus that higher
doses of vitamin D than the routinely recommended dose of
1,000 IU/day are necessary from the beginning of the second
trimester of pregnancy in vitamin D-deficient pregnant women
in order to prevent vitamin D deficiency in both mothers and
their neonates. A high correlation between the vitamin D levels
seen among pregnant women and their neonates (correlation
of maternal and neonatal 25(OH)D; r = 55%)(20) suggests that
this assumption can be extended to the pregnant women in our
cohort as well. This finding is in agreement with that of a previous
study,(21) but it is at odds with a recent recommendation by the
Institute of Medicine of the National Academies, USA, which
proposed a daily intake of 400 IU/day during pregnancy.(22) It is
possible that lower doses of vitamin D may be appropriate for
societies where pregnant women are not severely vitamin D
deficient or receive vitamin D from other food sources and
through skin exposure. The lower dosage suggested by the
American study might not be sufficient in regions where the
aforementioned limitations are relevant. A study by Datta et al
showed that vitamin D-deficient pregnant women who
consumed less than 1,600 IU/day of vitamin D could not maintain
sufficiency at the end of pregnancy.(14) Studies have also
suggested that vitamin D deficiency is present even among
pregnant women in developed countries, and it is therefore
possible that the recommended daily intake of 400 IU/day for
such women may only achieve minimal increases in serum
25(OH)D levels even with supplementation.(23,24)
We found that a serum level of 25(OH)D > 20 ng/mL was
achievable in all neonates when the pregnant women’s intake
of vitamin D was increased to 50,000 IU every two weeks
(~ 3,300 IU/day), or when an initial bolus dose of 200,000 IU
followed by 50,000 IU/month was taken during the course
of the pregnancy. A thorough study is required to determine
the effectiveness of these two approaches, specifically from a
clinical point of view, as well as to assess the long-term effects
of such supplementation. Our findings are similar to those of
other studies, which reported that vitamin D3 supplementation
> 2,000 IU/day is necessary to obtain a sufficient serum level
of vitamin D in pregnant women and their neonates.(25,26)
Where other recommendations are concerned, for instance
the Canadian Academy of Paediatrics, which recommends
a vitamin D supplementation of 2,000 IU/day for the entire
duration of pregnancy,(27) it would be better to individually

assess the best possible approach for each woman. It might
also be advisable to assess the vitamin D status of pregnant
women from the beginning of pregnancy and treat them
individually instead of using a predetermined prescription for
all patients.
Our results also suggested a low rate of prematurity among
neonates born to women who have been supplemented with
vitamin D. Among the 51 women who received vitamin
D-supplementation, only 1 (2%) neonate was delivered
prematurely (95% confidence interval [CI] 1.3–5.5). This is
in contrast to the 8% rate of prematurity in our region.(19) We
also found that the mean weight of neonates born to women
with vitamin D supplementation (mean weight, 3,408 ± 432 g)
was higher than that of infants born in Yazd (t-test; 95% CI
189 –376; p = 0.0005). These findings are in agreement with
recent media reports of a high-quality clinical trial in the USA,
where vitamin D was found to be associated with a lower risk of
premature birth.(28)
This study is, however, not without its limitations. First, there
was no placebo group with which to compare the results of the test
groups against. Second, as the study ascertained only laboratory
assessments of serum levels of 25(OH)D in pregnant women
and their neonates without any long-term clinical evaluation,
we could not establish the long-term effects of vitamin D
supplementation in pregnant women. It is thus possible that the
long-term effects of vitamin D supplementation might be more
important than its immediate outcomes. Third, this study did not
collect any information on the nutritional status or dietary habits
of the participants other than ascertaining that they were not
on diets enriched with vitamin D. Fourth, the pregnant women
selected for the study were not randomly recruited from all
primary care clinics in the city. Finally, as we did not have a
control group, it was not possible to attribute our findings on the
prematurity and weight of neonates born to pregnant women
receiving vitamin D supplementation solely to vitamin D.
However, although it is likely that the veiling of pregnant women
in Iran could prove to be a limiting factor for the extrapolation
of our results to pregnant women from other regions, it may
still be possible to apply our findings to areas with fewer
sunny days.
Our results confirm that in a region where the prevalence of
vitamin D deficiency in pregnant women is high, consumption of
vitamin D3 > 50,000 IU/month (> 1,600 IU/day) is needed from
the second trimester of pregnancy in order to maintain a serum
25(OH)D level > 20 ng/mL in neonates. Such supplementation
may also help to reduce the risk of premature birth among
these women. Such an approach may have implications not
only for the duration of intrauterine life but also for neonatal
outcomes in the first crucial months of life after birth. This
is especially so because it would take over two months of
oral vitamin D supplementation in order for infants born
to vitamin D-deficient women to achieve sufficient serum
vitamin D levels.
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