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PROCESS OF THE REVIEW
Research questions
1. Who should be tested for vitamin D status?
2

What are the benefits and risks of vitamin D supplementation in pregnancy?

3

What are the additional considerations for Aboriginal and Torres Strait Islander women?

4

What are the additional considerations for women from culturally and linguistically diverse groups?

Search strategy
Databases searched:
•
MEDLINE (OVID) and EMBASE (OVID) = 2070
•
COCHRANE LIBRARY = 216
•
INFORMIT (INCLUDING: AUSTRALASIAN MEDICAL INDEX and ATSIHEALTH) = 26
•
AUSTRALIAN INDIGENOUS HEALTHINFONET = 15
Date of searches: 08/04/2016
Dates searched: 2010 to present
Full search strategies
MEDLINE AND EMBASE (OVID)
1. exp Vitamin D/
2. Vitamin D deficiency/
3. Calcitriol/
4. (vitamin D or vitamin D2 or vitamin D3).tw.
5. (al?acalcidol or c?olecalciferol or calcitriol or calcidiol or calcifediol or calciferol or calciol or
calderol or dihydrotachysterol or dedrogyl or dihydrotachysterol or dihydroxycolecalciferol or
dihydroxycholecalciferol or dihydroxyvitamin D or dihydroxyvitamin D2 or dihydroxyvitamin D3
or doxercalciferol or eldecalcitol or ercalcidiol or ergocalciferol$ or hidroferol or
hydroxycalciferol or hydroxylcalciferol or hydroxycolecalciferol or hydroxycholecalciferol or
hydroxyergocalciferol$ or hydroxyvitamin D or hydroxyvitamin D2 or hydroxyvitamin D3 or
paricalcitol or tachystin).tw.
6. or/1-5
7. exp Pregnancy/
8. exp Pregnancy Complications/
9. exp Perinatal Care/
10. exp Prenatal Care/
11. (pregnan$ or antepart$ or prenatal$ or antenatal$ or perinatal$ or obstetric$ or maternal$).tw.
12. or/7-11
13. (supplement$ or risk$ or Australia).tw.
14. 6 and 12 and 13
15. exp Animals/
16. exp Humans/
17. 15 not 16
18. 14 not 17
19. 2010 to current
20. De-duplicate
COCHRANE LIBRARY
1.
2.

3.
4.
5.

(“vitamin D” or “vitamin D2” or “vitamin D3”):ti,ab,kw
(al?acalcidol or c?olecalciferol or calcitriol or calcidiol or calcifediol or calciferol or calciol or
calderol or dihydrotachysterol or dedrogyl or dihydrotachysterol or dihydroxycolecalciferol or
dihydroxycholecalciferol or “dihydroxyvitamin D” or “dihydroxyvitamin D2” or “dihydroxyvitamin
D3” or doxercalciferol or eldecalcitol or ercalcidiol or ergocalciferol* or hidroferol or
hydroxycalciferol or hydroxylcalciferol or hydroxycolecalciferol or hydroxycholecalciferol or
hydroxyergocalciferol* or “hydroxyvitamin D” or “hydroxyvitamin D2” or “hydroxyvitamin D3” or
paricalcitol or tachystin):ti,ab,kw
(#1 OR #2)
(pregnan* or antepart* or prenatal* or antenatal* or perinatal* or obstetric* or
maternal*):ti,ab,kw
(#3 AND #4) [Publication from year 2010]
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INFORMIT
All fields
1.

vitamin D
AND
2. pregnan* OR antepart* OR prenatal* OR antenatal* OR perinatal* OR obstetric* OR maternal*
2010 – 2017
AUSTRALIAN INDIGENOUS HEALTHINFONET
Title: Vitamin D

Prisma flow diagram
Exclusion criteria
Full texts of studies were reviewed and the exclusion criteria outlined below applied.
•

Level IV evidence

•

Background information

•

Systematic review of low quality or overlapping with high-quality systematic review

•

Study included in high-quality systematic review included in this review

•

Duplicate

•

Not specific to target population (eg specific to non-pregnant women or high-risk women)

•

Does not answer research question

•

Does not meet criteria for grading (eg no outcomes reported or reporting too limited to establish risk
of bias, conference abstract)

•

Narrative review or opinion paper (editorial, letter, comment)

•

Not in English.
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Assigning level of evidence
Levels of evidence were assigned using the NHMRC levels and the following definitions.
Level

Intervention (research question 2)

Aetiology (research questions 1 and 3)

I

Systematic review of level II studies

A systematic review of level II studies

II

A randomised controlled trial

A prospective cohort study

III-1

Pseudo-randomised trial

All or none

III-2

A comparative study with concurrent controls:
• Non-randomised experimental trial
• Cohort study
• Case-control study
• Interrupted time series with control group

A retrospective cohort study

III-3

A comparative study without concurrent
controls:
▪ Historical control study
▪ Two or more single arm study

A case-control study

▪ Interrupted time series without parallel control
IV

Case series with either post-test or pre-test/posttest outcomes

A cross-sectional study or case series

Study design definitions
•

All or none — all or none of a series of people (case series) with the risk factor(s) experience the
outcome. The data should relate to an unselected or representative case series, which provides an
unbiased representation of the prognostic effect. For example, no smallpox develops in the
absence of the specific virus; and clear proof of the causal link has come from the disappearance
of small pox after large-scale vaccination. This is a rare situation.

•

Case series — a single group of people exposed to the intervention (factor under study). Post-test –
only outcomes after the intervention (factor under study) are recorded in the series of people, so no
comparisons can be made. Pre-test/post-test – measures on an outcome are taken before and
after the intervention is introduced to a series of people and are then compared (also known as a
‘before- and-after study’).

•

Case-control study — people with the outcome or disease (cases) and an appropriate group of
controls without the outcome or disease (controls) are selected and information obtained about
their previous exposure/non-exposure to the intervention or factor under study.

•

Cross-sectional study — a group of people are assessed at a particular point (or cross-section) in
time and the data collected on outcomes relate to that point in time ie proportion of people with
asthma in October 2004. This type of study is useful for hypothesis-generation, to identify whether a
risk factor is associated with a certain type of outcome, but more often than not (except when the
exposure and outcome are stable eg. genetic mutation and certain clinical symptoms) the causal
link cannot be proven unless a time dimension is included.

•

Historical control study – outcomes for a prospectively collected group of people exposed to the
intervention (factor under study) are compared with either (1) the outcomes of people treated at
the same institution prior to the introduction of the intervention (ie. control group/usual care), or (2)
the outcomes of a previously published series of people undergoing the alternate or control
intervention.

•

Interrupted time series with a control group – trends in an outcome or disease are measured over
multiple time points before and after the intervention (factor under study) is introduced to a group
of people, and then compared to the outcomes at the same time points for a group of people that
do not receive the intervention (factor under study).

•

Interrupted time series without a parallel control group – trends in an outcome or disease are
measured over multiple time points before and after the intervention (factor under study) is
introduced to a group of people, and compared (as opposed to being compared to an external
control group).
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•

Non-randomised, experimental trial - the unit of experimentation (eg. people, a cluster of people) is
allocated to either an intervention group or a control group, using a non-random method (such as
patient or clinician preference/availability) and the outcomes from each group are compared. This
can include:
— a controlled before-and-after study, where outcome measurements are taken before and after
the intervention is introduced, and compared at the same time point to outcome measures in
the (control) group.
— an adjusted indirect comparison, where two randomised controlled trials compare different
interventions to the same comparator ie. the placebo or control condition. The outcomes from
the two interventions are then compared indirectly.

•

Prospective cohort study — where groups of people (cohorts) are observed at a point in time to be
exposed or not exposed to an intervention (or the factor under study) and then are followed
prospectively with further outcomes recorded as they happen.

•

Pseudo-randomised controlled trial - the unit of experimentation (eg. people, a cluster of people) is
allocated to either an intervention (the factor under study) group or a control group, using a
pseudo-random method (such as alternate allocation, allocation by days of the week or odd-even
study numbers) and the outcomes from each group are compared.

•

Randomised controlled trial — the unit of experimentation (eg. people, or a cluster of people4) is
allocated to either an intervention (the factor under study) group or a control group, using a
random mechanism (such as a coin toss, random number table, computer-generated random
numbers) and the outcomes from each group are compared.

•

Retrospective cohort study — where the cohorts (groups of people exposed and not exposed) are
defined at a point of time in the past and information collected on subsequent outcomes, eg. the
use of medical records to identify a group of women using oral contraceptives five years ago, and
a group of women not using oral contraceptives, and then contacting these women or identifying
in subsequent medical records the development of deep vein thrombosis.

•

Systematic literature review — systematic location, appraisal and synthesis of evidence from
scientific studies.

•

Two or more single arm study – the outcomes of a single series of people receiving an intervention
(case series) from two or more studies are compared.

Source: NHMRC (2009) NHMRC levels of evidence and grades of recommendations for developers of guidelines.

Selection of outcomes for GRADE analysis
Outcomes considered for inclusion comprised conditions thought to be associated with vitamin D status
in pregnancy. Six outcomes were selected on the basis of clinical impact.
Outcome

Importance

Inclusion

Maternal 25(OH)D at term

2



Pre-eclampsia

8



Gestational diabetes

7



Preterm birth

7



Low birth weight

7



Gestational hypertension

5



Bacterial vaginosis

3



Adverse effects of supplementation

7



Bone health in baby

7



Newborn 25(OH)D

6



ADHD in the child

6
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Outcome

Importance

Inclusion

Persistent wheeze in the child

6



Asthma in the child

6



Apgar score <7

3



Mode of birth (Caesarean section)

2



Key:

1 – 3 less important; 4 – 6 important but not critical for making a decision; 7 – 9 critical for making a decision
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Evidence tables
1.

Who should be tested for vitamin D status?

Evidence summary
Results of previous review
Although 3 level I studies, 11 level II studies, 1 level III-2, 1 level III-3 and 5 level IV studies were identified in the
literature review conducted to inform Module I of the Guidelines (Australian Health Ministers' Advisory Council 2012),
there was an absence of high quality evidence supporting a demonstrable reduction in morbidity or mortality
from vitamin D supplementation. However, the Guidelines noted a growing international trend towards testing
and/or recommending supplementation in pregnancy, due to the growing awareness of vitamin D deficiency
and its sequelae. The evidence informed the following consensus-based recommendation.
Consensus-based recommendation
Offer vitamin D screening to women with limited exposure to sunlight (eg because they are predominantly
indoors or usually protected from the sun when outdoors), or who have dark skin or a pre-pregnancy BMI of
>30, as they may be at increased risk of vitamin D deficiency and may benefit from supplementation for their
long-term health. Base decisions about whether to offer screening on these factors, season and climate.
Determinants of vitamin D status in pregnancy
The identified evidence on the determinants of vitamin D status is largely observational and of varying quality.
While definitions of deficiency and sufficiency varied across studies, the evidence was consistent that darker
skin phototype (Brough et al 2010; Johnson et al 2011; Perampalam et al 2011; Dahlman et al 2013; Lehotay et al 2013;
McAree et al 2013; Gibson-Helm et al 2014; Luque-Fernandez et al 2014; Burris et al 2015; Davies-Tuck et al 2015; GibsonHelm et al 2015), increasing BMI (Perampalam et al 2011; Bartoszewicz et al 2013; McAree et al 2013; Davies-Tuck et al
2015; Karlsson et al 2015 ) and season (Brough et al 2010; Perampalam et al 2011; Bartoszewicz et al 2013; Luque-Fernandez
et al 2014; Ozias et al 2014; Davies-Tuck et al 2015) were associated with lower vitamin D levels. A Cochrane review

(De-Regil et al 2016) also found associations between pre-pregnancy BMI and season at start of pregnancy and
maternal serum 25(OH)D at term in women supplemented with vitamin D.
One Level IV study found that adjusted ORs indicated that behavioural factors (ie skin exposure) were not as
predictive of vitamin D levels as ethnicity, season and BMI (Perampalam et al 2011). Migration may have an
effect but this is possibly confounded by skin phototype of migrant women.
Additional information
The Australian Health Survey 2011–12 (ABS 2014b) found that most Australian adults had Vitamin D levels
≥50 nmol/L, with 23% having levels <50 nmol/L. Rates of vitamin D levels <50 nmol/L were:
•

lower in summer (14%) and higher in winter (36%)

•

relatively low across all the States and Territories in summer, ranging from 6% in Queensland to 19% in NSW

•

particularly high in winter for those living in the south eastern states of Australia, such as Victoria and ACT
(49% compared with only 16% and 13% respectively in summer) but remained relatively low in winter for
those in Queensland and the Northern Territory.

Differences were also seen across geographical areas, with vitamin D levels <50 nmol/L being more common
among those living in Major cities (27%) compared with those living in Inner regional (16%), Outer regional
(13%) and Remote areas (9%).
The Survey showed that vitamin D levels <50 nmol/L were much more common among those born in Southern
and Central Asia (67%) as well as North East Asia (64%), South East Asia (58%) and North Africa and the Middle
East (50%). This was despite the fact that that those born in Southern and Central Asia and North Africa and
the Middle East had relatively high rates of vitamin D supplement use (14% and 15% respectively compared
with 4% of those born in Australia). Even during summer (December to February), rates of levels <50 nmol/L
remained very high at 60% for people born in Southern and Central Asia and 50% for people born in South East
Asia.
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Advice to EWG
There is evidence that darker skin phototype, increasing BMI and season increase the risk of low vitamin D
levels. However, as the evidence concerning maternal and neonatal outcomes associated with vitamin D
status is inconsistent (see Section 1.2) and the benefits and harms of supplementation remain unclear (see
research question 2), the benefits and harms of testing also remain unclear.
Recommendations to be discussed at 27–28 February meeting
Note in the narrative that an understanding of local geography and ethnicity may direct the decision to test
for vitamin D status in pregnancy.
Include information from the National Health Survey as background information.
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Summary of determinants of vitamin D status in pregnant women
Study ref/Country

LoE

Effect/significance

Exposure to sunlight
(Perampalam et al 2011);
Australia

IV

Skin exposure was the main behavioural determinant of vitamin D level in pregnancy in univariate analysis but adjusted
ORs indicated that behavioural factors were not as predictive of suboptimal vitamin D levels as ethnicity, season and BMI

(Brough et al 2010); UK

II

Caucasians had a higher median vitamin D concentration than non-Caucasians at 26 (winter: 72.5 vs 52.5 nmol/L;
summer: 55.0 vs 34.0 nmol/L) (P=0.035) but not 34 weeks gestation (winter: 61.0 vs 57.5 nmol/L; summer 70.0 vs 77.0 nmol/L)

(Burris et al 2015); US

II

In the first trimester, 75% of African-American and 19% of white women had vitamin D levels <50 nmol/L-1.

(Luque-Fernandez et al
2014); US

II

After adjustment for covariates, annual mean concentrations and estimated peak-trough difference of 25(OH)D were:

Skin phototype

•

African–American women — 19.8 ng/mL [95% CI 18.9, 20.5] and 5.8 ng/mL [95% CI 4.7, 6.7]

•

non-Hispanic white women — 33.0 ng/mL [95% CI 32.6, 33.4] and 7.4 ng/mL [95% CI 6.0, 8.9].

(Dahlman et al 2013);
Sweden

II

Mean+/-SD 25(OH)D in gestational week 12 was 20±11 nmol/L among the immigrant women (originating from Africa, the
Middle East, India, Pakistan, Bangladesh and South America) and 60±17 nmol/L among the Swedish women (p<0.001)

(Johnson et al 2011); US

II

Mean 25(OH)D levels in African-American, Hispanic, and Caucasian pregnant women were 15.5±7.2 (standard deviation),
24.1±8.7, 29.0±8.5 ng/mL, respectively

(Lehotay et al 2013);
Canada

II

Vitamin D3 levels were significantly lower than the optimum of 75 nmol/L in pregnant First Nations women than in non-First
Nations women (mean 58.6 vs 75.1 nmol/L)

(McAree et al 2013); UK

II

Among women with dark skin, only 8% (95% CI: 5-12%) had adequate levels (>75 nmol/L) compared with 43% (95% CI: 3353%) of those with light skin

(Davies-Tuck et al 2015);
Australia

IV

Compared to women born in Australia or New Zealand, odds of having 25(OH)D <50 nmol/L were higher among women
of South Asian (OR 4.4 [3.2-6.1]) or African ethnicity (OR 4.5 [2.4-8.1]), P < 0.001

(Gibson-Helm et al 2014);
Australia

IV

Compared to non-humanitarian source countries (HSC) groups, vitamin D levels <75 nmol/L were generally more common
among the HSC groups (23.3-32.0% vs 8.7-21.5%) from Africa.

(Gibson-Helm et al 2015);
Australia

IV

Compared to the non-HSC groups, vitamin-D levels <75 nmol/L were generally more common in the HSC groups (26-37% vs
24–34%) from South Asia, South-east Asia and West Africa.

(Perampalam et al 2011);
Australia

IV

Ethnicity was a significant predictor of vitamin D levels <50 nmol/L: Non-Caucasian vs Caucasian OR 11.3 95%CI 4.5–27.9
p=0.003
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Study ref/Country

LoE

Effect/significance

BMI
(Bartoszewicz et al 2013);
Poland

II

Mean 25OHD BMI <21: 27.3 ng/mL; BMI >25: 23.5 ng/mL (p<0.05)

(Karlsson et al 2015);
Sweden

II

25(OH)D <50nmol/L in the first trimester (during summer): BMI 18.5–24.9: 12%; BMI >30: 50%

(McAree et al 2013); UK

II

Obese women were found to have significantly lower vitamin D levels than non-obese women (47 vs 35% having levels
<25 nmol/L-1])

(Davies-Tuck et al 2015);
Australia

IV

Vitamin D <50 nmol/L: BMI 25–34.9 (OR 1.6 [1.2-2.0], P < 0.001); BMI >35 (OR 2.6 [1.6–4.4), p<0.001)

(Perampalam et al 2011);
Australia

IV

BMI was a significant predictor of vitamin D levels <50 nmol/L: BMI ≥30 vs <30 OR 3.0 95%CI 1.4–6.1 p=0.000

(Brough et al 2010); UK

II

Median vitamin D levels were significantly higher in summer vs winter (73 vs 58.5 nmol/L; P=0.006) at 34 weeks of gestation,
but not at the other timepoints

(Luque-Fernandez et al
2014); US

II

We observed a peak for 25(OH)D in summer, a nadir in winter, and a phase of 8 months, which resulted from fluctuations in
25(OH)D3 rather than 25(OH)D2

(Bartoszewicz et al 2013);
Poland

II

Mean 25OHD: winter 23.6 ng/ml; summer: 25.5 ng/ml (no statistically significant difference)

(Ozias et al 2014); US

II

Women who delivered in summer and fall had a 1.5-fold greater plasma 25(OH)D concentration than women who
delivered in winter and spring (41.1±23.1 and 40.7±20.5 nmol/L summer and fall, respectively, versus 27.7±17.9 and 29.3±21.4
nmol/L in winter and spring, respectively).

(Davies-Tuck et al 2015);
Australia

IV

Autumn (50 nmol/L) vs Spring (44 nmol/L) (P < 0.01)

(Perampalam et al 2011);
Australia

IV

Season was a significant predictor of vitamin D levels <50 nmol/L: Winter vs summer OR 2.8 95%CI 1.4–5.5 p=0.003

Season
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1.1

Determinants of vitamin D status in pregnancy

Level II studies
Study ref
(Bartoszewicz et al
2013)

Evidence
Level
II

Sample
size

Setting/population

Findings

Comments

50

150 serum samples from
women in 1st, 2nd and 3rd
trimester of pregnancy in
Warsaw. 72.7% of the sera
were from women who
reported taking multivitamin
supplements containing
vitamin D3 (71% of that group
was taking 400 IU daily).

BMI: Mean 250HD concentrations by BMI in 1st
trimester differed significantly (p<0.05):

Optimal 250HD
levels (30-80 ng/ml)
30.0%

•

BMI <21 (13 patients, 39 samples): 27.3 ng/mL

•

BMI >25 (14 patients, 42 samples): 23.5 ng/mL

Hypovitaminosis
(20-30 ng/ml):
38.7%,
Deficiency
(10-20 ng/ml):
24.0%
Severe deficiency
(< 10 ng/ml) 7.3%
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Study ref
(Brough et al 2010)

Evidence
Level
II

Sample
size

Setting/population

Findings

Comments

402 (149
completed
the study)

Multiethnic pregnant
population in East London, UK.

Skin phototype: Median 25(HO)D concentrations
varied by ethnicity (P<0.001); Caucasians had the
highest and Asians the lowest. Due to the small
sample sizes at 26 and 34 weeks, Caucasians
were compared with non-Caucasians;
Caucasians had a higher median vitamin D
concentration at 26 (P=0.035) but not 34 weeks.

High rate of
attrition (39 %
[n=149] completed
the study); reasons
documented.

Ethnicity was categorised as
African, Asian, Caucasian,
West Indian and Other
Participants were randomised
to receive either multiplemicronutrient supplements
(including 5g Vitamin D)
(n=207) or a visually identical
placebo (n=195) from the first
trimester of pregnancy.
At recruitment the prevalence
of vitamin D insufficiency was
72 %, with no differences
between groups.

(Burris et al 2015)

II

1,019

Women enrolled in a
prospective study at Brigham
and Women's Hospital in
Boston, from 2007 to 2009

14

Season: Median 25(HO)D levels were significantly
higher in the summer than the winter (P=0.006) at
34 weeks of gestation, but not for the other
timepoints.
Supplementation: Vitamin D status improved as
pregnancy progressed, with low status greatest
among those receiving placebo.
The small number of samples analysed for
vitamin D at 26 and 34 weeks made it difficult to
investigate the interaction between treatment,
season, ethnicity and gestation on vitamin D
status in further detail.
Skin phototype: In all, 56% of black and 86% of
white women reported pre- and/or
postconceptional prenatal multivitamin use. In the
first trimester, 75% of black and 19% of white
women were vitamin D deficient. Lack of prenatal
multivitamin use among black women was not
associated with vitamin D deficiency (aOR 1.0,
95%CI 0.4, 2.3) but was among white women
(aOR 3.5, 95% CI 2.1, 5.8) (interaction P<0.01).

Deficiency defined
as 25[OH]D levels
<50 nmol l −1

Study ref
(Dahlman et al 2013)

(Johnson et al 2011)

Evidence
Level
II

II

Sample
size

Setting/population

Findings

60

We consecutively recruited 41
immigrant (originating from
Africa, the Middle East, India,
Pakistan, Bangladesh and
South America) and 19 agematched healthy native
Swedish women

Migration:

Blood samples were taken
from 154 African-American,
194 Hispanic, and 146
Caucasian women at
<14 weeks of gestation at a
southern latitude.

Skin phototype: The mean 25(OH)D levels in
African-American, Hispanic, and Caucasian
pregnant women were 15.5 +/- 7.2 (standard
deviation), 24.1 +/- 8.7, 29.0 +/- 8.5 ng/mL,
respectively. Ninety-seven percent of AfricanAmericans, 81% of Hispanics, and 67% of
Caucasians were deficient or insufficient. Of these
pregnant women, 82% had vitamin D levels <32
ng/mL (<80 ng/mL).

494

•

Mean+/-SD 25(OH)D in gestational week 12
was 20+/-11 nmol/L among the immigrants
and 60+/-17 nmol/L among the Swedish
women (p<0.001).

•

Postpartum 25(OH)D was 29+/-18 nmol/L
among the immigrants and 53+/-19 nmol/L
among the Swedish women (p=0.003).

In logistic regression models, race was the most
important risk factor for vitamin D deficiency or
insufficiency. African-American women and
Hispanic women were more likely to have
vitamin D insufficiency and deficiency than
Caucasian women.
Furthermore, primigravid women were more at risk
for vitamin D insufficiency.
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Comments

Deficiency:
25(OH)D
<20 ng/mL or
<50 nmol/L
Insufficiency:
25(OH)D
>20 ng/mL or
<32 ng/mL or
>50 nmol/L or
<80 nmol/L

Study ref
(Karlsson et al 2015)

Evidence
Level
II

Sample
size

Setting/population

Findings

105

Obese (n=25) and normalweight (n=80) women in the
Western Sweden region
(latitude 57degreeN). Blood
samples and information on
diet and sun exposure were
collected in each trimester
during pregnancy.

BMI: 25(OH)D <50nmol/L in the first trimester
(during summer):
•

BMI 18.5–24.9: 12%

•

BMI >30: 50%.

Supplement use, body fat mass, season of blood
sampling, and travelling to southern latitudes were
the most important determinants of vitamin D
status.

(Lehotay et al 2013)

II

1,044

Pregnant First Nations (n=743)
and non-First Nations (301)
women in Saskatchewan

Skin phototype: Whereas non-First Nations
pregnant women had similar vitamin D3 levels to
non-pregnant women in SK, vitamin D3 levels
were significantly lower than the optimum of 75
nmol/L in pregnant First Nations women than in
non-First Nations women. 29.7% of First Nations
pregnant women were in the relative insufficiency
range, and 45.6% were vitamin D3 deficient.

(Luque-Fernandez et al
2014)

II

2,583

Data from 3 cohort studies in
the US that included nonHispanic African-American
and White women. Fourier
time series and generalised
linear models were used to
estimate the magnitude of
25(OH)D seasonality. Seasonal
variability was modelled using
a stationary cosinor model to
estimate the phase shift,
peak-trough difference, and
annual mean of 25(OH)D.

Season: We observed a peak for 25(OH)D in
summer, a nadir in winter, and a phase of 8
months, which resulted from fluctuations in
25(OH)D3 rather than 25(OH)D2.
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Skin phototype: After adjustment for covariates,
annual mean concentrations and estimated
peak-trough difference of 25(OH)D were:
•

black women — 19.8 ng/mL [95% CI 18.9,
20.5] and 5.8 ng/mL [95% CI 4.7, 6.7]

•

non-Hispanic White women — 33.0 ng/mL
[95% CI 32.6, 33.4] and 7.4 ng/mL [95% CI 6.0,
8.9].

Comments

Study ref
(McAree et al 2013)

(Ozias et al 2014)

Evidence
Level
II

II

Sample
size

Setting/population

Findings

Comments

346

Women with sufficient stored
serum were randomly
selected from among all
women who delivered
between April 2008 and
March 2009 in North West
London. Sample represented
the total population regarding
skin tone, quartile, BMI,
gestation and parity

Skin phototype: Among women with dark skin,
only 8% (95% CI: 5-12%) had adequate levels
compared with 43% (95% CI: 33-53%) of those with
light skin.

Deficiency was
defined as
<25nmolL(-1) ,
insufficiency 2575nmolL(-1) and
adequacy
>75nmolL(-1)

Plasma 25(OH)D was
determined at 8-20 weeks
gestation and following birth.
Usual predictors of vitamin D
status (BMI, race, season) in
addition to prenatal
supplemental vitamin D intake
and docosahexaenoic acid
(DHA) status at delivery were
assessed for their interaction
on the change on plasma
25(OH)D concentration
between the two time points.

Season of birth (F = 7.86, P = 0.006) and midpregnancy plasma 25(OH)D concentration (F =
6.17, P = 0.014) were significant variables in the
change of vitamin D status while BMI, race, DHA
status, and typical vitamin D intake (334 IU/day)
from prenatal supplements did not have an
effect.

193
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BMI: Obese women were found to have
significantly lower vitamin D levels than non-obese
women (47 vs 35% deficiency).

Season: Women who delivered in summer and fall
had a 1.5-fold greater plasma 25(OH)D
concentration than women who delivered in
winter and spring (41.1 +/- 23.1 and 40.7 +/- 20.5
nmol/L summer and fall, respectively, versus 27.7
+/- 17.9 and 29.3 +/- 21.4 nmol/L in winter and
spring, respectively).

Vitamin D status
categorized as
deficient
(<30 nmol/L) or
insufficient
(30-49.9 nmol/L).

Level IV studies (Australian and New Zealand studies)
Study ref
(Davies-Tuck et al 2015)

Evidence
Level
IV

Sample
size

Setting/population

Findings

Comments

1,550

A review of vitamin D levels at
booking and, for those who
were deficient, at 28 weeks
after supplementation with
1000 iu/day.

Season: Mean vitamin D levels varied significantly
by season (P < 0.01):

The mean (range)
vitamin D level was
47 (12- 178) nmol/L.

Case series
Australian
study

•

autumn (50 nmol/L)

•

spring (44 nmol/L).

Odds of vitamin D <50 nmol/L:
Age: >40 years (OR 0.4 [0.2-0.8], P = 0.01),
BMI 25–34.9 (OR 1.6 [1.2-2.0], P < 0.001); BMI >35
(OR 2.6 [1.6–4.4), p<0.001)

Insufficient: 50-74
nmol/L (n=571
[37%])

Skin phototype: South Asian or African ethnicity
(OR 4.4 [3.2-6.1] and 4.5 [2.4-8.1], P < 0.001).

Replete: >75nmol/L
(n=130 [8%])

Supplementation: Of the 849 women deficient at
booking, 654 had a 28 wk level following 1000 iu/
day supplementation. Of these, 266 (41%)
remained deficient, 289 (44%) were insufficient,
and 99 (15%) were replete.
(Gibson-Helm et al
2014)

IV
Australian
study

2,173

Retrospective, observational
study of singleton births at a
single, metropolitan, maternity
service in Australia 2002-2011,
to women born in
humanitarian source countries
(HSC) and non-HSC from
North Africa (n=1361), Middle
and East Africa (n=706) and
West Africa (n=106).
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Deficient:<50
nmol/L (n=849
[55%])

Migration: Compared to non-HSC groups, vitamin
D insufficiency was generally more common
among the HSC groups (23.3-32.0% vs 8.7-21.5%).
There was no significant difference for women
from North Africa (p=0.3) but there was for
women from Middle and East Africa (p=0.01) and
West Africa (p=0.02).

Study ref
(Gibson-Helm et al
2015)

(Perampalam et al
2011)

Evidence
Level
IV

Sample
size

Setting/population

Findings

16,300

Retrospective, observational
study of singleton births, at the
largest maternity service in
Victoria, Australia 2002-2011,
to women born in
humanitarian source countries
(HSCs) and non-HSCs from
South Asia (n = 9342), SouthEast Asia (n = 5681) and West
Asia (n = 1277).

Migration: Compared to the non-HSC groups,
vitamin-D deficiency/ insufficiency was generally
more common in the HSC groups (26-37% vs 24–
34%) but the difference was not significant (South
Asia p=0.9; South-east Asia p=0.69; West Africa
p=0.1).

201

Women attending 2 antenatal
clinics in Australia-Campbelltown, NSW and
Canberra, ACT

Significant predictive factors of vitamin D
<50 nmol/L:

Australian
study

IV
Cross-section
Australian
study

Skin phototype: non-Caucasian vs Caucasian OR
11.3 95%CI 4.5–27.9 p=0.003
Season: winter vs summer OR 2.8 95%CI 1.4–5.5
p=0.003
BMI: ≥30 vs <30 OR 3.0 95%CI 1.4–6.1 p=0.000
Adjusted odds ratios indicated that behavioural
factors (sunscreen use, skin exposure, sunshine
hours, vacation, supplement use) were not as
predictive of suboptimal vitamin D levels as
ethnicity, season and BMI.
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Comments

The prevalence of
vitamin D
deficiency (<25
nmol/L) and
insufficiency (26-50
nmol/L) was 35% in
Canberra (n=100)
and 25.7% in
Campbelltown
(n=101).

1.2

Maternal and neonatal health outcomes associated with vitamin D status in pregnancy

A number of studies were identified that explored associations between vitamin D status in pregnancy and
subsequent maternal and neonatal outcomes. This evidence is generally of low quality and heterogeneous
(ie in definition of optimal level, timing of serum testing) and the findings are inconsistent.
•

Glucose tolerance and gestational diabetes — Level II studies found that 25(OH)D <25 nmol/L (Burris et al
2012) or <37.5 nmol/L (Schneuer et al 2014) was associated with an increased odds of gestational diabetes
but also that the increase for women with 25(OH)D <37.5 nmol/L was attenuated after adjustment for
maternal factors (aOR: 1.08; 95% CI: 0.74, 1.56). One Level IV study found an association between
gestational diabetes and early pregnancy vitamin D levels of <50 nmol/L (p=0.008) or 50–74 nmol/L
(p=0.005) (Davies-Tuck et al 2015) and another found an increase of one standard deviation in maternal 25hydroxy vitamin D was inversely related to fasting glucose (fasting glucose lower by 0.047 mmol/l, P=0.012)
when assessed with multiple linear regression after adjusting for confounders (McLeod et al 2012).

•

Pre-eclampsia — The evidence was largely consistent in finding no association between vitamin D levels
and the risk of pre-eclampsia, with Level II studies finding no association with markers for pre-eclampsia
(Bomba-Opon et al 2014) and similar concentrations in women who developed pre-eclampsia and controls
(p=0.3) (Gidlof et al 2015). A Level IV study found no association between early vitamin D level <50 nmol/L
and preeclampsia (p=0.64) (Davies-Tuck et al 2015). However, a Level II study found a reduced risk of preeclampsia among women with low 25(OH)D concentrations (p=0.07) and a slight tendency for
concentrations >75 nmol/L to be protective against early onset pre-eclampsia (p=0.09) (Schneuer et al
2014).

•

Preterm birth — A Level II study found that women with low 25(OH)D concentrations had a tendency
toward increased risk of spontaneous preterm birth (P = 0.09) (Schneuer et al 2014), while a Level IV study
found no such association (p = 0.11) (Davies-Tuck et al 2015).

•

Small for gestational age (SGA) — Level II studies found that the frequency of SGA neonates was similar in
women with 25(OH)D <20 or >20 nmol/L (Bomba-Opon et al 2014), or risk increased at 2(OH)D ≤29.9 nmol/l
compared with ≥50 nmol/l (OR 2.4, 95 % CI 1.9, 3.2) (Leffelaar et al 2010) or risk was increased among
women with levels <25 nmol/L (aOR: 1.58; 95% CI: 1.06, 2.35) (Schneuer et al 2014).

•

Birth weight — One Level II study (Bomba-Opon et al 2014) and one Level IV study (Davies-Tuck et al 2015)
found no association between maternal first trimester vitamin D concentrations and neonatal birth weight.
Another Level II study (Leffelaar et al 2010) found that women with vitamin D levels ≤29.9 nmol/L had infants
with lower birth weights (–114.4 g, 95%CI –151.2, –77.6).

•

Macrosomia and infant growth — One Level II study (Morales et al 2015b) found that maternal 25(OH)D
<20 ng mL-1 was associated with increased risk of fetal macrosomia but not with fetal anthropometry.
Level II studies found an association between maternal vitamin D level ≤29.9 nmol/L and accelerated
growth (Leffelaar et al 2010) and increased risk of overweight (Morales et al 2015b) at age 1 year.

Advice to EWG
While these studies do not answer the research question, they may inform the narrative.
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Maternal outcomes
Impaired glucose tolerance and gestational diabetes
Study ref
(Burris et al 2012)

Evidence
Level
II

Sample
size

Setting/population

Findings

Comments

1,314

Pregnant women who
participated in Project Viva, a
birth cohort study. 25(OH)D
levels were measured at 26-28
weeks gestation during GDM
screening using a 1-hour 50-g
glucose challenge test

25(OH)D levels <25 nmol/L were found in:

Second-trimester
25(OH)D levels
were associated
inversely with
glucose levels after
1-hour 50-g
glucose challenge
test; low 25(OH)D
levels may be
associated with
increased risk of
GDM.

•

44 of 1,087 women (4.0%) with normal glucose
tolerance

•

9 of 159 women (5.7%) with impaired glucose
tolerance

•

9 of 68 women (13.2%) with GDM.

Analyses that were adjusted for
sociodemographics, season, maternal BMI,
gestational weight gain, and dietary factors
suggested that women with 25(OH)D levels of <25
vs >25 nmol/L may have higher odds of
experiencing GDM (OR 2.2; 95%CI 0.8-5.5).
Glucose levels after the glucose challenge test
were associated inversely with 25(OH)D levels
(P<0.01).
(Schneuer et al 2014)

II
Australian
study

5,109

Study was conducted on the
basis of a study population of
11,358 women who were
attending first-trimester Down
syndrome screening in NSW.
Cases of each study outcome
of interest (SGA, preterm birth,
preeclampsia, GD,
miscarriage, and stillbirth)
were randomly selected from
the maternal screening
population.
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In the univariate analysis, women with 25(OH)D
concentrations <37.5 nmol/L had increased risk of
GD; however, this association was attenuated
after adjustment for maternal factors (aOR: 1.08;
95% CI: 0.74, 1.56).

Controls were
sourced using a
method that
ensured the
random blinded
selection of
samples.

Study ref
(Davies-Tuck et al 2015)

Evidence
Level
IV

Sample
size

Setting/population

Findings

Comments

1,550

Among pregnant women in a
maternity service that
recommends routine
antenatal screening and
advises supplementation
where necessary, Vitamin D
serum concentrations were
measured in early and late
pregnancy. The relationship
between initial vitamin D
status, maternal factors and
pregnancy outcomes were
estimated.

After adjusting for potential confounders, there
was an association between GDM and early
pregnancy vitamin D deficiency (OR 6.90 [1.66,
28.7]; p=0.008) or insufficiency (OR 7.6 (1.83,
32.0];p=0.005) compared to replete.

Deficient:<50
nmol/L (n=849
[55%])

Pregnant women living in an
Australian subtropical
environment.

A difference of one standard deviation in
maternal 25-hydroxy vitamin D was inversely
related to fasting glucose (fasting glucose lower
by 0.047 mmol/l, P=0.012) when assessed with
multiple linear regression after adjusting for
confounders.

Australian
study

(McLeod et al 2012)

IV
Australian
study

399

All patients underwent a
blinded 75-g oral glucose
tolerance test at 24-32 (target
28) weeks' gestation.

Replete: >75nmol/L
(n=130 [8%])

Maternal 25-hydroxy vitamin D correlated with
beta-cell function as estimated by the logtransformed homeostasis model assessment-betacell function equation (r=0.131, P=0.009), but not
with the homeostasis model assessment of insulin
resistance.
An association between mid-gestational 25(HO)D
and fasting glucose was confirmed in a largely
normoglycaemic and vitamin D-replete pregnant
population. The correlation between 25-hydroxy
vitamin D and beta-cell function suggests that
vitamin D may influence glucose metabolism
through this mechanism.
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Insufficient: 50-74
nmol/L (n=571
[37%])

Mean (+/- SD)
fasting plasma
glucose:
4.5 +/- 0.4 mmol/l.
Mean (+/- SD)
serum 25(HO)D:
132.5 +/- 44.0
nmol/l.

Pre-eclampsia and hypertension
Study ref
(Bomba-Opon et al
2014)

Evidence
Level
II

Sample
size

Setting/population

Findings

Comments

280

Pregnant women at 11-13
weeks' gestation, of whom
75% used vitamin
supplementation.

Markers for pre-eclampsia (MAP [p=0.85]; UtA PI
[p=0.36], PlGF [p=0.08], PAPP-A [p=0.92]) were not
related to the maternal serum 25OHD
concentration.

Deficiency:
25(OH)D < 20
ng/ml (54%)

There were five cases of pregnancy-induced
hypertension (one with proteinuria) in vitamin D
deficiency group as compared to one case in
women with 25OHD>20 ng/ml.
(Schneuer et al 2014)

II
Australian
study

5,109

Study was conducted on the
basis of a study population of
11,358 women who were
attending first-trimester Down
syndrome screening between
October 2006 and September
2007 in NSW.
Cases of each study outcome
of interest (SGA, preterm birth,
preeclampsia, GD,
miscarriage, and stillbirth)
were randomly selected from
the maternal screening
population. Controls were
sourced using a method that
ensured the random blinded
selection of samples.
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Women with low 25(OH)D concentrations had a
reduced risk of preeclampsia (P = 0.07).
There was also a slight tendency for high 25(OH)D
concentrations >75 nmol/L to be protective
against early-onset preeclampsia (P = 0.09);
however, numbers were small, and results were
imprecise.

Insufficiency:
20-30 ng/ml (34%)
Sufficiency: >30
ng/ml (11%)
The median (IQR)
25(OH)D
concentration for
the total
population was
56.4 nmol/L (43.369.8 nmol/L).

Study ref
(Gidlof et al 2015)

Evidence
Level
III-3

Sample
size

Setting/population

Findings

159

In a nested case-control study
of 2,496 pregnant women, we
identified 39 women who
developed preeclampsia and
120 non-preeclamptic controls

Vitamin D levels were similar in women who
developed preeclampsia, 52.2 +/- 20.5 nmol/L,
and controls, 48.6 +/- 20.5 nmol/L, p = 0.3. In
addition, vitamin D deficiency (<50 nmol/L) was
found in a similar proportion of control group
(51.7%) as those with severe preeclampsia
(41.2%).

Comments

Our data do not support the hypothesis that
vitamin D deficiency in early pregnancy is
associated with preeclampsia, but we cannot rule
out a relation later in gestation.
(Davies-Tuck et al 2015)

IV
Australian
study

1,550

Among pregnant women in a
maternity service that
recommends routine
antenatal screening and
advises supplementation
where necessary, Vitamin D
serum concentrations were
measured in early and late
pregnancy. The relationship
between initial vitamin D
status, maternal factors and
pregnancy outcomes were
estimated.
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There was no association between early vitamin D
deficiency and preeclampsia (p = 0.64).

Deficient:<50
nmol/L (n=849
[55%])
Insufficient: 50-74
nmol/L (n=571
[37%])
Replete: >75nmol/L
(n=130 [8%])

Bone health
Study ref
(Dahlman et al 2013)

Evidence
Level
II

Sample
size

Setting/population

Findings

Comments

60

We consecutively recruited 41
immigrant (originating from
Africa, the Middle East, India,
Pakistan, Bangladesh and
South America) and 19 agematched healthy native
Swedish women

Bone mineral density measured with DXA and
pQCT did not differ significantly between groups.
The ratio of cortical and trabecular density, a
potential sign of osteomalacia, did not differ
between groups. There were no significant
correlations between 25(OH)D and the bone
density measurements.

Sample
size

Setting/population

Findings

Comments

5,109

Study was conducted on the
basis of a study population of
11,358 women who were
attending first-trimester Down
syndrome screening between
October 2006 and September
2007 in NSW.

Women with low 25(OH)D concentrations had a
tendency toward increased risk of spontaneous
preterm birth (P = 0.09) or a severe pregnancy
outcome (P = 0.07).

The median (IQR)
25(OH)D
concentration for
the total
population was
56.4 nmol/L (43.369.8 nmol/L).

Cases of each study outcome
of interest were randomly
selected from the maternal
screening population using a
computerised randomnumber function.

The addition of 25(OH)D information to maternal
and clinical risk factors did not improve the ability
to predict severe adverse pregnancy outcomes
(AUC: 0.64; likelihood ratio: 2.32; P = 0.39).

Pregnancy outcomes
Preterm birth
Study ref
(Schneuer et al 2014)

Evidence
Level
II
Australian
study
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There was no association between low 25(OH)D
concentrations and any other adverse pregnancy
outcome, regardless of the various cutoffs applied

Study ref
(Davies-Tuck et al 2015)

Evidence
Level
IV

Sample
size

Setting/population

Findings

Comments

1,550

Among pregnant women in a
maternity service that
recommends routine
antenatal screening and
advises supplementation
where necessary, Vitamin D
serum concentrations were
measured in early and late
pregnancy. The relationship
between initial vitamin D
status, maternal factors and
pregnancy outcomes were
estimated.

There was no association between early vitamin D
deficiency and preterm birth (p = 0.11).

Deficient:<50
nmol/L (n=849
[55%])

Sample
size

Setting/population

Findings

Comments

280

Pregnant women at 11-13
weeks' gestation, of whom
75% used vitamin
supplementation.

Frequency of SGA neonates was similar in both
groups (5.3% – 25OHD <20 ng/ml and 3.9% –
25OHD>20 ng/ml).

Deficiency:
<20 ng/ml (54%)

Australian
study

Insufficient: 50-74
nmol/L (n=571
[37%])
Replete: >75nmol/L
(n=130 [8%])

Small for gestational age
Study ref
(Bomba-Opon et al
2014)

Evidence
Level
II

Insufficiency:
20-30 ng/ml (34%)
Sufficiency:
>30ng/ml (11%)

(Leffelaar et al 2010)

II

3,730

Secondary analysis of data
derived from a large multiethnic cohort in The
Netherlands (Amsterdam Born
Children and their
Development (ABCD) cohort),
including women with liveborn singleton term deliveries.
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Compared with women with adequate vitamin D
levels, women with deficient vitamin D levels had
a higher risk of SGA (OR 2.4, 95 % CI 1.9, 3.2).

Deficient:
≤29.9 nmol/l
Insufficient:
30-49.9 nmol/l
Adequate:
≥50 nmol/l

Study ref
(Schneuer et al 2014)

Evidence
Level
II

Sample
size

Setting/population

Findings

Comments

5,109

Study was conducted on the
basis of a study population of
11,358 women who were
attending first-trimester Down
syndrome screening between
October 2006 and September
2007 in NSW.

After adjustment for risk factors, women with
25(OH)D concentrations <25 nmol/L had
increased risk of having an SGA,10th-percentile
infant (aOR: 1.58; 95% CI: 1.06, 2.35).

The median (IQR)
25(OH)D
concentration for
the total
population was
56.4 nmol/L (43.369.8 nmol/L).

Australian
study

Cases of each study outcome
of interest were randomly
selected from the maternal
screening population using a
computerised randomnumber function.

Mode of birth
Study ref
(Davies-Tuck et al 2015)

Evidence
Level
IV
Australian
study

Sample
size

Setting/population

Findings

Comments

1,550

Among pregnant women in a
maternity service that
recommends routine
antenatal screening and
advises supplementation
where necessary, Vitamin D
serum concentrations were
measured in early and late
pregnancy. The relationship
between initial vitamin D
status, maternal factors and
pregnancy outcomes were
estimated.

There was no association between early vitamin D
deficiency and Caesarean section (p=0.71).

Deficient:<50
nmol/L (n=849
[55%])
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Insufficient: 50-74
nmol/L (n=571
[37%])
Replete: >75nmol/L
(n=130 [8%])

Low birth weight
Study ref
(Bomba-Opon et al
2014)

Evidence
Level
II

Sample
size

Setting/population

Findings

Comments

280

Pregnant women at 11-13
weeks' gestation, of whom
75% used vitamin
supplementation.

There was no relation between maternal first
trimester vitamin D concentrations and neonatal
birth weight.

Deficiency:
25(OH)D <20 ng/ml
(54%)
Insufficiency:
20-30 ng/ml (34%)
Sufficiency:
>30ng/ml (11%)

(Davies-Tuck et al 2015)

IV

1,550

Australian
study

(Leffelaar et al 2010)

II

3,730

Among pregnant women in a
maternity service that
recommends routine
antenatal screening and
advises supplementation
where necessary, Vitamin D
serum concentrations were
measured in early and late
pregnancy. The relationship
between initial vitamin D
status, maternal factors and
pregnancy outcomes were
estimated.

There was no association between early vitamin D
deficiency and low birth weight (p=0.32).

Secondary analysis of data
derived from a large multiethnic cohort in The
Netherlands (Amsterdam Born
Children and their
Development (ABCD) cohort),
including women with liveborn singleton term deliveries.

Compared with women with adequate vitamin D
levels, women with deficient vitamin D levels had
infants with lower birth weights (–114.4 g,
95%CI –151.2, –77.6).
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Deficient:<50
nmol/L (n=849
[55%])
Insufficient: 50-74
nmol/L (n=571
[37%])
Replete: >75nmol/L
(n=130 [8%])

Deficient:
≤29.9 nmol/l
Insufficient:
30-49.9 nmol/l
Adequate:
≥50 nmol/l

Macrosomia
Study ref

Evidence
Level

(Morales et al 2015b)

II

Sample
size

Setting/population

Findings

Comments

2,358

Pregnant women (median
weeks of gestation 14.0, range
13.0-15.0) from the INMA
(INfancia y Medio Ambiente)
cohort (Spain, 2003-2008)

Maternal deficit of 25(OH)D3 (<20 ng ml(-1)) was
associated with increased risk of fetal overweight
defined as AC 90th percentile (OR=1.50, 95%CI:
1.01-2.21; P=0.041) or as EFW 90th percentile (OR =
1.47, 95% CI: 1.00-2.16; P = 0.046). No significant
associations were found with rapid growth.

Sample
size

Setting/population

Findings

2,358

Pregnant women (median
weeks of gestation 14.0, range
13.0-15.0) from the INMA
(INfancia y Medio Ambiente)
cohort (Spain, 2003-2008)

We found no association of maternal 25(OH)D3
concentration with femur length and a weak
inverse association with biparietal diameter at 34
weeks.

Sample
size

Setting/population

Findings

Comments

3,730

Secondary analysis of data
derived from a large multiethnic cohort in The
Netherlands (Amsterdam Born
Children and their
Development (ABCD) cohort),
including women with liveborn singleton term deliveries.

Neonates born to mothers with a deficient vitamin
D status showed accelerated growth in weight
and length during the first year of life.

Deficient:
≤29.9 nmol/l
Insufficient:
30-49.9 nmol/l
Adequate:
≥50 nmol/l

Fetal anthropometry
Study ref

Evidence
Level

(Morales et al 2015b)

II

Comments

Infant and childhood outcomes
Growth in the first year
Study ref
(Leffelaar et al 2010)

Evidence
Level
II
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Study ref
(Morales et al 2015b)

Evidence
Level
II

Sample
size

Setting/population

Findings

2,358

Pregnant women (median
weeks of gestation 14.0, range
13.0-15.0) from the INMA
(INfancia y Medio Ambiente)
cohort (Spain, 2003-2008)

Deficit of 25(OH)D3 in pregnancy (≤29.9 nmol/L)
was associated with an increased risk of
overweight in offspring at age 1 year (OR = 1.42,
95% CI: 1.02-1.97; P=0.039); however, the
association was attenuated at age 4 years (OR =
1.19, 95% CI: 0.83-1.72; P = 0.341).

Sample
size

Setting/population

Findings

743

Caucasian women in Perth,
Western Australia (32°S) had
25(OH)D measured at 18 wk
and were grouped into
quartiles. Offspring behavior
was measured with the Child
Behavior Checklist at 2, 5, 8,
10, 14, and 17 years (n range
= 412–652). Receptive
language was assessed with
the Peabody Picture
Vocabulary Test—Revised at
ages 5 (n=534) and 10 (n=474)
years.

Analyses revealed no significant associations
between maternal 25(OH) D serum quartiles and
offspring behavioral/emotional problems at any
age.

Comments

Neurocognitive development
Study ref
(Whitehouse et al 2012)

Evidence
Level
II

30

There were significant linear trends between
quartiles of maternal vitamin D levels and
language impairment at 5 and 10 years.
Multivariate regression analyses, incorporating a
range of confounding variables, found that the
risk of women with vitamin D insufficiency
(<46 nmol/L) during pregnancy having a child
with clinically significant language difficulties was
increased close to twofold compared with
women with vitamin D levels >70 nmol/L.

Comments

ADHD
Study ref
(Morales et al 2015a)

Evidence
Level
II

Sample
size

Setting/population

Findings

1,650
motherchild pairs

Mother-child pairs from five
birth cohorts embedded in
the INMA Project (Spain, 19972008).

After adjustment, the number of total ADHD-like
symptoms in children decreased by 11% per
10ng/ml increment of maternal 25(OH)D3
concentration (incidence rate ratio [IRR] = 0.89;
95% CI = 0.80, 0.98). Similarly, the number of
symptoms in the ADHD subscales decreased in
relation to higher maternal 25(OH)D3
concentration (IRR per 10ng/ml increment = 0.89;
95% CI = 0.79, 0.99 for the inattention scale; and
IRR = 0.88; 95% CI = 0.78, 0.99 for the hyperactivityimpulsivity scale). Using diagnostic criteria, we
found an association of increasing maternal
25(OH)D3 with a lower risk of ADHD DSM-IV
(relative risk ratio per 10ng/ml increment = 0.87;
95% CI = 0.72, 1.06) and ICD-10 hyperkinetic
disorder (relative risk ratio = 0.72; 95% CI = 0.49,
1.04) in children.
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Comments

Acute lower respiratory infection
Study ref
(Binks et al 2016)

Evidence
Level
II

Sample
size

Setting/population

Findings

109
motherinfant pairs

Aim: To assess vitamin D status
and to determine whether
cord blood vitamin D levels
are correlated with the risk of
infant hospitalisation for acute
lower respiratory infection
(ALRI).

The mean cord blood 25(OH)D3 concentration in
seven infants subsequently hospitalised for an ALRI
was 37 nmol/L (95% CI, 25–48nmol/L), lower than
the 56nmol/L (95% CI, 51–61 nmol/L) in the 77
infants who were not hospitalised with an ALRI
(P=0.025).

Setting: Northern Territory
Population: Indigenous
mothers and infants
Methods: vitamin D (25(OH)D3)
levels were measured in
maternal blood during
pregnancy (n=33; median
gestation, 32 weeks [range,
28–36 weeks]) and at birth
(n1/4106; median gestation,
39 weeks [range, 34–41
weeks]), in cord blood (n=84;
median gestation, 39 weeks
[range, 36–41 weeks]), and in
infant blood at age 7 months
(n=37; median age, 7.1
months [range, 6.6–8.1
months]).
Outcome: ALRI hospitalisations
during the first 12 months of
infancy.
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Comments

1.3

Systematic reviews excluded due to low quality or overlap with high-quality systematic reviews

Dunlop, A. L., M. R. Kramer, et al. (2011). "Racial disparities in preterm birth: an overview of the potential role of nutrient
deficiencies." Acta Obstetricia et Gynecologica Scandinavica 90(12): 1332-1341.

Review of observational studies

Martin, C. A., U. Gowda, et al. (2016). "The prevalence of vitamin D deficiency among dark-skinned populations according
to their stage of migration and region of birth: A meta-analysis." Nutrition 32(1): 21-32.

Review of observational studies

Nassar, N., G. H. Halligan, et al. (2011). "Systematic review of first-trimester vitamin D normative levels and outcomes of
pregnancy." American Journal of Obstetrics & Gynecology 205(3): 208.e201-207.

Review of observational studies

1.4

Background papers for research question 1

Background information will inform revision of the narrative.
(Teale &
Cunningham
2010)

(De Laine et al
2013)
1.5

This Australian study shows that, despite abundant sunshine and latitude consistent with year-long vitamin D synthesis, 65.5% of a largely lowrisk antenatal population in rural Victoria have insufficient vitamin D. Over 5.0% of women have vitamin D levels that pose a significant
neonatal and adult health risk. These findings support routine antenatal testing of vitamin D levels.
This Australian study found that risk-based screening for vitamin D deficiency in pregnancy (South Australian Perinatal Practice Guideline, in
which ‘high-risk’ groups are defined as veiled, dark-skinned and house-bound women) failed to detect over half of vitamin D deficient
(<60 nmol/L) women at the Women's and Children's Hospital, South Australia.

Level IV (aetiology) studies not included in the evaluation for research question 1

Level IV studies were not included in the evaluation unless they were relevant to the Australian or New Zealand context.
Al-Faris, N. A. (2016). "High prevalence of vitamin D deficiency among pregnant Saudi women." Nutrients 8 (2) (no pagination)(77).
Al-Mahroos, F. T., H. S. Al-Sahlawi, et al. (2013). "Prevalence and risk factors for vitamin D deficiency among mothers in labor and their newborns." Bahrain
Medical Bulletin 35(2).
Alp, H., K. S. Tekgunduz, et al. (2016). "Maternal and cord blood Vitamin D status in high-altitude pregnancy." Journal of Maternal-Fetal and Neonatal Medicine
29(4): 571-575.
Andersen, L. B., B. Abrahamsen, et al. (2013). "Parity and tanned white skin as novel predictors of vitamin D status in early pregnancy: a population-based
cohort study." Clinical Endocrinology 79(3): 333-341.
Bener, A., A. O. Al-Hamaq, et al. (2013). "Association between vitamin d insufficiency and adverse pregnancy outcome: Global comparisons." International
Journal of Women's Health 5(1): 523-531.
Bjorn Jensen, C., A. L. Thorne-Lyman, et al. (2013). "Development and Validation of a Vitamin D Status Prediction Model in Danish Pregnant Women: A Study of
the Danish National Birth Cohort." PLoS ONE 8 (1) (no pagination)(e53059).
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Bobbitt, K. R., R. M. Peters, et al. (2015). "Early pregnancy vitamin D and patterns of antenatal inflammation in African-American women." Journal of
Reproductive Immunology 107: 52-58.
Brembeck, P., A. Winkvist, et al. (2013). "Determinants of vitamin D status in pregnant fair-skinned women in Sweden." British Journal of Nutrition 110(5): 856-864.
Charatcharoenwitthaya, N., T. Nanthakomon, et al. (2013). "Maternal vitamin D status, its associated factors and the course of pregnancy in Thai women."
Clinical Endocrinology 78(1): 126-133.
Collins-Fulea, C., K. Klima, et al. (2012). "Prevalence of low vitamin D levels in an urban midwestern obstetric practice." Journal of Midwifery & Women's Health
57(5): 439-444.
Dovnik, A., F. Mujezinovic, et al. (2014). "Seasonal variations of vitamin D concentrations in pregnant women and neonates in Slovenia." European Journal of
Obstetrics, Gynecology, & Reproductive Biology 181: 6-9.
Dror, D. K., J. C. King, et al. (2011). "Association of modifiable and nonmodifiable factors with vitamin D status in pregnant women and neonates in Oakland,
CA." Journal of the American Dietetic Association 111(1): 111-116.
El Koumi, M. A., Y. F. Ali, et al. (2013). "Impact of maternal vitamin D status during pregnancy on neonatal vitamin D status." Turkish Journal of Pediatrics 55(4):
371-377.
El Rifai, N. M., G. A. Abdel Moety, et al. (2014). "Vitamin D deficiency in Egyptian mothers and their neonates and possible related factors." Journal of MaternalFetal & Neonatal Medicine 27(10): 1064-1068.
Gur, G., A. Abaci, et al. (2014). "Incidence of maternal vitamin D deficiency in a region of Ankara, Turkey: a preliminary study." Turkish Journal of Medical
Sciences 44(4): 616-623.
Jan Mohamed, H. J., A. Rowan, et al. (2014). "Maternal serum and breast milk vitamin D levels: findings from the Universiti Sains Malaysia Pregnancy Cohort
Study." PLoS ONE [Electronic Resource] 9(7): e100705.
Jensen, C. B., S. B. Petersen, et al. (2012). "Sources and determinants of vitamin D intake in Danish pregnant women." Nutrients 4(4): 259-272.
Kalengada, P. K., P. G. C. Maralusiddappa, et al. (2015). "Prevalence of Vitamin D deficiency in pregnancy and its association with Vitamin D levels in normal
term newborns." Perinatology 16(2): 53-58.
Li, W., T. J. Green, et al. (2011). "Suboptimal vitamin D levels in pregnant women despite supplement use." Canadian Journal of Public Health. Revue
Canadienne de Sante Publique 102(4): 308-312.
Milman, N., A. M. Hvas, et al. (2012). "Vitamin D status during normal pregnancy and postpartum. A longitudinal study in 141 Danish women." Journal of
Perinatal Medicine 40(1): 57-61.
Moon, R. J., S. R. Crozier, et al. (2015). "Tracking of 25-hydroxyvitamin D status during pregnancy: the importance of vitamin D supplementation." American
Journal of Clinical Nutrition 102(5): 1081-1087.
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Narchi, H., J. Kochiyil, et al. (2010). "Maternal vitamin D status throughout and after pregnancy." Journal of Obstetrics & Gynaecology 30(2): 137-142.
Parlak, M., S. Kalay, et al. (2015). "Severe vitamin D deficiency among pregnant women and their newborns in Turkey." Journal of Maternal-Fetal & Neonatal
Medicine 28(5): 548-551.
Pratumvinit, B., P. Wongkrajang, et al. (2015). "Maternal vitamin d status and its related factors in pregnant women in Bangkok, Thailand." PLoS ONE 10 (7) (no
pagination)(e0131126).
Rodriguez, A., R. Garcia-Esteban, et al. (2015). "Associations of maternal circulating 25-hydroxyvitamin D3 concentration with pregnancy and birth outcomes."
BJOG: An International Journal of Obstetrics & Gynaecology 122(12): 1695-1704.
Salamon, A. S., E. Benedik, et al. (2015). "Vitamin D status and its determinants in healthy slovenian pregnant women." Annals of Nutrition and Metabolism 67(2):
96-103.
Shiraishi, M., M. Haruna, et al. (2014). "Demographic and lifestyle factors associated with vitamin D status in pregnant Japanese women." Journal of Nutritional
Science & Vitaminology 60(6): 420-428.
Singla, R., U. Dutta, et al. (2015). "Vitamin-D Deficiency Is Associated with Gallbladder Stasis Among Pregnant Women." Digestive Diseases & Sciences 60(9):
2793-2799.
Song, S. J., L. Zhou, et al. (2013). "The high prevalence of vitamin D deficiency and its related maternal factors in pregnant women in Beijing." PLoS ONE 8 (12)
(no pagination)(e85081).
Toher, C., K. Lindsay, et al. (2014). "Relationship between vitamin D knowledge and 25-hydroxyvitamin D levels amongst pregnant women." Journal of Human
Nutrition & Dietetics 27(3): 261-269.
Ustuner, I., H. L. Keskin, et al. (2011). "Maternal serum 25(OH)D levels in the third trimester of pregnancy during the winter season." Journal of Maternal-Fetal &
Neonatal Medicine 24(12): 1421-1426.
van den Berg, G., M. van Eijsden, et al. (2013). "Suboptimal maternal vitamin D status and low education level as determinants of small-for-gestational-age
birth weight." European Journal of Nutrition 52(1): 273-279.
Vandevijvere, S., S. Amsalkhir, et al. (2012). "High prevalence of vitamin D deficiency in pregnant women: A national cross-sectional survey." PLoS ONE 7 (8) (no
pagination)(e43868).
Wu, B. T., R. A. Dyer, et al. (2013). "Low fish intake is associated with low blood concentrations of vitamin D, choline and n-3 DHA in pregnant women." British
Journal of Nutrition 109(5): 936-943.
Wuertz, C., P. Gilbert, et al. (2013). "Cross-sectional study of factors that influence the 25-hydroxyvitamin D status in pregnant women and in cord blood in
Germany." British Journal of Nutrition 110(10): 1895-1902.
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Xiang, F., J. Jiang, et al. (2013). "High prevalence of vitamin D insufficiency in pregnant women working indoors and residing in Guiyang, China." Journal of
Endocrinological Investigation 36(7): 503-507.
Zhao, G., E. S. Ford, et al. (2012). "Factors associated with vitamin D deficiency and inadequacy among women of childbearing age in the United States." ISRN
Obstetrics and Gynecology (no pagination)(691486).
Zhao, Y., W. Miao, et al. (2014). "Dynamic changes in serum 25-hydroxyvitamin d during pregnancy and lack of effect on thyroid parameters." PLoS ONE 9 (3)
(no pagination)(e0090161).
1.6

Excluded studies for research question 1

Study

Reason for exclusion

Akhtar, M., R. Tildesley, et al. (2010). "Audit of vitamin D deficiency in ethnic pregnant population at Liverpool Womens
Hospital." Archives of Disease in Childhood: Fetal and Neonatal Edition 95: Fa36-Fa37.

Does not meet criteria for
grading (conference abstract)

Althaus, J. and C. Ennen (2011). "Vitamin D deficiency in the obstetric population." American Journal of Obstetrics and
Gynecology 204 (1 SUPPL.): S93-S94.

Does not meet criteria for
grading (conference abstract)

AlTheyab, N. and G. Liepa (2013). "A determination of vitamin d status and intake of pregnant and non-pregnant Saudi
Arabian women in Riyadh, Saudi Arabia." Annals of Nutrition and Metabolism 63: 738.

Does not meet criteria for
grading (conference abstract)

Bassil, D., M. Rahme, et al. (2013). "Hypovitaminosis D in the middle east and north africa prevalence, risk factors and impact
on outcomes." Dermato-Endocrinology 5(2): 274-298.

Does not answer research
question

Bergstrom, I., A. Blanck, et al. (2013). "Vitamin D levels in children of vitamin D deficient immigrant mothers." Osteoporosis
International 23: S359.

Does not meet criteria for
grading (conference abstract)

Bergstrom, I., I. Dahlman, et al. (2012). "Bone mineral density in immigrant women living in Stockholm with low vitamin D levels
postpartum." Journal of Bone and Mineral Research. Conference 27(no pagination).

Does not meet criteria for
grading (conference abstract)

Bodnar, L. M. and H. N. Simhan (2010). "Early-pregnancy maternal vitamin D status and preterm birth in black and white
women." Reproductive Sciences 1): 188A-A189A.

Does not meet criteria for
grading (conference abstract)

Bomba-Opon, D., R. B. B. Samaha, et al. (2013). "First trimester maternal serum vitamin d and markers of preeclampsia."
Journal of Perinatal Medicine. Conference: 11th World Congress of Perinatal Medicine 41(no pagination).

Does not meet criteria for
grading (conference abstract)

Boyle, V. T., E. Thorstensen, et al. (2015). "The relationship between serum vitamin d and gestational diabetes mellitus in a
New Zealand population." Reproductive Sciences 22: 247A.

Does not meet criteria for
grading (conference abstract)

Camargo, C., W. Goodnight, et al. (2011). "Maternal vitamin D status and twin pregnancy outcome." American Journal of
Obstetrics and Gynecology 204 (1 SUPPL.): S82-S83.

Does not meet criteria for
grading (conference abstract)
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Reason for exclusion

Carlson, C. R., J. Uriu-Adams, et al. (2012). "Low vitamin D status is a common finding in a population of pregnant women
enrolled in a nutrition intervention study in the Ukraine." FASEB Journal. Conference: Experimental Biology 26(no pagination).

Does not meet criteria for
grading (conference abstract)

Castracane, V. D., B. Martinez, et al. (2012). "Serum levels of vitamin D in lean and obese pregnant women." Reproductive
Sciences 1): 332A.

Does not meet criteria for
grading (conference abstract)

Chambers, C., L. Yevtushok, et al. (2013). "Maternal alcohol consumption during pregnancy, nutritional status and impact on
infant outcomes." Alcohol and Alcoholism 48: i21-i22.

Does not meet criteria for
grading (conference abstract)

Cheng, H. C., C. de Costa, et al. (2014). "Vitamin D concentrations in pregnant women with diabetes attending for
antenatal care in Far North Queensland." Australian & New Zealand Journal of Obstetrics & Gynaecology 54(3): 275-278.

Not specific to target
population

Cheng, H., C. De Costa, et al. (2015). "Vitamin D levels in pregnant women with preexisting diabetes or gestational diabetes
mellitus in far north Queensland." BJOG: An International Journal of Obstetrics and Gynaecology 122: 261-262.

Not specific to target
population

Choi, R., S. Oh, et al. (2015). "High prevalence of vitamin D deficiency in Korean pregnant women and association between
maternal 25-hydroxyvitamin d level and pregnancy outcomes." Clinical Chemistry and Laboratory Medicine 53: S743.

Does not meet criteria for
grading (conference abstract)

Cooper, C., N. C. Harvey, et al. (2015). "Effectiveness of maternal Vitamin D supplementation: A multicentre randomised,
double-blind, placebo controlled trial (MAVIDOS)." Osteoporosis International 1): S40.

Does not meet criteria for
grading (conference abstract)

Darani Zad, N., M. Vaezi, et al. (2014). "Association between pre-pregnancy body mass index and first trimester vitamin d."
Archives of Disease in Childhood 99: A457.

Does not meet criteria for
grading (conference abstract)

Davies-Tuck, M., C. Yim, et al. (2013). "Vitamin d testing in pregnancy: Results from a routine screening program." Journal of
Paediatrics and Child Health 49: 56.

Does not meet criteria for
grading (conference abstract)

Del Campo, M. R., Y. R. Del Prado, et al. (2015). "Vitamin levels in pregnant women and in cord blood in newborn in our
area-preliminary results." Hormone Research in Paediatrics 84: 345.

Does not meet criteria for
grading (conference abstract)

Dutta, U., R. Singla, et al. (2014). "Vitamin D deficiency among pregnant Indian women: Prevalence, predictors and its
relationship to gallbladder ejection fraction." Indian Journal of Gastroenterology 1): A83.

Does not meet criteria for
grading (conference abstract)

Dziadosz, M., V. Parisi, et al. (2014). "Vitamin D deficiency in early gestation and rates of preterm birth: A retrospective
cohort." American Journal of Obstetrics and Gynecology 1): S391.

Does not meet criteria for
grading (conference abstract)

Ekeroma, A., C. Camargo, et al. (2015). "Predictors of vitamin D status in pregnant women in New Zealand." BJOG: An
International Journal of Obstetrics and Gynaecology 122: 7-8.

Does not meet criteria for
grading (conference abstract)
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Reason for exclusion

Fajobi, O. A., K. Schulze, et al. (2011). "Vitamin D deficiency, risk factors and morbidity in early pregnancy in rural Nepal."
FASEB Journal. Conference: Experimental Biology 25(no pagination).

Does not meet criteria for
grading (conference abstract)

Forest, J., C. G. Woolcott, et al. (2015). "Determinants of vitamin d status in pregnant women and neonates: Effect of season
and lifestyle factors." Clinical Chemistry and Laboratory Medicine 53: S799.

Does not meet criteria for
grading (conference abstract)

Gaggero, M., L. Mariani, et al. (2010). "Vitamin D at term of pregnancy and during lactation in white and black women living
in Northern Italy." Minerva Ginecologica 62(2): 91-96.

Not specific to target
population

Ginde, A. A., A. F. Sullivan, et al. (2010). "Vitamin D insufficiency in pregnant and nonpregnant women of childbearing age in
the United States." American Journal of Obstetrics & Gynecology 202(5): 436.e431-438.

Does not answer research
question

Harris, A., R. Nayyar, et al. (2011). "Prevalence of vitamin D deficiency amongst pregnant women at Westmead." Journal of
Paediatrics and Child Health 47: 11.

Does not meet criteria for
grading (conference abstract)

Huang, J. Y., C. Qiu, et al. (2012). "Maternal birth weight is associated with subsequent early pregnancy vitamin D." American
Journal of Epidemiology 175: S82.

Does not meet criteria for
grading (conference abstract)

Jones, A., K. Rueter, et al. (2015). "Low serum vitamin D is prevalent in pregnant women in perth, western Australia." Journal
of Paediatrics and Child Health 51: 59.

Does not meet criteria for
grading (conference abstract)

Kenny, L. C., M. Kiely, et al. (2013). "Vitamin D deficiency increases the risk of spontaneous preterm birth." Reproductive
Sciences 1): 196A.

Does not meet criteria for
grading (conference abstract)

Khashan, A. S., M. Kiely, et al. (2013). "The impact of vitamin d status in early pregnancy on later uteroplacental dysfunction."
Reproductive Sciences 1): 264A-265A.

Does not meet criteria for
grading (conference abstract)

Konstantinos, G., K. Spiros, et al. (2011). "High prevalence of vitamin D deficiency among pregnant women at term and their
neonates in Thessaloniki, Northern Greece." Journal of Bone and Mineral Research. Conference 26(no pagination).

Does not meet criteria for
grading (conference abstract)

Langer-Gould, A., S. Huang, et al. (2011). "Vitamin D, pregnancy, breastfeeding, and postpartum multiple sclerosis relapses."
Archives of Neurology 68(3): 310-313.

Not specific to target
population

Lashkari, H. P., M. Parisaei, et al. (2010). "Vitamin D deficiency in mother-new born pairs in north London: A silent epidemic?"
Hormone Research in Paediatrics 74: 172.

Does not meet criteria for
grading (conference abstract)

Li, W., S. Innis, et al. (2011). "Despite high use of prenatal supplements suboptimal Vitamin D status is common in pregnant
Vancouver women." FASEB Journal. Conference: Experimental Biology 25(no pagination).

Does not meet criteria for
grading (conference abstract)
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Reason for exclusion

Lindsay, K. L., E. R. Gibney, et al. (2012). "Nutrition in pregnant immigrant Nigerian women." Proceedings of the Nutrition
Society. Conference: Summer Meeting of the Nutrition Society Hosted by the Irish Section 71(no pagination).

Does not meet criteria for
grading (conference abstract)

Lundqvist, A., H. Sandstrom, et al. (2016). "Vitamin D status during pregnancy: A longitudinal study in Swedish women from
early pregnancy to seven months postpartum." PLoS ONE 11 (3) (no pagination)(0150385).

Does not meet criteria for
grading (conference abstract)

Lundqvist, A., J. Hultdin, et al. (2015). "Vitamin D during pregnancy and postpartum a longitudinal study." Clinical Nutrition 34:
S16.

Does not meet criteria for
grading (conference abstract)

Masoodi, S. R., M. A. Dar, et al. (2013). "Is the recommended daily allowance for vitamin D too low for the Kashmiri pregnant
women?" Osteoporosis International 24: S557-S558.

Does not meet criteria for
grading (conference abstract)

McAree, T., T. Manickavasagar, et al. (2011). "High levels of vitamin D deficiency in pregnancy - A failure of public health
policy?" Archives of Disease in Childhood 96: A1.

Does not meet criteria for
grading (conference abstract)

Mozhui, K., A. K. Smith, et al. (2015). "Ancestry Dependent DNA Methylation and Influence of Maternal Nutrition." PLoS ONE 10
(3) (no pagination)(e0118466).

Does not meet criteria for
grading (conference abstract)

Neville, G., R. O'Sullivan, et al. (2011). "To investigate the association between suboptimal vitamin D levels and gestational
diabetes in a cork cohort." Irish Journal of Medical Science 180: S165.

Does not meet criteria for
grading (conference abstract)

Ozias, M. K., S. A. Scholtz, et al. (2012). "BMI, race, supplementation, season, and gestation affect vitamin D status in
pregnancy in Kansas City (latitude 39degree N)." FASEB Journal. Conference: Experimental Biology 26(no pagination).

Does not meet criteria for
grading (conference abstract)

Parisaei, M., J. Clements, et al. (2010). "Prevalence of vitamin D deficiency in a North London antenatal population."
Archives of Disease in Childhood: Fetal and Neonatal Edition 95: Fa44-Fa45.

Does not meet criteria for
grading (conference abstract)

Pi, J., I. F. Vallina, et al. (2010). "Vitamin D levels in pregnant women in the city of Burgos (Spain)." Endocrine Abstracts 22:
P494.

Does not meet criteria for
grading (conference abstract)

Rostami, M., F. R. Tehrani, et al. (2015). "Prevalence of vitamin d deficiency and related factors among pregnant women
referred to masjed soleimam health centers in 2014. [Persian]." Iranian Journal of Obstetrics, Gynecology and Infertility
18(164): 1-10.

Does not meet criteria for
grading (article in Persian)

Runia, T. F., R. F. Neuteboom, et al. (2015). "The influence of vitamin D on postpartum relapse and quality of life in pregnant
multiple sclerosis patients." European Journal of Neurology 22(3): 479-484.

Not specific to target
population

Schneuer, F., N. Nassar, et al. (2013). "Association and predictive accuracy of 25-hydroxyvitamin d serum levels in first
trimester of pregnancy and adverse pregnancy outcomes." Journal of Paediatrics and Child Health 49: 55.

Does not meet criteria for
grading (conference abstract)
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Senapati, S., T. Adedji-Fajobi, et al. (2015). "Free, bioavailable, and total 25 hydroxy vitamin D in viable pregnancies:
Comparisons across race and over time." Fertility and Sterility 1): e82.

Does not meet criteria for
grading (conference abstract)

Sivalokanathan, S., T. McAree, et al. (2011). "Vitamin D deficiency in pregnancy-a failure of public health policy?" BMC
Proceedings. Conference: International Conference for Healthcare and Medical Students 6(no pagination).

Does not meet criteria for
grading (conference abstract)

Tarik, A., D. Bathia, et al. (2010). "Vitamin D sufficiency is rare in patients attending the endocrine antenatal clinic even in the
Caucasian population." Endocrine Abstracts 21: P4.

Does not meet criteria for
grading (conference abstract)

Thomas, T., C. Rushing, et al. (2013). "Vitamin D status of mothers and their neonates in North Texas." Endocrine Reviews.
Conference: 95th Annual Meeting and Expo of the Endocrine Society, ENDO 34(3 SUPPL. 1).

Does not meet criteria for
grading (conference abstract)

Tran, T., L. Ho-Pham, et al. (2013). "Vitamin d insufficiency during pregnancy in vietnamese women." Journal of Paediatrics
and Child Health 49: 55-56.

Does not meet criteria for
grading (conference abstract)

Urrutia-Pereira, M. and D. Sole (2015). "Vitamin D deficiency in pregnancy and its impact on the fetus, the newborn and in
childhood. [Portuguese] Revista Paulista de Pediatria 33(1): 104-113.

Narrative review (not in English)

Van Schalkwyk, J. E., M. C. Murray, et al. (2012). "Maternal and cord blood Vitamin D levels in highly active antiretroviral
therapy (HAART) exposed pregnancies." Canadian Journal of Infectious Diseases and Medical Microbiology 23: 69A.

Does not meet criteria for
grading (conference abstract)

Walsh, J., M. Kilbane, et al. (2012). "Pregnancy in dark winters: Implications for fetal bone growth?" Bone 50: S179-S180.

Does not meet criteria for
grading (conference abstract)

Wei, S. Q., Z. C. Luo, et al. (2013). "Maternal obese, vitamin d status and risk of preeclampsia." American Journal of
Epidemiology 177: S21.

Does not meet criteria for
grading (conference abstract)

Wetta, L., J. Biggio, et al. (2012). "Midtrimester vitamin D status is not associated with preeclampsia prior to 37 weeks."
American Journal of Obstetrics and Gynecology 1): S346-S347.

Does not meet criteria for
grading (conference abstract)

Wuertz, C., P. Gilbert, et al. (2012). "Vitamin D in pregnant German women and their newborns." Breastfeeding Medicine 7
(6): 576.

Does not meet criteria for
grading (conference abstract)

Wuertz, C., P. Gilbert, et al. (2013). "Factors influencing the 25-hydroxyvitamin D level of pregnant women and their newborns
in Giessen, Germany." FASEB Journal. Conference: Experimental Biology 27(no pagination).

Does not meet criteria for
grading (conference abstract)

Zera, C., E. Seely, et al. (2011). "Maternal body mass index is associated with 25 (OH) vitamin D levels in the first trimester."
American Journal of Obstetrics and Gynecology 204 (1 SUPPL.): S89.

Does not meet criteria for
grading (conference abstract)
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Zhuang, X. L., Z. W. Zhu, et al. (2012). "[Maternal-neonatal vitamin D status and related factors]." Zhonghua Erke Zazhi 50(7):
498-503.

Does not meet criteria for
grading (only abstract in
English; article in Chinese)
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2

What are the benefits and risks of vitamin D supplementation in pregnancy?

Evidence summary
Results of the previous review
This question was not asked in the literature review undertaken to inform Module I of the Guidelines (Australian
Health Ministers' Advisory Council 2012 ). However, NICE identified some studies that found that supplementation
may be beneficial for groups of women at risk of deficiency. Studies identified through the previous review
found no differences in risk of pre-eclampsia, gestational hypertension or birthweight with vitamin D
supplementation and insufficient evidence of an association between vitamin D and bone density.
No recommendation was made on supplementation of vitamin D in antenatal care.
Results of the current review
The review identified two high-quality systematic reviews: one conducted by the Cochrane Group reviewed
15 randomised controlled trials (RCTs) (De-Regil et al 2016) and the other, a Health Technology Assessment (HTA)
for the United Kingdom National Institute for Health Research, reviewed 76 studies of mixed types (Harvey et al
2014). In addition, 19 RCTs that were not included in the systematic reviews were identified. Risk of bias was
high or unclear in 12 of these studies (see Section 2.7) and there was a high level of heterogeneity in terms of
regimens studied and outcomes reported.
Vitamin D supplementation alone compared to placebo or no treatment
The Cochrane review (De-Regil et al 2016) found that women who receive vitamin D supplementation have
increased serum 25(OH)D at term, may have a reduced risk of pre-eclampsia, low birthweight and preterm
birth and have a similar risk of gestational diabetes to women who receive no treatment. Of three additional
RCTs that addressed vitamin alone compared to placebo or no treatment, two found that supplementation
increases maternal 25(OH)D at term (Perumal et al 2015; Rodda et al 2015) and the third found no clear difference
in bone mineral content in neonates of supplemented or unsupplemented mothers (Cooper et al 2016). These
studies did not report on other outcomes.
Vitamin D supplementation plus calcium compared to placebo or no treatment
The Cochrane review found that, women who receive vitamin D plus calcium have a lower risk of preeclampsia than those not receiving any intervention but also an increased risk of preterm birth. Maternal
vitamin D concentration at term, gestational diabetes, adverse effects and low birth weight were not reported
in any trial or reported only by one study. Two additional RCTs considered vitamin D plus calcium compared to
placebo or no treatment, with one finding differences in some metabolic profiles but not in birth weight, length
or head circumference at birth or mode of birth (Asemi et al 2016) and the other finding no difference in fetal
anthropometry or infant bone mineral content or bone mineral density (Diogenes et al 2015). These studies did
not report on other outcomes.
Vitamin D supplementation in different doses with or without calcium
Twelve studies compared different doses of vitamin D. Two compared doses of 2000 IU and 4000 IU (Dawodu et
al 2013; Wagner et al 2013b) and found higher 25(OH)D levels among women receiving the higher dose. Of
these, one was an analysis of two RCTs (Wagner et al 2013b) and found a trend towards reduced comorbidities
of pregnancy in the higher dose group but no clear difference in risk of gestational diabetes, preterm birth
and hypertensive disorders of pregnancy when considered individually.
Three studies compared doses of 1000–1200 to 2000 IU and found higher maternal and neonatal 25(OH)D in
the higher dose group (Mutlu et al 2014; March et al 2015; Wall et al 2016) but no clear difference in adverse effects
(March et al 2015) or birth weight (Mutlu et al 2014). The remaining studies (Goldring et al 2013; Roth et al 2013a;
Soheilykhah et al 2013; Yap et al 2014; Griffiths et al 2015; Chawes et al 2016; Litonjua et al 2016) explored outcomes
following different regimens and did not allow synthesis.
One study (Hashemipour et al 2014) compared different doses of vitamin D plus calcium and found an
independent correlation between maternal vitamin D concentration and maternal weight gain, neonatal
length, weight and head circumference.
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Vitamin D supplementation compared to calcium supplementation
One study compared vitamin D alone to calcium supplementation and found that obstetric outcomes and
neonatal anthropometric parameters were comparable between groups (Hossain et al 2014).
Clinical significance of maternal 25(OH)D concentration
The Cochrane review (De-Regil et al 2016) noted that the clinical significance of increased serum 25(OH)D
concentrations remains unclear. The HTA review (Harvey et al 2014) found insufficient evidence to support
clinical recommendations regarding vitamin D supplementation in pregnancy and that the evidence to
support a relationship between maternal 25(OH)D status and offspring birthweight, bone mass and serum
calcium concentrations is limited by its observational nature (birthweight, bone mass) or risk of bias and low
quality (calcium concentrations).
Advice to EWG
Incorporate new evidence into the summary of evidence.
Evidence statements
Vitamin D supplementation alone compared to placebo or no treatment
•

The risk of preterm birth and low birthweight (<2500g) is lower among women who take vitamin D
supplements in pregnancy than among women who do not (moderate quality evidence).

•

Serum vitamin D level at term is higher in women who take vitamin D supplements in pregnancy than in
women who do not (low quality evidence).

•

The risk of pre-eclampsia is lower among women who take vitamin D supplements in pregnancy than
among women who do not but the statistical significance is borderline (low quality evidence).

•

There is no clear difference in the risk of gestational diabetes between women who take vitamin D
supplements in pregnancy and those who do not (very low quality evidence).

•

There is insufficient evidence for conclusions to be drawn on adverse effects associated with vitamin D
supplementation in pregnancy.

Vitamin D supplementation plus calcium compared to placebo or no treatment
•

The risk of pre-eclampsia is lower and risk of preterm birth higher among women who take supplements of
vitamin D plus calcium in pregnancy than among those who do not (moderate quality evidence).

•

The risk of gestational diabetes is lower among women who take supplements of vitamin D plus calcium in
pregnancy than among those who do not — however, given the scarcity of data and the wide
confidence interval no firm conclusions can be drawn (low quality evidence).

2000 IU compared to 4000 IU vitamin D supplementation in pregnancy
•

Women are more likely to achieve vitamin D levels of ≥80 nmol/L with doses of 4000 IU than with doses of
2000 IU (low quality evidence).

•

Differences between groups in the risk of gestational diabetes (moderate quality evidence), preterm birth
(moderate quality evidence) and hypertensive disorders of pregnancy (low quality evidence) did not
reach statistical significance.
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Summary of findings

Vitamin D supplementation alone compared to placebo or no treatment
Patient or population: Pregnant women
Setting: Australia, Bangladesh, India, Iran, New Zealand, UK
Intervention: Vitamin D alone
Comparison: Placebo or no treatment
Outcomes

Anticipated absolute effects* (95% CI)
Risk with
placebo/no
treatment

Pre-eclampsia

Relative effect
(95% CI)

№ of participants
(studies)

Quality of the evidence
(GRADE)

Risk with vitamin D
alone

155 per 1,000

80 per 1,000
(39 to 163)

RR 0.52

219

⨁⨁◯◯

(0.25 to 1.05)

(2 RCTs)

LOW 1,2

Gestational
diabetes

24 per 1,000

10 per 1,000
(1 to 82)

RR 0.43

219

⨁◯◯◯

(0.05 to 3.45)

(2 RCTs)

VERY LOW 1,3

Maternal vitamin
D concentration
at term 25(HO)D
(nmol/L)

The mean maternal vitamin D
concentration at term (25hydroxyvitamin D) (nmol/L) (ALL)
in the intervention group was 57.59
higher (40.26 to 74.91 higher)

1019

⨁⨁◯◯

(9 RCTs)

LOW 1,4

22 per 1,000

4 per 1,000
(0 to 90)

RR 0.17

135

⨁⨁◯◯

(0.01 to 4.06)

(1 RCT)

LOW 3

Preterm birth
(<37 wk)

99 per 1,000

36 per 1,000
(14 to 92)

RR 0.36

477

⨁⨁⨁◯

(0.14 to 0.93)

(3 RCTs)

MODERATE 1

Low birth weight
(<2500g)

199 per 1,000

80 per 1,000
(48 to 133)

RR 0.4

493

⨁⨁⨁◯

(0.24 to 0.67)

(3 RCTs)

MODERATE 1

Adverse effects

Comments

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the
intervention (and its 95% CI).
CI: Confidence interval; RR: Risk ratio

GRADE Working Group grades of evidence
High quality: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect
1 Most studies contributing data had design limitations (high risk for allocation concealment and attrition bias).
2 Wide confidence interval crossing the line of no effect.
3 Wide confidence interval crossing the line of no effect & few events.
4 Statistical heterogeneity (I2 >60%). Considerable variation in size of effect.
Source: Adapted from (De-Regil et al 2016) (two additional RCTs included for maternal 25(OH)D outcome).
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Vitamin D supplementation plus calcium compared to placebo or no treatment
Patient or population: Pregnant women
Setting: Brazil, India, Iran
Intervention: Vitamin D plus calcium
Comparison: Placebo or no treatment
Outcomes

Anticipated absolute effects* (95% CI)
Risk with
placebo/no
treatment

Pre-eclampsia

Gestational
diabetes

Relative effect
(95% CI)

№ of participants
(studies)

Quality of the evidence
(GRADE)

Comments

Risk with vitamin D
plus calcium

93 per 1,000

48 per 1,000
(30 to 75)

RR 0.51

1114

⨁⨁⨁◯

(0.32 to 0.80)

(3 RCTs)

MODERATE 1

37 per 1,000

12 per 1,000
(0 to 290)

RR 0.33

54

⨁⨁◯◯

(0.01 to 7.84)

(1 RCT)

LOW 2

Maternal vitamin
D concentration
at term 25(HO)D
(nmol/L)

(0 studies)

Adverse effects

(0 studies)

No trial
assessed this
outcome

No trial
assessed this
outcome

Preterm birth
(<37 wk)

73 per 1,000

114 per 1,000
(74 to 177)

RR 1.57

798

⨁⨁⨁◯

(1.02 to 2.43)

(3 RCTs)

MODERATE 1

Low birth weight
(<2500g)

(0 studies)

No trial
assessed this
outcome

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the
intervention (and its 95% CI).
CI: Confidence interval; RR: Risk ratio

GRADE Working Group grades of evidence
High quality: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect
1 Most studies contributing data had design limitations (high risk for allocation concealment and attrition bias).
2 Wide confidence interval crossing the line of no effect, few events and small sample size.
Source: Adapted from (De-Regil et al 2016)
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2000 IU compared to 4000 IU vitamin D supplementation in pregnancy
Patient or population: Pregnant women
Setting: United States
Intervention: 2000 IU vitamin D
Comparison: 4000 IU vitamin D
Outcomes

Anticipated absolute effects* (95% CI)
Risk with 4000
IU

Hypertensive
disorders of
pregnancy

21 per 1,000

Gestational
diabetes

52 per 1,000

Women
achieving
≥80 nmol/L

742 per 1,000

Relative effect
(95% CI)

№ of participants
(studies)

Quality of the evidence
(GRADE)

45 per 1,000
(14 to 143)

RR 2.16

394

⨁⨁◯◯

(0.68 to 6.90)

(2 RCTs)

LOW 1,2

80 per 1,000
(37 to 172)

RR 1.53

391

⨁⨁⨁◯

(0.71 to 3.28)

(2 RCTs)

MODERATE 1

608 per 1,000
(534 to 690)

RR 0.82

478

⨁⨁◯◯

(0.72 to 0.93)

(3 RCTs)

LOW 1, 3

(0 studies)

-

Comments

Risk with 2000 IU

Adverse effects

No trial
assessed this
outcome

Preterm birth
(<37 wk)*

135 per 1,000

116 per 1,000
(69 to 196)

Low birth weight

RR 0.86

390

⨁⨁⨁◯

(0.51 to 1.45)

(2 RCTs)

MODERATE 1

-

(0 studies)

-

(<2500g)

No trial
assessed this
outcome

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the
intervention (and its 95% CI).
CI: Confidence interval; RR: Risk ratio; MD: Mean difference

GRADE Working Group grades of evidence
High quality: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect
*
1.
2.
3.

Excluding pre-eclampsia
Wide confidence interval crossing line of no effect.
Few events
Considerably lower baseline 25(OH)D in one study
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2.1

Vitamin D supplementation alone compared to placebo or no treatment

Maternal, neonatal and infant 25(OH)D level
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(De-Regil et
al 2016)

SLR

I

15 trials
n=2,833

Nine trials compared the effects of vitamin D
alone versus no supplementation or a placebo.

Data from 7 trials (n=868) consistently show
that women who received vitamin D
supplements alone, particularly on a daily
basis, had higher 25(HO)D than those
receiving no intervention or placebo, but this
response was highly heterogeneous.

Risk of bias in
the majority of
trials was
unclear and
many studies
were at high
risk of bias for
blinding and
attrition rates.

(Rodda et
al 2015)

RCT

II

78
women

Aim: To determine whether maternal vitamin D
supplementation, in the vitamin D deficient
mother, prevents neonatal vitamin D deficiency

Mean maternal serum 25OHD concentrations
at delivery were higher (P<0.0001) in the
treatment group (71 nmol/l, 95% CI; 62-81
nmol/l) compared with the control group
(36 nmol/l, 95% CI; 29-42 nmol/l).

High risk of
bias; see
Section 2.7

45 neonates

Setting: Melbourne tertiary hospital antenatal
outpatient clinic.
Population: Women with singleton pregnancies
with Vit D < 75 nmol/l at 12-16-week gestation.
Intervention: Vitamin D (2000 IU cholecalciferol)
orally daily (n=38) vs no supplementation (n=40).
Vitamin D supplementation was increased to
4000 IU in supplemented mothers with Vitamin D
<75 nmol/L at 28 weeks. 45 samples obtained at
birth analysed.
Outcomes: Primary outcome was neonatal
serum 25OHD concentration at delivery. The
secondary outcome was maternal serum 25OHD
concentration at delivery.
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UC serum 25OHD at delivery was higher
(P<0.0001) in neonates in the treatment
group (81 nmol/l, 95% CI; 70-91 nmol/l) than
those in the control group (42 nmol/l, 95% CI;
34-50 nmol/l) with a strongly positive
correlation between maternal serum 25-OH
Vit D and umbilical cord serum
concentrations at delivery (Spearman rank
correlation coefficient 0.88; P < 0.0001).

Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Perumal et
al 2015)

RCT

II

115

Aim: To determine the effect of prenatal
maternal vitamin D supplementation on infant
vitamin D status in a tropical region where
supplementation is not routine.

Prenatal vitamin D supplementation
significantly increased maternal 25(OH)D at
delivery (VD (n=58) v. PL (n=48), mean (SD):
134 (31) nmol/l v. 37 (18) nmol/l; P<0·001).

Low risk of
bias, see
Section 2.7

Setting: Maternal–child health facility in Dhaka,
Bangladesh (23°N).

Mean 25(OH)D was significantly higher
among infants born to VD vs PL mothers at
<1month (80±20 nmol/L vs 22±18 nmol/L;
P<0.001) and at 2 months of age (52±19
nmol/L vs 40±23 nmol/L; P=0.04), but the
groups were similar at 4 months (P=0.41) and
6 months (P=0.27). Among infants of PL
mothers, mean 25(OH)D increased to 78±29
nmol/L by 6 months of age. Measured
environmental (e.g. season) and dietary
factors did not substantially explain the
increase in 25(OH)D with age.

Population: Infants born to pregnant women
enrolled at 26–29 weeks gestation.
Intervention: Maternal vitamin D3 (VD: 35,000
IU/week) (n=60) vs placebo (PL) (n=55) from
26–29 weeks gestation until delivery.
Outcome: Infant serum 25(OH)D concentration
at <1, 2, 4, and 6 months of age.

Maternal outcomes
Gestational diabetes
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(De-Regil

SLR

I

15 trials
n=2,833

Nine trials compared the effects of vitamin D
alone versus no supplementation or a placebo.

Data from two trials (n=219) suggest a similar
risk of GDM among those taking vitamin D
supplements or no intervention/ placebo (RR
0.43; 95% CI 0.05, 3.45, very low quality).

Risk of bias in
the majority of
trials was
unclear and
many studies
were at high
risk of bias for
blinding and
attrition rates.

et al 2016)
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Pre-eclampsia
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(De-Regil et
al 2016)

SLR

I

15 trials
n=2,833

Nine trials compared the effects of vitamin D
alone versus no supplementation or a placebo.

Data from two trials (n=219) suggest that
vitamin D supplements may lower risk of preeclampsia vs no intervention or placebo
(8.9% vs 15.5%; RR 0.52; 95% CI 0.25–1.05, low
quality).

Risk of bias in
the majority of
trials was
unclear and
many studies
were at high
risk of bias for
blinding and
attrition rates.

Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(De-Regil et
al 2016)

SLR

I

15 trials
n=2,833

Nine trials compared the effects of vitamin D
alone versus no supplementation or a placebo.

There were no clear differences in adverse
effects, with only one reported case of
nephritic syndrome in the control group in
one study (RR 0.17; 95% CI 0.01–4.06; one trial,
n=135, low quality). Given the scarcity of
data for this outcome, no firm conclusions
can be drawn. No other adverse effects
were reported in any of the other studies.

Risk of bias in
the majority of
trials was
unclear and
many studies
were at high
risk of bias for
blinding and
attrition rates.

Limitations

Adverse effects

Pregnancy outcomes
Preterm birth
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

(De-Regil et
al 2016)

SLR

I

15 trials
n=2,833

Nine trials compared the effects of vitamin D
alone versus no supplementation or a placebo.

Data from three trials (n=477) suggest that
vitamin D supplementation during pregnancy
reduces the risk of preterm birth compared to
no intervention or placebo (8.9% vs 15.5%; RR
0.36; 95% CI 0.14–0.93, moderate quality).
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Birth weight
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

(De-Regil et
al 2016)

SLR

I

15 trials
n=2,833

Nine trials compared the effects of vitamin D
alone versus no supplementation or a placebo.

Data from three trials (n=493) suggest that
women who receive vitamin D supplements
during pregnancy less frequently had a baby
with a birthweight <2500 g than those
receiving no intervention or placebo (RR 0.40;
95% CI 0.24 to 0.67, moderate quality).

I

76
studies

(11 RCTs; 65 observational studies)

A modest positive relationship was identified
between maternal 25(OH)D and offspring
birthweight in meta-analysis of three
observational studies using log-transformed
25(OH)D concentrations after adjustment for
potential confounding factors [pooled
regression coefficient 5.63g/10% change
maternal 25(OH)D, 95%CI 1.11 to 10.16g], but
not in those four studies using natural units, or
across intervention studies.

(Harvey et
al 2014)

SLR

(NB of the intervention studies not included in
the Cochrane review, only one compared
vitamin D alone vs no supplementation and
found a significant difference between
groups [p<0.001] but mean birthweight was
>2500g in both groups).

Limitations

Study
methodology
varied widely
in terms of
study design,
population
used, vitamin
D status
assessment,
exposure
measured
and outcome
definition.

Length at birth
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

(De-Regil et
al 2016)

SLR

I

15 trials
n=2,833

Nine trials compared the effects of vitamin D
alone versus no supplementation or a placebo.

There was some indication that vitamin D
supplementation increases infant length
(mean difference (MD) 0.70, 95% CI -0.02 to
1.43; four trials, 638 infants).
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Limitations

Head circumference at birth
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

(De-Regil et
al 2016)

SLR

I

15 trials
n=2,833

Nine trials compared the effects of vitamin D
alone versus no supplementation or a placebo.

There was some indication that vitamin D
supplementation increases head
circumference at birth (MD 0.43, 95% CI 0.03
to 0.83; four trials, 638 women).

Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

(De-Regil et
al 2016)

SLR

I

15 trials
n=2,833

Nine trials compared the effects of vitamin D
alone versus no supplementation or a placebo.

There was no clear difference in caesarean
section (RR 0.95; 95% CI 0.69 to 1.31; two trials;
312 women).

Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

(De-Regil et
al 2016)

SLR

I

15 trials
n=2,833

Nine trials compared the effects of vitamin D
alone versus no supplementation or a placebo.

There were no clear differences in stillbirths
(RR 0.35 95% CI 0.06, 1.99; three trials, 540
women); or neonatal deaths (RR 0.27; 95% CI
0.04, 1.67; two trials, 282 women).

Limitations

Mode of birth
Limitations

Mortality
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Limitations

Infant outcomes
Neonatal serum calcium
Study ref
(Harvey et
al 2014)

Design
SLR

LoE

N

Intervention/observation/comparison population

Results

Limitations

I

76
studies

(11 RCTs; 65 observational studies)

A modest positive relationship was identified
between maternal 25(OH)D and offspring
cord blood or postnatal calcium
concentrations in a meta-analysis of six
intervention studies (all found to be at high
risk of bias; mean difference 0.05mmol/l, 95%
CI 0.02 to 0.05mmol/l).

Study
methodology
varied widely
in terms of
study design,
population
used, vitamin
D status
assessment,
exposure
measured
and outcome
definition.

NB of studies not included in the Cochrane
review, one compared vitamin D alone vs
placebo and found a significant difference in
neonatal serum calcium at 6 days (MD 0.09;
95%CI 0.06 to 0.12) but not in cord blood (MD
–0.03; 95%CI –0.6 to 0.0).
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Bone health
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Cooper et
al 2016)

RCT

II

1,134
women;
665
neonate
s

Aim: to assess whether neonates born to mothers
supplemented with vitamin D during pregnancy
have greater whole-body bone mineral content
(BMC) at birth.

Neonatal whole-body BMC of infants born to
mothers assigned to cholecalciferol 1000
IU/day did not significantly differ from that of
infants born to mothers assigned to placebo
(61.6 g [95% CI 60.3–62.8] vs 6.5 g [59.3–61.7],
respectively; p=0.21). We noted no significant
differences in safety outcomes, apart from a
greater proportion of women in the placebo
group with severe postpartum haemorrhage
than those in the cholecalciferol group (96
[17%] of 569 mothers in the placebo group vs
65 [12%] of 565 mothers in the cholecalciferol
group; p=0.01). No adverse events were
deemed to be treatment related.

Low risk of
bias; see
Section 2.7

Setting: Southampton, Oxford, and Sheffield
Population: Pregnant women >18 years, with a
singleton pregnancy, gestation of <17 wk, and
serum 25[OH]D concentration of 25–100 nmol/L
at 10–17 wk.
Intervention: 1000 IU D3/d (n=565) or matched
placebo (569) until delivery. 25(OH)D was
measured centrally at 14 and 34 weeks gestation
(Diasorin Liaison). Babies had DXA assessment of
bone mass (n=338 intervention; 327 placebo).
Outcomes: The primary outcome was neonatal
whole-body BMC, assessed within 2 weeks of
birth by dual-energy x-ray absorptiometry (DXA).
Secondary outcomes included neonatal wholebody bone area, bone mineral density (BMD),
size-corrected BMC, and body composition.
Safety outcomes were infection, nausea and
vomiting, diarrhoea, abdominal pain,
headache, hypertension, and hypercalcaemia
(≥2.75 mmol/L) in the mother at 34 weeks’
gestation, as well as intrauterine growth
restriction, preterm birth (<37 weeks’ gestation),
instrumental delivery, severe post-partum
haemorrhage, stillbirth or neonatal death, and
congenital abnormalities.
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2.2

Vitamin D supplementation plus calcium compared to placebo or no treatment

Maternal outcomes
Pre-eclampsia
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(De-Regil et
al 2016)

SLR

I

15 trials
n=2,833

Six trials compared the effects of vitamin D and
calcium with no supplementation.

Women who received vitamin D with calcium
had a lower risk of pre-eclampsia than those
not receiving any intervention (RR 0.51; 95%
CI 0.32 to 0.80; three trials; n=1114, moderate
quality).

Risk of bias in
the majority of
trials was
unclear and
many studies
were at high
risk of bias for
blinding and
attrition rates.

Limitations

Gestational diabetes
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

(De-Regil et
al 2016)

SLR

I

15 trials
n=2,833

Six trials compared the effects of vitamin D and
calcium with no supplementation.

In one study (n=54; low quality), there was no
clear evidence difference in the risk of
gestational diabetes between women
receiving vitamin D and calcium
supplementation and women not receiving
the intervention or in the placebo group (RR
0.33; 95%CI 0.01 to 7.84) but given the
scarcity of data for this outcome and the
wide CIs, no firm conclusions can be drawn.
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Metabolic profile
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Asemi et al
2016)

RCT

II

42

Aim: to evaluate the effects of calcium plus
Vitamin D administration on metabolic status
and pregnancy outcomes in healthy pregnant
women

Supplementation resulted in a significant
reduction of serum high-sensitivity C-reactive
protein levels compared with placebo
(-1856.8±2657.7 vs.707.1±3139.4 mug/mL,
P=0.006). Plasma total antioxidant capacity
(89.3±118.0 vs –9.4±164.9 mmol/L, P=0.03),
serum 25(HO)D (2.5±3.5 vs –1.7±1.7 ng/mL,
P<0.0001), and calcium levels (0.6±0.6 vs
–0.1±0.4 mg/dL, P < 0.0001) were significantly
elevated.

High risk of
bias; see
Section 2.7

Setting: Kashan, Iran
Population: Pregnant women aged 18-40 years
at week 25 of gestation
Intervention: 500 mg calcium-200 IU
cholecalciferol supplements (n=21) versus
placebo (n=21) for 9 weeks.
Subjects also consumed 400 μg folic acid daily
from the beginning of the pregnancy and 50 mg
ferrous sulfate from the second trimester.

Supplementation led to a significant
decrease in diastolic blood pressure (-1.9±8.3
vs. 3.1±5.2 mmHg, P=0.02) compared with
placebo.

Outcomes: Primary outcomes included fasting
plasma glucose, insulin metabolism parameters,
hs‑ CRP, biomarkers of oxidative stress, serum
calcium, Vitamin D levels, and blood pressure.

No significant effect was seen on other
metabolic profiles.

Pregnancy outcomes
Preterm birth
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(De-Regil et
al 2016)

SLR

I

15 trials
n=2,833

Six trials compared the effects of vitamin D and
calcium with no supplementation.

Women who received vitamin D with calcium
had an increased risk of preterm birth (RR
1.57; 95% CI 1.02 to 2.43, three studies, n=798,
moderate quality).

Risk of bias in
the majority of
trials was
unclear and
many studies
were at high
risk of bias for
blinding and
attrition rates.
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Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Asemi et al
2016)

RCT

II

42

Aim: to evaluate the effects of calcium plus
Vitamin D administration on metabolic status
and pregnancy outcomes in healthy pregnant
women

Supplementation had no significant effect on
gestational age at birth (p=0.37).

High risk of
bias; see
Section 2.7

Setting: Kashan, Iran
Population: Pregnant women aged 18-40 years
at week 25 of gestation
Intervention: 500 mg calcium-200 IU
cholecalciferol supplements (n=21) vs placebo
(n=21) for 9 weeks.
Subjects also consumed 400 μg folic acid daily
from the beginning of the pregnancy and 50 mg
ferrous sulfate from the second trimester.
Outcomes: Secondary outcomes included birth
size, gestational age, and mode of delivery.

Birth weight
Study ref
(Harvey et
al 2014)

Design
SLR

LoE

N

Intervention/observation/comparison population

Results

Limitations

I

76
studies

(11 RCTs; 65 observational studies)

A modest positive relationship was identified
between maternal 25(OH)D and birthweight
in meta-analysis of three observational studies
using log-transformed 25(OH)D levels after
adjustment for potential confounding factors
[pooled regression coefficient 5.63g/10%
change maternal 25(OH)D, 95%CI 1.11 to
10.16g], but not in those four studies using
natural units, or across intervention studies.

Study
methodology
varied widely
in terms of
study design,
population
used, vitamin
D status
assessment,
exposure
measured
and outcome
definition.

(NB of the intervention studies not included in
the Cochrane review, one compared vitamin
D plus calcium vs no supplementation and
found no significant difference in mean birth
weight, which was >2500g in both groups).
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Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Asemi et al
2016)

RCT

II

42

Aim: to evaluate the effects of calcium plus
Vitamin D administration on metabolic status
and pregnancy outcomes in healthy pregnant
women

Supplementation had no significant effect on
birth weight (p=0.88).

High risk of
bias; see
Section 2.7

Setting: Kashan, Iran
Population: Pregnant women aged 18-40 years
at week 25 of gestation
Intervention: 500 mg calcium-200 IU
cholecalciferol supplements (n=21) versus
placebo (n=21) for 9 weeks.
Subjects also consumed 400 μg folic acid daily
from the beginning of the pregnancy and 50 mg
ferrous sulfate from the second trimester.
Outcomes: Secondary outcomes included birth
size, gestational age, and mode of delivery.
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Length at birth
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Asemi et al
2016)

RCT

II

42

Aim: to evaluate the effects of calcium plus
Vitamin D administration on metabolic status
and pregnancy outcomes in healthy pregnant
women

Supplementation had no significant effect on
length at birth (p=0.94).

High risk of
bias; see
Section 2.7

Setting: Kashan, Iran
Population: Pregnant women aged 18-40 years
at week 25 of gestation
Intervention: 500 mg calcium-200 IU
cholecalciferol supplements (n=21) versus
placebo (n=21) for 9 weeks.
Subjects also consumed 400 μg folic acid daily
from the beginning of the pregnancy and 50 mg
ferrous sulfate from the second trimester.
Outcomes: Secondary outcomes included birth
size, gestational age, and mode of delivery.
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Head circumference at birth
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Asemi et al
2016)

RCT

II

42

Aim: to evaluate the effects of calcium plus
Vitamin D administration on metabolic status
and pregnancy outcomes in healthy pregnant
women

Supplementation had no significant effect on
head circumference at birth (p=0.13).

High risk of
bias; see
Section 2.7

Setting: Kashan, Iran
Population: Pregnant women aged 18-40 years
at week 25 of gestation
Intervention: 500 mg calcium-200 IU
cholecalciferol supplements (n=21) versus
placebo (n=21) for 9 weeks.
Subjects also consumed 400 μg folic acid daily
from the beginning of the pregnancy and 50 mg
ferrous sulfate from the second trimester.
Outcomes: Secondary outcomes included birth
size, gestational age, and mode of delivery.

59

Mode of birth
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Asemi et al
2016)

RCT

II

42

Aim: to evaluate the effects of calcium plus
Vitamin D administration on metabolic status
and pregnancy outcomes in healthy pregnant
women

Supplementation had no significant effect on
mode birth (p=0.26).

High risk of
bias; see
Section 2.7

Setting: Kashan, Iran
Population: Pregnant women aged 18-40 years
at week 25 of gestation
Intervention: 500 mg calcium-200 IU
cholecalciferol supplements (n=21) versus
placebo (n=21) for 9 weeks.
Subjects also consumed 400 μg folic acid daily
from the beginning of the pregnancy and 50 mg
ferrous sulfate from the second trimester.
Outcomes: Secondary outcomes included birth
size, gestational age, and mode of delivery.

Fetal anthropometry
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Diogenes
et al 2015)

RCT

II

56

Aim: to investigate the effects of calcium plus
vitamin D supplementation during pregnancy

No differences in fetal measurements at
36 wk of gestation were observed between
the groups, except for body weight and its
increment from 23 to 36 wk, which were
higher in the supplemented group (6.8%,
P=0.014 and 10.5%, P=0.07, respectively).

Unclear risk of
bias; see
Section 2.7

Setting: Brazil
Population: Infants of adolescent mothers
consuming low calcium diets (~600mg/d)
Intervention: calcium (600 mg/d) plus
cholecalciferol (200 IU/d) supplementation
(n=30) or placebo (n=26) from 26 wk of gestation
until delivery.
Outcomes: fetal biometry and infant bone mass,
and the relation between infant and maternal
bone mass during early lactation
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Infant outcomes
Bone health
Study ref
(Harvey et
al 2014)

Design
SLR

LoE

N

Intervention/observation/comparison population

Results

Limitations

I

76
studies

(11 RCTs; 65 observational studies)

Modest positive relationships were identified
between maternal 25(OH)D and offspring
bone mass in observational studies judged to
be of good quality, but which did not permit
meta-analysis.

Study
methodology
varied widely
in terms of
study design,
population
used, vitamin
D status
assessment,
exposure
measured
and outcome
definition.

(NB of the intervention studies not included in
the Cochrane review, one compared vitamin
D plus calcium vs no supplement and found
no significant difference in forearm bone
mineral content [MD 0.09; 95%CI 0.03 to 0.15])

(Diogenes
et al 2015)

RCT

II

56

Aim: to investigate the effects of calcium plus
vitamin D supplementation during pregnancy
Setting: Brazil
Population: Infants of adolescent mothers
consuming low calcium diets (~600mg/d)
Intervention: calcium (600 mg/d) plus
cholecalciferol (200 IU/d) supplementation
(n=30) or placebo (n=26) from 26 wk of gestation
until delivery.
Outcomes: fetal biometry and infant bone mass,
and the relation between infant and maternal
bone mass during early lactation

61

Infant BMC (61.1±21.7 g), BA (167±79 cm(2)),
and BMD (0.385±0.069 g/cm(2)) did not
significantly differ between the groups. In the
placebo group, infant BMC and BA were
negatively correlated with maternal BMD z
scores for total body (r = -0.40 and r = -0.47;
P<0.05) and hip (r = -0.41 and r = -0.46;
P<0.05). In contrast, no correlations were
observed in the supplemented group.

Unclear risk of
bias; see
Section 2.7

Neonatal serum calcium
Study ref
(Harvey et
al 2014)

Design
SLR

LoE

N

Intervention/observation/comparison population

Results

Limitations

I

76
studies

(11 RCTs; 65 observational studies)

A modest positive relationship was identified
between maternal 25(OH)D and offspring
cord blood or postnatal calcium
concentrations in a meta-analysis of six
intervention studies (all found to be at high
risk of bias; mean difference 0.05mmol/l, 95%
CI 0.02 to 0.05mmol/l).

Study
methodology
varied widely
in terms of
study design,
population
used, vitamin
D status
assessment,
exposure
measured
and outcome
definition.

NB of studies not included in the Cochrane
review, one compared vitamin D plus
calcium vs no supplement and found a
significant difference in serum calcium in
cord blood (p<0.25).
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2.3

Vitamin D supplementation alone compared to calcium supplementation

Maternal, neonatal and infant 25(OH)D level
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Hossain et
al 2014)

RCT

II

193

Aim: to determine whether vitamin D (vitD)
supplementation during pregnancy affects
obstetric and neonatal outcomes.

At delivery, maternal 25OHD was increased in
group B (18.3±11 ng/dL vs 8.82±11.84 ng/dL
(P=0.001) compared with group A (6.9±7.0
ng/dL vs 6.32 ±3.97 ng/dL, P=0.06).

High risk of
bias; see
Section 2.7

Setting: a university hospital in Karachi, Pakistan.
Population: Women at 20 weeks or less of
gestation with a singleton pregnancy and
deemed to be normoglycemic and
normotensive
Intervention: Routine care (group A, 200 mg
ferrous sulfate and 600 mg calcium daily) vs vitD
supplementation (group B, 4000 IU vitamin D3
daily), from 20 wk until delivery.
Outcomes: Maternal serum samples of 25hydroxyvitamin D (25OHD) were collected at
baseline and delivery. Neonatal vitD status was
assessed in cord blood or in neonatal serum
samples within 48 hours of birth.
Obstetric outcomes included gestational
hypertension, gestational diabetes, and preterm
labor, and neonatal well-being included small
for gestational age, birth weight, length, head
circumference, and 1- and 5-minute Apgar
scores.
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Obstetric outcomes were comparable
between the two groups (P>0.05).
Neonatal 25OHD levels were significantly
higher in group B than group A (19.22±12.19
ng/dL vs 6.27±5.2 ng/dL). There was positive
correlation between maternal and neonatal
25OHD levels (r=0.83, P=0.001). One- and 5minute Apgar scores were significantly higher
in group B (7.10±0.66 vs 6.90 ±0.50, P=0.026,
and 8.53±0.68 vs 8.33±0.81, P=0.051,
respectively). Neonatal anthropometric
parameters were comparable between the
two groups (P>0.05).

2.4

Vitamin D supplementation in different doses

2000 IU versus 4000 IU per day
Maternal, neonatal and infant 25(OH)D level
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Wagner et
al 2013b)

Analysis
of 2
RCTs

II

504

Analysis of NICHD trial (Hollis et al 2011) (included
in HTA review) and Thrasher Research Fund trial
(Wagner et al 2013a).

No differences between groups in baseline
25(OH)D were found; however, delivery and
cord blood values were greater in the 4000IU
group (p<0.0001), an effect that persisted
even after controlling for race and study. A
greater percent were vitamin D replete in the
4000IU group (p<0.0001). There was a trend
where the 4000IU group had decreased rates
of comorbidities of pregnancy.

Low risk of
bias; see
Section 2.7

Aim: To assess the safety and health effects of
vitamin D supplementation during pregnancy
Setting: United States
Population: NICHD women with a singleton
pregnancy <12–16 wk gestation; Thrasher
women at <16 wk gestation
Intervention: In the NICHD trial, women were
randomized to 400, 2000, or 4000 IU vitamin
D3/day, stratified by race. In the Thrasher
Research Fund trial, participants were
randomized to 2000 or 4000 IU vitamin D3/day.
Outcomes: [1] maternal and neonatal 25(OH)D
achieved, and [2] maternal comorbidities of
pregnancy (COP).
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Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Dawodu

RCT

II

162

Aim: to determine effectiveness and safety of
prenatal 2000 IU and 4000 IU/d compared with
400 IU/d vD3 supplementation

Serum 25(OH)D increased from baseline with
supplementation and approached a plateau
at 28 weeks in all the groups. The mean
serum 25(OH)D in the 2000 IU and 4000 IU
groups were higher than in the 400 IU group
at 16 weeks (P < .001), 28 weeks (P < .001),
and at delivery (P < .001). The mean serum
25(OH)D between the 2000 IU and 4000 IU
groups was significantly different at 16 weeks
(P = .034) and at delivery (P < .0001).

Low risk of
bias; see
Section 2.7

et al 2013)

Setting: Tawam Hospital (UAE University Teaching
Hospital) in Al Ain, United Arab Emirates
Population: Arab women with singleton
pregnancies at 12–16 weeks gestation
Intervention: 2000 IU (n=52) or 4000 IU/d (n=55)
compared with 400 IU/d (n=55) vD3
supplementation until delivery. Mean serum
25(OH)D at baseline: 8.2 ng/mL (20.5 nmol/L).
Outcomes: The primary outcome was the
maternal and cord blood 25(OH)D, and the
secondary outcomes were the achievement of
sufficient serum 25(OH)D of 32 ng/mL or greater
(>80 nmol/L) at delivery.
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Mean serum 25(OH)D concentrations were
higher in infants of mothers on 4000 IU
(P<0.001) and 2000 IU (P<0.01) than infants of
mothers on 400 IU. Mean serum 25(OH)D
concentrations in infants of mothers on 4000
IU was higher than in infants of mothers on
2000 IU (P<0.001). There was a strong
correlation (r = 0.71, P < .0001) between
maternal and infant serum 25 (OH)D at birth.

Hypertensive disorders of pregnancy
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Wagner et
al 2013b)

Analysis
of 2
RCTs

II

504

Analysis of NICHD trial (Hollis et al 2011) (included
in HTA review) and Thrasher Research Fund trial
(Wagner et al 2013a).

While not reaching statistical significance,
there was a trend of a lower rate of
hypertensive disorders of pregnancy in the
4000 IU group compared to the Control and
2000 IU groups (2.1 vs 8.2 vs 4.5%)

Low risk of
bias; see
Section 2.7

Aim: To assess the safety and health effects of
vitamin D supplementation during pregnancy
Setting: United States
Population: NICHD women with a singleton
pregnancy <12–16 wk gestation; Thrasher
women at <16 wk gestation
Intervention: In the NICHD trial, women were
randomized to 400, 2000, or 4000 IU vitamin
D3/day, stratified by race. In the Thrasher
Research Fund trial, participants were
randomized to 2000 or 4000 IU vitamin D3/day.
Outcomes: [1] maternal and neonatal 25(OH)D
achieved, and [2] maternal comorbidities of
pregnancy (COP).
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Gestational diabetes
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Wagner et
al 2013b)

Analysis
of 2
RCTs

II

504

Analysis of NICHD trial (Hollis et al 2011) (included
in HTA review) and Thrasher Research Fund trial
(Wagner et al 2013a).

While not reaching statistical significance,
there was a trend of a lower rate of
gestational diabetes in the 4000 IU group
compared to the Control and 2000 IU groups.
(5.2 vs 7.3 vs 8.0%)

Low risk of
bias; see
Section 2.7

Aim: To assess the safety and health effects of
vitamin D supplementation during pregnancy
Setting: United States
Population: NICHD women with a singleton
pregnancy <12–16 wk gestation; Thrasher
women at <16 wk gestation
Intervention: In the NICHD trial, women were
randomized to 400, 2000, or 4000 IU vitamin
D3/day, stratified by race. In the Thrasher
Research Fund trial, participants were
randomized to 2000 or 4000 IU vitamin D3/day.
Outcomes: [1] maternal and neonatal 25(OH)D
achieved, and [2] maternal comorbidities of
pregnancy (COP).
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Preterm birth
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Wagner et
al 2013b)

Analysis
of 2
RCTs

II

504

Analysis of NICHD trial (Hollis et al 2011) (included
in HTA review) and Thrasher Research Fund trial
(Wagner et al 2013a).

There was no trend towards a lowering of
rate of preterm birth (excluding preeclampsia) in the 4000 IU group compared to
the Control and 2000 IU groups (13.5 vs 13.1
vs 11.6%)

Low risk of
bias; see
Section 2.7

Aim: To assess the safety and health effects of
vitamin D supplementation during pregnancy
Setting: United States
Population: NICHD women with a singleton
pregnancy <12–16 wk gestation; Thrasher
women at <16 wk gestation
Intervention: In the NICHD trial, women were
randomized to 400, 2000, or 4000 IU vitamin
D3/day, stratified by race. In the Thrasher
Research Fund trial, participants were
randomized to 2000 or 4000 IU vitamin D3/day.
Outcomes: [1] maternal and neonatal 25(OH)D
achieved, and [2] maternal comorbidities of
pregnancy (COP).
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Low birth weight
Study ref
(Harvey et
al 2014)

Design
SLR

LoE

N

Intervention/observation/comparison population

Results

Limitations

I

76
studies

(11 RCTs; 65 observational studies)

A modest positive relationship was identified
between maternal 25(OH)D and offspring
birthweight in meta-analysis of three
observational studies using log-transformed
25(OH)D concentrations after adjustment for
potential confounding factors [pooled
regression coefficient 5.63g/10% change
maternal 25(OH)D, 95%CI 1.11 to 10.16g], but
not in those four studies using natural units, or
across intervention studies.

Study
methodology
varied widely
in terms of
design,
population,
vitamin D
assessment,
exposure
measured
and outcome
definition.
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1000–1200 IU versus 2000 IU per day
Maternal and neonatal 25(OH)D
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(March et
al 2015)

RCT

II

226

Setting: Greater Vancouver Canada

Fewer infants born to mothers in the 2000 IU/d
group had a 25(OH)D concentration
<30nmol/L than infants in the 1000 IU/d and
400 IU/d groups, respectively (2% vs 16% and
43%; P < 0.05).

Unclear risk of
bias; see
Section 2.7

Population: Healthy pregnant women aged 18–
45 y
Intervention: 400 IU/d, 1000 IU/d or 2000 IU/d
vitamin D3/d from 13 to 24 wk of gestation until
8 wk postpartum, with no infant
supplementation. Mother and infant blood was
collected at 8 wk postpartum.
Outcome: prevalence of infant serum 25(OH)D
cutoffs (>30, >40, >50, and >75 nmol/L) by dose
at 8 wk of age.

Fewer than 15% of infants in the 400 or 1000/d
groups achieved a 25(OH)D concentration
>75 nmol/L compared with 44% in the 2000
IU/d group (P<0.05). Almost all infants (~98%,
n = 44) born to mothers in the 2000 IU/d group
achieved a 25(OH)D concentration >30
nmol/L.
At 8 wk postpartum, mean maternal 25(OH)D
concentration was higher in the 2000 IU/d [88
(84, 91)] than in the 1000 IU/d [78 (74, 81)] or
400 IU/d [69 (66, 73)] groups (P < 0.05).
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Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Mutlu et al
2014)

RCT

II

91

Aim: to compare daily doses of 600, 1,200, and
2,000 IU

Mean 25OHD (ng/mL) ±SD (95%CI):

High risk of
bias; see
Section 2.7

Setting: Kocaeli Maternity and Child Hospital,
Turkey (29° N)

Baseline: Group 1: 9.7±2.6 (5.1–14.6); Group 2:
11.4±4.1 (6.2–24.8); Group 3:9.8±3.2 (4.9 –
17.4); p=0.39

Population: Pregnant women aged 16–42 years
(mean age of 27.3 +/-5.1years, mean gestational
age 8.9+/-2.4 weeks)

Follow-up: Group 1: 17.1±6.1 (6.1–26.7);
Group 2: 18.2±9.7 (6.3–46); Group 3: 24.7 ± 5.4
(17.3–38.9) p=0.01

Intervention: Vitamin D 600 IU (control [group 1];
n=28), 1200 IU (group 2; n=31) or 2000 IU/day
(group 3; n=32). Serum 25OHD was measured at
baseline.

No subjects had hypercalcemia or
hypercalciuria.

Outcomes: Serum calcium, 25OHD, calcium/
creatinine ratio in spot urine samples were
measured in the follow-up period (3 mo after
supplementation)(n=58). Newborn birth weight
was obtained from medical records.
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Infant: Group 1 (n=19): 18.8±9.9 (5.8–46);
Group 2 (n=20): 23.6±10 (6.6–43.4); Group 3
(n=12): 34±19.1 (14.8–74); p=0.015
The frequency of vitamin D sufficiency after
supplementation was 80% in group 3 and
significantly higher than in groups 1 (42%) and
2 (39%) (p = 0.03). The frequency of vitamin D
sufficiency in the infants of the participants
was 91% in group 3 and significantly higher
than in groups 1 (36%) and 2 (52%) (p=0.006).

Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Wall et al
2016)

RCT

II

75 at
2 wk

Aim: to examine the effect of vitamin D
supplementation during pregnancy on breastmilk vitamin D activity (VDA) in the first 2 mo of
lactation

Mean (95% CI) VDA at age 2 wk was:

Low risk of
bias; see
Section 2.7

44 at 2
wk and
2 mth

Setting: Auckland, New Zealand
Population: Women who were enrolled in a
randomized, double-blinded, placebocontrolled trial of vitamin D supplementation
during pregnancy.
Intervention: Pregnant women were enrolled at
27 wk of gestation and randomly assigned to the
following 3 groups: placebo, one dosage of daily
oral vitamin D3 (1000 IU), or 2 dosages of daily
oral vitamin D3 (2000 IU).
Outcomes: Serum 25(OH)D was measured at
enrollment, at 36 wk of gestation, and in cord
blood at birth.
Study participants who were breastfeeding were
invited to provide breast-milk samples for VDA
measurement [concentration of vitamin D2,
vitamin D3, 25(OH)D2, and 25(OH)D3] at 2 wk
and 2 mo postpartum.
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•

52 IU/L (12, 217 IU/L) in the placebo
group,

•

51 IU/L (17, 151 IU/L) in the 1000-IU group,
and

•

74 IU/L (25, 221 IU/L) in the 2000-IU group.

Mean (95% CI) VDA at 2 mo was:
45 IU/L (16, 124 IU/L), 43 IU/L (18, 103 IU/L),
and 58 IU/L (15, 224 IU/L), respectively.
There was no significant interaction in VDA
between the sample-collection time and
treatment (P=0.61), but there was a
difference between lower- and higherdosage treatment groups (P = 0.04).

Adverse effects
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(March et
al 2015)

RCT

II

226

Setting: Greater Vancouver Canada

Hypercalcaemia (defined as serum calcium
>2.7 nmol/L) was reported in a small
proportion of women (n = 18 of 172) but did
not differ between treatment groups
(P=0.523). No adverse effects of
hypervitaminosis D (defined as 25(OH)D
concentration >225 nmol/L) were reported.

Unclear risk of
bias; see
Section 2.7

No participants had hypercalcaemia or
hypercalciuria.

High risk of
bias; see
Section 2.7

Population: Healthy pregnant women aged 18–
45 y
Intervention: 400 IU/d, 1000 IU/d or 2000 IU/d
vitamin D3/d from 13 to 24 wk of gestation until
8 wk postpartum, with no infant
supplementation. Mother and infant blood was
collected at 8 wk postpartum.
Outcome: prevalence of infant serum 25(OH)D
cutoffs (>30, >40, >50, and >75 nmol/L) by dose
at 8 wk of age.

(Mutlu et al
2014)

RCT

II

91

Aim: to compare daily doses of 600, 1,200, and
2,000 IU
Setting: Kocaeli Maternity and Child Hospital,
Turkey (29° N)
Population: Pregnant women aged 16–42 years
(mean age of 27.3 +/-5.1years, mean gestational
age 8.9+/-2.4 weeks)
Intervention: Vitamin D 600 IU (control [group 1];
n=28), 1200 IU (group 2; n=31) or 2000 IU/day
(group 3; n=32). Serum 25OHD was measured at
baseline.
Outcomes: Serum calcium, 25OHD, calcium/
creatinine ratio in spot urine samples were
measured in the follow-up period (3 mo after
supplementation)(n=58). Newborn birth weight
was obtained from medical records.
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Birth weight
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Mutlu et al
2014)

RCT

II

91

Aim: to compare daily doses of 600, 1,200, and
2,000 IU

There was no significant difference in birth
weight among the 3 groups (p=0.8). There
was no significant correlation between birth
weight and maternal supplemented 25OHD
levels (r = 0.01; p=0.83).

High risk of
bias; see
Section 2.7

Setting: Kocaeli Maternity and Child Hospital,
Turkey (29° N)
Population: Pregnant women aged 16–42 years
(mean age of 27.3 +/-5.1years, mean gestational
age 8.9+/-2.4 weeks)
Intervention: Vitamin D 600 IU (control [group 1];
n=28), 1200 IU (group 2; n=31) or 2000 IU/day
(group 3; n=32). Serum 25OHD was measured at
baseline.
Outcomes: Serum calcium, 25OHD, calcium/
creatinine ratio in spot urine samples were
measured in the follow-up period (3 mo after
supplementation)(n=58). Newborn birth weight
was obtained from medical records.
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400 IU versus 5000 IU per day
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Yap et al
2014)

RCT

II

179

Aim: to investigate the effects of vitamin D
supplementation on glucose metabolism during
pregnancy

There was no difference in maternal glucose
levels on OGTT. Twelve LD women (13%)
developed GDM versus seven (8%) HD
women (P = 0.25).

Low risk of
bias; see
Section 2.7

Setting: single institution in Sydney
Population: Women with singleton pregnancies
who were aged 18 years or older with
gestational age <20 weeks
Intervention: women with 25OHD <32 ng/mL
randomised to oral vitamin D3 at 5,000 IU daily
(HD) (n=89) or 400 IU daily (LD) (n=90) until
delivery; women with 25OHD 32 ng/mL
received 400 IU daily (non-randomised)
Outcomes: The primary end point was maternal
glucose levels on oral glucose tolerance test
(OGTT) at 26-28 weeks' gestation. Secondary end
points included neonatal 25OHD, obstetric and
other neonatal outcomes, and maternal
homeostasis model assessment of insulin
resistance.
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Neonatal cord 25OHD was higher in HD
offspring (46 +/- 11 vs. 29 +/- 12 ng/mL, P <
0.001), and deficiency was more common in
LD offspring (24 vs. 10%, P = 0.06). Post hoc
analysis in LD women showed an inverse
relationship between pretreatment 25OHD
and both fasting and 2-h blood glucose level
on OGTT (both P < 0.001). Baseline 25OHD
remained an independent predictor after
multiple regression analysis.

400 IU versus 4400 IU per day
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Litonjua et
al 2016)

RCT

II

876
women;
806
children
at 3
years

Aim: To determine whether prenatal vitamin D
(cholecalciferol) supplementation can prevent
asthma or recurrent wheeze in early childhood.

Two hundred eighteen children developed
asthma or recurrent wheeze: 98 of 405 (24.3%;
95% CI, 18.7%-28.5%) in the 4400-IU group vs
120 of 401 (30.4%, 95%CI, 25.7-73.1%) in the
400-IU group (HR 0.8; 95%CI, 0.6-1.0; P=0.051).

Unclear risk of
bias; see
Section 2.7

Setting: three clinical centers across the United
States
Population: Pregnant women between the ages
of 18 and 39 years at high risk of having children
with asthma at 10 to 18 weeks' gestation
Intervention: 4000 IU vitamin D/d plus a prenatal
vitamin containing 400 IU vitamin D/d (n=440) or
placebo plus a prenatal vitamin containing 400
IU vitamin D/d (n=436) (ie 4,400 IU/d vs 400 IU/d).
Outcomes: Physician diagnosis of asthma or
occurrence of recurrent wheeze in the child's first
3 years of life; achieved maternal 25-hydroxy
vitamin D level of 30ng/mLor higher at the third
trimester sampling
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Of the women in the intervention group
whose blood levels were checked, 289
(74.9%) had 25(OH)D levels of ≥30 ng/mL by
the third trimester of pregnancy compared
with 133 of 391 (34.0%) in the 400-IU group
(difference, 40.9%; 95% CI, 34.2-47.5%,
P<0.001).

400 IU versus 2800 IU per day
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Chawes et
al 2016)

RCT

II

581
children
at 3 y of
age

Aim: To determine whether supplementation of
vitamin D3 during the third trimester of pregnancy
reduces the risk of persistent wheeze in the
offspring

There was no significant difference between
groups in the primary outcome of persistent
wheeze either before (p=0.16) or after
adjustment for sex, season of birth, maternal
vitaminD3 level at randomisation and
participation in the long-chain n-3PUFA RCT
(p=0.14).

Low risk of
bias; see
Section 2.7

Setting: Denmark
Population: Women at <26 weeks gestation.
Intervention: vitamin D3 2400 IU/d; (n=315) or
placebo (n=308) from week 24 to 1 week
postpartum. All women received 400 IU/d of
vitamin D3 as part of usual pregnancy care (ie
2,800 IU/d vs 400 IU/d).
Women also participated in a double-blinded
RCT of 2.4 g per day of long-chain n-3
polyunsaturated fatty acids (PUFAs) during
pregnancy.
Outcomes: Primary outcome was persistent
wheeze; secondary outcomes were asthma,
episodes of troublesome lung function, upper
respiratory tract infection.
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Of secondary endpoints, a significant
difference was only found for number of
episodes of troublesome lung symptoms (IRR
0.83, 95%CI 0.71 to 0.97, p=0.02).

50,000 IU per week versus 50,000 IU per fortnight
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Soheilykha

RCT

II

120

h et al

Aim: To assess the effects of different doses of
vitamin D on insulin resistance during pregnancy

2013)

Setting: Two prenatal clinics in Yazd, Iran (32°N)

Mean ±SD 25OHD increased in group C from
7.3±5.9 to 34.1±11.5 ng/ml and in group B it
increased from 7.3±5.3 to 27.23±10.7 ng/ml,
and the level of vitamin D in group A
increased from 8.3±7.8 to 17.7±9.3 ng/ml
(p<0.001).

High risk of
bias; see
Section 2.7

Population: Women with gestational age <12 wk.
Intervention: 200 IU vitamin D/day (group A;
n=35), 50,000 IU vitamin D/month (group B; n=38)
or 50,000 IU vitamin D every 2 weeks (group C;
n=40) from 12 weeks of pregnancy until delivery.
Outcomes: Serum levels off fasting blood sugar
(FBS), insulin, calcium and 25HOD were
measured before and after intervention.
Homeostatic model assessment of insulin
resistance (HOMA-IR) was used as a surrogate
measure of insulin resistance.
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Mean differences of insulin and HOMA-IR
before and after intervention in groups A and
C were significant (p = 0.01, p = 0.02).
The change in FBS was not significant.

14,000 IU per week versus 35,000 IU per week
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Roth et al
2013a)

RCT

II

28

Aim: to assess the biochemical dose-response
and tolerability of high-dose prenatal vitamin D3
supplementation

A dose-response effect was observed:
[25(OH)D] at modeled steady-state was
19 nmol/L (95% CI, 1 to 37) higher in PH vs. PL
(p = 0.044). [25(OH)D] at modeled steadystate was lower in PH versus NH but the
difference was not significant (-15 nmol/L,
95% CI -34 to 5; p = 0.13). In PH, 100% attained
[25(OH)D] > 50 nmol/L and 90% attained
[25(OH)D] > 80 nmol/L; in PL, 89% attained
[25(OH)D] > 50 nmol/L but 56% attained
[25(OH)D] > 80 nmol/L.

High risk of
bias; see
Section 2.7

Setting: Maternal–child health facility in Dhaka,
Bangladesh (23°N).
Population: Pregnant women aged 18–35 years
at 27-30 weeks gestation (n=28) and nonpregnant women (n=16)
Intervention: vitamin D3 70,000 IU once + 35,000
IU/week (group PH: pregnant, higher dose) or
14,000 IU/week vitamin D3 (PL: pregnant, lower
dose) until delivery. A group of non-pregnant
women (n = 16) was similarly administered 70,000
IU once + 35,000 IU/week for 10 weeks (NH: nonpregnant, higher-dose).
Outcome: Rise in 25(OH)D above baseline was
the primary pharmacokinetic outcome. Baseline
mean [25(OH)D] was similar in PH and PL (35
nmol/L vs. 31 nmol/L, p = 0.34).
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Cord [25(OH)D] (n = 23) was slightly higher in
PH versus PL (117 nmol/L vs. 98 nmol/L; p =
0.07). Vitamin D3 was well tolerated; there
were no supplement-related serious adverse
clinical events or hypercalcemia.

800 IU D2/day versus single 200,000 IU D3 bolus at 27 wk
Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Goldring

RCT

II

158

Aim: to examine the effect of prenatal vitamin D
on childhood wheezing.

We found no difference between
supplemented and control groups in risk of
wheeze [no vitamin D: 14/50 (28%); any
vitamin D: 26/108 (24%) (risk ratio 0.86; 95%CI
0.49, 1.50; P=0.69)].

Prospective
follow-up of
RCT with high
risk of bias; see
Section 2.7

et al 2013)

Setting: St Mary’s Hospital, London
Population: women presenting at 27 wk
gestation for routine glucose challenge test.
Intervention: No vitamin D, 800 IU D2 daily until
delivery or single oral bolus of 200,000 IU D3.
Offspring were assessed at 3 yr.
Outcomes: Primary outcome was any history of
wheeze assessed by validated questionnaire.
Secondary outcomes included atopy, respiratory
infection, impulse oscillometry and exhaled nitric
oxide
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There was no significant difference in atopy,
eczema risk, lung function or exhaled nitric
oxide between supplemented groups and
controls.

Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Griffiths et
al 2015)

RCT

II

99

Aim: to examine the effect of prenatal Vitamin D
on healthcare utilisation in the first 3 years of life

We found no difference in total healthcare
utilisation costs between the control and
daily (mean difference in costs in pounds
sterling 1.02, 95%CI -1.60, 1.65; adjusted 1.07,
95%CI -1.62, 1.86) or control and bolus groups
(mean difference -1.58, 95% CI -2.63, 1.06;
adjusted -1.40, 95%CI -2.45, 1.24). There were
no adverse effects of supplementation
reported during the trial.

Prospective
follow-up of
RCT with high
risk of bias; see
Section 2.7

Results

Limitations

Setting: St Mary’s Hospital, London
Population: women presenting at 27 wk
gestation for routine glucose challenge test.
Intervention: Women were allocated to no
Vitamin D (n=31), 800 IU D2 daily until delivery
(n=36), or a single oral bolus of 200,000 IU D3
(n=32).
Outcomes: Primary health economic outcome
was overall cost of unscheduled healthcare
utilisation in the first 3 years of life as documented
in the child’s electronic health record.
Secondary outcomes included cost attributable
to: primary and secondary healthcare visits,
respiratory and atopic complaints, cost in years
1, 2 and 3 of life and cost and frequency of
prescribed medication.
2.5

Vitamin D supplementation plus calcium in different doses

Study ref

Design

LoE

N

Intervention/observation/comparison population
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Study ref

Design

LoE

(Hashemip

RCT

II

our et al
2014)

N
130

Intervention/observation/comparison population

Results

Limitations

Aim: To determine whether treatment of low
serum vitamin D in pregnant women improves
fetal growth indices.

In the intervention vs the control group, mean
(±standard deviation) length (49±1.6cm vs
48.2±1.7cm; p=0.001), head circumference
(35.9±0.7cm vs 35.3±1.0cm; p=0.001) and
weight (i3429±351.9g vs 3258.8±328.2g;
p=0.01) were higher.

High risk of
bias; see
Section 2.7

Setting: Qazvin, Iran
Population: Iranian pregnant women (24-26 wk of
gestation) with vitamin D deficiency or
insufficiency [25(OH)D <30ng/ml] were divided at
random into an intervention group and a control
group.
Intervention: The control group received 200mg
calcium plus a multivitamin (containing vitamin
D3 400U) each day, and the intervention group
received 200mg calcium plus a multivitamin
(containing vitamin D3 400U) each day, plus
vitamin D3 (50,000U) each week for 8 weeks.
Outcomes: At delivery, maternal and cord blood
25(OH)D levels, maternal weight gain, neonatal
length, neonatal weight and neonatal head
circumference were compared between two
groups.
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Mean maternal weight gain was higher in the
intervention group (13.3±2.4kg vs 11.7±2.7kg;
p=0.006).
Multivariate regression analysis for maternal
weight gain, neonatal length, neonatal
weight and neonatal head circumference
showed an independent correlation with
maternal vitamin D level.

2.6

Observational studies

Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Cadario et
al 2013)

Prospect
ive
cohort

III-2

62

Neonates were born to Italian mothers with fair
skin (n=32) and non-Caucasian mothers (North
African, African, Asian and Latin
American)(n=30): with light olive/light brown
(n=10) or medium brown/black skin (n=20).

All mothers supplemented with vitamin D
demonstrated higher 25OHD values in both
cord blood (24.5 ± 11.9 vs 17.2 ± 9.2 ng/ml; p
< 0.01) and neonatal serum (17.7 ± 9.3 vs 11.1
± 6 ng/ml; p < 0.001).

Supplementation selfreported

All mothers ‘supplemented’ had used a daily
prenatal multivitamin complex containing
10 mcg (400 IU) of vitamin D3 in 88% of cases
(250/285), 12,5 mcg (500 IU) in 7% (21/285) or
5 mcg (200 IU) in 5% (14/285). The average
daily vitamin D intake was 398±52 IU/d. Not all
mothers regularly took the supplements and
the percentage of women ‘supplemented’
was further reduced in the last month of
pregnancy both in Italians and migrants.

Method for
collecting
data on
supplementation not
specified but
was likely selfreported.

Supplementation was investigated during
hospitalisation: 20/32 Italian mothers and 15/30
non-Caucasian, with an average daily vitamin D
intake of 420 IU ± 80 IU/d.
Vitamin D was measured in the cord blood at
birth and in neonatal serum during metabolic
screening.
(Cadario et
al 2015)

Prospect
ive
cohort

III-2

533
mother
infant
pairs

Maternal blood samples after delivery and
newborns' blood spots were analyzed for 25OHD
levels. Maternal country of origin, skin phototype,
vitamin D dietary intake and supplementation
during pregnancy were recorded.

All mothers ‘supplemented’ with vitamin D
had 25OHD values higher than ‘not
supplemented’ (p<0.0001) and the same was
recorded in their newborns (p<0.0001).
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Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Chhin et al
2013)

Case
control

III-2

2,246
mother
infant
pairs

A vitamin D measure was available for 2393
newborns. The characteristics of this population
were compared to those of the 3263 births
having occurred during the same period in our
hospital.

Multivariate logistic regression analysis on the
1,957 cases with no missing value confirmed
that skin phototype (OR 1.34, 95%CI 1.02–1.75,
P < 0.05) and the blood level of vitamin D (OR
1.58, 95%CI 1.02–2.45, P < 0.05) were
independent predictors of GBS vaginal
carriage.

Single hospital
centre. Use of
umbilical
blood-derived
vitamin D as a
proxy of
maternal
vitamin D
levels.

From the 2,393 mothers whose newborn was
tested at birth for vitamin D level, no result of
vaginal culture for GBS during the
recommended period (34 WG or more) was
available in 147 (6.1%) of them. For the remaining
women (n 1/4 2246), the mean percentage of
GBS carriage was 15.41 (SD: 0.76).
(Jones et al
2012)

Prospect
ive
cohort

III-2

231

Cord blood (CB) vitamin D was measured in
infants with a family history of atopy. CB
(25[OH]D3 concentration was analysed in
relation to maternal vitamin D intake and the
development of infant eczema, allergen
sensitization, and immunoglobulin E-mediated
food allergy.
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Women having taken dietary supplements
showed a smaller prevalence of GBS
carriage (13.20 ± 1.60%) than those having
taken no supplements (16.79 ± 1.05%) but the
difference, was not statistically significant
(P=0.09)
Maternal vitamin D intake from supplements
was not different for infants with or without
eczema (P = 0.571), allergen sensitization (P =
0.563), or IgE-mediated food allergy (P =
0.341). Supplemental intake (analyzed in
increments of 50 IU) displayed no association
with the risk of eczema (OR 1.02, 95% CI 0.95–
1.11; P = 0.517), allergen sensitization (OR
0.98, 95% CI 0.90–1.07; P = 0.698), and IgEmediated food allergy (OR 1.08, 95% CI 0.97–
1.19; P = 0.169).

Loss to followup explained.

Supplementati
on selfreported

Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Kaloczi &

Prospect
ive
cohort
study

III-2

104

Low-risk pregnant women had a 25[OH]D serum
level drawn at the first prenatal visit (mean 10.7
[SD6.17] weeks). Supplementation was
recommended with either 2000 or 4000 units of
vitamin D3 for women who had vitamin D
insufficiency (20-29 ng/mL) or deficiency (<20
ng/mL).

Among women who had a repeat measure
of 25(OH)D after supplementation (n=20),
there was a significant rise in vitamin D level
(P<0.001). Mean rise:

Unclear how
women were
allocated to
different
doses.

Deneris
2014)

There were no significant demographic
differences between women who were deficient
(n=23) or insufficient (n=49) and those whose
serum levels were in the sufficient range
(>30 ng/mL)(n=32).

•
•

Insufficiency — 2000 units (n=11) 6.72
ng/mL; 4000 units (n=1) 0 ng/mL
Deficiency — 2000 units (n=3) 16.3 ng/mL;
4000 units (n=5) 15.8 ng/mL

Although there was a not a significant
difference, women who took 4000 units had
a higher mean rise (13.17 ng/mL) than those
taking 2000 units (8.79 ng/mL).
Twelve of the women (60%) were still
insufficient after supplementation with 2000
units of vitamin D3.
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Adherence to
supplementati
on was
questioned as
one woman
had no
change and 2
had a
negative
change.

Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

Limitations

(Kalra et al
2012)

Prospect
ive
partially
randomi
sed
study

III-2

97 + 43
controls

Setting: Lucknow, India

Median maternal 25(OH)D at term was higher
in Group 2 (58.7, IQR 38.4-89.4 nmol/l) vs
Group 1 (26.2, IQR 17.7-57.7 nmol/l) and
usual-care group (39.2, IQR 21.2-73.4 nmol/l)
(P = 0.000).

Groups 1 and
2 randomly
assigned.

Population: Women attending antenatal care in
the second trimester.
Intervention: one oral dose of 1500 g vitamin D3
(Group 1; n=48); or doses of 3000g vitamin D3 in
the second and third trimesters (Group 2; n=49).
Maternal 25(OH)D at term, cord blood (CB)
alkaline phosphatase (ALP), neonatal serum Ca
and anthropometry were measured in these
subjects and in non-supplemented mother-infant
pairs (usual care; n=43).
All women were prescribed 1 g of elemental Ca
daily as calcium carbonate without vitamin D.
Cholecalciferol was administered under
supervision.

CB ALP was increased (>8.02 mukat/l or >480
IU/l) in 66.7% of the usual-care group vs 41.9 %
of Group 1 and 38.9% of Group 2 (P = 0.03).
Neonatal Calcium and CB 25(OH)D did not
differ significantly in the three groups.
Birth weight, length and head circumference
were greater and the anterior fontanelle was
smaller in Groups 1 and 2 (3.08 and 3.03 kg,
50.3 and 50.1 cm, 34.5 and 34.4 cm, 2.6 and
2.5 cm, respectively) vs usual care (2.77 kg,
49.4, 33.6, 3.3 cm; P = 0.000 for length, head
circumference and fontanelle and P = 0.003
for weight). These differences were still
evident at 9 months.
The frequency of pregnancy-related
complications, including intra-uterine death,
pregnancy-induced hypertension,
cephalopelvic disproportion, non-progression
of labour, caesarean section and placenta
praevia, did not differ among the three
groups (P=0.347).
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Eligibility
criteria
applied,
control
population
included.
Investigators
assessing
infant
anthropometr
y blinded to
mother’s
treatment
group.
All outcomes
reported.

Study ref

Design

LoE

N

Intervention/observation/comparison population

Results

(Weernink
et al 2016)

Casecontrol

III-2

275
cases
548
controls

2- to 4-month-old cases with positional skull
deformation were compared with matched
controls. A questionnaire was used to gather
information on background characteristics and
vitamin D intake (food, time spent outdoors and
supplements).

In a multiple variable logistic regression
analysis, insufficient vitamin D supplement
intake of women during the last trimester of
pregnancy [aOR 1.86, 95% (CI) 1.27-2.70] and
of children during early infancy (aOR 7.15,
95% CI 3.77-13.54) were independently
associated with an increased risk of skull
deformation during infancy.
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Limitations

2.7

Evaluation of limitations of randomised controlled trials for question 2

Study limitation

Judgement

Support for judgement

(Asemi et al 2016)
Random
sequence
generation
Allocation
concealment

Low risk

Unclear risk

We used random numbers, taken from a computer program to do random assignment.

Not described

Blinding

Low risk

Placebo pills contained microcrystalline cellulose and were similar in terms of shape and color to the supplements.

Incomplete
outcome data

High risk

Two women were excluded from each group (reasons reported). Analysis does not include women lost to follow-up.

Selective
reporting

Low risk

Pre-specified outcomes reported.

Other limitations

Low risk

No significant differences between baseline characteristics of groups

(Chawes et al 2016)
Random
sequence
generation

Low risk

Women were randomized using a computer-generated list of random numbers,

Allocation
concealment

Low risk

Random numbers were supplied by an external investigator who had no further involvement in the RCT.

Blinding

Low risk

‘Double blind.’ Study pediatricians acted as general practitioners for the cohort and were solely responsible for diagnosis and treatment of
persistent wheeze, asthma, allergy, and eczema adhering to predefined algorithms and blinded to the intervention.

Incomplete
outcome data

Low risk

623 of 738 eligible women were enrolled as the ethical approval of the vitamin D trial was delayed during enrollment of the first 115 eligible
women into the COPSAC2010 cohort. In addition, 43 women were withdrawn before childbirth. We unblinded 8 randomizations during
pregnancy (including 4 intrauterine deaths) and 3 children were excluded due to chronic disorders, leaving 581 children for the primary
analysis. The clinical follow-up rate of the children was 94% at age 3 years.
The primary analysis of age at onset of persistent wheeze was an intention-to-treat analysis, which is presented crude and adjusted for sex,
birth season, maternal vitamin D level at randomization, and participation in the PUFA RCT.

Selective
reporting

Low risk

Pre-specified outcomes reported.

Other limitations

Low risk

No significant differences in baseline characteristics of groups
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Study limitation

Judgement

Support for judgement

(Cooper et al 2016)
Random
sequence
generation

Low risk

‘Packs of study treatment were randomly assigned in a 1:1 ratio by a computer-generated sequence in randomly permuted blocks of ten,
starting randomly midway through the block, and sequentially numbered, before delivery to the study sites’

Allocation
concealment

Low risk

‘Study treatments were dispensed in order by each study pharmacist. Each pack contained sufficient capsules for the study duration.’

Blinding

Low risk

‘Double blinded’ ‘Both the participant and research team were masked to treatment allocation throughout the study duration.’

Incomplete
outcome data

Low risk

‘For the primary analyses, we analysed all participants with a neonatal DXA assessment and a usable DXA scan (without movement artefact);
although our original protocol, published before unblinding of the study, stipulated that the analysis would be on an intention-to-treat basis,
we subsequently revised the terminology used (before unblinding) because the analysis had to be based on available neonatal DXA
assessments, a continuous outcome, and methods to account for missing data would not have been applicable in this setting.’

Selective
reporting

Low risk

Pre-specified outcomes reported.

Other limitations

Low risk

Baseline characteristics comparable between groups

Random
sequence
generation

Low risk

The random assignment was a stratified block design so that each month an approximately equal number of subjects were randomly
assigned to 400 IU/d, 2000 IU/d, and 4000 IU/d to achieve a seasonally balanced study population. The randomization list was computer
generated by the statistician. The research nurses assisted by the coinvestigators (G.B. and H.F.S.) enrolled the participants and the research
nurse provided the allocated study vitamin D and prenatal vitamin D.

Allocation
concealment

Low risk

A secretary not involved in the project allocated and kept a list of the randomization code of the enrolled patients. The research nurses
assisted by the coinvestigators (G.B. and H.F.S.) enrolled the participants and the research nurse provided the allocated study vitamin D and
prenatal vitamin D.

Blinding

Low risk

The investigators, patients, health care providers, and the laboratory staff performing the biochemical tests were blinded to the treatment.

Incomplete
outcome data

Low risk

After allocation, 30 patients (15%) discontinued participation without specific reasons or due to the husband's refusal and 162 were followed
up to delivery. All available data were used for the mixed-effect analysis.

Selective
reporting

Low risk

Pre-specified outcomes reported.

Other limitations

Low risk

No significant differences between baseline characteristics of groups

(Dawodu et al 2013)
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Study limitation

Judgement

Support for judgement

(Diogenes et al 2015)
Random
sequence
generation
Allocation
concealment

Low risk

Unclear risk

Random assignment was done by a member of the research team in a 1:1 ratio within permuted blocks of size 10.

Method of allocation concealment not described

Blinding

Low risk

Participants were randomly and single-blinded assigned to one of the two groups

Incomplete
outcome data

Low risk

Out of 43 patients in the intervention group: decided not to breast feed (n = 1), lost to follow -up (n = 2), pregnancy complications (n = 1), time
constrains (n = 3), no reason given (n = 4), moved out of area (n = 2). Analysed at 5 weeks postpartum (n= 30)
Out of 41 patients in the placebo group: decided not to breast feed (n = 1), other health issues (n = 1), lost to follow -up (n =2), pregnancy
complications (n = 2), time constrains (n = 3), no reason given (n = 5), moved out of area (n = 1)

Selective
reporting

Low risk

Pre-specified outcomes reported.

Other limitations

Unclear risk

No significant differences at baseline were found between the groups, except for calcium intake, which was lower in the calci um plus vitamin
D group than in the placebo group (P < 0.05)

(Goldring et al 2013) (Griffiths et al 2015)
Random
sequence
generation

Low risk

The randomization sequence was generated by an independent person using computer generated random number lists in blocks of 1 5,
stratified by ethnicity in a 1:1:1:1 ratio.

Allocation
concealment

Low risk

The researcher gave participants a study number on entry to the trial, and treatment was allocated from the hospital pharmacy
using the randomization list.

Blinding

High risk

Participants were not blinded to treatment allocation. All assessors were blinded to the randomization of participants, with the use of separate
trial numbers, until the evaluation of all records was complete. A complete record was defined as having data for at least 11 months out of 12
for each year, and including all three years since birth.

Incomplete
outcome data

Low risk

88% (Goldring et al 2013) and 55% follow-up (Griffiths et al 2015); reasons for attrition reported.

Selective
reporting

Low risk

All pre-specified outcomes were reported

Other limitations

Low risk

There were no significant difference in maternal characteristics at baseline
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Study limitation

Judgement

Support for judgement

(Hashemipour et al 2014)
Random
sequence
generation

Unclear risk

Randomization was performed using computer-generated random numbers.

Allocation
concealment

Unclear risk

Allocation was concealed. Assignment into groups was performed by an obstetrician responsible for antenatal care.

Blinding

High risk

Open label

Incomplete
outcome data

High risk

Analysis of 99/130 women randomised, explanation for attrition provided.

Selective
reporting

Low risk

Pre-specified outcomes reported.

Other limitations

Low risk

No significant differences in baseline characteristics of groups

(Hossain et al 2014)
Random
sequence
generation

Unclear risk

Sequential randomization schema was used and eligible gravidae were randomized into two groups

Allocation
concealment

Unclear risk

Not described

Blinding

High risk

Open label

Incomplete
outcome data

High risk

Results only available for 178 of 200 women randomised, no explanation provided.

Selective
reporting

Low risk

Pre-specified outcomes reported.

Other limitations

Low risk

No significant differences in baseline characteristics of groups

91

Study limitation

Judgement

Support for judgement

(Litonjua et al 2016)
Random
sequence
generation
Allocation
concealment

Low risk

Unclear risk

Randomization was performed using a system that automates the random assignment of treatment groups to study identification numbers.
The randomization scheme used stratified permuted blocks with randomly varied block sizes of 4 and 6, and 1 block allocation list per stratum
(study site and racial/ethnic group)
Not described.

Blinding

Low risk

‘Double blind.’ The vitamin D bottles and the placebo pill bottles were given a letter label from A to F, with 3 letters corr esponding to the
vitamin D pills and 3 letters corresponding to the placebo. Clinical Center investigators and staff were blinded to the treatment code.

Incomplete
outcome data

Low risk

To make full use of all available observation time and to obtain a fully nonparametric intent-to-treat analysis, the original protocol-based plan
to base treatment effect inference on logistic regression analysis was replaced by a plan to use interval-censored event-time analysis. This
change in plan was reviewed and approved, prior to unbinding and analysis, by the study’s steering committee, and the overall final analysis
was reviewed and approved by the data and safety monitoring board. Tests of treatment effect for the first occurrence of the primary
outcome used either the earlier of time to asthma diagnosis or the earliest wheeze report or medication event indicative of recurrent wheeze.

Selective
reporting

Low risk

All pre-specified outcomes were reported

Other limitations

Low risk

No significant differences in baseline characteristics of groups

(March et al 2015)
Random
sequence
generation

Unclear risk

Not described

Allocation
concealment

Unclear risk

Not described

Blinding

Low risk

Supplements identical in size and color were coded by the manufacturer to ensure blinding of all study staff and participants

Incomplete
outcome data

Low risk

‘Data were analyzed based on intention-to-treat (ITT) for all outcomes, with missing data replaced by carrying forward the most recent
available data. A second analysis was also done for as-treated (AT) analysis for subjects with complete data and who were $80% compliant
in supplement use. Analysis of the data for the 8-wk-old infants was done, excluding infants who had been formula fed for .1 wk or had been
given .3 doses of oral vitamin D.’

Selective
reporting

Low risk

Pre-specified outcomes reported.

Other limitations

Low risk

No significant differences in baseline characteristics of groups
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Study limitation

Judgement

Support for judgement

Random
sequence
generation

Unclear risk

Women were randomised ‘using a simple randomization method’.

Allocation
concealment

Unclear risk

Not reported.

Blinding

High risk

Not blinded.

Incomplete
outcome data

Low risk

Loss to follow-up: Group 1 7/28; Group 2 7/31; Group 3 9/32. No exclusions. Additional analysis based on regularity or supplement use.

Selective
reporting

Low risk

All pre-specified outcomes reported against.

Other limitations

Low risk

No significant difference in baseline characteristics between groups

Random
sequence
generation

Low risk

‘Assignment was based on a computer-generated randomization list, with 1:1 allocation, using permuted blocks of size 4 and 8.’

Allocation
concealment

Low risk

‘The allocation sequence was prepared by personnel not otherwise involved in the study, and was concealed from investigators.’

Blinding

Low risk

‘The active and placebo supplements were identical in appearance and tasteless. Participants and research staff (including la b personnel)
were blinded to allocation.’

Incomplete
outcome data

Low risk

The primary outcome was infant 25(OH)D up to 6 months of age using all available data (referred to as the ‘full sample’ analysis) using an
intent-to-treat approach.

Selective
reporting

Low risk

All pre-specified outcomes were reported

Other limitations

Low risk

There were no significant difference in maternal characteristics at baseline [reported in (Roth et al 2013b)]

(Mutlu et al 2014)

(Perumal et al 2015)
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Study limitation

Judgement

Support for judgement

(Rodda et al 2015)
Random
sequence
generation

Low risk

Random allocation (envelopes in a tamper proof box, ratio 1:1)

Allocation
concealment

High risk

Open label

Blinding

High risk

Open label

Incomplete
outcome data

High risk

Of 78 participants randomised, analysis was conducted for 45 (treatment=22; control=23); reasons for attrition and exclusion (serum not
collected at birth [n=2]) reported. No ITT analysis.

Selective
reporting

Low risk

All pre-specified outcomes were reported

Other limitations

Low risk

There were no significant differences in baseline characteristics between groups

Random
sequence
generation

High risk

Not described

Allocation
concealment

High risk

Not described

High risk

‘Open label’

(Roth et al 2013a)

Blinding
Incomplete
outcome data

Unclear risk

Of 28 randomized pregnant participants, 4 (14%) left the Dhaka area prior to completion of the study protocol (2 in each group). Specimens
in the 10th week were available in 10/14 women in the higher dose group and 9/14 in the lower dose group. Cord specimens were available
in 23 (82%) of enrolled participants.

Selective
reporting

Low risk

All pre-specified outcomes were reported

Other limitations

Low risk

There were no significant difference in maternal characteristics at baseline
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Study limitation

Judgement

Support for judgement

(Soheilykhah et al 2013)
Random
sequence
generation
Allocation
concealment
Blinding
Incomplete
outcome data

Low risk

Unclear risk
High risk
Unclear risk

Computer-generated random number lists were drawn up by an independent researcher.

Not described.
Pregnant women and researchers were not blind to treatment assignment.
Loss to follow-up (7/120) not described.

Selective
reporting

Low risk

All pre-specified outcomes were reported

Other limitations

Low risk

No significant differences in baseline characteristics of groups
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Study limitation

Judgement

Support for judgement

(Wagner et al 2013b)
(Hollis et al 2011)
Random
sequence
generation

Allocation
concealment

Low risk

‘Stratified blocked randomization was used to balance by ethnicity and also to balance by enrollment (as a cautionary measure against a
potential temporal or seasonal bias). A randomization scheme was developed separately for each of the three ethnic groups (ie, the strata).
Within each stratum, the treatments were assigned within blocks. Because there were three treatment groups, the block size had to be
divisible by 3; the data team selected a block size of six, which was unknown to the investigators or the pharmacists. In thi s way, at the end of
each block (ie, enrollment of six subjects), each ethnic group was balanced in the number randomly assigned to the 400-, 2000-, and 4000-IU
treatment groups.’

Unclear risk

Not described.

Blinding

Low risk

‘Double blind’

Incomplete
outcome data

Low risk

Explanation for loss to follow-up (30% from allocation to analysis) explained. Analysis was by intention to treat.

Selective
reporting

Low risk

Prespecified outcomes reported.

Other limitations

Low risk

No significant difference in baseline characteristics between groups

Random
sequence
generation

Low risk

Randomization lists were generated by computer prior to the start of the study.

Allocation
concealment

Low risk

Randomization assignment was blinded to all participants and to the investigators except for the study biostatistician. Dose groups were
identified for logistical purposes using 6 letters (3 per dose group) as an additional measure against inadvertent unblinding.

Blinding

Low risk

‘Double blinded’

Incomplete
outcome data

Low risk

Explanation for loss to follow-up (38% from allocation to analysis) explained. Analysis was by intention to treat.

Selective
reporting

Low risk

Prespecified outcomes reported.

Other limitations

Low risk

After controlling for race and study site, no characteristics differed significantly between groups.

(Wagner et al 2013a)
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Study limitation

Judgement

Support for judgement

(Wall et al 2016) [randomisation, allocation, blinding and primary outcomes reported in (Grant et al 2014)]
Random
sequence
generation

Low risk

Allocation to the 3 study arms was by restricted randomization within blocks of variable size using a computer-generated randomization list.

Allocation
concealment

Low risk

The allocation sequence was concealed from research staff involved in recruitment. The study statistician randomly allocated a treatment to
each participant and labeled identical study medicine bottles such that study staff and participants were unaware of the treatment status.

Blinding

Low risk

Study medicine bottles were sequentially numbered with an identical numbering code used for each mother-infant pair. Study medicine
bottles for the 3 groups were identical in color, shape, and volume and the study medicine identical in color, consistency, and taste.

Incomplete
outcome data

Low risk

Breast-milk samples were collected from a total of 75 women, 44 of whom provided breast-milk samples at both 2 wk and 2 mo postpartum.
The 31 women who provided one sample only were from the following 2 groups: 27 women who provided a sample at 2 wk (but not 2 mo)
because they did not continue breastfeeding until 2 mo, and 4 women who provided a sample at 2 mo (but not 2 wk) because they had
some difficulties establishing breast feeding

Selective
reporting

Low risk

Pre-specified outcomes reported

Other limitations

Low risk

No significant difference in baseline characteristics of groups

Random
sequence
generation

Low risk

‘Randomization was in a 1:1 ratio, with a permuted block size of six and sequential assignment.’

Allocation
concealment

Low risk

‘Baseline and progress plasma 25OHD levels were reviewed by a safety officer whose only role in the conduct of the study was to examine
calcium and 25OHD levels. All other study investigators and participants were blinded to the intervention allocated.’

Blinding

Low risk

‘Both doses of vitamin D3 capsules were provided by Blackmores Pty Ltd and appeared identical.’

Incomplete
outcome data

Low risk

Loss to follow-up (10/90 in the control group and 10/89 in intervention group) reported. One exclusion (intervention group) due to incomplete
OGTT. Analysis was by intention to treat.

Selective
reporting

Low risk

All pre-specified outcomes were reported

Other limitations

Low risk

No significant difference in baseline characteristics of groups

(Yap et al 2014)
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2.8

Systematic reviews excluded due to low quality or overlap with high-quality systematic reviews

Study

Reason for exclusion

Arain, N., W. A. Mirza, et al. (2015). "Vitamin D and the prevention of preeclampsia: A
systematic review." Pakistan Journal of Pharmaceutical Sciences 28(3): 1015-1021.

Review of non-randomised trials, cohort studies and nested case
control studies.

Christesen, H. T., C. Elvander, et al. (2012). "The impact of vitamin D in pregnancy on
extraskeletal health in children: A systematic review." Hormone Research in Paediatrics 78:
144.

Review of randomised controlled trials and observational studies.
RCTs identified considered in the Cochrane review.

Cooper, N. A., R. Moores, et al. (2014). "A review of the literature regarding nutritional
supplements and their effect on vaginal flora and preterm birth." Current Opinion in
Obstetrics & Gynecology 26(6): 487-492.

Review of systematic reviews (n=3; studies identified considered
in the Cochrane and HTA reviews).

Hofmeyr, G. J., J. M. Belizan, et al. (2014). "Low-dose calcium supplementation for preventing
pre-eclampsia: a systematic review and commentary." BJOG: An International Journal of
Obstetrics & Gynaecology 121(8): 951-957.

Includes two RCTs of low-dose calcium and vitamin D
supplementation; both are considered in the Cochrane review.

Hypponen, E., A. Cavadino, et al. (2013). "Vitamin D and pre-eclampsia: original data,
systematic review and meta-analysis." Annals of Nutrition & Metabolism 63(4): 331-340.

Includes studies considered in Cochrane review or very old
(1937; 1946)

Perez-Lopez, F. R., V. Pasupuleti, et al. (2015). "Effect of vitamin D supplementation during
pregnancy on maternal and neonatal outcomes: a systematic review and meta-analysis of
randomized controlled trials." Fertility & Sterility 103(5): 1278-1288.e1274.

Review of 13 interventional studies, of which eight were
considered in the Cochrane review and an additional one in the
HTA review. Remaining studies considered in this review.
Meta-analysis does not differentiate between vitamin D alone
and vitamin D plus calcium.

Theodoratou, E., I. Tzoulaki, et al. (2014). "Vitamin D and multiple health outcomes: umbrella
review of systematic reviews and meta-analyses of observational studies and randomised
trials." BMJ 348: g2035.

Umbrella review of SLRs and meta-analyses of observational
studies and meta-analyses of RCTs. The meta-analyses of RCTs
included the Cochrane review and Thorne-Lyman & Fawzi 2012
(see below).

Thorne-Lyman, A. and W. W. Fawzi (2012). "Vitamin D during pregnancy and maternal,
neonatal and infant health outcomes: a systematic review and meta-analysis." Paediatric
and Perinatal Epidemiology 26 Suppl 1: 75-90.

Review of intervention and observational studies. RCTs included
considered in the Cochrane or HTA reviews.

Thota, P., F. R. Perez-Lopez, et al. (2015). "Effect of vitamin d supplementation during
pregnancy on maternal and neonatal outcomes: A systematic review and meta-analysis of
randomized clinical trials." Journal of Investigative Medicine 63 (4): 671.

Duplicates findings of Perez-Lopez review.
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Study

Reason for exclusion

Yang, N., L. Wang, et al. (2015). "Effects of vitamin D supplementation during pregnancy on
neonatal vitamin D and calcium concentrations: A systematic review and meta-analysis."
Nutrition Research 35(7): 547-556.

Does not consider all the potential benefits and harms of the
intervention. Studies included considered in Cochrane or HTA
reviews or considered separately in this review.

2.9

Studies included in high-quality systematic reviews included in this review

Study

Review

Asemi, Z., M. Samimi, et al. (2013). "Vitamin D supplementation affects serum high-sensitivity C-reactive protein, insulin
resistance, and biomarkers of oxidative stress in pregnant women." Journal of Nutrition 143(9): 1432-1438.

Included in Cochrane review

Asemi, Z., Z. Tabassi, et al. (2012). "Effect of calcium-vitamin D supplementation on metabolic profiles in pregnant women at
risk for pre-eclampsia: a randomized placebo-controlled trial." Pakistan Journal of Biological Sciences 15(7): 316-324.

Included in Cochrane review

Cremers, E., C. Thijs, et al. (2011). "Maternal and child's vitamin D supplement use and vitamin D level in relation to childhood
lung function: the KOALA Birth Cohort Study." Thorax 66(6): 474-480.

Included in HTA review

Diogenes, M. E., F. F. Bezerra, et al. (2013). "Effect of calcium plus vitamin D supplementation during pregnancy in Brazilian
adolescent mothers: a randomized, placebo-controlled trial." American Journal of Clinical Nutrition 98(1): 82-91.

Included in Cochrane review

Grant, C. C., A. W. Stewart, et al. (2014). "Vitamin D during pregnancy and infancy and infant serum 25-hydroxyvitamin D
concentration." Pediatrics 133(1): e143-153.

Included in Cochrane review

Harrington, J., N. Perumal, et al. (2014). "Vitamin D and fetal-neonatal calcium homeostasis: findings from a randomized
controlled trial of high-dose antenatal vitamin D supplementation." Pediatric Research 76(3): 302-309.

Included in Cochrane review

Hollis, B. W., D. Johnson, et al. (2011) Vitamin D supplementation during pregnancy: double-blind, randomized clinical trial of
safety and effectiveness. 26, 2341-2357 DOI: 10.1002/jbmr.463

Included in HTA review

Mazurkevich, M., G. Doronin, et al. (2013) State of placental complex during physiological pregnancy during correction of
mineral insufficiency. 41, DOI: 10.1515/jpm-2013-2003

Included in Cochrane review

Perumal, N., A. Al Mahmud, et al. (2012). "Effect of high-dose vitamin d supplementation on blood pressure during the third
trimester of pregnancy: A randomized controlled trial in Bangladesh." American Journal of Epidemiology 176 (1): 80.

Included in Cochrane review
(abstract only)

Raqib, R., A. Ly, et al. (2014). "Prenatal vitamin D3 supplementation suppresses LL-37 peptide expression in ex vivo activated
neonatal macrophages but not their killing capacity." British Journal of Nutrition 112(6): 908-915.

Included in Cochrane review
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Study

Review

Roth, D. E., A. Al Mahmud, et al. (2012). "Effects of high-dose antenatal 3rd-trimester vitamin D supplementation (35,000
IU/week) on maternal and newborn vitamin D status: A randomized placebo-controlled trial in Dhaka, Bangladesh." FASEB
Journal. Conference: Experimental Biology 26(no pagination).

Included in Cochrane review

Roth, D. E., A. Al Mahmud, et al. (2013). "Randomized placebo-controlled trial of high-dose prenatal third-trimester vitamin D3
supplementation in Bangladesh: The AViDD trial." Nutrition Journal 12 (1) (no pagination)(47).

Included in Cochrane review

Roth, D. E., N. Perumal, et al. (2013). "Maternal vitamin D3 supplementation during the third trimester of pregnancy: effects on
infant growth in a longitudinal follow-up study in Bangladesh." Journal of Pediatrics 163(6): 1605-1611.e1603.

Included in Cochrane review

Sablok, A., K. Thariani, et al. (2015). "Supplementation of Vitamin D in pregnancy and its correlation with feto-maternal
outcome." Clinical Endocrinology 83(4): 536-541.

Included in Cochrane review

2.10

Background papers for research question 2

Background papers will inform revision of the narrative.
(ACOG 2011)

At this time, there is insufficient evidence to support a recommendation for testing all pregnant women for vitamin D deficiency. For pregnant
women thought to be at increased risk of vitamin D deficiency, maternal serum 25-hydroxyvitamin D levels can be considered and should be
interpreted in the context of the individual clinical circumstance. When vitamin D deficiency is identified during pregnancy, most experts
agree that 1,000-2,000 international units per day of vitamin D is safe. Higher dose regimens used for treatment of vitamin D deficiency have
not been studied during pregnancy. Recommendations concerning routine vitamin D supplementation during pregnancy beyond that
contained in a prenatal vitamin should await the completion of ongoing randomized clinical trials.

(Adami et al
2011)

The Italian Society for Osteoporosis, Mineral Metabolism and Bone Diseases Guidelines on prevention and treatment of vitamin D deficiency
recommend that for pregnant women, vitamin D supplements should be given as in non-pregnant women, but bolus administration (i.e.: single
dose >25,000 IU) should be avoided.

(Hollis & Wagner
2011)

Current evidence supports the concept that circulating 25-hydroxyvitamin D should be 40-60 ng/ml (100-150 nmol) during pregnancy and a
daily intake of 4000 IU vitamin D3 is required to attain that circulating level.
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(Marshall et al
2013)

Although many questions have still not been answered by the existing literature, we found evidence that: (i) during pregnancy vitamin D
participates in fetal skeletal mineralization and growth, (ii) neonatal vitamin D levels are dependent on the maternal vitamin D status at
delivery, (iii) a vitamin D sufficient status at birth may decrease the risk for the development of asthma and type 1 diabetes mellitus in later life,
(iv) recommendations for maintaining serum 25-hydroxyvitamin D [25(OH)D] levels >32ng/mL to avoid secondary hyperparathyroidism in adults
have not been applied to mothers and their infants, (v) American Academy of Pediatrics recommended supplementation of 400IU of vitamin
D per day is sufficient only for infants who are born with normal vitamin D levels and (vii) supplementation of lactating mothers with high doses
of vitamin D (4000IU/d) allows the achievement of optimal 25(OH)D concentrations (>32ng/mL) in the maternal and infant serum without any
risk of hypervitaminosis D in the mother. We believe that inconsistency in the recognition of sufficient levels of vitamin D in mothers and their
infants affects the identification of adequate doses for vitamin D supplementation during pregnancy, lactation and infancy.

(Munns et al
2016)

This consensus document defines nutritional rickets and its diagnostic criteria and describes the clinical management of rickets and
osteomalacia. Risk factors, particularly in mothers and infants, are ranked, and specific prevention recommendations including food
fortification and supplementation are offered for both the clinical and public health contexts.

(No authors listed
2010)

National consultants and experts in the field have established some Polish recommendations for prophylactic vitamin D supplementation in
infants, toddlers, children, and adolescents as well as in adults, including pregnant and lactating women basing on a review of current
literature.

(Paxton et al
2013)

Targeted measurement of 25(OH)D levels is recommended for infants, children and adolescents with at least one risk factor for low vitamin D
and for pregnant women with at least one risk factor for low vitamin D at the first antenatal visit.

(Vidailhet et al
2012)

Scientific evidence indicates that calcium and vitamin D play key roles in bone health. The current evidence, limited to observational studies,
however, does not support other benefits for vitamin D. More targeted research should continue, especially interventional studies. In the
absence of any underlying risk of vitamin D deficiency, the recommendations are as follows: pregnant women: a single dose of 80,000 to
100,000 IU at the beginning of the 7th month of pregnancy.

2.11

Level IV studies for research question 2

Study
Al Emadi, S. and M. Hammoudeh (2013). "Vitamin D study in pregnant women and their babies." Qatar Medical Journal 2013(1): 32-37.
Czech-Kowalska, J., D. Gruszfeld, et al. (2015). "Determinants of postpartum Vitamin D status in the caucasian mother-offspring pairs at a latitude of 52degreeN:
A cross-sectional study." Annals of Nutrition and Metabolism 67(1): 33-41.
Eggemoen, A. R., R. S. Falk, et al. (2016). "Vitamin D deficiency and supplementation in pregnancy in a multiethnic population-based cohort." BMC Pregnancy
and Childbirth 16 (1) (no pagination)(7).
Haggarty, P., D. M. Campbell, et al. (2013). "Vitamin D in pregnancy at high latitude in Scotland." British Journal of Nutrition 109(5): 898-905.
Khuri-Bulos, N., R. D. Lang, et al. (2014). "Vitamin D deficiency among newborns in Amman, Jordan." Global journal of health science 6(1): 162-171.
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Stubbs, G., K. Henley, et al. (2016). "Autism: Will vitamin D supplementation during pregnancy and early childhood reduce the recurrence rate of autism in
newborn siblings?" Medical Hypotheses 88: 74-78.
Yu, X., W. Wang, et al. (2014). "Vitamin D status and related factors in newborns in Shanghai, China." Nutrients 6(12): 5600-5610.
2.12

Excluded studies for research question 2

Study

Reason for exclusion

Ahmad, S. (2015). "Vitamin D deficiency in pregnancy - Why should we care?" BJOG: An International Journal of Obstetrics
and Gynaecology 122: 253.

Does not meet criteria for
grading (conference abstract)

Al-Garawi, A., V. J. Carey, et al. (2015). "Differentially expressed genes during the course of pregnancy and their correlation
with maternal vitamin D levels." American Journal of Respiratory and Critical Care Medicine. Conference: American Thoracic
Society International Conference, ATS 191(no pagination).

Does not meet criteria for
grading (conference abstract)

Amato, L. A., K. A. Neville, et al. (2014). "Increased rates of infantile hypercalcaemia following guidelines for antenatal
vitamin D3 supplementation." Hormone Research in Paediatrics 82: 82.

Does not meet criteria for
grading (conference abstract)

Anderson, L., Y. Chen, et al. (2015). "Vitamin D exposure during pregnancy and early childhood and risk of childhood
wheezing." Paediatrics and Child Health (Canada) 20 (5): e48.

Does not meet criteria for
grading (conference abstract)

Anonymous (2012). "Canadian Society for Epidemiology and Biostatics 2012 National Student Conference." American Journal
of Epidemiology. Conference 176(1).

Does not meet criteria for
grading (conference abstract)

Asemi, Z. and A. Esmaillzadeh (2015). "The effect of multi mineral-vitamin D supplementation on pregnancy outcomes in
pregnant women at risk for pre-eclampsia." International Journal of Preventive Medicine 2015 (JULY) (no pagination)(62).

Not specific to target population

Asemi, Z., M. Karamali, et al. (2014). "Effects of calcium-vitamin D co-supplementation on glycaemic control, inflammation
and oxidative stress in gestational diabetes: a randomised placebo-controlled trial." Diabetologia 57(9): 1798-1806.

Not specific to target population

Asemi, Z., M. Karamali, et al. (2015) Favorable Effects of Vitamin D Supplementation on Pregnancy Outcomes in Gestational
Diabetes: A Double Blind Randomized Controlled Clinical Trial. 47, 565-570 DOI: 10.1055/s-0034-1394414

Not specific to target population

Asemi, Z., T. Hashemi, et al. (2013). "Effects of vitamin D supplementation on glucose metabolism, lipid concentrations,
inflammation, and oxidative stress in gestational diabetes: A double-blind randomized controlled clinical trial." American
Journal of Clinical Nutrition 98(6): 1425-1432.

Not specific to target population

Baghlaf, H., S. Wheeler, et al. (2012). "Vitamin D supplementation and neonatal outcomes in term pregnancies." Birth Defects
Research Part A - Clinical and Molecular Teratology 94 (5): 362.

Does not meet criteria for
grading (conference abstract)

102

Study

Reason for exclusion

Bhatia, V., K. Katam, et al. (2013). "Vitamin D supplementation in pregnancy and its effect on cord blood 25
hydroxycholecalciferol and anthropometry of the newborn." Hormone Research in Paediatrics 80: 220.

Does not meet criteria for
grading (conference abstract)

Borst, L. C. C., M. J. Duk, et al. (2013). "Supplementation advice of 400 IU/day is inadequate for vitamin D deficient (<50
nmol/L) pregnant women." Nederlands Tijdschrift voor Klinische Chemie en Laboratoriumgeneeskunde 38 (2): 76-77.

Does not meet criteria for
grading (conference abstract)

Chen, N. N., K. March, et al. (2013). "The effect of vitamin D supplementation during pregnancy and lactation on maternal &
infant 25-hydroxyvitamin D (25OHD) concentration." FASEB Journal. Conference: Experimental Biology 27(no pagination).

Does not meet criteria for
grading (conference abstract)

Cooper, M., S. Shanta, et al. (2015). "Availability and intake of foods with naturally occurring or added vitamin d in a setting
of high vitamin d deficiency." FASEB Journal. Conference: Experimental Biology 29(1 Meeting Abstracts).

Does not meet criteria for
grading (conference abstract)

Dimitris, M. C., N. Perumal, et al. (2016). "Effect of weekly high-dose vitamin D3 supplementation on serum cholecalciferol
concentrations in pregnant women." Journal of Steroid Biochemistry and Molecular Biology 158: 76-81.

Does not answer research
question

Diogenes, M. E. L., F. F. Bezerra, et al. (2011). "Maternal vitamin D status of adolescent mothers at mid-pregnancy influence
bone mineral content of their newborns." FASEB Journal. Conference: Experimental Biology 25(no pagination).

Does not meet criteria for
grading (conference abstract)

Diogenes, M. E. L., F. F. Bezerra, et al. (2012). "Calcium plus vitamin D supplementation during pregnancy protects Brazilian
adolescent mothers from excessive bone loss during lactation." FASEB Journal. Conference: Experimental Biology 26(no
pagination).

Does not meet criteria for
grading (conference abstract)

Diogenes, M. E., F. F. Bezerra, et al. (2013). "Infant and maternal bone status are associated in lactating adolescents when
calcium intake is low but not following calcium plus vitamin D supplementation." FASEB Journal. Conference: Experimental
Biology 27(no pagination).

Does not meet criteria for
grading (conference abstract)

Etemadifar, M. and M. Janghorbani (2015). "Efficacy of high-dose vitamin D3 supplementation in vitamin D deficient
pregnant women with multiple sclerosis: Preliminary findings of a randomized-controlled trial." Iranian Journal of Neurology
14(2): 67-73.

Not specific to target population

Gallo, L., V. V. Barros, et al. (2013). "Low levels of vitamin D in pregnant women with thromboembolism/thrombophilia."
Journal of Thrombosis and Haemostasis 11: 95-96.

Not specific to target population

Gerais, A. S. and S. Hussein (2015). "Vitamin D deficiency in pregnancy and pregnancy outcome." International Journal of
Gynecology and Obstetrics 131: E352.

Does not meet criteria for
grading (conference abstract)

Grant, C. C., S. Kaur, et al. (2015). "Reduced primary care respiratory infection visits following pregnancy and infancy vitamin
D supplementation: a randomised controlled trial." Acta Paediatrica 104(4): 396-404.

Not specific to target population
(infant supplementation)
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Study

Reason for exclusion

Grant, C.C., J. Crane et al (2016) Vitamin D supplementation during pregnancy and infancy reduces aeroallergen
sensitization: a randomized controlled trial. Allergy 2016; DOI: 10.1111/all.12909

Not specific to target population
(infant supplementation)

Grieger, J. A. and V. L. Clifton (2015). "A review of the impact of dietary intakes in human pregnancy on infant birthweight."
Nutrients 7(1): 153-178.

Narrative review

Grimshaw, K. E. C., E. M. Oliver, et al. (2012). "Maternal dietary intake and subsequent allergy development." Journal of
Allergy and Clinical Immunology 1): AB173.

Does not meet criteria for
grading (conference abstract)

Guagnelli, M. A., D. Yeste, et al. (2014). "Cord blood vitamin D concentrations in native and immigrant population from a
mediterranean area in spain." Hormone Research in Paediatrics 82: 430.

Does not meet criteria for
grading (conference abstract)

Hacker, A., E. Fung, et al. (2011). "Maternal vitamin D status and its effect on maternal and infant bone health: A systematic
review." FASEB Journal. Conference: Experimental Biology 25(no pagination).

Does not meet criteria for
grading (conference abstract)

Harrington, J., A. Al Mahmud, et al. (2012). "The effect of antenatal vitamin d supplementation on early neonatal calcium
homeostasis." Journal of Bone and Mineral Research. Conference 27(no pagination).

Does not meet criteria for
grading (conference abstract)

Harvey, N. C., K. Javaid, et al. (2012). "MAVIDOS Maternal Vitamin D Osteoporosis Study: Study protocol for a randomized
controlled trial. The MAVIDOS Study Group." Trials 13 (no pagination)(13).

Does not meet criteria for
grading (study protocol)

Harvey, N., C. Holroyd, et al. (2013). "Maternal pregnancy vitamin D status and offspring bone health: A systematic review
and meta-analysis." Journal of Bone and Mineral Research. Conference 28(no pagination).
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3

What are the additional considerations for Aboriginal and Torres Strait Islander women?

Evidence summary
Results of the previous review
This question was not asked in the literature review conducted to inform Module I of the guidelines (Australian
Health Ministers' Advisory Council 2012 )and no evidence specific to Aboriginal and Torres Strait Islander women
was identified in the literature search for research question 1 for that review.
Results of the current review
One study reported on vitamin D status of Indigenous women in Cairns QLD (Bendall et al 2012) and found
median serum levels among Indigenous women to be 11 nmol/L lower than those of non-Indigenous women.
However, all women in the study had levels >50 nmol/L.
A West Australian study (Willix et al 2015) compared vitamin D levels between women attending the Aboriginal
Community Controlled Health Service (ACCHS) and those seeking antenatal care through a local GP
obstetrician in Kalgoorie. It found that first trimester serum levels from the ACCHS were 11.5 nmol/l lower (after
controlling for variables) and noted that an understanding of the patterns of deficiency in relation to local
geography and ethnicity can direct the decision to test for vitamin D deficiency in pregnancy.
A Northern Territory study of Indigenous mother-infant pairs (Binks et al 2016) found that compared to during
pregnancy (104 nmol/L; mean gestation age 32 wk), mean vitamin D levels were 23% lower at birth
(80 nmol/L) and 48% lower in cord blood (54 nmol/L). Mean cord blood level was lower among infants
subsequently hospitalised for acute lower respiratory infection (37 nmol/L) than among infants not hospitalised
(56 nmol/L).
Additional information
The Australian Aboriginal and Torres Strait Islander Health Survey (ABS 2014a) found that, in 2012–13, around one
in four (26.5%) Aboriginal and Torres Strait Islander adults had a vitamin D deficiency (<50 nmol/L), with the
majority having a mild deficiency (21.9%) and the remainder a moderate or severe deficiency (4.6%). This
pattern was similar for both men and women. After taking age differences into account, Aboriginal and Torres
Strait Islander people were more likely to have a Vitamin D deficiency than their non-Indigenous counterparts
(rate ratio of 1.1).
Vitamin D deficiency was much more common among Aboriginal and Torres Strait Islander people living in
remote areas, where almost four in ten (38.7%) people were Vitamin D deficient compared with just over two
in ten people living in non-remote areas (23.0%).
Vitamin D levels varied considerably by season, with overall deficiency rates for Aboriginal and Torres Strait
Islander people being much lower in summer (15.3%) and autumn (16.2%) than in winter (36.4%) and spring
(34.8%). While this seasonal impact was seen across both non-remote and remote areas, rates of Vitamin D
deficiency remained higher among Aboriginal and Torres Strait Islander people in remote areas than in nonremote areas regardless of the time of year.
The Australian position statement on Vitamin D highlights that obese people may be at higher risk of Vitamin D
deficiency because excess body fat can interfere with the absorption of Vitamin D. This was reflected in the
survey results, with Aboriginal and Torres Strait Islander people who were obese being almost twice as likely to
have Vitamin D deficiency as those who were underweight or of normal weight (33.4% and 17.5%
respectively).
Advice to EWG
Incorporate epidemiological information into background section of chapter.
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Study ref
(Bendall et al
2012)

Evidence
Level
IV

Sample
size

Setting/population

Findings

Comments

116

Pregnant women booking for
antenatal care in Cairns Base
Hospital, Queensland (latitude
16.87°S).

There were no significant differences overall in the
women’s vitamin D concentrations based on their
indigenous status, diabetes status or parity.

Australian study

However, within the range of 50–100 nmol/L,
Indigenous women’s median serum vitamin D
concentrations (78) were significantly lower than
the median concentrations of nonindigenous
women (89) P=0.05, but were above the level at
which insufficiency is diagnosed.

50–74.9: n=8 (6.9%)

Vitamin D level
(nmol/L):
75–99.9: n=28
(24.2%)
100–150: n=68
(58.6%)
151–200: n=12
(10.3%)

(Willix et al 2015)

II

200

Comparison of vitamin D levels in
Aboriginal women attending for
antenatal care in Kalgoorlie ((latitude
30.7489°S, longitude 121.4658°E) at
either the antenatal clinic at Bega
Garnbirringu Health Service (n=100)
(BG) or antenatal care with a local
GP obstetrician (n=100) (LC).

110

Aboriginal patients from the Aboriginal Community
Controlled Health Service (ACCHS) had lower
serum vitamin D levels (mean 46.7, SD 21.7 nmol/L),
compared with non-Aboriginal women (mean
65.4, SD 18.4 nmol/L, P <0.0001). The difference
was 11.5 nmol/L (P = 0.0078) after controlling for
confounding variables.
18% of Aboriginal patients had vitamin D
deficiency (<25 nmol/L) at measurement,
compared with 2% of non-Aboriginal patients

Study ref
(Binks et al 2016)

Evidence
Level
II

Sample
size

Setting/population

Findings

109
motherinfant pairs

Aim: To assess vitamin D status and to
determine whether cord blood
vitamin D levels are correlated with
risk of infant hospitalisation for acute
lower respiratory infection (ALRI).

Compared with mean 25(OH)D3 levels in maternal
blood during pregnancy (104 nmol/L), mean levels
were 23% lower in maternal blood at birth
(80 nmol/L) and 48% lower in cord blood samples
(54 nmol/L). The mean cord blood 25(OH)D 3
concentration in seven infants subsequently
hospitalised for an ALRI was 37 nmol/L (95% CI, 25–
48nmol/L), lower than the 56nmol/L (95% CI, 51–61
nmol/L) in the 77 infants who were not hospitalised
with an ALRI (P=0.025).

Setting: Northern Territory
Population: Indigenous mothers and
infants
Methods: vitamin D (25(OH)D3) levels
were measured in maternal blood
during pregnancy (n=33; median
gestation, 32 weeks [range, 28–36
weeks]) and at birth (n1/4106;
median gestation, 39 weeks [range,
34–41 weeks]), in cord blood (n=84;
median gestation, 39 weeks [range,
36–41 weeks]), and in infant blood at
age 7 months (n=37; median age, 7.1
months [range, 6.6–8.1 months]).

Comments

Outcome: ALRI hospitalisations during
the first 12 months of infancy.
3.1

Excluded studies for research question 3

Study

Reason for exclusion

Cheng, H., C. De Costa, et al. (2015). "Vitamin D levels in pregnant women with preexisting diabetes or gestational
diabetes mellitus in far north Queensland." BJOG: An International Journal of Obstetrics and Gynaecology 122: 261-262.
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Cheng, H. C., C. de Costa, et al. (2014). "Vitamin D concentrations in pregnant women with diabetes attending for
antenatal care in Far North Queensland." Australian & New Zealand Journal of Obstetrics & Gynaecology 54(3): 275278.

Not specific to target population

Willix, C., S. Rasmussen, et al. (2012). Tjindoo Ba Thoonee Thurra 'Sunshine for the pregnant belly': comparison of vitamin
d levels in two Kalgoorlie antenatal populations. Perth, Perth: Rural Health West, 2012. Rural Health West: 13.

Does not meet criteria for grading
(conference presentation)
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4

What are the additional considerations for women from culturally and linguistically diverse groups?

Evidence summary
Results of the previous review
This question was not asked in the literature review conducted to inform Module I of the Guidelines (Australian
Health Ministers' Advisory Council 2012 ). However, evidence identified in the literature search for research question
1 of that review supported an increased risk of vitamin D deficiency among women born outside Australia,
with dark skin or protected from the sun when outdoors (eg covered for cultural reasons).
Results of the current review
Please see research question 1.
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