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Guideline1: Vitamin D supplementation in pregnant women

Executive summary
Purpose of the guideline: Vitamin D deficiency is thought to be common among pregnant women, 
particularly during the winter months, and has been found to be associated with an increased risk of 
pre-eclampsia, gestational diabetes mellitus, preterm birth, and other tissue-specific conditions. Recent 
scientific literature has reported the effects of vitamin D supplementation on adverse maternal and 
infant outcomes. Member States have requested guidance from the World Health Organization (WHO) 
on the effects and safety of vitamin D supplementation in pregnant women as a public health strategy, 
in support of their efforts to achieve the Millennium Development Goals and the global targets set in the 
maternal, infant and child nutrition comprehensive implementation plan. This guideline is intended for 
a wide audience including policy-makers, their expert advisers, and technical and programme staff at 
organizations involved in the design, implementation and scaling-up of nutrition actions for public health.

Guideline development methodology: WHO developed the present evidence-informed recommendations 
using the procedures outlined in the WHO handbook for guideline development. The steps in this process 
included: (i) identification of priority questions and outcomes; (ii) retrieval of the evidence; (iii) assessment 
and synthesis of the evidence; (iv) formulation of recommendations, including research priorities; and (v) 
planning for dissemination, implementation, impact evaluation and updating of the guideline. The Grading 
of Recommendations Assessment, Development and Evaluation (GRADE) methodology was followed to 
prepare evidence profiles related to preselected topics, based on up-to-date systematic reviews. The guideline 
development group for nutrition interventions, the Nutrition Guidance Advisory Group, consisted of content 
experts, methodologists, and representatives of potential stakeholders, consumers and guideline users. These 
experts participated in two WHO technical consultations concerning this guideline, held in 2011 in Geneva, 
Switzerland, and Washington DC, United States of America. Members of the External Experts and Stakeholders 
Panel were identified through a public call for comments, and this panel was involved throughout the guideline 
development process.

Available evidence: A Cochrane systematic review assessed whether supplements with vitamin D alone or in 
combination with calcium and/or other vitamins and minerals given to pregnant women can safely improve 
maternal and neonatal outcomes. There was no evidence of an effect on either maternal pre-eclampsia in 
pregnant women receiving vitamin D plus calcium supplementation or on the risk of having a low birth 
weight infant (less than 2500 g) in pregnant women receiving vitamin D supplementation alone compared 
with pregnant women not receiving supplementation or receiving a placebo. Pregnant women who received 
vitamin D supplementation alone had significantly higher serum concentrations of 25-hydroxyvitamin D at 
term compared with those not receiving supplementation or placebo. Only one trial reported on side-effects, 
with the results indicating no difference in the prevalence of nephritic syndrome as a side-effect in pregnant 
women receiving vitamin D supplementation alone as compared with women not receiving supplementation 
or receiving a placebo. Thus currently there is insufficient evidence to directly assess the benefits or harms of 
vitamin D supplementation during pregnancy on maternal and infant health outcomes.

Recommendations: Vitamin D supplementation is not recommended during pregnancy to prevent 
the development of pre-eclampsia and its complications (strong recommendation). In addition, due to 
the limited evidence currently available to directly assess the benefits and harms of the use of vitamin 
D supplementation alone in pregnancy for improving maternal and infant health outcomes, the use of 
this intervention during pregnancy as part of routine antenatal care is also not recommended (conditional 
recommendation).

1  A WHO guideline is any document, whatever its title, containing WHO recommendations about health interventions, whether they be clinical, 
public health or policy interventions. A recommendation provides information about what policy-makers, health-care providers or patients should 
do. It implies a choice between different interventions that have an impact on health and that have ramifications for the use of resources. All 
publications containing WHO recommendations are approved by the WHO Guidelines Review Committee.

http://apps.who.int/iris/bitstream/10665/75146/1/9789241548441_eng.pdf
http://www.gradeworkinggroup.org
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Remarks:  
 In cases of documented deficiency, vitamin D supplements may be given at the current RNI (5 μg (200 IU)  

 per day as recommended by WHO/FAO or according to national guidelines). Vitamin D may be  
 given alone or as part of a multiple micronutrient supplement, to improve maternal serum vitamin D  
 concentrations. The benefit of this intervention for other maternal or birth outcomes remains unclear.
 Pregnant women should be encouraged to receive adequate nutrition, which is best achieved 

  through consumption of a healthy balanced diet, and to refer to guidelines on healthy eating during 
  pregnancy.
 There is limited evidence on the safety of vitamin D supplementation during pregnancy.
 There are at least 10 ongoing trials assessing the effects of vitamin D supplementation in pregnancy, 

  five of which are expected to report on maternal vitamin D status, two on pre-eclampsia, and three on  
 birth weight or low birth weight.

Research priorities: Guideline group members and stakeholders identified several research priorities to 
improve the body of evidence on the benefits or harms of this intervention among pregnant women, at the 
basic, epidemiological and programmatic levels.
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Scope and purpose
This guideline provides global, evidence-informed recommendations on vitamin D supplementation 
during pregnancy as a public health intervention for the purpose of improving maternal and infant health 
outcomes.

The guideline will help Members States and their partners in their efforts to make informed decisions on 
the appropriate nutrition actions to achieve the Millennium Development Goals, in particular, reduction of 
child mortality (MDG 4) and improvement of maternal health (MDG 5). It will also support Member States 
in their efforts to achieve global targets on the maternal, infant and young child nutrition comprehensive 
implementation plan (1). The guideline is intended for a wide audience including policy-makers, their expert 
advisers, and technical and programme staff at organizations involved in the design, implementation and 
scaling-up of nutrition actions for public health.

This document presents the key recommendations and a summary of the supporting evidence. Further 
details of the evidence base are provided in Annex 1 and other documents listed in the references.

Background
Vitamin D, a lipid-soluble vitamin and prohormone, is known to play an important role in bone metabolism 
through regulation of calcium and phosphate homeostasis. Although relatively few countries have 
nationally representative data available on the vitamin D status of their population, vitamin D deficiency is 
suspected to be a public health problem in many parts of the world (2, 3). In addition, vitamin D deficiency or 
insufficiency is common in pregnancy in some populations (4). The main risk factors of vitamin D deficiency 
are those that inhibit the body’s production of vitamin D in the skin, including dark pigmentation, too 
little exposure to sunlight, clothing that limits exposure of skin to sunlight, living in latitudes above 40° 
(both north and south), the season of the year, environmental pollution, use of sunscreen and ageing (5–9). 
Vitamin D status is also affected by dietary consumption of vitamin D and factors affecting its absorption 
or metabolism (10, 11), as well as obesity (12).

Vitamin D deficiency in pregnancy has been associated with an increased risk of pre-eclampsia (13–17), 
gestational diabetes mellitus (18), preterm birth (19, 20), small-for-gestational age infants (21), impaired 
fetal skeletal formation causing infant rickets (softening of bones commonly leading to deformities and/or 
fractures) and reduced bone mass (22–24), as well as other tissue-specific conditions. Immune dysfunction, 
placental implantation, angiogenesis (abnormal growth of new blood vessels from pre-existing vessels), 
excessive inflammation and hypertension in the mother have also been associated with vitamin D 
deficiency, although the underlying pathogenic mechanisms are not well understood (12, 25–28).

Vitamin D status is most commonly assessed through measurement of serum 25-hydroxyvitamin D (25(OH)
D or calcidiol) levels, which reflect the vitamin D produced cutaneously and that obtained from foods or 
supplements (29). There is still controversy regarding adequate or optimal levels of serum 25(OH)D for 
overall health. The United States Institute of Medicine has recently defined levels of serum 25(OH)D greater 
than 50 nmol/L (or 20 ng/mL) as adequate for pregnant women (30); however, other investigators argue 
that optimal levels should be set higher (>75 nmol/L or 30 ng/mL) (31, 32). Vitamin D supplementation in 
pregnancy improves maternal vitamin D status (33, 34) and may positively affect the availability of vitamin 
D to the fetus and the neonate (35). The fetus is dependent on the mother for acquiring vitamin D, and 
25(OH)D readily crosses the human placenta (36).

The World Health Organization/Food and Agriculture Organization of the United Nations (WHO/FAO) 
recommended nutrient intake (RNI) for vitamin D in pregnant women is 5 μg (200 IU) per day (37). Dietary 
sources of vitamin D include both food and dietary supplements. Vitamin D occurs naturally in oily fish 
such as salmon, mackerel and herring, cod liver oil, and egg yolk. Some countries also fortify food products 
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with vitamin D, such as milk, margarine, vegetable oils and ready-to-eat breakfast cereals (37). Vitamin D 
supplements exist in two forms, ergocalciferol (vitamin D2) and cholecalciferol (vitamin D3). Supplementation 
with cholecalciferol appears to be more efficacious at increasing serum vitamin D concentrations than that 
with ergocalciferol (38, 39). Vitamin D is also included in a multiple micronutrient supplement formulation 
developed by WHO, the United Nations Children’s Fund (UNICEF) and the United Nations University (UNU), 
for use in pregnant and lactating women (40). Supplementation has been shown to have minimal toxicity 
in adults receiving doses of up to 10 000 IU per day (41–43). Vitamin D toxicity generally becomes evident at 
doses of 20 000 IU per day and can lead to hypercalcaemia, hypercalciuria, and elevated (200 nmol/L) levels 
of serum 25(OH)D (44). There are few safety studies in pregnant women, however, in one recent study up to 
4000 IU vitamin D3 was provided to pregnant women from the twelfth to sixteenth weeks of pregnancy until 
delivery with no reported cases of hypercalcaemia or hypercalciuria (45).

Summary of  evidence
A Cochrane systematic review (46) was updated to assess whether supplements with vitamin D alone or in 
combination with calcium and/or other vitamins and minerals given to pregnant women safely improved 
maternal and neonatal outcomes. The maternal outcomes considered critical by the Nutrition Guidance 
Advisory Group were high blood pressure with significant proteinuria (pre-eclampsia), occurrence of one or 
more convulsions (fits) in association with pre-eclampsia (eclampsia) and serum levels of vitamin D (25(OH)
D). Low birth weight (<2500 g) was the only infant outcome considered to be critical for decision-making.

The review included six trials (n = 1023 women) conducted in the United Kingdom, France and India. 
Five trials (n = 623 women) compared the effects of supplementation with vitamin D alone versus no 
supplementation or placebo, and one trial (n = 400 women) compared the effects of supplementation 
with vitamin D and calcium versus no supplementation. Supplemental vitamin D was provided either daily 
(dose ranging from 800 to 1200 IU daily) or in high doses (200 000–600 000 IU) given once or twice during 
pregnancy. The source of vitamin D in the supplements provided in these trials was mostly vitamin D2,  
with some supplements providing vitamin D3 or a combination of the two. Overall, one trial provided a 
dosage of less than 56 000 IU vitamin D in total during pregnancy, four trials provided between 56 000 and 
200 000 IU, and one trial provided more than 200 000 IU.

None of the trials reported on the critical maternal outcome of eclampsia, and only one trial (n = 400 women) 
reported on the maternal critical outcome of pre-eclampsia. Women receiving vitamin D plus calcium 
supplementation were as likely to have pre-eclampsia as women not receiving supplementation or placebo 
(risk ratio (RR) 0.67, 95% confidence interval (CI) 0.33–1.35). Four trials with a total of 414 women reported 
the maternal vitamin D status at term. The results consistently showed that women who received vitamin 
D supplements had higher 25(OH)D concentrations than those women who received no intervention or 
a placebo. The response to supplementation was highly heterogeneous (T2 = 517.96, I2 = 98%, χ2 test for 
heterogeneity P <0.00001) and ranged from 11.00 to 151.80 nmol 25(OH)D per litre.

Three trials reported on low birth weight. Pregnant women receiving vitamin D supplementation were less 
likely to have a baby with a birth weight below 2500 g compared with the women receiving no treatment 
or placebo. However, the difference just missed being statistically significant (9.6% versus 19.6%, average 
RR 0.48, 95% CI 0.23–1.01, 463 women). Only one trial reported on side-effects, with the results indicating 
no difference in the prevalence of nephritic syndrome as a side-effect in pregnant women receiving vitamin 
D supplementation alone as compared with women not receiving supplementation or placebo (RR 0.17, 
95% CI 0.01–4.06, 135 women). Due to the small number of studies, planned subgroup analyses by total 
dose of supplemental vitamin D, gestational age at which supplementation was initiated, supplementation 
regimen and by latitude of residence could not be conducted.
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The overall quality of the available evidence for vitamin D supplementation alone or in combination 
with calcium and/or other vitamins and minerals in pregnant women was low to very low for the critical 
outcomes of maternal vitamin D status and low birth weight (Annex 1).

Recommendations
 Vitamin D supplementation is not recommended during in pregnancy to prevent the development of  

 pre-eclampsia and its complications (47) (strong recommendation)1,2.

 In addition, due to the limited evidence currently available to directly assess the benefits and harms 
  of the use of vitamin D supplementation alone in pregnancy for improving maternal and infant health  
 outcomes, the use of this intervention during pregnancy as part of routine antenatal care is also not 
  recommended (conditional recommendation)2,3.

Remarks
 In cases of documented deficiency, vitamin D supplements may be given at the current RNI (5 μg (200 IU) 

 per day as recommended by WHO/FAO (37) or according to national guidelines). Vitamin D may be  
 given alone or as part of a multiple micronutrient supplement, to improve maternal serum vitamin D  
 concentrations. The benefit of this intervention for other maternal or birth outcomes remains unclear.

 Pregnant women should be encouraged to receive adequate nutrition, which is best achieved  
 through consumption of a healthy balanced diet, and to refer to guidelines on healthy eating during  
 pregnancy (48).

 There is limited evidence on the safety of vitamin D supplementation during pregnancy.

 There are at least 10 ongoing trials assessing the effects of vitamin D supplementation in pregnancy,  
 five of which are expected to report on maternal vitamin D status, two on pre-eclampsia, and three on  
 birth weight or low birth weight.

1  A strong recommendation is one for which the guideline development group is confident that the desirable effects of adherence outweigh the 
undesirable effects. Implications of a strong recommendation for patients are that most people in their situation would desire the recommended 
course of action and only a small proportion would not. Implications for clinicians are that most patients should receive the recommended 
course of action, and adherence to this recommendation is a reasonable measure of good-quality care. With regard to policy-makers, a strong 
recommendation means that it can be adapted as a policy in most situations, and for funding agencies it means the intervention likely represents 
an appropriate allocation of resources (i.e. large net benefits relative to alternative allocations of resources).

2 Considerations of the guideline development group for determining the strength of the recommendation are summarized in Annex 2.

3  A conditional recommendation is one for which the guideline development group concludes that the desirable effects of adherence probably 
outweigh the undesirable effects, although the trade-offs are uncertain. Implications of a conditional recommendation for patients are that while 
many people in their situation would desire the recommended course of action, a considerable proportion would not. Implications for clinicians 
are that they should help patients make a decision that is consistent with their values. With regard to policy-makers, a conditional recommendation 
means that there is a need for substantial debate and involvement from stakeholders before considering the adoption of the recommendation, and 
for funding agencies it means that the intervention may not represent an appropriate allocation of resources (i.e. alternative uses of resources may 
produce greater benefits).
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Implications for future research
Discussions with the Nutrition Guidance Advisory Group and stakeholders highlighted the limited evidence 
available in some areas, meriting further research on vitamin D supplementation in pregnant women, in 
particular in the following areas:

 possible associations between an increase in maternal serum 25(OH)D concentrations and maternal and 
 infant outcomes, as well as the likely mechanisms of action;

 isolating the effect of vitamin D supplementation in pregnancy. This will require randomized controlled  
 trials with an adequate sample size, using comparable techniques and supplemental chemical form  
 to determine: (1) the adverse effects of vitamin D supplementation; (2) the most effective and safe dose  
 of vitamin D; (3) the optimal supplementation regimen (daily, intermittent, single dose); (4) the optimal  
 timing of initiation of supplementation; and (5) any additive benefits or harms of vitamin D when  
 combined with other vitamins and minerals1;

 assessing pre-conceptional vitamin D status in trials;

 clear reporting of total diet and nutrition, in combination with vitamin D supplementation; and

 incorporating measurements of short- and long-term maternal and fetal/child outcomes for health and 
 development in trials.

Most studies that informed this guideline reported large losses to follow-up. Researchers are encouraged 
to carefully document attrition rates in future studies.

Dissemination, adaptation and implementation

Dissemination
The current guideline will be disseminated through electronic media such as slide presentations, CD-ROMs 
and the World Wide Web, through the WHO Nutrition mailing list (into which the Micronutrients mailing 
list was merged) and United Nations Standing Committee on Nutrition (SCN) mailing list, social media, 
the WHO nutrition web site, and the WHO e-Library of Evidence for Nutrition Actions (eLENA). The WHO 
e-Library of Evidence for Nutrition Actions compiles and displays WHO guidelines related to nutrition, 
along with complementary documents such as systematic reviews and other evidence that informed the 
guidelines, biological and behavioural rationales, and additional resources produced by Member States and 
global partners. In addition, the guideline will be disseminated through a broad network of international 
partners, including WHO country and regional offices, ministries of health, WHO collaborating centres, 
universities, other United Nations agencies and nongovernmental organizations. It will also be published 
in and disseminated via the WHO Reproductive Health Library.

Adaptation and implementation
As this is a global guideline, it should be adapted to the context of each Member State. Prior to 
implementation, a public health programme that includes the provision of vitamin D supplements 
to pregnant women should be carefully evaluated in each context to determine whether to adopt and 
implement this guideline. Countries that are already implementing this intervention may reassess the 
objectives of their programmes to ensure that the expected outcomes are supported by evidence.

1  Studies should control for exposure to sunlight, skin pigmentation, access to vitamin D fortified foods, body mass index and seasonality.

http://www.unscn.org
http://www.who.int/nutrition
http://www.who.int/elena/en/index.html
http://www.who.int/rhl
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To ensure that WHO global guidelines and other evidence-informed recommendations for nutrition 
interventions are better implemented in low- and middle-income countries, the Department of Nutrition 
for Health and Development works with the WHO Evidence-Informed Policy Network (EVIPNet) programme. 
EVIPNet promotes partnerships at country level between policy-makers, researchers and civil society to 
facilitate policy development and implementation through use of the best available evidence.

Monitoring and evaluation of  guideline implementation
A plan for monitoring and evaluation with appropriate indicators is encouraged at all stages. The impact 
of this guideline can be evaluated across countries (i.e. the adoption and adaptation of the guideline 
globally). For evaluation at the global level, the WHO Department of Nutrition for Health and Development 
has developed a centralized platform for sharing information on nutrition actions in public health practice 
implemented around the world. By sharing programmatic details, specific country adaptations and lessons 
learnt, this platform will provide examples of how guidelines are being translated into nutrition actions.

Guideline development process
This guideline was developed in accordance with the WHO evidence-informed guideline development 
procedures, as outlined in the WHO handbook for guideline development (49).

Advisory groups
The WHO Steering Committee for Nutrition Guidelines Development (Annex 3), led by the Department 
of Nutrition for Health and Development, was established in 2009 with representatives from all WHO 
departments with an interest in the provision of scientific nutrition advice, including Maternal, Neonatal, 
Child and Adolescent Health and Development and Reproductive Health and Research. The WHO Steering 
Committee for Nutrition Guidelines Development meets twice yearly. This Steering Committee both 
guided and provided overall supervision of the guideline development process. Two additional groups 
were formed: a guideline development group and a panel of external experts and stakeholders.

The Nutrition Guidance Advisory Group was established in 2009. A subgroup for micronutrients was 
established for the biennium 2010–2011 (Annex 4). Its role was to advise WHO on the choice of important 
outcomes for decision-making and in the interpretation of the evidence. The Nutrition Guidance Advisory 
Group includes experts from various WHO expert advisory panels and those identified through open calls 
for specialists, taking into consideration a balanced gender mix, multiple disciplinary areas of expertise 
and representation from all WHO regions. Efforts were made to include content experts, methodologists, 
representatives of potential stakeholders (such as managers and other health professionals involved in the 
health-care process) and consumers. Representatives of commercial organizations may not be members of 
a WHO guideline development group. 

The External Experts and Stakeholders Panel (Annex 5) was consulted on the scope of the guideline, the 
questions addressed and the choice of important outcomes for decision-making, as well as with regard to 
review of the completed draft guideline. This was done through the WHO Micronutrients and SCN mailing 
lists that together included over 5500 subscribers, and through the WHO nutrition web site.

Scope of  the guideline, evidence appraisal and decision-making
An initial set of questions (and the components of the questions) to be addressed in the guideline was the 
critical starting point for formulating the recommendation. The questions were drafted by technical staff 
at the Evidence and Programme Guidance Unit, Department of Nutrition for Health and Development, 
based on policy and programme guidance needs of Member States and their partners. The population, 
intervention, control, outcomes (PICO) format was used (Annex 6). The questions were discussed and 
reviewed by the WHO Steering Committee for Nutrition Guidelines Development, and feedback was 
received from seven stakeholders.

http://www.evipnet.org/
http://apps.who.int/iris/bitstream/10665/75146/1/9789241548441_eng.pdf
http://www.who.int/rpc/expert_panels/Factsheet_EAP2010.pdf
http://www.unscn.org
http://www.who.int/nutrition
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A Nutrition Guidance Advisory Group meeting was held on 14–16 March 2011 in Geneva, Switzerland, 
to finalize the scope of the questions and rank the outcomes and populations of interest for the 
recommendations on vitamin D supplementation in pregnant women for the improvement of maternal 
and neonatal outcomes. The Nutrition Guidance Advisory Group – Micronutrients Subgroup discussed 
the relevance of the questions and modified them as needed. The guideline group scored the relative 
importance of each outcome from 1 to 9 (where 7–9 indicated that the outcome was critical for a decision, 
4–6 indicated that it was important and 1–3 indicated that it was not important). The final key questions on 
this intervention, along with the outcomes that were identified as critical for decision-making, are listed in 
PICO format in Annex 6.

A systematic review (46) was used to summarize and appraise the evidence using the Cochrane methodology 
for randomized controlled trials1. WHO staff prepared evidence summaries according to the Grading of 
Recommendations Assessment, Development and Evaluation (GRADE) approach to assess the overall 
quality of the evidence (50). GRADE considers: the study design; the limitations of the studies in terms 
of their conduct and analysis; the consistency of the results across the available studies; the directness 
(or applicability and external validity) of the evidence with respect to the populations, interventions and 
settings where the proposed intervention may be used; and the precision of the summary estimate of the 
effect.

Both the systematic review and the GRADE evidence profiles for each of the critical outcomes were used 
for drafting this guideline. The draft recommendation was discussed by the WHO Steering Committee for 
Nutrition Guidelines Development and at a second consultation with the Nutrition Guidance Advisory 
Group, held on 7–9 November 2011 in Washington DC, United States of America. At the second consultation, 
the guideline development group members independently voted on the strength of the recommendation, 
taking into account: (i) the desirable and undesirable effects of the intervention; (ii) the quality of the 
available evidence; (iii) values and preferences related to the intervention in different settings; and (iv) the 
cost of options available to health-care workers in different settings (Annex 2). The results of the vote and 
the summary of the considerations for establishing the strength of the recommendation were disclosed 
before the end of the meeting and further discussed as needed. Consensus was defined as agreement 
by simple majority of the guideline group members. WHO staff present at the meeting as well as other 
external technical experts involved in the collection and grading of the evidence were not allowed to vote. 
There were no strong disagreements among the guideline group members.

A public call for comments on the final draft guideline was released in 2012. All interested stakeholders 
became members of the External Experts and Stakeholders Panel but were allowed to comment on the 
draft guideline only after submitting a signed Declaration of Interests form. Feedback was received from 
45 stakeholders. WHO staff addressed each comment and then finalized the guideline and submitted it for 
clearance by WHO before publication.

An additional group of international experts participated in a WHO technical consultation on the prevention 
and treatment of pre-eclampsia and eclampsia, held on 7–8 April 2011 in Geneva, Switzerland, to finalize 
the recommendation on vitamin D supplementation in pregnancy for the prevention of pre-eclampsia and 
its complications, which states that vitamin D supplementation in pregnancy to prevent the development 
of pre-eclampsia and its complications is not recommended (47).

1  The detailed methods used in the systematic review, as well as their search dates, are published and available 
(open access) via The Cochrane Library. As part of the Cochrane pre-publication editorial process, this review was 
commented on by external peers (an editor and two referees external to the editorial team) and the group’s statistical 
adviser (http://www.cochrane.org/cochrane-reviews). The Cochrane handbook for systematic reviews of interventions 
describes in detail the process of preparing and maintaining Cochrane systematic reviews on the effects of health-
care interventions.

http://www.gradeworkinggroup.org/
http://www.cochrane.org/cochrane-reviews 
http://www.cochrane.org/training/cochrane-handbook
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Management of  conflicts of  interest
According to the rules in the WHO Basic documents (51), all experts participating in WHO meetings must 
declare any interest relevant to the meeting prior to their participation. The conflicts of interest statements 
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management of conflicts of interest strictly followed the WHO Guidelines for declaration of interests (WHO 
experts) (52). The potential conflicts of interest declared by the members of the guideline group are 
summarized below.

 Dr Héctor Bourges Rodriguez declared being chair of the executive board of the Danone Institute in  
 Mexico, a non-profit organization promoting research and dissemination of scientific knowledge in  
 nutrition, and receiving funds as chair honorarium from this organization. Some activities of the Danone  
 Institute in Mexico may generally relate to nutrition and are funded by Danone Mexico, a food producer.

 Dr Emorn Wasantwisut declared serving as a technical/scientific adviser to the International Life  
 Sciences Institute (ILSI)/South East Asia’s Food and Nutrients in Health and Disease Cluster and as a  
 reviewer of technical documents and speaker for Mead Johnson Nutritionals. Her research unit received  
 funds for research support from Sight and Life and the International Atomic Energy Agency (IAEA) for  
 the use of stable isotopes to define interactions of vitamin A and iron.

Plans for updating the guideline
This guideline will be reviewed in 2016. At least 10 ongoing trials are scheduled to be completed by March 
2014, which may provide the evidence that is currently lacking. The Department of Nutrition for Health  
and Development at the WHO headquarters in Geneva, along with its internal partners, will be responsible  
for coordinating the guideline update, following formal WHO handbook for guideline development 
procedures (49). WHO welcomes suggestions regarding additional questions for evaluation in the guideline 
when it is due for review.

http://apps.who.int/gb/bd/
http://apps.who.int/iris/bitstream/10665/75146/1/9789241548441_eng.pdf
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Annex 1

GRADE “Summary of  findings” tables

Vitamin D supplementation in pregnant women

Patient or population: Pregnant women
Settings: All settings
Intervention: Supplementation with vitamin D alone
Comparison: Placebo or no intervention (no vitamins or minerals)

Outcomes
Relative effect or 
mean difference 

(95% CI)

Number of 
participants 

(studies)

Quality of the 
evidence 
(GRADE)*

Comments

Pre-eclampsia
(as defined by 
the trialists)

Not estimable 0
(0 studies)

None of the studies 
reported on this 

outcome

Maternal vitamin D 
status at term (serum 
25-hydroxyvitamin D 
in nmol/L)

MD 47.08 nmol/L
(23.76–70.39)

414
(4 studies)

���� 
low1–3

Eclampsia Not estimable 0
(0 studies)

None of the studies 
reported on this 

outcome

Low birth weight
(less than 2500 g)

RR 0.48
(0.23–1.01)

463
(3 studies)

���� 
low1–3

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 have moderate confidence 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 the effect.
1 Two of the included trials have high risk of performance of detection bias as they were not blinded. All trials had 
unclear allocation concealment.
2 High statistical heterogeneity but consistency in the direction of the effect.
3 Wide confidence interval.

For details of studies included in the review, see reference (46).
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Vitamin D supplementation in pregnant women

Patient or population: Pregnant women
Settings: All settings 
Intervention: Supplementation with vitamin D plus calcium
Comparison: Placebo or no intervention (no vitamins or minerals)

Outcomes
Relative effect or 
mean difference 

(95% CI)

Number of 
participants 

(studies)

Quality of the 
evidence 
(GRADE)*

Comments

Pre-eclampsia 
(as defined by 
the trialists)

RR 0.67
(0.33–1.35)

400
(1 study)

���� 
very low1,2 

Only one study 
reported on this 

outcome

Maternal vitamin D 
status at term (serum 
25-hydroxyvitamin D 
in nmol/L)

Not estimable 0
(0 studies)

None of the studies 
reported on this 

outcome

Eclampsia Not estimable 0
(0 studies)

None of the studies 
reported on this 

outcome

Low birth weight 
(less than 2500 g) Not estimable 0

(0 studies)

None of the studies 
reported on this 

outcome

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 have moderate confidence 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 the effect.
1 Wide confidence interval.
2 This study is unclear about lack of blinding or differential loss to follow-up in the compared groups as biochemical 
data were completed only for those who developed pre-eclampsia and some of those with no pre-eclampsia and a 
group of non-pregnant controls.

For details of studies included in the review, see reference (46).
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Annex 2

Summary of  the Nutrition Guidance Advisory Group’s 
considerations for determining the strength of  the recommendation

Quality of evidence:  The evidence for low birth weight and maternal vitamin D status was 
  considered to be of low quality

Values and preferences:  Vitamin D supplementation will probably have the most benefit in 
  populations of poor countries, those with darker skin colour and in 
  populations with a high prevalence of vitamin D deficiency
	  It is expected that this intervention would be acceptable to women who 
  are not exposed to adequate amounts of sunshine

Trade-off between  Vitamin D is important for bone formation and cellular differentiation
benefits and harms:	  Improved vitamin D status may have health effects that have not been  
   measured
	  Vitamin D supplementation may decrease the prevalence of infants born 
  with a low birth weight
	  There are no confirmed disadvantages of vitamin D supplementation in 
  pregnancy

Costs and feasibility:  This intervention may be better implemented as part of a multiple 
  micronutrient supplement
	  If the intervention is combined with other interventions, the additional 
  resources required would be small
	  This intervention would be most feasible when distributed as part of 
  existing delivery mechanisms
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Annex 6

Questions in Population, Intervention, Control, Outcomes (PICO) format
Effects of vitamin D supplementation in pregnant women
a. Should vitamin D supplements be given to pregnant women for the improvement of maternal and infant  
 health outcomes?
b. If so, at what dose, frequency and duration for the intervention, and in which settings?

Population:  Pregnant women
  Subpopulations (listed in order of priority):
  - Populations with low versus adequate baseline dietary calcium and vitamin D intakes
  - Populations with limited sun exposure versus populations with normal sun exposure
  - Populations with low or average risk versus above average risk of hypertensive  
   disorders of pregnancy
  - Sedentary populations versus populations with moderate physical activity

Intervention:  Any oral vitamin D supplements alone
  Oral vitamin D supplements given in combination with other micronutrients
  Subgroup analyses (listed in order of priority):
  - By dose of vitamin D (low versus high)
  - By trimester of pregnancy in which supplementation was started
  - By duration of supplementation
  - By regimen: daily versus weekly versus monthly

Control:  Placebo or no treatment
  Micronutrient supplements without vitamin D (to assess the additive effect of vitamin D)

Outcomes: Maternal
 Critical
  High blood pressure with significant proteinuria (pre-eclampsia)
  Blood levels of vitamin D (serum 25(OH)D)
  Eclampsia (the occurrence of one or more convulsions (fits) in association with  
  pre-eclampsia)
 Important
  High blood pressure with or without proteinuria
  Any adverse effects
  Premature delivery (<37 weeks’ gestation)
  Bone density
  Gestational diabetes
  Complications at delivery (assisted delivery)
  Immune function
  Muscular strength
  Vascular function
  Physical performance
 Infant
 Critical
  Low birth weight (<2500 g)
 Important
  Birth weight
  Stillbirth or death in early neonatal period (0–7 days of life)
  Any adverse effects
  - Small for gestational age
  Neonatal blood levels of vitamin D (serum 25(OH)D)
  Admission to a neonatal intensive care unit
  Length at birth

Setting: All settings/global
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