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INTRODUCTION

Vitamin D: physiology and source

ABSTRACT

Objective. This systematic review synthesises evidence from randomised
controlled trials (RCTs) on the safety, efficacy, and optimal dosing of vitamin
D supplementation during pregnancy.

Materials and Methods. The present study is an integrative review of lite-
rature based on clinical trials published in journals indexed in the PubMed
databases and the Cochrane Library. A comprehensive search was conducted
in PubMed and the Cochrane Library until May 2024. We included RCTs eva-
luating vitamin D supplementation in pregnant women, focusing on mater-
nal and neonatal outcomes and dosing strategies. A total of 64 RCTs were
thematically synthesised using PRISMA guidelines.

Results. Evidence from 64 RCTs indicates that vitamin D supplementation
is associated with improved maternal 25(0OH) D levels, especially when ad-
ministered at daily doses of > 2,000 IU. Supplementation of 4,000 IU/day
was found to be safe and most effective in achieving maternal and neonatal
sufficiency. Higher intermittent doses (e.g., 50,000 IU every two weeks) also
showed safety and improved metabolic profiles in some populations. Whi-
le supplementation did not consistently reduce preeclampsia or gestational
diabetes mellitus, it was associated with a lower risk of atopic eczema in
offspring during the first year of life and improved bone mineralisation in
children up to six years of age.

Conclusions. Vitamin D supplementation during pregnancy is safe and ef-
fective in correcting deficiency, particularly at doses = 2,000 IU/day. Althou-
gh clinical benefits on major obstetric outcomes remain inconsistent, sup-
plementation may offer advantages in select populations. Defining baseline
vitamin D status, ethnicity, and timing of supplementation remains crucial
when determining optimal dosing strategies.

ctions. This vitamin comes primarily from exposure
to sunlight and is found naturally only in a few fo-
ods, such as fish-liver oils, fatty fish, mushrooms, egg

Vitamin D is a fat-soluble, lipophilic prohormone  yolks, butter, and liver. There are two physiologically
proven to have many metabolic and biological fun-  active forms of vitamin D collectively called calcife-
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rol: D2 (ergocalciferol) and D3 (cholecalciferol). Plan-
ts synthesise vitamin D2 while vitamin D3 is pro-
duced in humans upon skin exposure to ultraviolet
light B (UVB) radiation [1, 2]. The foetus is entirely
dependent on maternal sources of vitamin D [2, 3].

Importance of vitamin D

The classical role of vitamin D is in calcium and
phosphate homeostasis, which is required for bone
mineralisation [4, 5]. However, vitamin D is a cru-
cial modulator of many essential biological effects.
The actions of vitamin D metabolites are mediated
by the vitamin D receptor (VDR), which is expres-
sed in most tissues. The VDR has been shown to
regulate cellular differentiation and target gene
expression in many cell types, including the im-
mune system [5, 6].

Vitamin D in pregnancy: effect on pregnancy outco-
me and recommendations for its use

In pregnancy, maternal vitamin D status has been
linked to many health outcomes in the mother and
offspring. During pregnancy, there are significant
alterations in phosphate and calcium metabolism
owing to calcium accumulating in the foetal ske-
leton, and as the foetus relies exclusively on the
maternal supply of vitamin D, which it receives
across the placenta, a low level of vitamin D during
the pregnancy and especially during the early stage
of pregnancy produce less bone mineral content
in the foetal skeleton [2]. A wealth of studies has
reported on other obstetric outcomes and complica-
tions, including preeclampsia, gestational diabetes,
and mode and timing of delivery. Also, many foetal
and childhood outcomes are linked to maternal vi-
tamin D status, including measures of foetal size,
and later childhood outcomes, such as asthma [4].
As a result, several national and international gui-
delines recommend vitamin D supplementation
during pregnancy. Most recommend 10-15 micro-
grams (400-600 IU) of vitamin D daily throughout
pregnancy, although this is not currently suppor-
ted by the World Health Organisation (WHO) [1].
The Food and Nutrition Board at the Institute of
Medicine of the National Academies suggests that
the recommended dietary allowance (RDA) of vita-
min D in pregnancy and lactation is 15 micrograms
(600 IU), with an estimated average requirement
(EAR) of 10 micrograms (400 IU) and tolerable up-
per intake level of 100 micrograms (4,000 IU). The
Endocrine Society recommends empiric vitamin D
supplementation in dosages ranging from 15-125
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micrograms (600-5,000 IU) daily for a healthy in-
dividual during pregnancy [5, 6].

Vitamin D deficiency: impact of the problem
Vitamin D deficiency is a major public health con-
cern, is widespread among the general population,
and pregnant women are a special important group.
During pregnancy, the mother’s nutrition intake ne-
eds to meet both their own nutritional needs and the
needs of their developing foetus that is why vitamin
D deficiency is highly prevalent in pregnant women;
it is found in 60-80% of pregnant women with the
highest deficiencies seen in the Middle East [7-9].
Given the high rates of vitamin D deficiency among
pregnant women and possible effects on obstetric
and offspring outcomes, a review of articles on
using vitamin D supplementation in pregnancy
was conducted to help inform future practice gui-
delines. Even though previous systematic reviews
have reported on the role of prenatal vitamin D in
birth outcomes, the clear evidence for its recom-
mendation and the dose required is poorly un-
derstood. The primary purpose of this review is
to map the evidence on the effects of vitamin D
supplementation on pregnancy outcomes and the
preferred dosage used in pregnancy to provide us
with a comprehensive understanding of this issue.

MATERIALS AND METHODS

Literature search

The present study is a systematic review based on
clinical trials published in journals indexed in the
PubMed database and Cochrane Library. The goal
strategy of the search was to identify studies that
reported the associations between vitamin D sup-
plementation in pregnancy and different aspects of
pregnancy outcomes. The basic research strategy
was developed for PubMed and modified as re-
quired for the Cochrane Library. A literature sear-
ch was conducted using the following keywords:
(((vitamin D) AND (supplement) AND (pregnan-
cy)) AND (outcome). Filters were applied to free
full-text and clinical trials.

We searched these databases for eligible articles
for inclusion from inception until May 2024; ab-
stracts and unpublished studies were not included.
We included randomised controlled trials (RCTs),
which adopted the Patient Intervention Compari-
son Outcome structure. The articles were selected
from the search in the databases, from the reading
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Identification of studies via databases and registers (pubmed and cochrane
library for Cochrane Central Registered of Controlled Trials)

Records identified: 671
Pubmed Database (n =74 )

Cochrane Central
Registered of controlled
Trials (n= 597)

screened (n=74)
=39, cochrane=35)

Records
(pubmed

—)

Reports sought for retrieval

(n =0)

Reports assessed for eligibility

(n=78) ‘llr

Studies included in review (n

64)
78)

Reports of included studies(n

Figure 1. PRISMA flow diagram.

and selection of titles and abstracts, to the full se-
lection of articles. The search was limited to human
subjects and English language articles. The prefer-
red reporting items for systematic reviews and me-
ta-analyses (PRISMA) guidelines were followed.

Inclusion and exclusion criteria

Studies were selected only if they satisfied the fol-

lowing criteria:

1. Original research article

2. Available in English.

3. Study carried out on humans (pregnant women
of any gestational age)

4. The exposure of interest is vitamin D supple-
mentation during pregnancy, irrespective of dose,
duration, or time of commencement. Eligible in-
tervention groups included daily or single-inter-
mitted vitamin D supplementation (vitamin D2 or
D3), alone or in combination with calcium and/
or other micronutrients. Control groups included
nutrients, no treatment, or a placebo.

5. The main outcomes of interest are the incidence
of maternal morbidity and pregnancy outcome,
as well as the safety of the dose used.

The exclusion criteria were as follows:

1. Research that did not supplement pregnant wo-
men.

)

Records removed before screening: 597

Duplicate records removed (n = 68)
Records removed for other reasons:
(only abstract available/ no free
full text=165, not relevant=364)

Not met inclusion criteria=3

Study protocol and their results

were not available/ available in

other publication=7

T—)
—)

Reports not retrieved (n = 0)

Reports excluded: 0

2. Observational designs.

3. Review articles, letters to the editor, editorial
materials, meeting abstracts, comments, case
reports, and editorial notes.

4. Research in non-humans.

5. Studies that could not isolate the effects of vita-
min D supplementation or intake.

6. Topics unrelated to the review.

Study selection and data extraction

The included studies were reviewed. One reviewer
initially reviewed titles and abstracts. In the first pha-
se, duplicates, trials available as abstract only, and not
relevant topics were excluded. An in-depth review of
full papers follows this. Then two review authors in-
dependently 1) assessed the eligibility of trials against
the inclusion criteria, 2( extracted data from included
trials, and 3) assessed the risk of bias in the included
trials. The detailed steps of the study selection are gi-
ven as a PRISMA flow diagram in Figure 1.

From all the eligible studies, the authors extracted
the following information in a standard format: the
first author’s last name, year of publication, country
where the study was performed, descriptions of the
study design, number of participants, intervention
details, primary outcome of the study, and its report.
Pertinent information is summarised in Table 1.
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Table 2.  Summary of dose—response categories of the studies included.

Baraa Humo Al-Ibrahim, Imad Thanoon

Outcome Domain Dose Group ':%.F; g Effect Observed Representative Studies
Maternal 25(OH)D levels <1,000 [U/day ~6  Often insufficient to correct the Alhomaid (2021), Ku (2023), Moon (2016),

post-supplementation

Maternal 25(0OH)D levels
post-supplementation

Maternal 25(0OH)D levels
post-supplementation

1,000-2,000 IU/day ~7

>2,000 IU/day ~9

Maternal 25(0OH)D levels
post-supplementation

Bolus doses (e.g., 250,000 IU
every 2 weeks or monthly)

deficiency

Moderate efficacy; improves status
in non-deficient women

Most effective in correcting
deficiency; consistently raised
maternal and neonatal levels

~5  Showed safety and improved vitamin
D status, but requires more study

Stoutjesdijk (2019), Dawodu (2013), Nausheen (2021)

Motamed (2019), Enkhmaa (2018), Mir (2016), Godfrey
(2023), Harreiter (2022), Vaziri (2016), Wagner (2013)

Roth (2018, 2013), Hollis (2011), Dawodu (2013),
Nausheen (2021), Enkhmaa (2018), Wagner (2013),
Mirzakhani (2016), Kabuyanga (2024),

Mojibian (2015), Singh (2021), Rostami (2018),
Naghshineh (2016), Yap (2015)

We also noted limitations and possible bias, such
as small samples, suboptimal exposure, outcome
measures, or other indications of poor study qua-
lity (for example, inadequate consideration of con-
founders).

RESULTS

Overview of included studies

A total of 64 randomised controlled trials (RCTs)
were included in this systematic review. These stu-
dies were published between 2011 and 2024 and
were conducted across diverse geographic regions,
including North America, Europe, South Asia, the
Middle East, and Sub-Saharan Africa. Intervention
doses ranged from 400 IU/day to 50,000 IU every
two weeks, with some studies using bolus dosing
strategies. Outcomes assessed included maternal
vitamin D status, metabolic parameters, neonatal
outcomes, immune function, bone health, and long-
term child development. The important methodo-
logical features and baseline characteristics of the
included trials are summarised in Table 1.

Key findings by outcome domain

Maternal vitamin D status

Most studies showed a dose-dependent increase in
maternal serum 25(OH) D levels, though optimal
dosing varied across populations:

e Supplementation with >2,000 IU/day was consi-
stently associated with achieving maternal suffi-
ciency (= 30 ng/mL), particularly in baseline-de-
ficient populations (e.g., Motamed [35], Enkhmaa
[38], Wagner [49]).

Lower doses (< 1,000 IU/ day) often failed to cor-
rect deficiency (e.g., Alhomaid [23], Stoutjesdijk
[571).

Daily doses of 4,000-5,000 IU/day were found to
be the most effective in correcting severe deficien-
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cy and maintaining adequate levels throughout

pregnancy (Roth [45], Hollis [26], Nausheen [69]).
Table 2 summarises the included studies’ dose-re-
sponse categories.

Preeclampsia

Evidence remains mixed regarding the effect of
vitamin D supplementation on the incidence of
preeclampsia:

e Kabuyanga et al. [36] reported a significant re-
duction in preeclampsia risk with monthly 60,000
IU vitamin D3.

In contrast, Mirzakhani et al. [16] found no signi-
ficant difference in preeclampsia rates between
women receiving 4,400 IU / day vs 400 IU/ day.
Subgroup analyses suggest that achieving a
25(OH) D level > 30 ng/mL may be more im-
portant than dose alone (Mirzakhani [16], Schulz
[29]).

Gestational Diabetes Mellitus (GDM)

Some trials showed beneficial effects of vitamin D
on glucose metabolism, while others did not:

e Asemi et al. [54] found reduced polyhydramnios
and neonatal hyperbilirubinemia with supple-
mentation among GDM patients.

Yap et al. [59] observed no improvement in glu-
cose metabolism despite increased vitamin D
levels.

Mojibian et al. [65] found that 50,000 IU vitamin
D every 2 weeks significantly reduced the inci-
dence of GDM.

Overall, there is limited evidence to support rou-
tine high-dose vitamin D as a preventive strategy
for GDM.

Certain Maternal Illnesses (HIV, Multiple Sclerosis,
Perinatal Depression)

Few trials focused on the impact of vitamin D sup-
plementation on specific maternal conditions:
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Regarding perinatal depression, Vaziri et al.
(2016) found that 2,000 IU/day of vitamin D3
during late pregnancy was effective in decrea-
sing depression scores among pregnant women
[39].

For HIV, Sudfeld et al. (2022) found no signi-
ficant effect of 3,000 IU/day of vitamin D3 on
maternal disease progression or infant outco-
mes such as small-for-gestational age birth or
stunting at one year [21].

Concerning multiple sclerosis (MS), Etemadifar
et al. (2015) reported that high-dose vitamin D3
supplementation (50,000 IU/week) improved
disability scores and decreased relapse rates in
pregnant women with MS [73].

While only a few trials addressed these conditions,
the available data suggest that vitamin D supple-
mentation may offer some benefit, particularly in
populations with severe deficiency or pre-existing
conditions.

Maternal bone health

One trial specifically examined the impact of vi-
tamin D supplementation on maternal postnatal
bone indices [28]. The study reported that 1,000
IU/day of vitamin D3 during pregnancy was as-
sociated with lower postpartum bone resorption
markers, suggesting a beneficial effect on maternal
bone metabolism.

Additionally, urinary CTX, a marker of bone re-
sorption, was inversely related to postpartum
bone mass, indicating that maintaining adequate
vitamin D status during pregnancy may help pre-
serve maternal skeletal integrity.

These findings support the hypothesis that vita-
min D supplementation may contribute to mater-
nal bone health, although more robust and long-
term studies are required.

Neonatal and child outcomes

High-dose vitamin D supplementation (> 2,000
IU/day) improved neonatal vitamin D status but
had inconsistent effects on clinical outcomes:

* Brustad et al. [64] found improved bone mine-
ralisation at age 6 years with high-dose supple-
mentation.

El-Heis et al. [12] observed a reduced incidence
of atopic eczema in the first year of life among
infants whose mothers received 1,000 IU/day of
vitamin D3 from 14 weeks’ gestation to delivery.
Litonjua et al. [37, 42] reported no significant im-
pact on childhood asthma or wheezing.
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* Evidence suggests supplementation improves
cord blood vitamin D levels, but long-term be-
nefits remain uncertain.

Immune and neurodevelopmental effects

Emerging evidence suggests potential immunomo-
dulatory and neurodevelopmental benefits:
Zerofsky et al. [43] found that 2,000 IU/day in-
creased regulatory T cell immunity, potentially
reducing inflammation-related adverse outco-
mes.

Sass et al. [67] found no significant improvement
in offspring neurodevelopment with high-dose
supplementation, though earlier studies like Ro-
dgers et al. [14] suggested a positive association
with higher early-life 25(OH)D concentrations.

Dosing and safety

Supplementation up to 4,000-5,000 IU/day was
generally safe and effective in improving maternal
vitamin D status:

e No cases of hypercalcemia or toxicity were re-
ported in trials using < 5,000 IU /day (Roth [45],
Hollis [26]).

Higher bolus doses (e.g., 50,000 IU every 2 we-
eks) also showed safety but require further stu-
dy before being widely adopted (Mojibian [65],
Singh [56]).

Factors influencing response to supplementation
Baseline vitamin D status significantly influenced
response to supplementation:

e Women who were severely deficient at baseline
often required higher doses (> 2,000 IU/day) to
achieve sufficiency (Alhomaid [23], Moon [34]).
Maternal weight gain, season of supplemen-
tation, and genetic variation (e.g., DHCR?7,
CYP2R1, GC genes) also affected outcomes
(Moon [40], Motamed [35]).

DISCUSSION

Main findings

This integrative systematic review synthesises evi-
dence from 64 randomised controlled trials (RCTs)
evaluating vitamin D supplementation during pre-
gnancy. A rigorous search strategy was employed
using high-quality databases (PubMed and Cochra-
ne Library), ensuring comprehensive inclusion of
studies conducted across diverse populations and
settings.
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The overall findings indicate that vitamin D sup-
plementation during pregnancy is safe and can be
recommended as part of prenatal care, particularly
in populations with widespread deficiency. While
improvements in maternal and neonatal vitamin
D status were consistently observed, its impact on
specific clinical outcomes such as preeclampsia
and gestational diabetes remains inconclusive. The
most consistent benefit was seen with daily doses
> 2,000 IU, which appear to be most effective in
correcting maternal deficiency and improving ne-
onatal vitamin D levels.

Strengths and limitations

This review builds on extensive literature and
includes a large number of RCTs published over
the past decade. Its strength lies in the thematic
organisation of findings, which provides practical
guidance for clinicians and researchers despite the
heterogeneity in trial design.

By grouping studies based on outcome domains
(e.g., maternal vitamin D status, metabolic effects,
rare comorbidities), we were able to identify pat-
terns in dosing efficacy and safety. This thematic
synthesis enhances interpretability and supports
decision-making in clinical practice.

However, significant variation across studies, in
terms of dosing regimens, baseline vitamin D sta-
tus, timing of supplementation, and outcome defi-
nitions, limited our ability to perform a meta-analy-
sis. These differences underscore the need for more
standardised reporting in future trials.
Additionally, many included studies lacked detai-
led data on adverse events or long-term child deve-
lopment, limiting conclusions regarding extended
benefits or safety beyond pregnancy.

Interpretation and comparison with existing lite-
rature

Regarding the safe dose of vitamin D during pre-
gnancy, global recommendations vary widely, from
200 to 4,000 IU / day. In line with recent evidence, our
review confirms that supplementation up to 4,000
IU/day is generally safe, with no reported cases of
hypercalcemia or toxicity across multiple trials Roth
[45], Hollis [26], Nausheen [69]. Some authors have
even suggested that higher daily doses up to 10,000
IU/day may be well tolerated in deficient popula-
tions, though further research is needed before such
recommendations can be made broadly [1, 5].

The fat-soluble nature of vitamin D supports the
potential use of intermittent dosing strategies, such
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as weekly or monthly boluses. Roth et al. [44-46]
demonstrated the efficacy and safety of high-dose
intermittent regimens in raising maternal and ne-
onatal vitamin D concentrations. Such approaches
may be particularly beneficial in low-resource settin-
gs where daily adherence is challenging. However,
these regimens require further long-term evaluation
to ensure comparable clinical benefits and avoid po-
tential risks associated with fluctuating serum levels.
In addition to the commonly reported outcomes,
emerging evidence suggests that adequate vitamin
D status during pregnancy may reduce the risk of
rare but clinically relevant complications, for exam-
ple observational evidence links sufficient vitamin
D levels with a lower risk of preterm birth and
first-trimester abortion [74].

Case reports highlight associations between severe
maternal vitamin D deficiency and unusual condi-
tions such as neonatal craniotabes and pregnan-
cy-associated transient osteoporosis of the hip [75,
76].

These findings emphasise the importance of identi-
fying and addressing profound vitamin D deficien-
cy, particularly in high-risk groups such as women
with limited sun exposure, darker skin pigmenta-
tion, or poor dietary intake.

Despite compelling evidence of vitamin D’s role in
perinatal health, there remains a need for well-de-
signed RCTs to establish optimal dosing strategies
and clarify its impact on major pregnancy complica-
tions. Future trials should focus on populations with
a high prevalence of vitamin D deficiency and incor-
porate subgroup analyses based on baseline status,
genetic factors, and timing of supplementation.
Furthermore, while this review focuses on vitamin D
supplementation, it is important to reinforce that die-
tary improvement and lifestyle modifications remain
essential components of prenatal care. Supplementa-
tion becomes particularly critical during pregnancy
when physiological demands increase and circulating
vitamin levels often decline without intervention.

CONCLUSIONS

Despite inherent limitations that constrain definiti-
ve conclusions, several important findings emerged
from this systematic review. Our analysis incorpo-
rates data from numerous trials not previously
included in existing reviews, offering updated in-
sights into the role of vitamin D supplementation
during pregnancy. High-quality intervention stu-
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dies support the beneficial effects of vitamin D on
maternal, foetal, and early childhood health outco-
mes. Supplementation with 4,000 IU/day appears
safe and most effective in improving maternal and
neonatal 25(OH) D concentrations.

However, optimal dosing should consider indi-
vidual factors such as baseline vitamin D status,
ethnicity, gestational timing, and season of supple-
mentation. These variables significantly influence
the response to vitamin D supplementation and
should guide clinical decision-making.

We hope these findings contribute to ongoing di-
scussions and stimulate further research aimed at
refining recommendations for vitamin D use in pre-
gnancy, ultimately leading to improved maternal
and child health outcomes.
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