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ABSTRACT
Objective To review the evidence to assess effectiveness 
of vitamin D supplementation during pregnancy and 
associations of serum vitamin D levels with perinatal 
outcomes.
Design Overview of systematic reviews (SRs).
Data sources Searches conducted in January 2019: Ovid 
Medline (1946–), Cochrane Library databases.
Eligibility criteria for selecting studies Two reviewers 
independently screened titles and abstracts, and full texts 
using predefined inclusion criteria: SRs evaluating vitamin 
D supplementation in pregnant women and/or examining 
the association between serum vitamin D levels reporting 
at least one predefined perinatal outcome. Only SRs with 
high AMSTAR scores were analysed.
Data extraction and synthesis Data were extracted 
independently by one reviewer and checked by a second. 
Results were assessed for quality independently by two 
reviewers using GRADE criteria.
Results Thirteen SRs were included, synthesising 
evidence from 204 unique primary studies. SRs of 
randomised controlled trials (RCTs) with the highest 
level of evidence showed no significant benefit from 
vitamin D in terms of preterm birth (RR 1.00 (95% CI 
0.77, 1.30); high quality), pre- eclampsia (RR 0.91 (0.45, 
1.86); low quality), gestational diabetes (RR 0.65 (0.39, 
1.08); very low quality), stillbirth (RR 0.75 (0.50, 1.12); 
high quality), low birth weight (RR 0.74 (0.47, 1.16); low 
quality), caesarean section (RR 1.02 (0.93, 1.12); high 
quality). A significant difference was found for small for 
gestational age (RR 0.72 (0.52, 0.99); low quality). SRs 
of observational studies showed associations between 
vitamin D levels and preterm birth (RR 1.19 (1.08, 1.31); 
moderate quality), pre- eclampsia (RR 1.57 (1.21, 2.03) for 
25- hydroxy vitamin D (25 (OH)D)<50 nmol/L subgroup; 
low quality), gestational diabetes (RR 1.12 (1.02, 1.22) for 
25 (OH)D<50 nmol/L and RR 1.09 (1.03, 1.15)<75 nmol/L; 
moderate quality) and small for gestational age (RR 1.35 
(1.18, 1.54)<50 nmol/L; low quality). SRs showed mixed 
results for associations between vitamin D and low birth 
weight (very low quality) and caesarean section (very low 
quality).
Conclusion There is some evidence from SRs of 
observational studies for associations between vitamin D 
serum levels and some outcomes; however SRs examining 
effectiveness from RCTs showed no effect of vitamin D 
supplementation in pregnancy with the exception of one 
predefined outcome, which had low quality evidence. 

Credibility of the evidence in this field is compromised 
by study limitations (in particular, the possibility of 
confounding among observational studies), inconsistency, 
imprecision and potential for reporting and publication 
biases.

InTRODuCTIOn
Vitamin D research is an active area of clinical 
investigation as numerous studies have exam-
ined associations between low vitamin D status 
(low serum 25- hydroxy vitamin D (25 (OH)
D)) and many diseases.1 The evolution of this 
research began with observational studies 
examining associations between vitamin 
D levels and numerous health outcomes. 
There is now a growing body of randomised 
controlled trials (RCTs) assessing the effec-
tiveness of vitamin D as an intervention to 
improve a variety of health outcomes.

Research in pregnancy examining asso-
ciations between vitamin D with maternal 
and infant outcomes has also followed 
this progression. Early studies in this area 
suggested that low vitamin D levels were asso-
ciated with undesirable perinatal outcomes, 
including gestational diabetes, pre- eclampsia, 
preterm birth and low birth weight. RCTs are 
now available,2–6 allowing for examination of 
whether maternal vitamin D supplementation 
is effective in improving perinatal outcomes.

Strengths and limitations of this study

 ► We provide a comprehensive summary of the exist-
ing evidence for the effectiveness and associations 
of vitamin D and perinatal outcomes.

 ► A strength of this overview is the rigorous assess-
ment of the quality of evidence using validated mea-
sures (AMSTAR and GRADE).

 ► The sparsity of high quality evidence for specific 
outcomes at the primary and systematic review 
levels currently limits the ability to make strong 
recommendations for the use of vitamin D during 
pregnancy.
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Given the extensive number of primary studies avail-
able on this topic, a number of systematic reviews (SRs) 
have been conducted to synthesise the evidence in order 
to guide practice and recommendations regarding peri-
natal care. However, the SRs vary in their scope, results 
and conclusions which poses a challenge for decision- 
makers in terms of guiding recommendations for the 
treatment and management of women during pregnancy. 
Overviews are a useful starting point for decision- makers 
to understand the evidence underlying a specific topic 
in order ‘to inform healthcare decision- makers’ policy 
options’ to improve practice and identify gaps where 
additional research is needed.7 Overviews also provide 
an evidence map to assist decision- makers and clinicians 
with high level conclusions about the topic area.7 The 
purpose of this study was to conduct an overview of SRs 
examining (1) the effectiveness of vitamin D supplemen-
tation during pregnancy and (2) the association of serum 
vitamin D levels with adverse pregnancy outcomes. We 
sought to identify, appraise and summarise existing SRs to 
gather the best available evidence in a single source7 and 
clarify variable findings and conclusions across studies 
and SRs.

METhODS
General approach
To synthesise the available evidence in a way that would 
be most useful to clinicians and decision- makers, we 
conducted a systematic overview of SRs following estab-
lished methods.8 In brief, we conducted a comprehen-
sive search for existing SRs (January 2019), evaluated the 
SRs in terms of their quality and recency, collated the SR 
results for prespecified perinatal outcomes and graded 
the quality of available evidence (ie, the certainty of the 
findings) using the Cochrane Collaboration and GRADE 
(Grading of Recommendations Assessment, Development 
and Evaluation) guidance principles.9 Included SRs were 
independently assessed for methodological quality using 
the AMSTAR (A MeaSurement Tool to Assess systematic 
Reviews) checklist.10 11

Literature search strategy
On 2 October 2017, a research librarian with exten-
sive experience conducting SRs carried out searches in 
Ovid Medline (1946–January 2019) and Wiley Cochrane 
Library databases (inception–January 2019): Cochrane 
Database of Systematic Reviews, Database of Abstracts 
of Reviews of Effects and the Health Technology Assess-
ment Database. Searches combined concepts for preg-
nancy and vitamin D supplementation with the Canadian 
Agency for Drugs and Technologies in Health study 
design filter for SRs (where applicable).12 No publication 
date or language filters were applied. The full search was 
updated in January 2019. The search strategy is available 
in online supplementary table 1. Search results were 
exported to EndNote X7 (Clarivate Analytics) and dupli-
cates removed prior to screening in EndNote.

Eligibility criteria
We included SRs that (1) evaluated vitamin D supplemen-
tation in pregnant women of any gestational or chrono-
logical age and/or (2) examined the effect of vitamin 
D on adverse pregnancy outcomes or the association 
between serum vitamin D levels and adverse pregnancy 
outcomes. We defined an SR as a ‘synthesis of research 
evidence in which literature searches, inclusion criteria, 
and critical appraisal methods were explicitly described’.7 
We included SRs where vitamin D was administered in 
any dose or by any route, in comparison with placebo or 
other doses/forms of vitamin D supplementation. To be 
included, SRs had to report at least one of the following 
predefined maternal or neonatal outcomes: preterm 
birth, pre- eclampsia, gestational diabetes, small for gesta-
tional age, stillbirth, low birth weight and caesarean 
section. We excluded primary studies.

Selection
Two reviewers (LB, JS- K) independently screened all 
titles and abstracts and reviewed the full text of studies 
that were identified as potentially eligible using standard 
eligibility criteria. Reviewers compared the results and 
resolved any discrepancies through discussion; where 
uncertainty remained, decisions were made in discussion 
with the study team.

Assessment of SR quality
Two reviewers (LB, JS- K) independently assessed the meth-
odological quality of all relevant SRs using the AMSTAR 
checklist.10 11 This reliable and valid tool consists of 11 
items regarding the methodological quality of an SR. 
Reviewers compared assessments for each of the 11 items 
in the AMSTAR checklist and resolved disagreements 
through discussion or third- party adjudication. Based 
on the total AMSTAR score (maximum 11 representing 
highest quality), we categorised the SRs by quality: low 
(0–3), medium (4–7) and high (8–11).12 Given the large 
number of high- quality SRs, we focused data extraction 
and analysis on them.

Data collection
One experienced reviewer (LB) extracted data from the 
SRs using predefined standard forms developed for this 
overview. For each SR, review level data were extracted 
on objectives, publication date, country of origin, 
funding, search date range, inclusion and exclusion 
criteria, number of included studies, methods of analysis 
and quantitative data on included outcomes. For each 
outcome present in an SR, we abstracted study design, 
intervention, comparator, effect size and direction of 
effect. All data were reviewed for accuracy and complete-
ness by a second reviewer (JS- K).

Analysis
We present and discuss the results by SR for each of our 
predefined outcomes. We display results based on SRs 
examining: (1) the effectiveness of vitamin D supple-
mentation (ie, results from RCTs) and (2) the association 
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Figure 1 Flow diagram of screening decisions.

between serum vitamin D levels and pregnancy outcomes 
(ie, results from observational studies). For consistency 
of rating and based on GRADE recommendations,9 the 
results were converted to risk ratios using the random 
effects model where possible (in three cases, we had 
insufficient information to convert the estimates and have 
reported these as per the original review).13–15 For each 
of the predefined outcomes, we reported any subgroup 
analysis based on dosage or levels of vitamin D.

Assessing the level of evidence
To assess the certainty of the results, we graded the quality 
of evidence presented by every SR for each outcome of 
interest. We followed recommendations of the GRADE 
Working Group16 and assessed the following key domains: 
risk of bias, inconsistency, indirectness, imprecision and 
publication/reporting bias. Rather than rating individual 
studies, GRADE rates individual outcomes across studies; 
therefore the quality of evidence can differ for different 
outcomes from the same set of studies or for the same 
outcomes based on different sets of studies.17 For SRs 
of observational studies, we considered the additional 
domains of magnitude of effect, dose–response rela-
tionships and whether all plausible confounding would 
reduce an effect.16 For both interventional and obser-
vational designs the GRADE assessment started at high 
quality of evidence, given the designs were appropriate to 
address questions of effectiveness and association, respec-
tively. Two reviewers (LB, LH) independently conducted 
GRADE assessments and resolved discrepancies through 
discussion. GRADEpro software was used to calculate 
overall quality of evidence.9 18

Patient involvement
This research was done without patient or public 
involvement.

RESuLTS
Literature search results and study selection
Figure 1 details the flow of information through the stages 
of this overview using the Preferred Reporting Items for 
Systematic reviews and Meta- Analyses (PRISMA)19 flow 
diagram. We identified 233 records from the search after 
removing duplicates. After title and abstract screening, 42 
records were identified. Three SRs did not report on any 
of our predefined outcomes and were excluded,20–22 and 
one SR was represented by both a Cochrane and journal 
publication reporting the same data.23 24 Based on the 
AMSTAR assessment, 25 reviews were categorised as low 
or medium quality and were not included in the data 
extraction and outcome assessment. In total 13 SRs were 
included in the final analysis. See online supplementary 
table 2 for the completed PRISMA checklist.

Description of included SRs
The 13 included reviews were published between 2009 
and 2018, with a median AMSTAR score of 8 ranging 

from 8 to 11 (online supplementary tables 3 and 4). The 
literature search dates for these 13 reviews were between 
September 2014 and May 2018. All 13 SRs were published 
in English and were from China,15 25 26 Canada,27–29 
Iran,30 Spain,31 Switzerland,23 UK,14 USA13 32 and Thai-
land.33 Four SRs included both RCTs and observational 
studies,13 14 26 32 five included only RCTs23 27 28 31 33 and four 
included only observational studies.15 25 29 30 All included 
SRs with the exception of two13 32 conducted a meta- 
analysis. Across the 13 SRs, there were 204 unique studies 
(78 RCTs and 126 observational studies).

None of the SRs explicitly searched for low income 
or high risk populations. Most studies reported their 
populations as generally healthy at study entry without 
pre- existing conditions. Individual study sample sizes 
ranged from 16 to 12 861. For interventional studies 
there was a wide range of dosing regimens, daily doses 
ranged from 200 to 5000 international units (IU); weekly 
doses from 714 to 50 000 IU; up to 60 000 IU monthly 
and bolus doses ranging from 35 000 to 1 200 000 (600 
000×2) IU. Only two reviews reported subgroup analyses 
based on dose ranges.27 28 One review had a subgroup 
for neonatal mortality and small for gestational age for 
high (>2000 IU/day) and low (≤2000 IU/day),27 and the 
other review presented subgroups for high (≥2000 IU/
day) and low (<2000 IU/day) doses for all outcomes.28 
Two reviews of observational studies presented their anal-
yses based on subgroups of 25 OH(D) levels,<50 nmol/L 
and <75 nmol/L,29 and <50 vs >50 nmol/L and <75 vs 
>75 nmol/L.26

Synthesis of results by outcome for SRs examining the 
effectiveness of vitamin D
Preterm birth
Five SRs of RCTs23 26–28 31 examined the effectiveness 
of vitamin D compared with no treatment/placebo or 
calcium for prevention of preterm birth (table 1). Four 
SRs found no significant difference in preterm birth rates, 
while one SR found a significant benefit with vitamin D. 
However, the quality of evidence varied across SRs (see 
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Table 1 Summary of results from systematic reviews of randomised controlled studies

Review
Number studies/
individuals

Effect size (CI) 
risk ratio, random 
effects

Heterogeneity 
(I2)

Significance 
(p value)*

Level of 
evidence 
(GRADE)

Preterm birth

  Bi27 11/3822 0.98 (0.77 to 1.26) 33% − (NR) Moderate

  De- Regil/Palacios23 24 3/477 0.36 (0.14 to 0.93) 10% + (0.035) Very low

  Perez- Lopez31 3/384 1.24 (0.59 to 2.61) 0% − (0.56) Very low

  Roth 28† 14/3757 1.00 (0.77 to 1.30) 0% − (0.677) High

  Zhou26 6/1687 0.61 (0.34 to 1.07) 26% − (0.09) Low

Pre- eclampsia

  De- Regil/Palaciosis23 24 2/219 0.52 (0.25 to 1.05) 0% − (0.069) Very low

  Khaing33 3/357 0.47 (0.24 to 0.89) 0% + (0.02) Very low

  Newberry32 1/504 NR; by group for 
individual study

NR + (n=1)‡ Very low

  Perez- Lopez31† 3/654 0.91 (0.45 to 1.86) 24% − (0.80) Low

  Roth 28 3/706 1.09 (0.43 to 2.76) 66% − (0.047) Very low

Gestational diabetes

  De- Regil/Palacios23 24 2/219 0.43 (0.05 to 3.45) 0% − (0.43) Very low

  Perez- Lopez31 3/384 1.05 (0.60 to 1.85) 0% − (0.86) Very low

  Roth 28 5/1030 0.65 (0.39 to 1.08) 45% − (0.125) Very low

Small for gestational age

  Bi27† 6/1002 0.72 (0.52 to 0.99) 0% + (0.04) Low

  Harvey14 2/245 NR; by individual 
study

NR − (n=2)‡ Very low

  Perez- Lopez31 3/456 0.77 (0.46 to 1.30) 15% − (0.33) Very low

  Roth 28 5/741 0.60 (0.40 to 0.90) 0% + (0.704) Very low

Low birth weight

  Bi27 4/775 0.52 (0.20 to 1.37) 65% − (NR) Very low

  De- Regil/Palacios23 24 3/493 0.4 (0.24 to 0.67) 4% + (0.00048) Very low

  Perez- Lopez31 4/496 0.72 (0.45 to 1.17) 0% − (0.19) Very low

  Roth 28† 7/1156 0.74 (0.47 to 1.16) 47.3% − (0.077) Low

Stillbirth

  De- Regil/Palacios23 24 3/540 0.35 (0.06 to 1.99) 0% − (0.23) Low

  Roth 28† 16/4606 0.75 (0.50 to 1.12) 0% − (0.858) High

Caesarean section

  De- Regil/Palaciosis23 24 2/312 0.95 (0.69 to 1.31) 12% − (0.75) Low

  Perez- Lopez31 4/1028 0.97 (0.81 to 1.32) 0% − (0.75) Low

  Roth28† 16/3240 1.02 (0.93 to 1.12) 0% − (0.701) High

*Significance indicated as positive (+) when p value≤.05 and negative (−) if >0.05.
†For each outcome, the review with the highest level of evidence is presented in bold font.
‡In absence of pooled data, this indicates the number of studies with positive or negative statistical significance.

online supplementary table 5 for detailed GRADE assess-
ments). One of the SRs had high quality of evidence28 
while the other four were rated as moderate, low and 
very low quality. The SR with high quality of evidence 
showed no significant benefit of vitamin D on preven-
tion of preterm birth (RR 1.00, 95% CI 0.77, 1.30).28 In 
subgroup analyses, these findings of no effect on preterm 

birth were robust, not altered when baseline vitamin D 
status was low (<30 nmol/L), when only studies at low risk 
of bias were examined or when the analysis was limited 
to generally healthy women. There were also no signifi-
cant differences within subgroups based on the effective 
daily equivalent dose of vitamin D: <2000 IU/day (RR 0.8, 
95% CI 0.40, 1.60; five studies, 1503 participants) and 
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≥2000 IU/day (RR 1.02, 95% CI 0.76, 1.36; nine studies, 
2404 participants).

Pre-eclampsia
Five SRs of RCTs examined the effectiveness of vitamin 
D for prevention of pre- eclampsia.23 28 31–33 The quality of 
evidence for effectiveness of vitamin D for pre- eclampsia 
was low and very low; the four SRs that pooled findings 
from individual studies showed mixed results (table 1). 
The SR that provided the highest level of evidence (clas-
sified as low quality) found a non- significant risk ratio of 
0.91 (95% CI 0.45, 1.86).31 One SR planned subgroup 
analyses based on dose; all studies reporting the outcome 
used ≥2000 IU/day; therefore the results were the same 
as the overall pooled estimate which showed no signifi-
cant difference (RR 1.09, 95% CI 0.43, 2.76; 3 studies, 706 
participants).28

Gestational diabetes
Three SRs of RCTs examined the effectiveness of vitamin 
D for prevention of gestational diabetes (table 1).23 31 
None of the SRs found a significant effect with the use 
of vitamin D in terms of the occurrence of gestational 
diabetes. The quality of evidence was very low in all SRs. 
One SR conducted subgroup analyses based on dose and 
found a significant reduction for <2000 IU/day (RR 0.33, 
95% 0.13, 0.82) (based on a single study with 87 partic-
ipants). No significant difference was observed for the 
subgroup receiving ≥2000 IU/day (RR 0.75, 95% CI 0.44, 
1.28; 4 studies, 943 participants).28

Small for gestational age
Four SRs of RCTs examined the effectiveness of vitamin 
D in terms of prevention of infants’ birth weights being 
small for gestational age (table 1).14 27 28 31 Three of the 
SR authors conducted meta- analyses to come up with 
overall effect estimates, while the authors of one SR chose 
not to pool due to heterogeneity across the two included 
studies. The SR with the highest quality of evidence (clas-
sified as low) found a significant risk ratio of 0.72 (95% 
CI 0.52, 0.99). Subgroup analysis in one SR based on 
dose showed no significant differences for <2000 IU/
day (RR 0.63, 95% CI 0.35, 1.11; 3 studies, 352 partici-
pants) and ≥2000 IU/day (RR 1.04, 95% CI 0.32, 3.36; 2 
studies, 219 participants).28 In another SR, the results for 
a subgroup based on dose were significant for the lower 
doses≤2000 IU/day (RR 0.45, 95% CI 0.23, 0.90; 2 studies, 
209 participants) with no difference for >2000 IU/day 
(RR 0.83, 95% CI 0.57, 1.19; 5 studies, 713 participants).27

Low birth weight
Four SRs of RCTs examined the effectiveness of vitamin 
D to prevent low birth weight (birth weight <2500 g) 
(table 1).23 27 28 31 One SR found a significant benefit while 
the other three SRs showed no difference. The SR with 
the highest quality of evidence (low) showed no signifi-
cant difference (RR 0.74, 95% CI 0.47, 1.16).28 Subgroup 
analyses based on dose in this SR showed no significant 
differences for <2000 IU/day (RR 0.53, 95% CI 0.23, 1.21; 

1 study, 126 participants) and ≥2000 IU/day (RR 0.99, 
95% CI 0.70, 1.42; 5 studies, 830 participants).28

Stillbirth
Two SRs of RCTs examined the effectiveness of vitamin 
D to prevent stillbirth (table 1).23 28 Neither of the SRs 
found a significant benefit. The SRs had high and low 
quality of evidence, respectively. The SR with high quality 
of evidence found a risk ratio of 0.75 (95% CI 0.50, 1.12).28 
Subgroup analyses based on dose from this SR showed a 
significant difference for <2000 IU/day (RR 0.49, 95% CI 
0.27, 0.91; 7 studies, 1948 participants) but no difference 
for ≥2000 IU/day (RR 1.03, 95% CI 0.62, 1.71; 9 studies, 
2713 participants).28

Caesarean section
Three SRs examined the effectiveness of vitamin D for 
caesarean sections (table 1).23 28 31 The quality of evidence 
ranged from low to high; none of the SRs found a signif-
icant effect. The SR providing high quality of evidence 
found a risk ratio of 1.02 (95% CI 0.93, 1.12).28 Subgroup 
analyses from this SR based on dose showed no significant 
differences for <2000 IU/day (RR 1.00, 95% CI 0.85, 1.18; 
6 studies, 702 participants) or ≥2000 IU/day (RR 1.04, 
95% CI 0.91, 1.19; 8 studies, 2303 participants).28

Synthesis of results by outcome for SRs examining 
associations of vitamin D with perinatal outcomes
Preterm birth
Five SRs of observational studies examined the asso-
ciation between vitamin D status and preterm birth 
(table 2).14 25 26 29 32 One SR that examined the association 
between vitamin D and preterm birth found moderate 
evidence of an association overall 1.19 (1.08, 1.31).25 Two 
SRs presented their analyses based on subgroups of 25 
OH(D) levels: <50 nmol/L and <75 nmol/L,29 and <50 vs 
>50 nmol/L and <75 vs >75 nmol/L.26 In both SRs, the 
association was slightly greater for the lower serum vitamin 
D level. The SR with the highest quality of evidence found 
a significant association with moderate quality of evidence 
for <50 vs >50 nmol/L 1.13 (95% CI 1.04, 1.23) and non- 
significant association and low quality of evidence for 
<75 vs >75 nmol/L 1.03 (95% CI 0.98, 1.08).26

Pre-eclampsia
Five SRs of observational studies examined the asso-
ciation between vitamin D status and pre- eclampsia 
(table 2).13 14 29 30 32 Three of the five SRs found a signif-
icant association.13 29 30 One SR assessed different serum 
levels of vitamin D and found a larger point estimate for 
<50 nmol/L compared with <75 nmol/L, although the 
CIs overlapped.29 The quality of evidence was low for 
<50 nmol/L and very low for <75 nmol/L.

Gestational diabetes
Three SRs of observational studies provided measures of 
association for vitamin D status and gestational diabetes 
(table 2).14 15 29 The SR providing the highest quality 
of evidence showed moderate quality evidence of a 
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Table 2 Summary of results for systematic reviews of observational studies

Review
Number studies/
individuals

Effect size (CI) risk ratio, 
random effects Heterogeneity (I2)

Significance (p 
value)* GRADE

Preterm birth

  Harvey14 7/1792 NR; one individual study 
showed significance and six 
others not significant

NR + (n=1)†
− (n=6)

Very low

  Newberry32 2/371 NR; by individual study NR + (n=1)†
− (n=1)

Very low

  Qin25‡‡ 10/10 098 1.19 (1.08 to 1.31) 28% + (0.004) Moderate

  Wei29 4/1111 1.27 (1.03 to 1.58)
(blood level 25(OH)
D<50 nmol/L)

28% − (0.03) Very low

1.05 (0.98 to 1.12)
(blood level 25(OH)
D<75 nmol/L)

0% − (0.17) Very low

  Zhou26‡ 16/16 996 1.13 (1.04 to 1.23)
(<50 vs >50 nmol/L)

45% + (0.003) Moderate

15/17 122 1.03 (0.98 to 1.08)
(<75 vs >75 nmol/L)

65% − (0.29) Low

Pre- eclampsia

  Chung13 1/1189 5 (1.7 to 14.1)§ NR + (n=1)† Very low

  Harvey14 4/642 0.75 (0.48 to 1.19)§ 80.8% − (0.001) Very low

  Newberry32 8/4420 NR; by individual study NR + (n=5)
− (n=3)

Very low

  Tabesh30 8/2485 2.02 (1.26 to 3.23) 53% + (0.04) Very low

  Wei29‡ 6/2008 1.57 (1.21 to 2.03)
(<50 nmol/L)

39% + (0.0006) Low

5/1311 1.21 (0.99 to 1.46)
(<75 nmol/L)

60% − (0.06) Very low

Gestational diabetes

  Harvey14 8/2668 NR; by individual study NR + (n=3) †
− (n=5)

Very low

  Lu15 20/16 515 1.45 (1.15 to 1.83)§ 66.6% + (0.002) Low

  Wei29‡ 10/4126 1.12 (1.02 to 1.22)
(<50 nmol/L)

27% + (0.02) Moderate

8/3840 1.09 (1.03 to 1.15)
(<75 nmol/L)

28% + (0.002) Moderate

Small for gestational age

  Harvey14 7/5660 NR; by individual study NR + (n=2) †
− (n=5)

Very low

  Newberry32 1/412 NR; by individual study NR NR Very low

  Wei29‡ 6/6013 1.35 (1.18 to 1.54)
(<50 nmol/L)

15% + (0.00001) Low

5/2283 0.99 (0.83 to 1.18)
(<75 nmol/L)

75% − (0.92) Very low

Low birth weight

  Harvey14 3/1676 NR; by individual study NR + (n=1)†
− (n=2)

Very low

Caesarean section

  Harvey14 6/3277 NR; by individual study NR + (n=2) †
− (n=4)

Very low

Continued
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Review
Number studies/
individuals

Effect size (CI) risk ratio, 
random effects Heterogeneity (I2)

Significance (p 
value)* GRADE

*Significance indicated as positive (+) when p value≤0.05 and negative (−) if >0.05.
†In absence of pooled data, this indicates the number of studies with positive or negative statistical significance.
‡For each outcome, the review with the highest level of evidence is presented in bold font.
§Reported as odds ratios as insufficient data available to convert to risk ratio.
25 (OH)D, 25- hydroxy vitamin D.

Table 2 Continued

significant association for both serum levels examined: 
<50 nmol/L: 1.12 (95% CI 1.02, 1.22) and <75 nmol/L: 
1.09 (95% CI 1.03, 1.15).29

Small for gestational age
Three SRs of observational studies examined the associa-
tion between vitamin D status and small birth weights for 
gestational age (table 2).14 29 32 The SRs showed mixed 
findings. One SR included seven studies but did not pool 
the results as the authors stated that there was substan-
tial variation in methodology and exposure14; two studies 
showed a significant association while five studies showed 
no significant effect (very low quality of evidence). 
Another SR included only one study and could not pool 
any results.32 The highest rated (low quality) SR examined 
the association for different vitamin D serum levels and 
found a significant association for <50 nmol/L 1.35 (95% 
CI 1.18, 1.54), but no significant effect for <75 nmol/L 
0.99 (95% CI 0.83, 1.18).29 The quality of evidence was 
low for <50 nmol/L and very low for <75 nmol/L.

Low birth weight
Only one SR of observational studies examined the asso-
ciation between vitamin D status and low birth weight.14 
The SR included three studies but did not pool the 
results. One study showed a statistically significant result 
while two studies had non- significant findings. Overall 
the quality of evidence for this outcome is very low.

Stillbirth
There were no SRs of observational studies that examined 
the association between vitamin D status and stillbirth.

Caesarean section
Only one SR of observational studies examined the asso-
ciation between vitamin D status and caesarean section.14 
The SR included six studies but did not pool the results; 
the authors chose not to combine due to a multitude of 
factors such as local policies and physician preferences 
that influence this outcome. Two studies showed a statis-
tically significant association while four studies had non- 
significant findings. Overall the quality of evidence for 
this outcome is very low.

DISCuSSIOn
This overview provides a comprehensive analysis of 
SRs examining vitamin D and pregnancy outcomes. 
We grouped and reported results separately for SRs of 

RCTs and SRs of observational studies. SRs of observa-
tional studies showed evidence of associations between 
vitamin D serum levels and some outcomes; however SRs 
examining effectiveness from RCTs showed no effect of 
vitamin D supplementation in pregnancy with the excep-
tion of one predefined outcome—small for gestational 
age—which had low quality evidence. The differences 
in findings between these groups of SRs suggest that any 
apparent association may not be based on causal relation-
ships. They suggest that low vitamin D levels or deficien-
cies may be an indicator or marker of poor health status, 
co- morbidities1 or perhaps an acute phase reactant.34 35 It 
is likely that pregnant women with these indicators need 
more attention and care to optimise health outcomes for 
them and their offspring and not vitamin D supplemen-
tation. The current evidence does not support the use 
of vitamin D supplementation to improve any of these 
outcomes.

While there were some suggestions of associations 
between low vitamin D serum levels and some outcomes 
in the observational studies (ie, preterm birth, pre- 
eclampsia, gestational diabetes and small for gestational 
age), the effect sizes may be considered not clinically 
important.9 The quality of this observational evidence was 
almost all low or very low.16 However, more applicable to 
clinical practice are the findings from SRs of RCTs that 
examined the effectiveness of vitamin D as a treatment 
to improve pregnancy outcomes. The SRs of RCTs that 
provided the highest quality of evidence showed no effect 
of vitamin D supplementation in pregnancy for all but 
one of the predefined outcomes of interest. Overall these 
findings suggest that even if an association exists between 
vitamin D levels and health outcomes, vitamin D supple-
mentation in pregnancy may be unlikely to improve these 
outcomes.

This study provides a methodologically rigorous and 
comprehensive synthesis of an extensive body of evidence 
examining vitamin D and perinatal outcomes. The consid-
erable number of primary studies and SRs underscores the 
importance of this topic as well as the uncertainty about 
whether and how to manage vitamin D levels to optimise 
health outcomes. However, the vast number of SRs on 
this topic is concerning, particularly those of low quality 
which may propagate inaccurate or biased results and 
conclusions. Of note, in our update search that captured 
the most recent publications up to January 2019, we iden-
tified 10 new relevant SRs with only 3 having an AMSTAR 
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score greater than 7 to be included in the final analysis. 
Of these three new SRs, only one new primary study 
was included. We have provided an in- depth analysis by 
presenting the results of SRs of RCTs that evaluated the 
effectiveness of vitamin D as a treatment to improve peri-
natal outcomes alongside SRs of observational studies 
that examined the associations between vitamin D levels 
and health outcomes. Further, we used GRADE’s rigorous 
and transparent method to assess the quality of the body 
of evidence which provides essential information about 
the certainty of the effect estimates in order to reconcile 
findings across individual studies and reviews.

The evidence contributing to the existing SRs varied 
widely in design and purpose (to examine associations 
vs effectiveness). Observational studies have been used 
to examine the association between vitamin D levels 
and health outcomes, and are appropriate for gener-
ating hypotheses for testing in randomised trials. One of 
the limitations of the existing observational studies and 
synthesis of the same is that individual studies may or 
may not sufficiently adjust for confounding36 (eg, health 
status, calcium intake and social determinants of health). 
Further, studies that did adjust for confounding differed 
in the variables they included and controlled for. RCTs, 
when well- designed, represent a higher level of evidence to 
assess the effectiveness of an intervention, partly because 
they can address the problem of confounding as rando-
misation is intended to equally distribute both known and 
unknown confounders. It is well documented that early 
and observational studies often suggest important rela-
tionships that do not exist, and that well designed RCTs 
are often needed to fully understand a phenomenon.37

An important limitation in this area of investigation is 
the possibility of reporting and publication bias. While 
we focused on the highest quality SRs and most indicated 
that they planned to investigate publication bias, many 
could not do so because the number of included studies 
in a given meta- analysis was too small. There remains the 
possibility that studies, particularly the earlier published 
studies, showing significant results are more likely to 
be published while those with non- significant findings 
remain unpublished.

Also, the potential for selective outcome reporting is 
important in this body of literature. It is surprising that 
outcomes that are either routinely collected or relatively 
easy to ascertain, such as preterm birth, stillbirth and 
gestational diabetes, were infrequently reported. Selec-
tive outcome reporting occurs if researchers focus their 
reporting on a significant finding and downplay or do 
not report non- significant results. For example, the most 
frequently reported outcome was preterm birth; however, 
among the 48 studies included in one SR only one- third 
of the primary studies reported this outcome. Roth et al 
found that ‘missing data on clinical outcomes was the 
norm rather than exception’ in this body of literature 
which could lead to ‘potentially biased meta- analyses based 
on small non- representative subsets of trials and partici-
pants’.28 Important efforts have been made to define core 

outcome sets in the area of perinatal research.38–40 Future 
studies should focus on critical outcomes for this field. 
Researchers should also define their outcomes and anal-
yses a priori, register (and ideally publish) study protocols 
and ensure clear and transparent reporting.41 42 Further, 
researchers should identify all important confounders and 
address them adequately through appropriate research 
designs or analytic approaches to ensure valid findings 
and permit meaningful pooling of data. Currently the 
credibility of the body of evidence in this important field 
is compromised due to the potential for confounding, 
publication bias, reporting bias and imprecision arising 
from less number of participants.

COnCLuSIOnS
While there is some evidence from SRs of observational 
studies for an association between maternal vitamin D 
serum levels and some perinatal outcomes, SRs exam-
ining effectiveness from RCTs showed no effect of vitamin 
D supplementation in pregnancy for all but the evidence 
for one predefined outcome was of low quality. The 
discrepancy between the observational studies and the 
RCTs shows that 25(OH)D is lower among women who 
experience adverse pregnancy outcomes, but supplemen-
tation does not appear to alter outcomes. Low 25(OH)D, 
the indicator of vitamin D status, is a marker of adverse 
outcomes rather than a marker of vitamin D status1 which 
shows that 25(OH)D may be an acute phase reactant. 
Future studies need to adequately control for potential 
confounding (eg, through well- designed randomised 
trials)42 and include all outcomes that are considered crit-
ical to this field. There are currently over 40 published 
SRs (many of which are low quality) synthesising evidence 
from 204 primary vitamin D studies; further SRs on this 
topic are wasteful until more well designed and conducted 
RCTs are completed.
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