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Abstract

Introduction: Although vitamin D is widely known as an essential micronutrient during pregnancy, the exact
supplementation dose to prevent maternal—fetal outcomes remains a question. This study aims to provide a systematic
review and a meta-analysis of data from randomized controlled trial on>20001U/day vitamin D supplementation
compared to < 20001U/day; and < 20001U/day compared to placebo, on their effects on the incidence of preeclampsia,
gestational diabetes mellitus, preterm birth, and differences on birth weight.

Methods: A systematic literature search on PubMed, EBSCO-MEDLINE, EMBASE, and Cochrane Central Register of
Controlled Trials databases was carried out to evaluate randomized controlled trial studies on the effects of oral vitamin
D >20001U/day versus < 20001U/day; and <2000 1U/day versus placebo, on preeclampsia, gestational diabetes mellitus,
preterm birth and birth weight. Risk ratio, mean difference, and 95% confidence interval were calculated.

Results: There were a total of 27 randomized controlled trials selected. Maternal vitamin D supplementation > 20001U/
day had a positive effect only on gestational diabetes mellitus (seven randomized controlled trials; risk ratio=0.70, 95%
confidence interval: 0.51-0.95, [2=0). Vitamin D supplementation <2000|U/day has reduced the risk of preeclampsia
(three randomized controlled trials; risk ratio=0.29, 95% confidence interval: 0.09-0.95, I2=O), with no significant
difference when compared to>20001U/day (eight randomized controlled trials; risk ratio=0.80, 95% confidence
interval: 0.51—1.24, I*=31). No difference in preterm birth risk and birth weight after vitamin D supplementation. The
quality of evidence varies from moderate to very low certainty. The risk of preeclampsia and gestational diabetes mellitus
after high-dose versus low-dose vitamin D supplementation was the ones with moderate certainty.

Conclusion: Vitamin D supplementation > 20001U/day might be important to reduce the risk of gestational diabetes
mellitus. Lower dose vitamin D supplementation (<2000 1U/day) seemed adequate to reduce the risk of preeclampsia,
with no significant difference compared to the higher dose.
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Introduction

Vitamin D deficiency during pregnancy is prevalent
globally. Its prevalence ranges from 9% to 94%, depend-
ing on country, race, ethnicity, skin color, clothing cus-
toms, and dietary intake.!? A recent study from seven
countries found a prevalence range from 39.4% to
76.5%. Another study that included 17 trials suggested
that low vitamin D status prevalence was especially high
in developing countries."3 Contrary to the epidemiologi-
cal association, studies investigating the effectiveness of
vitamin D supplementation in preventing pregnancy
complications have shown inconsistent results.* Vitamin
D deficiency is associated with pregnancy complica-
tions, such as preeclampsia (PE), gestational diabetes,
and low birth weight.’ Some studies have proposed that
vitamin D deficiency interferes with maternal immune
tolerance toward embryo implantation.®

This has unfortunately led to differing intake and sup-
plementation dosing recommendations among organiza-
tions. For example, World Health Organization’®
recommends a daily nutrient intake of vitamin D at
200 IU/day, with no supplements recommended as part of
the antenatal routine. The Royal College of Obstetricians
and Gynaecologists (RCOG) recommended 400 IU/day
for all pregnant women, 800 IU/day for women at risk of
PE, and 10001U/day for other high-risk women.’ The
daily intake recommendation of vitamin D dosage by the
Institutes of Medicine (IOM) was 400—600 IU/day, with
upper safety limit was up to 4000 [U/day.'® The endocrine
society has suggested that the minimum daily supple-
mentation for pregnancy was 14001U, with the upper
limit 10,0001U/day."° These recommendations were
based on optimal circulating 25-hydroxyvitamin (OH) D
concentration and adverse effects prevention, such as
hypercalciuria. However, other experts recommend that
higher vitamin D level maintenance could be achieved
through high-dose vitamin D supplementation.!! And
thus, the exact dose on the effect to prevent maternal—
fetal outcome is still a question.

In 2019, two Cochrane reviews on vitamin D supple-
mentation in pregnancy were published. In review, the
dose of vitamin D was not taken into account, whereas
the other one used cut-offs of 600 IU/day, which was the
recommended dose, and 40001U/day, which was the
upper limit dose.>'> However, based on the American
College of Obstetricians and Gynecologists (ACOG), in
vitamin D in pregnancy, most experts agree that 1000—
2000 IU/day is safe.

Therefore, our study aims to provide a systematic
review and a meta-analysis of data from randomized con-
trolled trial (RCT) on>20001U/day vitamin D supple-
mentation compared to <2000 [U/day; and < 2000 [U/day
when compared to placebo, on their effects toward the
incidence of PE, gestational diabetes mellitus (GDM), pre-
term birth (PTB), and differences on birth weight.

Materials and methods

Literature search

Two authors independently performed a systematic litera-
ture search in PubMed, EBSCO-MEDLINE, Cochrane
Central Register of Controlled Trials, and EMBASE data-
bases (R.H. and A.W.L.).

The search used the following MeSH terms, and
Boolean operators are shown in supplemental files. All
studies published from inception until April 2022 were
included in the search without language restrictions.
Ethical approval was not necessarily required for this
study because the study was based exclusively on pub-
lished literature with no personal information collected.'3

Inclusion and exclusion criteria

The inclusion criteria used in this systematic search were
as follows: (1) RCT; (2) pregnant women of any gesta-
tional age; (3) vitamin D alone which is tested as the inter-
vention, or except when other micronutrients are similarly
used in both intervention and control groups; (4) the con-
trol in the study is either lower dose vitamin D, or placebo/
no supplement, or other micronutrients which are equiva-
lently used by the intervention groups; and (5) the out-
comes assessed included but were not limited to PE,
gestational diabetes, PTB, and birth weight.

However, the exclusion criteria included were as fol-
lows: (1) multiple pregnancy; (2) the subjects were preg-
nant women who were already diagnosed with pregnancy
complications prior to enrollment; (3) other micronutri-
ents were used on the intervention group in combination
with vitamin D, but not equally given to the control
group; and (4) values of the targeted outcome were una-
vailable. For studies with more than two intervention
groups, the disaggregated data were combined to create a
single pair-wise group.'4

Study selection and data extraction

Two independent authors (R.H. and A.W.L.) selected
the studies from the databases and extracted the neces-
sary information from the eligible studies, which
included first author’s last name, year of publication,
country where the study was performed, number of par-
ticipants, age and gestational age, baseline of 25(OH)D
serum, information about vitamin D intervention (i.e.
formulation, regimen, method of administration, and
treatment duration), the incidences of PE, gestational
diabetes, PTB, and birth weight. The studies were
selected and categorized based on their regimens;
2001 IU/day or more versus 20001U/day or less, and
20001U/day or less versus placebo or no supplement.
The extracted data were entered into Review Manager
software (RevMan, version 5.4, Copenhagen, Denmark)
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by R.H. and cross-checked for accuracy by A.W.L. Any
disagreements during study selection and data extrac-
tion between R.H. and A.W.L. were resolved by discus-
sion and consensus with another author (R.1.).

Risk of bias and quality assessment

The risk of bias from each eligible and selected study was
evaluated using the Cochrane Collaboration’s tool RoB
2.0 (a revised Cochrane risk-of-bias tool for randomized
trials),'> which included the following criteria: random
sequence generation (selection bias); concealment of the
allocation sequence (selection bias); blinding of partici-
pants and personnel (performance bias); blinding of out-
come assessment (detection bias); incomplete outcome
data (attrition bias); selective outcome reporting (report-
ing bias); and other biases. The quality assessment of each
study was performed based on the framework of Grading
of Recommendations Assessment, Development and
Evaluation (GRADE),'® which considered risk of bias,
inconsistency, indirectness, imprecision, and publication
bias. The risk of bias and quality assessments were per-
formed by two independent authors R.H. and A.W.L. with
any disagreements resolved by consensus and discussion
with another author (R.L.).

Statistical analysis

The dichotomous data of PE, gestational diabetes, and
PTB were presented as risk ratio (RR) with 95% confi-
dence intervals (CI), whereas the continuous birth weight
data were presented as weighted mean difference (MD)
with 95% CI, both were presented as forest plots. The
significance of pooled effect size was determined using
the Z-test where p-value less than 0.05 was considered
significant. The heterogeneity across studies was
assessed using the Q-test based on the y? statistic, where
p-value less than 0.1 was considered statistically signifi-
cant. To quantify the level of heterogeneity, the /> value
was calculated, where an /%> value of 0% indicates “no
heterogeneity,” whereas 25% is “low,” 50% is “moder-
ate,” and 75% is “high” heterogeneity, and statistically
significant heterogeneity is when /? value is more than
30%. The random-effects model (Der Simonian—Laird
method) was used based on the decision flow chart for
selecting a statistical model related to clinical and meth-
odological heterogeneity of studies and the number of
included studies.!”

Sensitivity analysis was then performed using a leave-
one-out approach to assess whether a particular omission
could affect effect sizes and heterogeneity. Finally, if stud-
ies for selected outcomes were more than 10, the presence
of publication bias would be assessed visually using funnel
plot asymmetry and statistically by Begg’s test and Egger’s
regression asymmetry test.

Results

Study selection

The study selection steps followed the PRISMA flow dia-
gram (2020) as shown in Figure 1. There were 2.701
abstracts retrieved from the databases, with 2.105
excluded during the titles/abstract screening. In total, 103
articles were subjected for a full-text review. From these,
76 studies were excluded due to inappropriate regiments,
wrong outcome, wrong population, and not RCT study.
There were a total of 27 studies included in this review,
with details shown in Tables 1 and 2. There were 19
studies!®3¢ comparing higher and lower dose of vitamin
D (Table 1), 11 studies®*3%33374 comparing lower dose
and placebo/no supplement (Table 2), and 3 studies hav-
ing both of the comparison.

Systematic review

In total, there were 27 studies included with which 14 from
Asian countries, 6 from USA, 5 from European countries,
and 2 from Australia and New Zealand. There were more
than 8000 pregnant women reported in this study, includ-
ing 3436 pregnant women from PE studies, 1905 pregnant
women from GDM studies, and 5166 pregnant women
from PTB studies. The duration of supplementation of
vitamin D was ranged from 8§ to 26 weeks of gestational
age to delivery. The birth weight was reported from new-
borns, with 1336 newborns from mothers supplemented
with >20001U/day, 2346 newborns from mother supple-
mented with=<2000IU/day, and 1217 newborns from
mothers received placebo or no supplementation. Almost
all studies used vitamin D3 (cholecalciferol) as the type of
supplementation, with only three studies using vitamin
D2303538 and two studies did not specify the type of vita-
min D supplementation they used.>*

In total, 19 studies compared>2000IU/day
and <20001U/day.'®2?° Among those, there were four
studies where other micronutrients were given as a combi-
nation for both the dosages of vitamin D supplementa-
tion,!*212434 while other studies investigated vitamin D
supplementation only. In studies with intervention
given >20001U/day, there were eight studies where the
intervention was given every day, with the least amount
given was 38001U/day and the highest was 6000 IU/day.
Moreover, there were two studies where the intervention
was given weekly with the least amount was 16,800 1U/
week in weekly schedule,? the highest was 50,0001U/
week,!? and one study with single dose 70,000 1U followed
by 35,0001U/week.?® Following this, two studies used
vitamin D supplementation 50,000 IU/2 weeks in biweekly
schedule.?!?? One study also gave a single dose of vitamin
D 300,0001U per trimester.’!

In comparing vitamin D supplementation <2000 IU/day
and placebo or no treatment, 11 studies included 2430353744
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[ Identification of studies via databases and registers
)
_5 Records identified from: Records removed before screening:
"g’ PubMed (n = 1870) Duplicate records removed
= EBSCO (n =114) —> (n =569)
k] Cochrane (n = 242) Records removed by automation
S EMBASE (n = 475) tools (n = 7)*
PR v Records excluded
(n=2013)
Refords screened - »| e Animal studies (n=41)
(n=2125) o Studies not in healthy pregnant
women (n = 203)
¢ Not RCT (study protocols, trial
registry, observational studies and
reviews) (n = 1298)
e Wrong outcome (n= 348)
e Wrong intervention (n=123)
Reports sought for retrieval
= (n=112)
= Reports not retrieved
o (n=9)
A e Full-text not in English (n=1)
¢ Conference abstract (n=5)
¢ Retracted article (n=1)
e Full-text not available (n=2)
A 4
Reports assessed for eligibility ) Reports excluded:
(n=103) (n=76)
¢ Wrong Population (n=11)
¢ Wrong Intervention (n = 34)
¢ Wrong outcome (n = 21)
e Not RCT (n =10)
—
— v
2
= Studies included in review
g (n=27)

Figure 1. PRISMA flow diagram of study selection.

Among those, one study used calcium as a combination of  interventions were given daily, with the least amount was
treatment in both groups,*® and two studies combined other ~ 4001U/day and the highest was 2000 1U/day. Only the study
supplementations in both groups.**? Almost all the by Roth 2018 used a weekly intervention of 4200 IU/week.>*
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2000 IU/day or less Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Asemi 2013 0 27 1 27  13.8% 0.33[0.01, 7.84]
Corcoy 2020 1 66 3 55 27.6% 0.28 [0.03, 2.60] bl
Naghshineh 2016 2 68 7 70 58.5% 0.29 [0.06, 1.37] ——
Total (95% CI) 161 152 100.0% 0.29 [0.09, 0.95] i
Total events 3 11
g - 2 . i2 —- - — .2 - ! + + i
;ieterfogenelty."Taf: = ZOE)O2 g:n . _0(.)001‘,‘df 2 (P =1.00); I = 0% o1 oh o 100
est for overall effect: Z = 2.04 (P = 0.04) Favours [experimental] Favours [control]
(a)
2001 IU/day or more 2000 IU/day or less Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ali 2018 1 83 6 81 4.1% 0.16 [0.02, 1.32] —
Karamali 2015 1 30 3 30 3.8% 0.33 [0.04, 3.03]
Litonjua 2015 36 440 38 436  33.1% 0.94 [0.61, 1.45] ——
Mirzakhani 2016 33 408 34 408 32.0% 0.97 [0.61, 1.54] —
Mojibian 2015 7 186 4 203 10.6% 1.91[0.57, 6.42) N [ S
Nausheen S 2021 1 79 3 174 3.6% 0.73 [0.08, 6.95]
Xiaomang J 2020 2 138 22 269  8.1% 0.18 [0.04, 0.74]
Yap 2014 2 78 2 80  4.8% 1.03 [0.15, 7.10]
Total (95% CI) 1442 1681 100.0% 0.80 [0.51, 1.24] <
Total events 83 112
Heterogeneity: Tau? = 0.11; Chi® = 10.22,df = 7 (P = 0.18); I’ = 31% k t + {
. 0.01 0.1 10 100
Test for overall effect: Z = 1.00 (P = 0.32) Favours [experimental] Favours [control]
Figure 2. Forest plot of different vitamin D dosage on the occurrence of PE. (a) <2000 |U/day versus placebo. (b) =2001
versus < 2000 [U/day.
2001 IU/day or less Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Asemi 2013 0 27 1 27 1.9% 0.33 [0.01, 7.84] ]
Corcoy 2020 25 68 24 61 98.1% 0.93 [0.60, 1.45]
Total (95% CI) 95 88 100.0% 0.92 [0.59, 1.42]
Total events 25 25
_— 2 _ 5 fr I = - R = | + 1 t |
!-r'leterfogenelty‘"Taf: = gf(z) ;:;I A _064éédf 1(P=0.52); P=0% bo1 o1 1 10 100
est for overall effect: Z = 0.39 (P = 0.69) Favours [experimental] Favours [control]
(a)
2001 IU/day or more 2000 IU/day or less Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ali 2018 7 83 9 81 10.8% 0.76 [0.30, 1.94] —_——r
Hashemipour 2014 0 55 1 54 0.9% 0.33 [0.01, 7.86]
Mojibian 2015 15 224 32 246 27.8% 0.51 [0.29, 0.92] —
Nausheen S 2021 3 79 8 174 5.7% 0.83[0.23, 3.03]) —_—t
Wagner 2013 7 78 11 83 11.9% 0.68 [0.28, 1.66] —1
Xiaomang J 2020 16 138 33 269 30.4% 0.95 [0.54, 1.66] ——
Yap 2014 7 78 12 80 12.4% 0.60 [0.25, 1.44] —T
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Figure 3. Forest plot of different vitamin D dosage on the occurrence of gestational diabetes mellitus: (a) =2001 IU/day versus

placebo. (b) >2000 versus =2001 1U/day.
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Figure 4. Forest plot of different vitamin D dosage on the occurrence of PTB. (a) =2001 IU/day versus placebo. (b) >2000

versus < 2000 1U/day.

Meta-analysis

Preeclampsia. Three RCTs found the effect of vitamin D
supplementation <2000 IU/day on PE risk. Vitamin
D=2000 IU/day significantly reduced (p<<0.05) the
occurrence of PE with RR=0.29, 95% CI=0.09-0.95.
These studies have no heterogeneity, shown by Q-test and
P value (p=1.00, P=0%).

However, the comparison of > 2000 and < 2000 [U/day
vitamin D supplementation on PE was found in eight stud-
ies. With moderate heterogeneity, (7=31%), supplementa-
tion of >20001U/day was considered protective with
RR=0.80. However, the CI crossed the line of no differ-
ence at the value of 1 (95% CI=0.51-1.24), and is hence
not statistically significant. The forest plots are shown in
Figure 2.

Gestational diabetes mellitus. The effect of vitamin D sup-
plementation < 2000 [U/day on GDM was assessed in only
two RCTs. From these studies, we found that vitamin
D =<20001U/day has no significantly different effect com-
pared to placebo on GDM (p=0.69, RR=0.92, 95%
CI=0.59-1.42). No heterogeneity was also found in this
analysis with Q-test and % value (p=0.52, I*=0%).
Furthermore, the comparison between > 2000
and <20001U/day vitamin D in seven studies showed

that the incidence of GDM was significantly reduced in
the >20001U/day group (p=0.02, RR=0.70, 95%
CI=0.51-0.95). There was also no heterogeneity found
in this meta-analysis with 72=0%. The forest plots are
shown in Figure 3.

Preterm birth. The effect of vitamin D supplementa-
tion=<2000IU/day on PTB was assessed in six RCTs.
From these studies, we found that vitamin D =<20001U/
day has no different effect compared to placebo on PTB
(p=0.57, RR=0.84, 95% CI=0.46-1.53). However, the
heterogeneity was also considered high with Q-test and /2
value (p=0.1, 2=42%). Therefore, we did a leave-one-out
sensitivity analysis to identify single source of heterogene-
ity across studies. As the study from Naghshineh 2016
omitted, the heterogeneity decreased with p=0.77, 2=0%.
The result was still not significant with RR=1.07, 95%
CI=0.71-1.63.

Moreover, there were 10 RCTs with regard to the > 2000
and <20001U/day vitamin D comparison. The result was
similar as =2001 IU/day vitamin D versus placebo, where
no significant difference across studies (p=0.90,RR=1.01,
95% CI=0.82—-1.26) was found. We also did not find het-
erogeneity across the studies (2=0%). The forest plots are
shown in Figure 4.
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Figure 5. Forest plot of different vitamin D dosage on birth weight. (a) =2001 |U/day versus placebo. (b) =2001

versus < 2000 [U/day.

Birth weight. The effect of vitamin D supplementa-
tion=<2000IU/day on birth weight was assessed in 10
RCTs. From those studies, we found that vitamin
D =20001IU/day has no significant difference compared to
placebo on birth weight (p=0.84, MD=8.46, 95%
CI=71.38-88.30). The heterogeneity was also considered
very high with Q-test and /% value (p <0.001, #=91%).

In addition, there were 14 RCTs in comparing vitamin
D supplementation >2000 and <20001U/day. The result
was also considered not significant as p=0.75, with
MD=10.23 (95% CI=74.05-53.59g). The heterogeneity
was also too high, as it reached the value of Q-test << 0.001
and 7=70%. There were also no significant changes of the
heterogeneity after sensitivity analysis for both outcomes.
The forest plots are shown in Figure 5.

Risk of bias and quality assessed

The result of Cochrane Risk of bias assessment is shown in
Figure 6. Overall, most studies had low risk of bias, despite
some studies having a high risk of bias in almost each type
of bias, though less than 25%. The reporting bias was the
only type of bias with no high risk of bias reported, but the

unclear risk was reported in a quarter of the studies. For
the three meta-analyses with at least 10 studies, we
detected some asymmetry in the funnel plots which can be
attributed to high heterogeneity between studies (funnel
plots were shown in the supplemental files).

Nevertheless, the quality of evidence wvaries.
Preeclampsia and GDM studies of high-dose versus low-
dose vitamin D showed moderate certainty, while studies
of low-dose vitamin D versus placebo showed low cer-
tainty. In contrast to PTB studies, low-dose vitamin D ver-
sus placebo showed moderate certainty, while high-dose
versus low-dose showed low certainty. Birth weight stud-
ies were shown to have very low certainties as both showed
a high level of heterogeneity, asymmetry funnel plots, with
studies which were considered to have a high risk of bias.
No meta-analysis was considered to have a high quality of
evidence.

Discussion

To interpret the results on different doses of vitamin D on
maternal—fetal outcomes, the type of intervention and
study design of the included studies must be carefully
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Figure 6. Risk of bias assessment 2.0 of randomized controlled trials included in the meta-analysis: (a) risk of bias summary and (b)

graph.

analyzed. To minimalize the heterogeneity effect, we only
included RCTs study in pregnant women without preg-
nancy complications. Here, we compared vitamin D sup-
plementation only, without combinations with other
micronutrients, to ensure its specific effect for a specific
dose range.

A systematic review suggested that either vitamin D
alone, or in combination with calcium, is effective in pre-
venting preeclampsia.*® The pathogenesis of preeclampsia,
which includes pro-inflammatory cytokine secretion, can
be reduced by vitamin D supplementation by inhibiting
TLR4 monocyte expression.*® Our findings show that vita-
min D supplementation <2000 [U/day has a significant
effect (p=0.04) in preventing preeclampsia compared to
placebo (OR=0.29, 95% CI=0.09-0.95). This finding is
also supported by a previous meta-analysis which sug-
gested that vitamin D supplementation was associated
with a reduced risk of preeclampsia (OR=0.37, 95%
CI=0.26-0.52).*7 This showed us that vitamin D

supplementation is required for pregnancy, consistent with
other studies with a wide range of vitamin D dosages.’
Regarding the higher dose effect, we found no significant
difference between >2000 and <2000 [U/day in the risk
of preeclampsia (OR=0.80, 95% CI=0.51-1.24). Another
study by Cochrane also showed a different dose of vitamin
D supplementation; < 4000 versus = 3999 [U/day
and=<601 versus=600 IU/day. Although both results
showed protective relative risk, they were not statistically
significant, with a wide range of confidence interval
(RR=0.87, 95% CI=0.62-1.22 and RR=0.96, 95%
CI=0.65-1.42).2 Together with our results, these data
suggest that antenatal vitamin D supplementation is essen-
tial to reduce the risk of preeclampsia, but the effective
dose is between 601 and 20001U/day. Dosage of supple-
mentation of more than 2001 IU/day has no different effect
from the lower dose.

Studies have shown that most pregnant women with
GDM have vitamin D deficiency.*®* Recent study in
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GDM prevention suggested that vitamin D supplementa-
tion compared to placebo reduced the risk of GDM with
RR=0.51, 95% CI=0.27-0.97.° In our study, a meta-
analysis from seven studies suggested that there was a sig-
nificant difference of higher dose vitamin D
supplementation (>20001U/day) compared to the lower
dose (=<20001U/day with p<<0.05, RR=0.70, 95%
CI=0.51-0.95), along with no significant difference in the
lower dose compared to placebo. Another systematic
review showed no difference in <4000 versus =3999 U/
day and<601 versus=600IU/day dosage.'> This is in
agreement with a previous study which also showed that
vitamin D 20001U/day was more effective in increasing
the 25(OH)D serum concentration than a dose lower than
that (4001U/day).>! Thus, it may be suggested that the
optimum dose for vitamin D supplementation to prevent
GDM should range from 2001 to 4000 IU/day.

Moreover, a study found that 25(OH)D serum level was
related to preterm birth incidence, as the preterm birth rate
decreases in serum level 90nmol/L.>? A gene expression
study also showed dysregulation of immune response in
insufficient vitamin D levels during early pregnancy, con-
tributing to preterm birth.>*> However, our study did not
find any significant effect of different vitamin D supple-
mentation dosage in preterm birth. This result is supported
by other previously published systematic reviews and
meta-analyses, which also found that there was no signifi-
cant effect of vitamin D supplementation on preterm birth
compared to placebo nor when a dosage of 600 1U/day was
compared to 4000 IU/day.>'?

Furthermore, our study found no significant effect of
vitamin D supplementation on birth weight. This con-
trasts with a previous systematic review of 43 trials sug-
gesting that vitamin D increased birth weight and
prevented small for gestational age.>* Nonetheless, a
mendelian randomization study using genetic instru-
ments on maternal 25(OH)D levels found a positive
effect on offspring birth weight, yet the effect was con-
sidered small thus unlikely to be clinically important.>
Therefore, with these contrasting results, it seems that
more studies are required for us to draw a conclusion on
the effect of vitamin D supplementation on birth weight,
although our study reports non-significance.

Our study found several similarities and differences
compared to the previous meta-analysis findings. In gen-
eral, our results are in agreement with another meta-analy-
sis which did not consider the dose of the supplementation,
which found that supplementation of vitamin D alone
probably reduces the risk of preeclampsia (RR=0.48, 95%
CI=0.30-0.79) and gestational diabetes (RR=0.51, 95%
CI=0.27-0.97), but makes little or no difference in the risk
of having a preterm birth compared to no intervention or
placebo (RR=0.66, 95% CI=0.34-1.30).> However, our
results differ from another meta-analysis which took into

account the dose of the vitamin D supplementation, sug-
gesting that supplementation of vitamin D of more than
6001U/day makes little or no difference to the risk of
preeclampsia (RR=0.96, 95% CI=0.65-1.42), but proba-
bly reduces the risk of gestational diabetes (RR=0.54,
95% CI=0.34-0.86).'% The differences between our results
are probably caused by the different search terms and
included studies based on our more strict criteria, where
we did not allow studies where other nutrients are given
together with the vitamin D.

Nevertheless, certain limitations need to be consid-
ered in interpreting our study. First, a few studies were
excluded due to full-text non available and abstract con-
ference. Also, we restrict to only English language stud-
ies. Thus, it prevented us from analyzing more data.
However, since we only focused on RCT, with a large
sample size and numbers of outcome, this study might
become a basis for further study related to vitamin D sup-
plementation dosage in pregnancy. Furthermore, in some
of the studies we included, the baseline maternal vitamin
D was not taken into account. However, we did not
exclude those studies because vitamin D supplementa-
tion is meant for all pregnant women regardless of their
baseline vitamin D level. Also, no study protocol was
previously registered and published beforechand as we
immediately began with the search due to internal time
constraints in performing our study.

Moreover, it is also important to note that our present
study did not set any inclusion or exclusion criteria in
terms of the duration of supplementation. This results in
different studies beginning the vitamin D supplementation
in earlier pregnancy than others, with the earliest at
10weeks and the latest at 30 weeks of gestation. This lim-
its our interpretation of results into vitamin D supplemen-
tation before 30weeks of gestation. Considering that
obstetrical complications, such as preeclampsia and GDM,
stem from placental pathologies occurring in early placen-
tation, further studies should focus on not only the dosage
but also the ideal time to begin the supplementation.

Conclusion

Our study found that vitamin D supplementation > 2000 [U/
day is important to reduce the risk of GDM. Lower dose
vitamin D supplementation ( =< 2000 [U/day) is adequate to
reduce the risk of preeclampsia, with no significant differ-
ence when compared to the higher dose (>20001U/day).
Furthermore, we found no effect on the incidence of pre-
term birth and changes in birth weight on different doses of
vitamin D supplementation. However, since the quality of
evidence was considered moderate to low, more studies
are required to soundly conclude on the optimal dose for
vitamin D supplementation to prevent maternal—fetal preg-
nancy complications.
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