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Association between maternal vitamin D levels and
risk of adverse pregnancy outcomes: a systematic
review and dose—response meta-analysist

Rui Zhao,? Leilei Zhou,? Shanshan Wang,® Guoping Xiong® and Liping Hao @ *?

Epidemiological studies have investigated the associations between vitamin D and the risk of adverse
pregnancy outcomes; however, the results are conflicting and dose—response relationships remain to be
confirmed. This study aimed to summarize previous studies on the associations of vitamin D levels with
the risk of gestational diabetes mellitus (GDM), pre-eclampsia (PE), gestational hypertension (GH), and
caesarean section (C-section), and to clarify the dose—response trends. PubMed, Embase, Scopus, and
Web of Science were searched to identify eligible articles. A total of 69 prospective observational studies
including cohort studies, case-cohort studies, or nested case-control studies were included in the current
systematic review, of which 68 studies were available for meta-analysis. Compared with the lowest level,
the highest level of 25(OH)D was significantly associated with a lower risk of GDM (RR: 0.76; 95% Cl:
0.66-0.87), PE (RR: 0.74; 95% Cl: 0.60-0.90;), and GH (RR: 0.87; 95% Cl: 0.79-0.97); however, no signifi-
cant relationship was found for C-section (RR: 1.00; 95% ClI: 0.90-1.12). There was significant between-
study heterogeneity for GDM (/2 = 69.2%; Pheterogeneity < 0.001), PE (> = 52.0%; Pheterogeneity = 0.001), and
C-section (> = 59.1%; Preterogeneity < 0.001), while no heterogeneity was found for GH (I’ = 0.0%;
Pheterogeneity = 0.676). For each 25 nmol L™ increase in 25(0OH)D, the pooled RR was 0.92 (95% Cl:
0.86-0.97) for GDM and 0.89 (95% Cl: 0.84-0.94) for PE, respectively. Notably, the dose—response ana-
lysis showed a non-linear relationship between maternal 25(OH)D levels and the risk of PE (Pron-iinearity =
0.009). Our meta-analysis provides further scientific evidence of the inverse association between 25(0OH)
D levels and the risk of GDM, PE, and GH, which may be useful for the prevention of pregnancy compli-
cations. However, more evidence from prospective studies is needed regarding the dietary intake of
vitamin D during pregnancy.

lifestyle changes, and the use of sunscreen products have
further affected the synthesis of vitamin D, leading to a wide-

Gestational diabetes mellitus (GDM), pre-eclampsia (PE),
gestational hypertension (GH), and caesarean section
(C-section) are serious adverse pregnancy outcomes that
increase the risk of maternal and fetal/neonatal death and
long-term health risks for the mother and offspring, such as
diabetes mellitus, obesity, and -cardiovascular disease."™
Vitamin D is an essential fat-soluble steroid hormone mainly
produced through dietary intake and skin exposure to ultra-
violet B rays from sunlight.” However, increased air pollution,
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spread prevalence of vitamin D deficiency, especially in preg-
nant women.®® In addition to the well-documented effect in
regulating calcium and phosphorus balance and maintaining
bone health, numerous studies have identified that vitamin D
has anti-inflammatory and immunomodulatory functions,”"°
which take on pivotal roles in pregnancy.

Observational studies have extensively investigated the
associations of maternal vitamin D deficiency with the risk of
adverse pregnancy outcomes, but the results are
inconsistent."**® Some cohort studies have found that vitamin
D deficiency is associated with a reduced risk of GDM"'® and
PE."' However, the results of some other studies showed no
significant association between vitamin D deficiency and the
risk of GDM, PE, GH, or C-section."””™"> Since 2011, many
meta-analyses of observational studies have been published,
showing that maternal vitamin D status is inversely associated
with the risk of GDM'”'® and PE,'® but not with C-section.?®
However, previous studies had some limitations in their
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design and therefore no clear conclusions could be drawn. For
example, some research included studies with cross-sectional
designs or case-control studies, which may affect the reliability
of the results. To the best of our knowledge, no meta-analysis
has examined the relationship between vitamin D levels and
the risk of GH, and only one study in 2013 assessed the
relationship between vitamin D levels and the risk of
C-section. In addition, most of the studies did not explore the
dose-response relationship of vitamin D levels with the risk of
adverse pregnancy outcomes.

Due to the lack of a comprehensive meta-analysis of pro-
spective studies on pregnancy complications, we performed
this meta-analysis to provide updated evidence on the associ-
ation of maternal blood and dietary levels of vitamin D with
the risk of adverse pregnancy outcomes.

Methods

Search strategy

This meta-analysis was performed following the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) statement (ESI Table S17),>' and our protocol has
been registered in PROSPERO (CRD42021244431). We con-
ducted a systematic search of electronic databases including
PubMed, Embase, Scopus, and Web of Science from the incep-
tion to January 19, 2021. In short, we searched for the follow-
ing keywords: (“Vitamin D” OR “25-hydroxyvitamin D” OR “25
(OH)D” OR “Cholecalciferol” OR “Ergocalciferol”) AND
(“Gestational diabetes mellitus” OR “Pre-eclampsia” OR
“Hypertension, pregnancy-induced” OR “Caesarean section”
OR “Pregnancy outcome”). Details of the search strategy are
provided in ESI Table S2. Additionally, the bibliographies of
relevant meta-analyses were manually searched to identify eli-
gible literature.

Study selection

We included studies that met the following criteria: (1) studies
with prospective design (cohort, case-cohort, or nested case-
control studies); (2) reported the intake of vitamin D or 25(0OH)
D level as exposure; (3) reported the incidence of pregnancy out-
comes such as GDM, GH, PE, and C-section as the outcome
variables; (4) reported risk estimates and 95% confidence inter-
vals (CIs), or provided sufficient data to calculate these values;
and (5) for dose-response analysis, studies should report at
least three exposure categories and provide the number of cases
and participants in each category. We excluded letters, com-
mentaries, reviews, meta-analyses, conference abstracts, studies
without original data, and non-English articles.

Data extraction and quality assessment

Two investigators (RZ and LZ) independently extracted the fol-
lowing information from each eligible study using a standar-
dized data collection form: first author’s name, year of publi-
cation, country, study design, mean age or age range of partici-
pants, sample size, vitamin D assessment methods, type of
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outcomes, and adjustment factors. The study quality of
selected studies was assessed using the Newcastle Ottawa
Quality Assessment Scale (NOS).>> Studies scoring more than
six stars are regarded as high in quality.

Statistical methods

RRs and corresponding 95% CIs were used as the risk esti-
mates for studies, and HRs and ORs were considered approxi-
mately equal to the RRs. A random-effects model was used to
pool RRs and 95% CIs for the comparison of the highest
versus lowest category of exposure.”® We used risk estimates
from the multivariate models. Heterogeneity between studies
was evaluated by Cochran’s Q test (P < 0.10) and the I” statistic
test.>? I* values of 25%, 50%, and 75% were considered as low,
moderate, and high heterogeneity, respectively.>> We con-
ducted the subgroup analyses to identify sources of heterogen-
eity by potential influencing factors such as study type, geo-
graphic location, study quality, sample size, 25(OH)D assay
methods, blood sample type, trimester of sample collection,
and whether adjusting for important factors. Meta-regression
was performed to explore the heterogeneity between sub-
groups.”® Funnel plots and Egger’s regression test*” were used
to assess the publication bias. We also performed sensitivity
analyses with a random-effects model to assess the effect of
excluding each study on the overall estimates.

For the dose-response meta-analysis, 25(OH)D concen-
trations of ng mL ™" were converted to nmol L™" by multiplying
the values by 2.5. In studies that provided at least three cat-
egories of vitamin D levels, we extracted the mean or median
vitamin D level in each category. When studies reported range
values, we calculated the midpoint between the lower and
upper limits of the category. If the highest category was open-
ended, the width of the adjacent interval was used to calculate
the upper bound. For studies that did not use the lowest cat-
egory as the reference, we recalculated risk estimates using the
method described by Hamling et al.®

A linear dose-response analysis of a random-effects model
was performed using the generalized least squares regression
to estimate the RRs for every 25 nmol L™' increments in 25
(OH)D levels.*® In addition, we examined the possible non-
linear dose-response relationships by modeling the 25(0OH)D
levels through restricted cubic splines with 3 knots at the 10th,
50th, and 90th percentiles of the distribution.**** The non-
linear P value (Ppon-inearity) Was calculated by a likelihood ratio
test.>>*> We used STATA version 15.1 (StataCorp, College
Station, TX) for all analyses. Statistical tests were performed
using a two-tailed method with a significance level of P < 0.05.

Results
Literature search and study characteristics

Our search retrieved 7427 records, of which 7212 were
excluded by the initial screening according to titles and
abstracts. After the full-text screening, 145 articles were further
excluded (ESI Table S37), and we finally included 69 articles

Food Funct., 2022,13,14-37 | 15
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Fig. 1 Flow chart of study selection.

published from 2007 to 2021 (Fig. 1). Only one study
reported the effect of vitamin D intake,>® the other
25(0H)D which
36 studies were included in the meta-analysis for

14-16,34-66 11,14,37,40,41,46,47,53,58,63,66-81
GDM, 16 26 for PE,1L1437:40:41,46,47,53,56,63, 11 for

14,37,42,46,53,63,74,77,78,82,83
GH’,,,,,,,,,, and 24 for

68 were studies on levels, of

C_Section‘12,16,37,38,41,42,46,47,53,56,66,84*96 For ZS(OH)D
levels, 17 articles detected 25(OH)D by
LC_MS’12,36,37,39,40,44,49,50,52,59,61,69,70,74,75,80,89 10 by

CLIA,l1,14,41—43,55,64,79,81,91 eight by ECLIA’34,35,46,51,54,63,66,67
eight by ELISA’.%8,47,72,84,87,90,92,96 seven by RIA,15,45,57,60,71,77,82
six by HPLC,>®%%7%8%8893 and three by EIA.®>’%% Vitamin D
intake was assessed using the food frequency questionnaire.?
Among all cohort

studie-
12,14-16,33,34,37,38,40,42,44-51,53,54,56,59,62-64,66,67,74,76-79,81,83-94,96
b

included articles, there were 46

S

21 nested case-control
Studies’l1,35,39,41,43,52,55,57,58,60,61,65,68,70—73,75,80,82,95 and  two

case-cohort studies.*®®® Twenty articles were conducted in
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1o 15,16,34,38,44,49,51,54,59,60,62-64,66,81,85,87,89,95,96 s
Asla,”""”" ,06,61,695,67,69,99, 231nN0rth

America,

Europe 33,37,41,45,46,52,56,57,67,71,73,74,78,83,84,88,90-92 five in
b

Australia and New Zealan and two in Africa.>*%¢

Forty-two studies were of high quality (ESI Tables S4 and S57).

The characteristics of included studies are shown in Table 1.

11,12,36,39,43,47,50,53,55,61,65,68-70,72,75-77,79,80,82,93,94 19 ip

g, 1440,42,48,58
b

Maternal vitamin D levels and the risk of gestational diabetes
mellitus

Thirty-six studies, including 101116 individuals and 11127
cases, indicated that the highest level of 25(OH)D was signifi-
cantly associated with a 24% reduction in the risk of GDM com-
pared to the lowest level (RR: 0.76; 95% CI: 0.66-0.87); however,
significant heterogeneity was found between studies (I = 69.2%,
Pheterogeneity < 0.001) (Fig. 2 and Table 2). In most subgroups, a
significant negative association between 25(OH)D levels and risk
of GDM was still observed, particularly in nested case-control
studies, participants from North America, and studies controlling
for maternal age, BMI, and season in their analysis (Table 3).
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Fig. 2 Maternal 25(0Oh)D levels and risk of gestational diabetes mellitus, the highest versus lowest category.

Table 2 Maternal 25(0OH)D levels and the risk of adverse pregnancy outcomes, the highest vs. lowest and dose—-response meta-analyses

Highest vs. lowest meta-analyses

Dose-response meta-analyses

Outcomes N RR (95% CI) P (%) Pheterogenity N RR (95% CI) P (%) Pheterogenity
GDM 36 0.76 (0.66, 0.87) 69.2 <0.001 24 0.92 (0.86, 0.97) 73.6 <0.001

PE 26 0.74 (0.60, 0.90) 52.0 0.001 19 0.89 (0.84, 0.94) 49.4 0.008

GH 11 0.87 (0.79, 0.97) 0.0 0.676 7 0.98 (0.92, 1.04) 26.6 0.226
C-section 24 1.00 (0.90, 1.12) 59.1 <0.001 9 1.03 (0.99, 1.08) 26.5 0.209

Abbreviations: CI, confidence interval; C-section, caesarean section; GDM, gestational diabetes mellitus; GH, gestational hypertension; PE, pre-

eclampsia; RR, relative risk.

Twenty-four publications on the association between 25
(OH)D levels and the risk of GDM were included in the
dose-response analysis. No evidence of a non-linear associ-
ation between 25(OH)D levels and GDM risk was found
(Pnon-linearity = 0.695) (ESI Fig. S1f). For linear dose-
response meta-analysis, we found a significant 8%
reduction in the risk of GDM for each 25 nmol L™ " increase
in 25(0OH)D levels (RR: 0.92; 95% CI: 0.86-0.97), with high

This journal is © The Royal Society of Chemistry 2022

heterogeneity (I* = 73.6%, Pheterogeneity < 0.001) (Fig. 3 and
Table 2).

Maternal vitamin D levels and risk of pre-eclampsia

Twenty-six studies with a total of 55203 participants and 4518
cases were included in this analysis. The pooled RR for the
risk of PE, comparing the highest with the lowest level of 25
(OH)D, was 0.74 (95% CI: 0.60-0.90), indicating a significant

Food Funct, 2022,13,14-37 | 27
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Fig. 3 Linear dose—response meta-analysis of maternal 25(Oh)D levels (per 25 nmol L™! increase) and risk of gestational diabetes mellitus.

inverse association. However, there was evidence of moderate
heterogeneity between studies (I* = 52.0%, P eterogeneity = 0.001)
(Fig. 4 and Table 2). Subgroup analyses showed that the associ-
ations between 25(OH)D levels and risk of PE was significant
in cohort studies, studies conducted in North America, studies
of higher quality, studies using LC-MS/HPLC or ECLIA for 25
(OH)D assays, and studies in which samples were collected
throughout pregnancy. At the same time, the between-study
heterogeneity was significantly reduced in these subgroups
(Table 3).

Nineteen articles with sufficient data were identified for
inclusion in the dose-response meta-analysis of PE. We found
that each 25 nmol L™" increase in 25(OH)D levels was associ-
ated with an 11% lower risk of PE (RR: 0.89; 95% CI:
0.84-0.94), with moderate heterogeneity (I° = 49.4%,
Pheterogeneity = 0.008) (ESI Fig. S21 and Table 2). Results of the
dose-response meta-analysis showed a non-linear trend
between 25(OH)D levels and PE risk (Phondiinearity = 0.009),
where the RRs continued to decrease as 25(OH)D levels
increased from zero to higher; however, the risk declined more
significantly from 40 nmol L™" onwards (Fig. 5).

We only retrieved one study from the Norwegian Mother
and Child Cohort Study that examined the association
between vitamin D intake and risk of PE. The result showed

This journal is © The Royal Society of Chemistry 2022

that the intake of vitamin D from supplements was associated
with a reduced risk of PE.** However, due to the small number
of articles, we did not conduct a further meta-analysis.

Maternal vitamin D levels and the risk of gestational
hypertension

A total of 11 studies with 32 657 participants and 2572 cases
provided data on the relationship between the highest versus
the lowest level of 25(OH)D and the risk of GH. Highest level
of 25(0OH)D in comparison with lowest level decreased risk of
GH by 13% (RR: 0.87; 95% CI: 0.79-0.97), with no significant
between-study heterogeneity (I* = 0%, Pheterogencity = 0.676)
(Fig. 6 and Table 2). Subgroup analyses revealed that the
associations between 25(OH)D levels and risk of GH was sig-
nificant in cohort studies, studies from Asia, studies of lower
quality, studies with sample sizes >2000, studies using ECLIA
for 25(OH)D assays, studies with fewer than six adjusting
factors, and studies without adjustment for BMI (Table 3).
Seven publications were incorporated into the dose-
response meta-analysis for GH. There was no evidence of a
non-linear relationship between maternal 25(OH)D levels and
the risk of GH (Ppon-iincariy = 0.209) (ESI Fig. S3t). Moreover,
the linear dose-response relationship between each 25 nmol
L~ " increase in 25(0OH)D levels and GH risk was not significant

Food Funct., 2022,13,14-37 | 29
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Fig. 4 Maternal 25(Oh)D levels and risk of pre-eclampsia, the highest versus lowest category.
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Fig. 5 Non-linear dose-response meta-analysis of maternal 25(Oh)D
levels and risk of pre-eclampsia.

(RR: 0.98; 95% CI: 0.92-1.04; I* = 26.6%, Pheterogencity = 0-226)
(ESI Fig. S47 and Table 2).

Maternal vitamin D levels and the risk of caesarean section

Twenty-four studies were included in the highest versus lowest
meta-analysis on the relationship between maternal 25(0OH)D

30 | Food Funct, 2022,13,14-37

levels and the risk of C-section, with a total of 25 107 partici-
pants and 7670 cases. We found no significant association
between maternal 25(OH)D levels and risk of C-section (RR:
1.00; 95% CI: 0.90-1.12; I* = 59.1%, Pheterogeneity < 0.001) (ESI
Fig. S5t and Table 2). Subgroup analyses revealed that the
inverse association between maternal 25(OH)D levels and risk
of C-section was significant in studies conducted in North
America, studies with sample sizes >2000, and studies
adjusted for maternal age, BMI, or season (Table 3).

Out of 24 articles, nine studies were included in the dose-
response analysis. In the non-linear dose-response analysis,
the maternal 25(OH)D levels were not associated with the risk
of C-section (Ppon-tinearity = 0.773) (ESI Fig. S61). Estimation of a
linear dose-response trend demonstrated that an increase of
25 nmol L™ in 25(OH)D was not associated with a higher risk
of C-section (RR: 1.03; 95% CI: 0.99-1.08; I* = 26.5%,
Pheterogeneity = 0-209) (ESI Fig. S71 and Table 2).

Sensitivity analysis and publication bias

Due to the significant heterogeneity among studies between
maternal 25(OH)D levels and the risk of GDM, we performed
sensitivity analyses using a random effect model to test
whether the pooled RR was significantly influenced by a
specific study in the highest versus lowest meta-analysis (ESI

This journal is © The Royal Society of Chemistry 2022
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Fig. 6 Maternal 25(0Oh)D levels and risk of gestational hypertension, the highest versus lowest category.

Table S6t1). The results suggested that the overall estimates
were not substantially altered by excluding one study at a time,
with the pooled RRs ranging from 0.73 to 0.80. None of the
excluded studies explained the large degree of heterogeneity in
the findings. Similarly, sensitivity analyses demonstrated that
none of the individual studies significantly affected the overall
results for PE, GH, and C-section. Based on the funnel plot
and Egger’s regression test, no evidence of publication bias
was observed for PE (P = 0.698), GH (P = 0.858), or C-section (P
= 0.983). For GDM, the funnel plot was asymmetrical and the
Egger’s test (P = 0.016) showed a significant publication bias
(ESI Fig. S8-S11%).

Discussion
Main findings

This meta-analysis of sixty-eight prospective studies systemati-
cally assessed the associations of vitamin D levels with the risk
of GDM, PE, GH, and C-section by comparing the highest and
lowest levels and performing dose-response analyses. The
findings showed that the highest level of 25(OH)D was signifi-
cantly correlated with reduced risk of GDM, PE, and GH com-
pared to the lowest level. Further, the dose-response analysis
suggested that each 25 nmol L™ increase in 25(0OH)D was
associated with an 8% and 11% reduction in the risk of GDM
and PE, respectively. There was evidence of a non-linear trend
in the risk of PE, with a more dramatic decline in 25(OH)D
from 40 nmol L. Moreover, we found no association between
vitamin D levels and the risk of C-section.

This journal is © The Royal Society of Chemistry 2022

Strengths and limitations

Our study has several strengths. Firstly, this is the first compre-
hensive systematic review and dose-response meta-analysis to
investigate the linear and non-linear relationships between
maternal vitamin D levels and the risk of adverse pregnancy
outcomes, including GDM, PE, GH, and C-section. Secondly,
we incorporated studies that were truly prospective designed,
excluding studies in which the gestational week of vitamin D
measurement co-occurred as the endpoint or after the end-
point, to ensure a more plausible inference of causality.
Thirdly, the large number of participants and cases provided
sufficient statistical power to quantitatively assess the associ-
ation of 25(OH)D levels with the risk of adverse pregnancy
outcomes.

Besides these strengths, this study also has some limit-
ations that should be acknowledged. Firstly, there was signifi-
cant heterogeneity among studies for GDM, PE, and C-section
risk. We performed extensive subgroup analyses and sensitivity
analyses to explore the potential source of heterogeneity. The
results identified factors including geographic location, 25
(OH)D assay methods, trimester of sample collection, and
whether adjustment for confounding factors may be a signifi-
cant source of heterogeneity. Secondly, although the RRs were
derived from the multivariate models, our results could not
completely rule out the unmeasured confounders. Thirdly, the
gestational week vitamin D measured was not explicitly
described in some of the included studies, limiting our esti-
mate of the effect of vitamin D levels on outcomes at different
trimesters. Moreover, there are few studies on the association
between the dietary intake of vitamin D and pregnancy out-
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comes, so insufficient data are available to perform a meta-
analysis. More studies which combine vitamin D intake with
blood biomarkers are necessary for the future. Finally, there
was a publication bias in this meta-analysis, which can be
partly explained by the fact that some studies reporting nega-
tive results for the association of vitamin D levels with GDM
risk were not published. In the future, more large sample
population studies are needed to verify our results further.

Interpretation

In agreement with our findings, recent studies have found a
significant protective effect of higher vitamin D levels on the
risk of GDM."”'®%” However, controversy still exists regarding
the dose-response relationship between vitamin D and the
risk of GDM. In a recent systematic review and meta-analysis
by Sadeghian et al.,”” each 10 nmol L™" increase in circulating
25(OH)D was associated with a 2% reduction in the risk of
GDM. However, findings from another meta-analysis by
Milajerdi et al.'® indicated a U-shaped non-linear association
between serum vitamin D levels and risk of GDM. Several
methodological limitations may restrict the validity of the esti-
mated effect values from these studies. The authors included
studies in which 25(0OH)D was measured on the same day as or
after screening for GDM and could not ensure the prospective
property of the studies. Also, they only included studies with
serum samples, which resulted in fewer GDM cases being
included in the study. In contrast, our study included both
serum and plasma samples and further explored differences in
subgroup analyses. Overall, it is necessary to conduct well-
designed studies to elucidate the dose-response relationship
between vitamin D levels and GDM risk.

We found a significant non-linear dose-response associ-
ation between vitamin D levels and the risk of PE, with the risk
decreasing more rapidly when vitamin D levels exceeded
40 nmol L™". Several meta-analyses on the same topic were pre-
viously published, but they did not examine the potential non-
linear and linear associations.'>***¥7'% gimilar to our find-
ings, some of these studies found that vitamin D deficiency or
insufficiency was related to a higher risk of PE.'®2%1°
However, two other studies showed that PE risk was not influ-
enced by vitamin D levels during pregnancy.”®°® The discre-
pancies can be primarily attributed to the different inclusion
criteria, with some studies including both cohort and cross-
sectional studies, whereas the current meta-analysis included
only prospective studies.

In this meta-analysis, maternal vitamin D levels in the
highest category were protectively associated with the risk of
GH compared with the lowest category. However, we did not
find a significant dose-response relationship. To the best of
our knowledge, this is the first meta-analysis to quantitatively
summarize the association between vitamin D levels during
pregnancy and GH. Nevertheless, the above results are based
on a small number of studies, and further research is needed
to shed light on this issue.

In line with the current study, the results of a systematic
review and meta-analysis in 2013 showed no significant associ-
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ation between vitamin D levels and risk of C-section.”
Although vitamin D was found to reduce the common causes
of the occurrence of C-section such as GDM and PE, and most
studies did not distinguish whether the outcome was a
primary C-section or whether it was an active elective cesarean
delivery, which may somewhat influence the results. Future
studies on this association need to consider and collect these
essential factors associated with outcomes to improve the
existing evidence.

The specific mechanisms behind the effects of vitamin D
on adverse pregnancy outcomes are not well understood;
however, the extra-skeletal effects of vitamin D may play a
crucial role. For instance, vitamin D has an integral part in
maintaining glucose and insulin homeostasis;'®" therefore,
higher vitamin D levels may reduce the risk of GDM. In
addition, active vitamin D can inhibit the renin-angiotensin
system (RAS),'°®> which is an essential pathway in the regu-
lation of PE and GH.'*® Furthermore, vitamin D is considered
to have anti-inflammatory properties that may reduce the
maternal inflaimmatory response.’® Consequently, these
mechanisms may explain why higher vitamin D levels may
reduce the risk of adverse pregnancy outcomes. However, more
animal studies or clinical trials are needed to demonstrate the
specific mechanisms.

In addition, our systematic review found that the mean 25
(OH)D concentrations in pregnant women were highly varied
in different regions, from 18 nmol L™'-98 nmol L~'.'*7%%
There are several possible influential factors that may contrib-
ute to discrepancies in vitamin D status between populations,
such as sun exposure, diet, nutritional status, and renal func-
tion.'®® Also, differences in the assay methods for blood 25
(OH)D concentrations may have contributed to the discre-
pancy.'®® Furthermore, the bioavailability of vitamin D intake
varies among individuals, which may be explained in part by
genetic variability in the vitamin D receptor (VDR).'%%'%”

Conclusions

In conclusion, our comprehensive meta-analysis provides
further evidence that higher 25(OH)D levels during pregnancy
are associated with a lower risk of GDM and PE in a dose-
response manner. However, the inverse association between
maternal 25(OH)D levels and GH was significant in the highest
versus lowest meta-analysis, but no dose-response relationship
was found. Moreover, we found no association between
vitamin D levels and the risk of C-section. More randomized
controlled trials and animal experiments are needed to further
evaluate the associations of vitamin D levels with adverse preg-
nancy outcomes to prove our findings.
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