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Background & aims: Gestational Diabetes Mellitus (GDM) is associated with a well-documented range of
adverse pregnancyoutcomes. The presentmeta-analysiswas conducted toevaluate the effects of vitaminD
supplementation on glycemic control and maternal-neonatal outcomes in womenwith established GDM.
Methods: Published literature was retrieved and screened from PubMed, Embase, Web of Science, CNKI
(China National Knowledge Infrastructure), Wanfang, and Cochrane Center Register of Controlled Trails
up to May 2020. RCTs of vitamin D supplementation on pregnant women with GDM were included.
Results: 19 RCTs (1550 participants) were eligible for meta-analyses. Overall, vitamin D supplementation
significantly reduced serum fasting plasma glucose (FPG) (MD: �10.20 mg/dL, 95%CI: �13.43 to �6.96),
insulin concentration (MD: �5.02 mIU/mL, 95%CI: �6.83 to �3.20) and the homeostasis model assess-
ment of insulin resistance (HOMA-IR) (MD:-1.06, 95%CI: �1.40 to �0.72) in women with GDM. In
addition, vitamin D supplementation in pregnant women with GDM significantly reduced adverse
maternal outcomes including cesarean section (RR: 0.75, 95%CI: 0.63 to 0.89), maternal hospitalization
(RR: 0.13, 95%CI: 0.02 to 0.98) and postpartum hemorrhage (RR: 0.47, 95%CI: 0.22 to 1.00). Several
adverse neonatal complications including neonatal hyperbilirubinemia (RR: 0.47, 95%CI: 0.33 to 0.67),
giant children (RR: 0.58, 95%CI: 0.38 to 0.89), polyhydramnios (RR: 0.42, 95% CI: 0.24 to 0.72), fetal
distress (RR: 0.46, 95%CI: 0.24 to 0.90) and premature delivery (RR: 0.43, 95% CI: 0.26 to 0.72) were also
significantly reduced.
Conclusions: This meta-analysis suggested that supplementation of GDM women with vitamin D may
lead to an improvement in glycemic control and reduction of adverse maternal-neonatal outcomes.

© 2020 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Gestational diabetes mellitus (GDM) is a common medical
complication of pregnancy which is defined as “diabetes diagnosed
in the second or third trimester of pregnancy that is not overt
diabetes” [1]. It is estimated that approximately 15% of live births
were affected by GDM globally [2], and the overall prevalence of
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GDM was around 5.4% (95%CI: 3.8%e7.8%) in Europe [3], 11.5% (95%
CI: 10.9%e12.1%) in Asia [4] and 13.6% in Africa [5], respectively.
GDM is regarded as a significant risk factor to both mother and
developing fetus, which is associated with preeclampsia, cesarean
section, polyhydramnios, fetal distress, malformation, macrosomia,
premature infants, as well as long-term consequences on the health
of the pregnant women and their offspring [6e8]. Moreover, GDM
puts a disproportionate economic burden on the patients [9], and it
is estimated that the overall cost of care for an individual with GDM
is 34% greater than the cost for awomanwithout the disease [10]. In
light of this finding, along with the rising prevalence of obesity
epidemic, physical inactivity, and advanced childbearing age
lism. All rights reserved.
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among women of childbearing age [11,12], measures that could
prevent or reduce the adverse outcomes of GDM need to be
identified.

Accumulating evidences have indicated that vitamin D, a lipid-
soluble nutrient, plays an important role in the development of
GDM [13]. The possible mechanisms for the modulation of glucose
homeostasis by vitamin D may include driving the recovery of
physiological insulin secretion [14], interacting with insulin-like
growth factor (IGF) [15], enhancing duodenal absorption and
renal resorption of calcium and then facilitating the intracellular
signaling transduction of insulin [16]. To date, there have been a
number of published systematic reviews and meta-analyses which
evaluated the relationship between vitamin D and GDM [17e27].
However, some of the studies only focused on association of
vitamin D deficiency with the development of GDM rather than the
therapeutic effect of vitamin D supplement on GDM [20,23,26]. For
those studies evaluating the therapeutic potential of vitamin D
supplementation, some mixed observational studies with ran-
domized controlled trials (RCTs) together [21,22]. Additionally,
some of the studies did not separate patients taking vitamin D for
GDM prevention from those taking vitamin D for GDM treatment
[21]. Even for the studies investigating the therapeutic effects of
vitamin D supplementation on glucose metabolism and lipid pro-
files in patients with GDM, only six [24,27] or five [18] RCTs were
included, and the sample size was relatively small with high het-
erogeneity. Partial of the reason might be due to the fact that some
of the studies were published in Chinese, which are not indexed in
PubMed or other international databases and thus were missed by
researchers outside China. Moreover, the effects of vitamin D sup-
plementation on glucose homeostasis and maternal-neonatal out-
comes of women with established GDM had not been carefully
evaluated. Therefore, here we conducted a meta-analysis to
examine the therapeutic effects of vitamin D supplementation
versus placebo on glycemic control, pregnancy complications, and
newborn outcomes in pregnant women diagnosed with GDM.

2. Material and methods

This meta-analysis was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: The
PRISMA Statement [28].

2.1. Search strategy

A comprehensive literature search was carried out in PubMed,
EMBASE, Web of Science, CNKI (China National Knowledge Infra-
structure), Wanfang Data (a database for Chinese publications), and
Cochrane Center Register of Controlled Trials from inception toMay
1, 2020. The literature search was conducted using the following
medical subject heading terms and Boolean operators: “vitamin D”
OR “25(OH)-D” OR “25-hydroxy vitamin D” OR “vitamin D defi-
ciency” AND “GDM” OR “gestational diabetes” OR “diabetes preg-
nancy” AND “randomized controlled trial” (see Supplement
material 1). Searching was restricted to articles in English and
Chinese, and we also screened the references of the articles
retrieved. Three authors independently screened the title, abstract,
and full-text of the retrieved articles. Any discrepancy between the
findings of the three reviewers was resolved through discussion.

2.2. Study eligibility criteria

Studies included in this meta-analysis should meet the
following criteria: (a) RCTs; (b) pregnant women diagnosed with
GDM; (c) vitamin D was administered during pregnancy; (d) con-
trol group was supplemented with placebo or without any
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supplementation. Vitamin D could be given in either form (vitamin
D2 or D3), administered at any dose, by any route (oral or intra-
muscular), and at any frequencyd“regular” dosing in which sup-
plementationwas offered at least three times in a regular/recurrent
manner (such as daily, weekly, or monthly) and “bolus” dose reg-
imens in which the supplement was administered only once or
twice. The studies should be published in English or Chinese. Trials
involving those women with a history of high dose vitamin D
consumption during the previous 3 months, womenwith diagnosis
of GDM class A2 which require insulin therapy are excluded. Also,
the studies that did not report the mean and standard deviation of
glucose metabolism for intervention and control groups, confer-
ence abstracts without full text, case reports, observational cohorts
rather than RCTs, and studies in which the intervention was
administered only before conception or after delivery were
excluded from the study. Three independent reviewers screened
abstracts and full text articles for inclusion, and any disagreements
were resolved through consensus of at least two reviewers.

2.3. Quality assessment

The Cochrane Collaboration tool was used to assess the quality
of all included studies [29]. Three authors assessed each study
independently against the six criteria, including selection bias,
performance bias, personal bias, detection bias, attrition bias, and
reporting bias [30]. Each criterion was assessed with 3 potential
outcomes: low risk of bias, high risk of bias, or unclear risk of bias.

2.4. Data extraction

Data were independently extracted from each article by three
authors using a data collection form. Data items collected included:
first author, journal name, year of publication, the country inwhich
the trial was conducted, number of trial participants, diagnosis
criteria of GDM, mean age of mother, intervention, control mea-
sures, length of study, sample size, outcome measures of interest,
and risk of bias.

2.5. Outcome measures

The studies that met inclusion criteria were reviewed by three
authors, and the outcomes of these RCTs that could be retained for
meta-analysis were considered the primary outcome in this review.
Therefore, the primary outcome measures included in this review
weremean changes in fasting plasma glucose (FPG), insulin, plasma
insulin resistance index (HOMA-IR), GDM pregnant outcomes (ce-
sarean section, maternal hospitalization, and postpartum hemor-
rhage), and newborn complications (hyperbilirubinemia, giant
children, hypoglycemia, polyhydramnios, fetal distress, and pre-
mature delivery). Data from different studies were converted to the
same unit, with mg/dL for FPG and mIU/mL for insulin concentra-
tion, respectively. The units of the data were transformed by the
following equation: for FPG, 1 mmol/L ¼ 18 mg/dL; for insulin,
1 pmol/L ¼ 6.965 mIU/mL (https://www.thebloodcode.com/
calculators/).

2.6. Statistical analysis

Data analysis was performed by using the Review Manager 5.3
Software (RevMan; The Cochrane Collaboration, Oxford, UK) and
STATA 14.0. The relative risk (RR) and weighted mean difference
(WMD) were used for measuring the association between vitamin
D supplementation and GDM. Forest plots were used to visually
assess pooled estimates and corresponding 95% CIs. The homoge-
neity across studies was examined by the Higgins inconsistency
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test (I2) [31]. In the presence of significant heterogeneity (I2 > 50%
or P � 0.05), a random-effects model was used to calculate the
pooled effect size; otherwise (I2 < 50% or P � 0.05), a fixed-effects
model was applied. We further conducted a sensitivity analysis to
investigate the influence of a single study on the overall risk esti-
mate by omitting one study in each run. We also conducted a
subgroup analysis to explore the possible explanations for hetero-
geneity. Potent publication bias was assessed by using the Egger's
test and funnel plots.

3. Results

3.1. Literature search

Figure 1 shows the search details of the study selection process
and the reasons for the exclusion of studies for this systematic re-
view and meta-analysis of vitamin D supplementation in GDM. In
detail, by searching the databases, 759 articles were identified in
our initial search; of these, 496 were excluded as duplicates, and
263 were further screened for inclusion. Then, 213 were excluded
by title and abstract based on not being RCTs or quasi-experimental
studies or using vitamin D supplementation for preventing GDM, or
not human studies. Finally, 19 articles [32e50] were included for
the final pooled analysis.

A summary of the included studies is presented in Table 1. The
earliest study was published in 2011 and the latest in 2019, but
more than half of the studies were published within the past 5
Fig. 1. Diagram for the search and selection p
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years. The sample size of the participants in each study ranged from
45 to 213, and the total number of participants included in this
systematic review was 1550. Among the 19 studies, 12 were con-
ducted in Iran, and the other 7 were conducted in China.

3.2. Assessment of the risk of bias

The methodological quality according to the researchers' de-
cisions on each risk of bias point for each included study is shown in
Figs. 2 and 3. Results of the Cochrane risk of bias assessments (Fig. 2
and Fig. 3) present an overall low risk of bias, especially concerning
random sequence generation. A slightly higher risk was reported
for detection bias and attrition bias. Unclear risks were related to
selection bias and detection bias.

3.3. Effect of vitamin D supplementation on FPG, insulin, and
HOMA-IR

Eleven RCTs with 717 participants [32,34,35,38,40,42e44,
46,48,49], seven RCTs with 479 participants [32,37,38,40,43,46,48],
and eight RCTs with 514 participants [32,34,37,38,40,43,46,49]
studied the effects of vitamin D supplementation versus placebo on
FPG serum level, fasting plasma insulin level and HOMA-IR,
respectively. As the I2 statistic indicated significant heterogeneity
among the studies (I2 ¼ 80%, 78% and 74%, respectively, all with
p < 0.001), random effect model was used to pool the data. The
estimated overall effect demonstrated vitamin D supplementation in
rocess of articles included in this review.



Table 1
Data extraction table for all included studies.

Study GDM Diagnostic
criteria

Country Journal Maternal
age, year

Gestational
age, weeks

Intervention Control Approach Length of
study

Sample Size
(Intervention,
Control)

Jamilian (2017) [32] ADA Iran J Clin Lipidol 18e40 24e28 50,000 IU VD every 2 weeks þ1000 mg
omega-3 fatty acids twice a day

Placebo oral 6 weeks 70 (35,35)

Karamali (2016) [33] ADA Iran Public Health Nutr 18e40 24e28 1000 mg Ca/d þ 50,000 IU VD3 twice Placebo oral 6 weeks 60 (30,30)
Karamali (2018) [34] ADA Iran Appl Physiol Nutr Metab 18e40 24e28 100 mg Mg þ 4 mg Zn þ 400 mg

Ca þ 200 IU VD twice a day
Placebo oral 6 weeks 60 (30,30)

Mozaffari-Khosravi M.
(2012) [35]

Carpenter and
Coustan criteria

Iran Diabet Med 30.7 ± 6.2 24e28 300,000 IU VD3 Nothing Intramuscular
injection

12 weeks 45 (24,21)

Yue (2019) [36] ADA China Chinese Contemporary
Medicine

18e35 24e28 1200 IU VD3, Once a day Placebo oral 12 weeks 238 (116,122)

Zhang Y. (2019) [37] Gynecology
(8th Edition)

China Chinese Medicine 24e28 500 IU VD3, twice a day Placebo oral 12 weeks 84 (42,42)

Asemi (2014) [38] ADA Iran Diabetologia 18e40 24e28 Ca plus VD 50,000 IU VD3 2 times
during the study (at baseline and at day
21 of the intervention)

Placebo oral 6 weeks 56 (28,28)

Hosseinzadeh-Shamsi-Anar
(2012) [39]

ADA Iran Iran J Med Sci 30.7 ± 6.2 24e28 300,000 IU of VD Nothing Intramuscular
injection

12 weeks 45 (24,21)

Jamilian (2016) [40] ADA Iran Lipids 28.4 ± 6.2 24e28 1000IU VD þ 1000 mg evening
primrose oil

Placebo oral 6 weeks 60 (30,30)

Mao (2019) [41] Gynecology
(8th Edition)

China Chinese Modern Doctor 18e35 16e20 400U VD/day Placebo oral 118 (59, 59)

Jamilian (2019) [42] ADA Iran BMC Pregnancy Childbirth 27.7e33 24e28 100 mg Mg þ 4 mg Zn þ 400 mg
Ca þ 200 IU VD twice a day

Placebo oral 6 weeks 60 (30,30)

Jamilian (2018) [43] ADA Iran Clin Nutr 24e28 50000 IU VD, 8*10^9 CFU/g Probiotics Nothing oral 6 weeks 58 (30,28)
Liu Y. (2015) [44] ADA China Chinese Modern Medicine

Application
30e40 36 ± 2.2 VD3,7.5 mg Nothing Intramuscular

injection
15 days 85 (44,41)

Li L. (2019) [45] Gynecology China Clinical research 29.3 ± 4.23 35.2 ± 5.23 400 IU VD3 Nothing oral 90 (45,45)
Asemi (2013) [46] ADA Iran Am J Clin Nutr 31.5 ± 6.1 24e28 50,000 IU VD3 2 times during the study

(at baseline and at day 21 of the
intervention)

Placebo oral 6 weeks 54 (27,27)

Asemi (2015) [47] ADA Iran Horm Metab Res 30.9 ± 5.8 50,000 IU VD3 2 times during the study
(at baseline and at day 21 of the
intervention)

Placebo oral 6 weeks 45 (22,23)

Li Q. (2016) [48] ADA China Ann Nutr Metab 28 ± 4 13e15 2 servings (200 g) of supplemented
yogurt per day (500 IU VD3 per serving)

Placebo oral 16 weeks 97 (48,49)

Yazdchi (2016) [49] IADPSG Iran Nutr Res Pract 31.88 ± 4.0 24e28 50,000 IU of VD3/every 2 weeks Placebo oral 8 weeks 72 (36,36)
Valizadeh (2016) [50] ADA Iran Int J Endocrinol Metab 32 ± 5 VD3 Placebo oral 96 (48,48)

Note: VD: Vitamin D; T: test group; C: Control group; IU: international unit; GDM: gestational diabetes mellitus; ADA: American Diabetes Association; IADPSG: International Diabetes and Pregnancy Study Group.
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Fig. 2. Risk of bias graph per type of bias assessed.

Fig. 3. Diagram of bias in the included studies.
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women with GDM led to a significant lower FPG serum level
(MD: �10.20 mg/dL, 95%CI: �13.43 mg/dL to �6.96 mg/dL, p <
0.001; Fig. 4a), fasting plasma insulin level (MD: MD: �5.02 mIU/mL,
95%CI: �6.83 mIU/mL to �3.20 mIU/mL, p < 0.001; Fig. 4b), and
HOMA-IR (MD:�1.06mmol/L, 95%CI:�1.40mmol/L to�0.72mmol/
L, p < 0.001; Fig. 4c).

3.4. The effect of vitamin D supplementation during pregnancy on
GDM pregnant outcomes: cesarean section, maternal
hospitalization, and postpartum hemorrhage

Nine RCTs with 765 participants [33,35,36,39,41e43,47,50], two
RCTs with 105 participants [33,47] and two RCTs with 328 partici-
pants [36,45] studied the effects of vitamin D supplementation on
cesarean section rate, maternal hospitalization, and postpartum
hemorrhage, respectively. As the I2 statistic suggested low hetero-
geneity among the studies for these three pregnant outcomes
(I2 ¼ 43%, 0%, and 0%, respectively, all with p > 0.05), the fixed-
effect model was used to pool the data. The results showed that
vitamin D supplementation during pregnancy could significantly
reduce maternal cesarean section rate (RR: 0.75, 95%CI: 0.63 to
0.89, p ¼ 0.0001, Fig. 5a), maternal hospitalization rate (RR: 0.13,
95%CI: 0.02 to 0.98, p ¼ 0.05, Fig. 5b), and postpartum hemorrhage
(RR: 0.47, 95%CI: 0.22 to 1.00, p¼ 0.05, Fig. 5c) inwomenwith GDM.

3.5. Effect of vitamin D supplementation during pregnancy on
neonatal outcomes: newborn hyperbilirubinemia, newborn
hypoglycemia, polyhydramnios, fetal distress, premature delivery,
and occurrence of giant children

Seven RCTs with 522 participants [33,41e43,47,49,50], six RCTs
with 615 participants [36,41e43,47,50], four RCTs with 596 par-
ticipants [33,36,47,49,50], five RCTs with 461 participants
[33,36,42,43,47], two RCTs with 383 participants [36,45], and eight
RCTs with 765 participants [33,36,41e43,45,47,50] investigated the
effects of vitamin D supplementation on newborns hyper-
bilirubinemia, occurrence of giant children, hypoglycemia, poly-
hydramnios, fetal distress, premature delivery, respectively. As the
I2 statistic indicated no heterogeneity among the studies (I2 ¼ 0%,
all with p> 0.10), a fixed effect model was used to pool the data. The
estimated total effect implicated that vitamin D supplementation
during pregnancy significantly reduced the risk of new hyper-
bilirubinemia (RR: 0.47, 95%CI: 0.33 to 0.67, p < 0.0001; Fig. 6a),
giant children (RR: 0.58, 95%CI: 0.38 to 0.89, p ¼ 0.01; Fig. 6b),
polyhydramnios (RR: 0.42, 95%CI: 0.24 to 0.72, p ¼ 0.002; Fig. 6d),
fetal distress (RR: 0.46, 95%CI: 0.24 to 0.90, p ¼ 0.02; Fig. 6e) and
premature delivery (RR: 0.43, 95%CI: 0.26 to 0.73, p ¼ 0.002;
Fig. 6f), while no significant effect on the risk of newborns'



Fig. 4. Forest plot of glucose parameter. (a) Effect of vitamin D supplementation on FPG; (b) Effect of vitamin D supplementation on Insulin; (c) Effect of vitamin D supplementation
on HOMA-IR.
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hypoglycemiawas observed (RR: 0.82, 95%CI: 0.52 to 1.29, p¼ 0.39;
Fig. 6c).

3.6. Publication bias

No significant publication bias was observed when funnel plots
were examined (Supplementary data 2). The results of Egger's tests
also did not indicate the presence of publication bias
(Supplementary data 3).

4. Discussion

There has been a rapidly growing interest in the protective ef-
fects of vitamin D on the risk of GDM and pregnancy outcomes.
Results from several meta-analyses have found that there is a sig-
nificant inverse relationship between serum 25(OH)D concentra-
tion and the risk of GDM [26,51,52]. Also, vitamin D
supplementation has beneficial effects on maternal and neonatal
outcomes in normoglycemic pregnant women [53]. However, the
therapeutic effects of vitamin D supplements on women with
established GDM are still unclear. Jahanjoo et al. conducted a meta-
analysis to evaluate the impact of vitamin D supplementation on
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maternal and neonatal health outcomes in GDM patients, but the
relatively short intervention duration, small sample size, and high
degree of heterogeneity among included studies may restrict the
application of the finding [18]. Therefore, we performed this sys-
tematic review and meta-analysis in pregnant women with estab-
lished GDM to evaluate the therapeutic effects of vitamin D
supplementation on glycemic control and maternal-neonatal
outcomes.

Nineteen RCTs fulfilled our eligibility criteria and were included
in this review. In our meta-analysis of RCTs, vitamin D supple-
mentation elicited a statistically significant decrease in FPG, insulin
concentration, and HOMA-IR. These findings were consistent with
the results from previous studies [18,21], which suggested that
vitamin Dmight help glycemic control in pregnant women through
increasing the absorption of glucose by cells directly or through the
enhancement of insulin sensitivity [54]. On the other hand, there
were also reports showing no favorable effect of vitamin D
administration on FPG [27,55]. One possible reason for the con-
tradicting results may be due to the inclusion of non-GDM patients
who had higher baseline levels of vitamin D [55]. Besides, the
heterogeneity among the studies included in the meta-analysis
conducted by Akbari et al. was high, which would likely lead to a



Fig. 5. Forest plot of maternal outcomes. (a) Effect of vitamin D supplementation on cesarean section; (b) Effect of vitamin D supplementation on maternal hospitalization; (c) Effect
of vitamin D supplementation on postpartum hemorrhage.
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negative result [27]. Furthermore, the dosage of vitamin D and
study duration varied among these studies, which could be
important confounding factors that contributed to the contra-
dicting results.

GDM is associated with a well-documented range of adverse
pregnancy outcomes for both mother and fetus, including macro-
somia, cesarean section, induction of labor, large for gestational age,
and shoulder dystocia [56e58]. In our study, vitamin D supple-
mentation was associated with reduced risk of maternal cesarean
section, maternal hospitalization, and postpartum hemorrhage.
Moreover, vitamin D supplementation during pregnancy signifi-
cantly reduced the risk of newborn hyperbilirubinemia, giant
children, polyhydramnios, fetal distress, and premature delivery.
These findings were partially consistent with the results of Jahanjoo
et al., in which it was shown that supplementation of GDMwomen
with vitamin D may lead to an improvement in FPG, serum lipids,
and newborns hyperbilirubinemia [18]. Palacios et al. also found
that supplementation with vitamin D alone or vitamin D plus cal-
cium reduced the risk of pre-eclampsia [59]. However, the results
from a study conducted by Perez-Lopez et al. [17] suggested that
vitamin D supplementation did not influence the maternal and
neonatal outcomes in women with GDM. Although there is a bio-
logical rationale for the beneficial effects of vitamin D on the
maternal and neonatal adverse outcomes [60], evidence was still
limited. For example, there were only two RCTs reported the effects
of vitamin D supplementation on maternal hospitalization [33,47],
postpartum hemorrhage [36,45], and fetus distress [36,45],
respectively, even the results were statistically significant. There-
fore, larger and better-designed RCTs are warranted to confirm the
findings of our study.
3154
The strengths of this study include the large sample size (19
RCTs with 1550 GDM women), relatively high quality, and low
heterogeneity among the studies included, which may increase the
reliability of the results. Besides, we comprehensively evaluate the
effects of vitamin D supplementation on glycemic control, maternal
and neonatal outcomes, to gain a better understanding of the
benefits of vitamin D supplementation in women with established
GDM. However, our study still has some limitations. First, both
studies used vitamin D supplement only and vitamin D plus other
supplements were enrolled and analyzed together in our study.
Thus, whether there were interfering effects of the other supple-
ments on the outcomes in the participants were unclear. To answer
this question, we re-analyzed the data, and the results indicated
that both vitamin D supplement alone and vitamin D plus other
supplements could significantly reduce FPG and insulin concen-
trations in women with GDM, and there was no significant differ-
ence between the two groups (supplementary data 4, Fig. S1 and
Fig.S3). However, vitamin D plus other supplements could signifi-
cantly reduce the HOM-IR, while vitamin D supplement alone did
not have such effects (Fig. S2). Thus, it is necessary to identify what
is the interfering component(s) from other supplements.

Second, the doses, route, and intervention duration of vitamin D
supplementation varied among the included studies. To address
this issue, we also re-analyzed the data, and it was found that oral
but not intramuscular administration of vitamin D could signifi-
cantly improve FPG in the participants (Fig. S4). This discrepancy
can be explained in part by the limited number of the studies (only
two studies) in the intramuscular administration group. Besides, in
the intramuscular administration group, obese participants (BMI:
28.9 ± 4.8) were enrolled in one study [35], which may also



Fig. 6. Forest plot of neonatal outcomes. (a) Effect of vitamin D supplementation on newborns' hyperbilirubinemia; (b) Effect of vitamin D supplementation on giant children; (c)
Effect of vitamin D supplementation on newborns' hypoglycemia; (d) Effect of vitamin D supplementation on polyhydramnios; (e) Effect of vitamin D supplementation on fetal
distress; (f) Effect of vitamin D supplementation on premature delivery.
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influence the pooled effect of vitamin D supplement on glucose-
insulin homeostasis in this group [61]. Moreover, we found that
the length of intervention did not influence the beneficial effects of
vitamin D supplementation on FPG (Fig. S5), insulin concentration
(Fig. S6), HOMA-IR (Fig. S7) and neonatal hypoglycemia (Fig. S8).
Finally, we examined the effects of different doses on the final
outcomes. The studies were arbitrarily divided into two classes:
<800 IU/d and �800 IU/d. The results indicated that, vitamin D
supplements could significantly improve FPG (Fig.S9), HOMA-IR
(Fig. S11), cesarean section (Fig. S12), and premature delivery
(Fig. S16) in GDM patients at both doses. However, when the dose
was less than 800 IU/d, vitamin D supplements had no significant
effects on neonatal hypoglycemia (Fig.S13) and giant children
(Fig. S14). Still, more studies were required to confirm these
findings.

Besides, all of these studies are single-center trials, which tend
to exhibit greater therapeutic effects compared to multi-center
RCTs, and hence, the results should be used with caution in
decision-making [62]. Additionally, no trial evaluated the adverse
events of vitamin D supplementation. Therefore, whether a linear
correlation exists between vitamin D supplementation and
maternal-neonatal outcomes is not clear. And finally, tolerable
upper intake level (UL) of vitamin D supplementation in women
with GDM remains to be determined.

In conclusion, the results of this study demonstrate that vitamin
D supplementation could improve glycemic control in womenwith
established GDM. This review also shows that vitamin D supple-
mentation can reduce the adverse maternal and neonatal outcomes
related to GDM. However, due to the limited number of studies
included, the conclusions should be interpreted with caution.
Further studies are warranted to confirm the findings from our
study and to fully understand the underlyingmechanisms bywhich
vitamin D affects glucose metabolism and maternal-neonatal
outcomes.
Funding

This work was supported by in part by grants from the National
Natural Science Foundation of China (Nos. 81602795 and 31971138)
and Natural Science Foundation of Zhejiang Province (Nos.
LQ15H260002, LZ19H260001, and LY19H260002) and the Teaching
Reform Research Project of Hangzhou Normal University School of
Medicine (No. YXYJG2020012).
Author contribution

All authors contributed to the design of the research (project
conception, development of the overall research plan) and
approved the final manuscript; M.W., Z.C., X.X., and J. Y. designed
and conducted the research (conducted the systematic search,
screened the literature, and extracted the data); M. W. completed
the first draft of the manuscript; Y. H., Y.W., Y.W., F.L., and H.L.
analyzed the data and performed the statistical analyses; X.X. had
primary responsibility for final content; J. Y. critically reviewed the
manuscript.
Conflict of interest

None of the other authors reported a conflict of interest related
to the study.
3156
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.clnu.2020.12.016.

References

[1] American Diabetes Association. Standards of medical care in diabetes-2016:
summary of revisions. Diabetes Care 2016;39(Suppl 1):S4e5.

[2] Johns EC, Denison FC, Norman JE, Reynolds RM. Gestational diabetes mellitus:
mechanisms, treatment, and complications. Trends Endocrinol Metabol
2018;29:743e54.

[3] Eades CE, Cameron DM, Evans JMM. Prevalence of gestational diabetes mel-
litus in Europe: a meta-analysis. Diabetes Res Clin Pract 2017;129:173e81.

[4] Lee KW, Ching SM, Ramachandran V, Yee A, Hoo FK, Chia YC, et al. Prevalence
and risk factors of gestational diabetes mellitus in Asia: a systematic review
and meta-analysis. BMC Pregnancy Childbirth 2018;18:494.

[5] Muche AA, Olayemi OO, Gete YK. Prevalence and determinants of gestational
diabetes mellitus in Africa based on the updated international diagnostic
criteria: a systematic review and meta-analysis. Arch Publ Health 2019;77:36.

[6] Gaskins A, Toth T, Chavarro J. Prepregnancy nutrition and early pregnancy
outcomes. Curr Nutr Rep 2015;4:265e72.

[7] Mack LR, Tomich PG. Gestational diabetes: diagnosis, classification, and clin-
ical care. Obstet Gynecol Clin N Am 2017;44:207e17.

[8] Buchanan TA, Xiang AH, Page KA. Gestational diabetes mellitus: risks and
management during and after pregnancy. Nat Rev Endocrinol 2012;8:639e49.

[9] Dall TM, Yang W, Halder P, Pang B, Massoudi M, Wintfeld N, et al. The eco-
nomic burden of elevated blood glucose levels in 2012: diagnosed and un-
diagnosed diabetes, gestational diabetes mellitus, and prediabetes. Diabetes
Care 2014;37:3172e9.

[10] Gillespie P, Cullinan J, O'Neill C, Dunne F, Collaborators AD. Modeling the
independent effects of gestational diabetes mellitus on maternity care and
costs. Diabetes Care 2013;36:1111e6.

[11] Scott-Pillai R, Spence D, Cardwell CR, Hunter A, Holmes VA. The impact of
body mass index on maternal and neonatal outcomes: a retrospective study in
a UK obstetric population, 2004-2011. BJOG 2013;120:932e9.

[12] Lavery JA, Friedman AM, Keyes KM, Wright JD, Ananth CV. Gestational dia-
betes in the United States: temporal changes in prevalence rates between
1979 and 2010. BJOG 2017;124:804e13.

[13] Silva-Zolezzi I, Samuel TM, Spieldenner J. Maternal nutrition: opportunities in
the prevention of gestational diabetes. Nutr Rev 2017;75:32e50.

[14] Alvarez JA, Ashraf A. Role of vitamin d in insulin secretion and insulin
sensitivity for glucose homeostasis. Internet J Endocrinol 2010;2010:351385.

[15] Derakhshanian H, Javanbakht MH, Zarei M, Djalali E, Djalali M. Vitamin D
increases IGF-I and insulin levels in experimental diabetic rats. Growth Hor-
mone IGF Res 2017;36:57e9.

[16] Xuan Y, Zhao HY, Liu JM. Vitamin D and type 2 diabetes mellitus (D2).
J Diabetes 2013;5:261e7.

[17] Perez-Lopez FR, Pasupuleti V, Mezones-Holguin E, Benites-Zapata VA, Thota P,
Deshpande A, et al. Effect of vitamin D supplementation during pregnancy on
maternal and neonatal outcomes: a systematic review and meta-analysis of
randomized controlled trials. Fertil Steril 2015;103:1278e12788 e4.

[18] Jahanjoo F, Farshbaf-Khalili A, Shakouri SK, Dolatkhah N. Maternal and
neonatal metabolic outcomes of vitamin D supplementation in gestational
diabetes mellitus: a systematic review and meta-analysis. Ann Nutr Metab
2018;73:145e59.

[19] Ojo O, Weldon SM, Thompson T, Vargo EJ. The effect of vitamin D supple-
mentation on glycaemic control in women with gestational diabetes mellitus:
a systematic review and meta-analysis of randomised controlled trials. Int J
Environ Res Publ Health 2019;16.

[20] Lu M, Xu Y, Lv L, Zhang M. Association between vitamin D status and the risk
of gestational diabetes mellitus: a meta-analysis. Arch Gynecol Obstet
2016;293:959e66.

[21] Zhang Y, Gong Y, Xue H, Xiong J, Cheng G. Vitamin D and gestational diabetes
mellitus: a systematic review based on data free of Hawthorne effect. BJOG
2018;125:784e93.

[22] Sahebi R, Rezayi M, Emadzadeh M, Salehi M, TayefiM, Parizadeh SM, et al. The
effects of vitamin D supplementation on indices of glycemic control in Iranian
diabetics: a systematic review and meta-analysis. Compl Ther Clin Pract
2019;34:294e304.

[23] Wei SQ, Qi HP, Luo ZC, Fraser WD. Maternal vitamin D status and adverse
pregnancy outcomes: a systematic review and meta-analysis. J Matern Fetal
Neonatal Med 2013;26:889e99.

[24] Rodrigues MRK, Lima SAM, Mazeto G, Calderon IMP, Magalhaes CG,
Ferraz GAR, et al. Efficacy of vitamin D supplementation in gestational dia-
betes mellitus: systematic review and meta-analysis of randomized trials.
PloS One 2019;14:e0213006.

[25] Christesen HT, Falkenberg T, Lamont RF, Jorgensen JS. The impact of vitamin D
on pregnancy: a systematic review. Acta Obstet Gynecol Scand 2012;91:
1357e67.

https://doi.org/10.1016/j.clnu.2020.12.016
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref1
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref1
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref1
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref2
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref2
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref2
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref2
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref3
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref3
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref3
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref4
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref4
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref4
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref5
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref5
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref5
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref6
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref6
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref6
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref7
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref7
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref7
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref8
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref8
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref8
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref9
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref9
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref9
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref9
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref9
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref10
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref10
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref10
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref10
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref11
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref11
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref11
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref11
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref12
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref12
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref12
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref12
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref13
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref13
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref13
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref14
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref14
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref15
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref15
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref15
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref15
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref16
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref16
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref16
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref17
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref17
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref17
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref17
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref17
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref18
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref18
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref18
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref18
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref18
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref19
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref19
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref19
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref19
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref20
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref20
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref20
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref20
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref21
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref21
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref21
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref21
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref22
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref22
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref22
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref22
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref22
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref23
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref23
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref23
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref23
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref24
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref24
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref24
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref24
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref25
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref25
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref25
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref25


M. Wang, Z. Chen, Y. Hu et al. Clinical Nutrition 40 (2021) 3148e3157
[26] Poel YH, Hummel P, Lips P, Stam F, van der Ploeg T, Simsek S. Vitamin D and
gestational diabetes: a systematic review and meta-analysis. Eur J Intern Med
2012;23:465e9.

[27] Akbari M, Moosazaheh M, Lankarani KB, Tabrizi R, Samimi M, Karamali M,
et al. The effects of vitamin D supplementation on glucose metabolism and
lipid profiles in patients with gestational diabetes: a systematic review and
meta-analysis of randomized controlled trials. Horm Metab Res 2017;49:
647e53.

[28] Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for sys-
tematic reviews and meta-analyses: the PRISMA statement. PLoS Med 2009;6:
e1000097.

[29] Balshem H, Helfand M, Schunemann HJ, Oxman AD, Kunz R, Brozek J, et al.
GRADE guidelines: 3. Rating the quality of evidence. J Clin Epidemiol 2011;64:
401e6.

[30] Cumpston M, Li T, Page MJ, Chandler J, Welch VA, Higgins JP, et al. Updated
guidance for trusted systematic reviews: a new edition of the Cochrane
Handbook for Systematic Reviews of Interventions. Cochrane Database Syst
Rev 2019;10:ED000142.

[31] Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ 2003;327:557e60.

[32] Jamilian M, Samimi M, Ebrahimi FA, Hashemi T, Taghizadeh M, Razavi M, et al.
The effects of vitamin D and omega-3 fatty acid co-supplementation on gly-
cemic control and lipid concentrations in patients with gestational diabetes.
J Clin Lipidol 2017;11:459e68.

[33] Karamali M, Asemi Z, Ahmadi-Dastjerdi M, Esmaillzadeh A. Calcium plus
vitamin D supplementation affects pregnancy outcomes in gestational dia-
betes: randomized, double-blind, placebo-controlled trial. Publ Health Nutr
2016;19:156e63.

[34] Karamali M, Bahramimoghadam S, Sharifzadeh F, Asemi Z. Magnesium-zinc-
calcium-vitamin D co-supplementation improves glycemic control and
markers of cardiometabolic risk in gestational diabetes: a randomized,
double-blind, placebo-controlled trial. Appl Physiol Nutr Metabol 2018;43:
565e70.

[35] Mozaffari-Khosravi H, Hosseinzadeh-Shamsi-Anar M, Salami MA,
Hadinedoushan H, Mozayan MR. Effects of a single post-partum injection of a
high dose of vitamin D on glucose tolerance and insulin resistance in mothers
with first-time gestational diabetes mellitus. Diabet Med 2012;29:36e42.

[36] Yue X, Zhan F, Zhang Q. Influence of vitamin D on blood glucose and preg-
nancy outcome in normal body mass index patients with gestational diabetes
mellitus. Chin Contemporary Med 2019;26:99e102 (in chinese).

[37] Zhang Y, Song X, Hunag Y. Influence of vitamin D on insulin resistance in
patients with gestational diabetes mellitus. Chin Med 2019;14:249e52 (in
chinese).

[38] Asemi Z, Karamali M, Esmaillzadeh A. Effects of calcium-vitamin D co-
supplementation on glycaemic control, inflammation and oxidative stress in
gestational diabetes: a randomised placebo-controlled trial. Diabetologia
2014;57:1798e806.

[39] Hosseinzadeh-Shamsi-Anar M, Mozaffari-Khosravi H, Salami MA,
Hadinedoushan H, Mozayan MR. The efficacy and safety of a high dose of
vitamin d in mothers with gestational diabetes mellitus: a randomized
controlled clinical trial. Iran J Med Sci 2012;37:159e65.

[40] Jamilian M, Karamali M, Taghizadeh M, Sharifi N, Jafari Z, Memarzadeh MR,
et al. Vitamin D and evening primrose oil administration improve glycemia
and lipid profiles in women with gestational diabetes. Lipids 2016;51:
349e56.

[41] Mao S, Wang N. Effect of vitamin D supplementation on pregnant women
with gestational diabetes and its effect on pregnancy outcome. Chin Mod
Doctor 2019;57:54e7 (in chinese).

[42] Jamilian M, Mirhosseini N, Eslahi M, Bahmani F, Shokrpour M, Chamani M,
et al. The effects of magnesium-zinc-calcium-vitamin D co-supplementation
on biomarkers of inflammation, oxidative stress and pregnancy outcomes in
gestational diabetes. BMC Pregnancy Childbirth 2019;19:107.

[43] Jamilian M, Amirani E, Asemi Z. The effects of vitamin D and probiotic co-
supplementation on glucose homeostasis, inflammation, oxidative stress
3157
and pregnancy outcomes in gestational diabetes: a randomized, double-blind,
placebo-controlled trial. Clin Nutr 2018;38:2098e105.

[44] Liu Y, Chen D, Wei X. Changes of serum insulin and blood glucose in patients
with gestational diabetes after vitamin D supplementation. Chinese Modern
Med Appl 2015;9:153e4 (in chinese).

[45] Li L, Ma C. The effect of vitamin D supplementation in pregnant women with
diabetes during pregnancy and its effect on pregnancy outcome. Clin Res
2019;22:42e3 (in chinese).

[46] Asemi Z, Hashemi T, Karamali M, Samimi M, Esmaillzadeh A. Effects of vitamin
D supplementation on glucose metabolism, lipid concentrations, inflamma-
tion, and oxidative stress in gestational diabetes: a double-blind randomized
controlled clinical trial. Am J Clin Nutr 2013;98:1425e32.

[47] Asemi Z, Karamali M, Esmaillzadeh A. Favorable effects of vitamin D supple-
mentation on pregnancy outcomes in gestational diabetes: a double blind
randomized controlled clinical trial. Horm Metab Res 2015;47:565e70.

[48] Li Q, Xing B. Vitamin D3-supplemented yogurt drink improves insulin resis-
tance and lipid profiles in women with gestational diabetes mellitus: a ran-
domized double blinded clinical trial. Ann Nutr Metab 2016;68:285e90.

[49] Yazdchi R, Gargari BP, Asghari-Jafarabadi M, Sahhaf F. Effects of vitamin D
supplementation on metabolic indices and hs-CRP levels in gestational dia-
betes mellitus patients: a randomized, double-blinded, placebo-controlled
clinical trial. Nutr Res Pract 2016;10:328e35.

[50] Valizadeh M, Piri Z, Mohammadian F, Kamali K, Amir Moghadami HR. The
impact of vitamin D supplementation on post-partum glucose tolerance and
insulin resistance in gestational diabetes: a randomized controlled trial. Int J
Endocrinol Metabol 2016;14:e34312.

[51] Zhang MX, Pan GT, Guo JF, Li BY, Qin LQ, Zhang ZL. Vitamin D deficiency in-
creases the risk of gestational diabetes mellitus: a meta-analysis of observa-
tional studies. Nutrients 2015;7:8366e75.

[52] Hu L, Zhang Y, Wang X, You L, Xu P, Cui X, et al. Maternal vitamin D status and
risk of gestational diabetes: a meta-analysis. Cell Physiol Biochem 2018;45:
291e300.

[53] De-Regil LM, Palacios C, Lombardo LK, Pe~na-Rosas JP. Vitamin D supplemen-
tation for women during pregnancy. Cochrane Database Syst Rev 2016:
CD008873.

[54] Rudnicki PM, Mølsted-Pedersen L. Effect of 1,25-dihydroxycholecalciferol on
glucose metabolism in gestational diabetes mellitus. Diabetologia 1997;40:
40e4.

[55] Autier P, Boniol M, Pizot C, Mullie P. Vitamin D status and ill health: a sys-
tematic review. Lancet Diabetes Endocrinol 2014;2:76e89.

[56] Hartling L, Dryden DM, Guthrie A, Muise M, Vandermeer B, Donovan L. Ben-
efits and harms of treating gestational diabetes mellitus: a systematic review
and meta-analysis for the U.S. Preventive services task force and the national
institutes of health office of medical applications of research. Ann Intern Med
2013;159:123e9.

[57] Farrar D, Simmonds M, Bryant M, Sheldon TA, Tuffnell D, Golder S, et al.
Hyperglycaemia and risk of adverse perinatal outcomes: systematic review
and meta-analysis. BMJ 2016;354:i4694.

[58] Billionnet C, Mitanchez D, Weill A, Nizard J, Alla F, Hartemann A, et al.
Gestational diabetes and adverse perinatal outcomes from 716,152 births in
France in 2012. Diabetologia 2017;60:636e44.

[59] Palacios C, De-Regil LM, Lombardo LK, Pena-Rosas JP. Vitamin D supplemen-
tation during pregnancy: updated meta-analysis on maternal outcomes.
J Steroid Biochem Mol Biol 2016;164:148e55.

[60] von Websky K, Hasan AA, Reichetzeder C, Tsuprykov O, Hocher B. Impact of
vitamin D on pregnancy-related disorders and on offspring outcome. J Steroid
Biochem Mol Biol 2018;180:51e64.

[61] Mousa A, Naderpoor N, de Courten MP, Teede H, Kellow N, Walker K, et al.
Vitamin D supplementation has no effect on insulin sensitivity or secretion in
vitamin D-deficient, overweight or obese adults: a randomized placebo-
controlled trial. Am J Clin Nutr 2017;105:1372e81.

[62] Unverzagt S, Prondzinsky R, Peinemann F. Single-center trials tend to provide
larger treatment effects than multicenter trials: a systematic review. J Clin
Epidemiol 2013;66:1271e80.

http://refhub.elsevier.com/S0261-5614(20)30691-9/sref26
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref26
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref26
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref26
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref27
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref27
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref27
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref27
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref27
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref27
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref28
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref28
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref28
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref29
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref29
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref29
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref29
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref30
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref30
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref30
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref30
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref31
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref31
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref31
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref32
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref32
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref32
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref32
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref32
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref33
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref33
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref33
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref33
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref33
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref34
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref34
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref34
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref34
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref34
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref34
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref35
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref35
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref35
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref35
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref35
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref36
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref36
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref36
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref36
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref37
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref37
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref37
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref37
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref38
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref38
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref38
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref38
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref38
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref39
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref39
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref39
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref39
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref39
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref40
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref40
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref40
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref40
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref40
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref41
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref41
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref41
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref41
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref42
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref42
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref42
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref42
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref43
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref43
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref43
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref43
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref43
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref44
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref44
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref44
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref44
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref45
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref45
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref45
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref45
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref46
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref46
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref46
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref46
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref46
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref47
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref47
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref47
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref47
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref48
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref48
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref48
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref48
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref49
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref49
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref49
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref49
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref49
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref50
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref50
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref50
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref50
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref51
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref51
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref51
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref51
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref52
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref52
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref52
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref52
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref53
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref53
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref53
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref53
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref54
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref54
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref54
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref54
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref54
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref55
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref55
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref55
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref56
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref56
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref56
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref56
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref56
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref56
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref57
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref57
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref57
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref58
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref58
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref58
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref58
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref59
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref59
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref59
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref59
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref60
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref60
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref60
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref60
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref61
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref61
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref61
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref61
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref61
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref62
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref62
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref62
http://refhub.elsevier.com/S0261-5614(20)30691-9/sref62

	The effects of vitamin D supplementation on glycemic control and maternal-neonatal outcomes in women with established gesta ...
	1. Introduction
	2. Material and methods
	2.1. Search strategy
	2.2. Study eligibility criteria
	2.3. Quality assessment
	2.4. Data extraction
	2.5. Outcome measures
	2.6. Statistical analysis

	3. Results
	3.1. Literature search
	3.2. Assessment of the risk of bias
	3.3. Effect of vitamin D supplementation on FPG, insulin, and HOMA-IR
	3.4. The effect of vitamin D supplementation during pregnancy on GDM pregnant outcomes: cesarean section, maternal hospitalizati ...
	3.5. Effect of vitamin D supplementation during pregnancy on neonatal outcomes: newborn hyperbilirubinemia, newborn hypoglycemia ...
	3.6. Publication bias

	4. Discussion
	Funding
	Author contribution
	Conflict of interest
	Appendix A. Supplementary data
	References


