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Abstract

Introduction: Vitamin D deficiency has become quite prevalent and is known
to cause a great many diseases. Numerous studies have investigated the
association between vitamin D deficiency and gestational diabetes, and the
results are somewhat contradictory. The present study deals with the
relationship between the vitamin D deficiency and gestational diabetes.
Methods: Two researchers made use of MeSH, Scopus, PubMed database,
Science Direct, the Cochrane Library, the Web of Science, CINAHL, and Google
Scholar search engines to identify qualified studies and articles carried out and
published before August 2017 and reported the risk of gestational diabetes
developing as a result of vitamin D deficiency. The association between the two
conditions was measured using odds ratios (ORs) with 95% confidence
intervals (Cls). Funnel plots, Egger’s, and Begg's tests were also used to assess
publication bias. All analysis was done by STATA (version 11.2). Results:
Twenty-nine eligible studies with a total of 14,497 participants were included in
the final analysis. Overall, maternal vitamin D insufficiency was significantly
associated with a greater risk of gestational diabetes (OR = 1.15; 95% CI,
1.00-1.30; p<0.001). Serum 250HD was significantly lower in participants with
gestational diabetes mellitus than in those with natural glucose tolerance
(=29.7 nmol/L, 95% CI, =36.6 to —22.8; p=0.000).
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Conclusion: According to the current meta-analysis results, vitamin D
deficiency is correlated with the risk of gestational diabetes development.
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Introduction

Vitamin D deficiency is a costly health problem worldwide, and about one
billion individuals in the world suffer from it (Holick, 2010). Vitamin D is
necessary agent for the regulation of mineral metabolism and skeletal health.
Therefore, it plays a significant role in the health, growth, and fertility of humans
(Brown et al., 1999; Hagenau et al., 2009).

Vitamin D deficiency during pregnancy can be accompanied by numerous
maternal and fetal symptoms, including, inter alia, insulin resistance,
gestational diabetes mellitus (GDM), increased risk of preeclampsia, bacterial
vaginitis, and increased rate of cesareans among mothers and autism, Type |
diabetes, increased rate of fetal growth delay, increased rate of respiratory
infection, low birth weight, increased rate of HIV transmission from mother to
fetus, asthma, and eczema in infants (Aghajafari et al., 2013; Palacios et al,,
2016). The effect of vitamin D deficiency on the emergence of certain chronic
diseases like autoimmune diseases (Arnson et al.,, 2007), systemic lupus
erythematosus (SLE) (Amital et al., 2010), multiple sclerosis (MS) (Ascherio et
al., 2010), and malignancies (Trump et al., 2010) has also been recognized.

A poor vitamin D status has been proposed as one risk factor associated with
the incidence of GDM. The need for vitamin D is higher in some stages of life,
including the period of rapid growth for fetuses in the embryonic stage,
infancy, early stages of childhood, puberty, and pregnancy (Shahgheibi et al.,
2016). Vitamin D deficiency is common in pregnancy, and it significantly
increases the risk for preeclampsia, cesarean section (C/S), and GDM in
pregnancies (Gernand et al., 2014; Grant et al., 2014; Merewood et al., 2009;
Robinson et al., 2010; Yap et al., 2014).

Recent evidence suggests that vitamin D receptors are expressed in a large
number of other tissues, including those involved in the regulation of glucose
metabolism such as muscle and pancreatic beta cells (Jain et al., 2015). These
receptors have a direct effect on pancreatic beta cells and are required for the
normal production and secretion of insulin by the endocrine pancreas (Kramer
et al., 2014; Maghbooli et al., 2008). Thus, vitamin D deficiency is related to
alterations in blood glucose and insulin concentrations and in target tissue
sensitivity to insulin (Shahgheibi et al., 2016). Vitamin D replenishment restores
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insulin secretion and sensitivity in patients with Type 2 diabetes with
established vitamin D deficiency (Muthukrishnan and Dhruv, 2015). Therefore,
it was hypothesized that GDM might result from pregnancy-induced insulin
resistance and impaired secretion to compensate for it.

There has been a rapidly growing interest in the association between vitamin D
and the risk of gestational diabetes mellitus, and many studies with various
populations and outcomes have been conducted on this topic. It is very
important to have an overall estimation of its association. Also, understanding
the breadth and quality of the conducted studies is critical. Recently some
meta-analyses have found that vitamin D insufficiency is associated with
increased GDM risk (Aghajafari et al., 2013; Lu et al., 2016; Poel et al., 2012;
Zhang et al., 2015). Despite these findings, the knowledge and understanding
of the clinical importance and implications of this association are limited.
Moreover, since the publication of these meta-analyses, additional studies on
this topic have been published. These studies have other clinically important
outcomes that have not yet been effectively summarized. In order to
authenticate these studies, an updated meta-analysis seems to be imperative.
Thus, the current study aimed to quantitatively evaluate the association
between vitamin D status and risk of gestational diabetes.

Materials-Methods

Search Method

The present review study was conducted based on systematic article review
protocol and meta-analysis (PRISMA) (Moher et al.,, 2009). To prevent the
occurrence of any error or mistake during the search phase of the study, a quality
evaluation and data extraction were carried out by two independent researchers.
The compliance between the results and the discrepancies of the findings, if any,
were investigated by a third researcher. To identify relevant studies, two
independent researchers performed an internet-based search of such databases
as PubMed, Scopus, Science Direct, the Cochrane Library, the Web of Science,
CINAHL, and Google Scholar search engines with the exertion of no time
limitation until August 2017. Subsequently, the references cited in the articles
were investigated to access other related studies. To perform searches in the
relevant databases, the researchers used MeSH-equivalent keywords, including
“vitamin D", “25, 1-dehydroxy cholecalciferol”, “25-hydroxy Vitamin
D”,and”25(0OH)D” along with “gestational diabetes”. The meta-analyses were
limited to studies published in English.

Inclusion and exclusion criteria
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To do further research, the abstracts and titles were studied by two arbiters. In
order for screening studies to be included in the current meta-analysis, they had
to have examined the relationship between vitamin D and the risk of developing
gestational diabetes; have studied healthy pregnant women or pregnant women
diagnosed with no chronic symptoms; have made use of blood samples for
laboratory tests; and have compared women with gestational diabetes with
women featuring natural glucose tolerance (NGT). Studies done on pregnant
women with chronic illness were out of the scope of the current study. Studies
implemented on non-human creatures (i.e. animal studies),those in languages
other than English, those that were meta-analyses or systematic considerations
as well as those that presented insufficient data or were duplicate publications
were also excluded.

Study quality was evaluated using the STROBE (strengthening the reporting of
observational studies in epidemiology) statement (von Elm et al., 2008) and
assessed based on variables related to the study objectives, characteristics of
the study population, clearly explained inclusion/exclusion criteria, and the data
collection method as well as the validity, explicit findings, and appropriate data
analysis methods of the studies. Non-qualified studies were excluded.

Data extraction

Data was extracted from qualifying papers according to standard protocol. The
data collected included the name of the first author, country, publication year,
sample size, age groups, current status, study design, assessment of vitamin D
levels, and the effect estimate with 95% CIl. When necessary, the authors of
articles were contacted for supplementary data or clarification. Information was
extracted from the authors by two reviewers working independently, and their
findings were compared afterwards. Disagreements on the eligibility of a study
were resolved through group discussion. The data was entered into a
standardized data extraction form and eventually into Microsoft Excel.

Data synthesis and analysis

The effect estimates (RR and OR) reported with 95% Cl were used as the
measure of association between vitamin D status and the risk of GDM. To
account for the variance in the ways in which and degrees to which studies
control for potential confounding factors, the risk estimates were maximally
adjusted for potential confounders. The statistical heterogeneity between
studies was evaluated using Cochran’s Q and |2 statistics. Wherever the results of
studies were heterogeneous, a random effects model was used in the meta-
analysis. A subgroup analysis was carried out in search for possible causes of the
heterogeneity. The pooled estimates and corresponding 95% confidence
intervals were visually assessed with the use of Forest plots. To investigate the
influence of each study on the overall risk estimate, a sensitivity analysis was
performed by removing individual studies in turn. Publication bias was assessed
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qualitatively using Funnel plots, Egger's regression, and the Begg-Mazumdar
rank correlation tests.

Values of p<0.05 were considered to denote significance in the heterogeneity
tests. Statistical analyses were carried out in the software applications R (version
3.2.1) and STATA (version 11.1). All statistical tests were two-sided.

Results

In the initial electronic search, a total of 278 potential articles were identified. A
hand search of the bibliographies and reference lists of these articles identified
14 additional articles for a total of 292 articles identified through the literature
search. After the initial screening of abstracts and titles, 224 papers were
excluded based on the inclusion criteria, leaving 68 papers for a full text review.
In a secondary screening and after the full text reviews, another 39 articles were
excluded (four studies not in a pregnant population, eight studies in pregnant
women with chronic disease, six studies for non-blood sampling, three studies
for biological mechanisms, four studies for no outcome data, six studies for
insufficient data, two studies for non-humans, and one study that was not in
English). In total, 29 studies were selected for the final analysis (Fig. 1).

Studies identified from Studiesidentified from manual search of
electronic searches the bibliographies and the reference lists
n= 278 n= 14
y ¥

Excluded: Duplication
n=7

b 4

Excluded after : Excluded: Systematic reviews
: ’ - Abstracts evaluation o 3 :
screening abstracts: 4 S P and meta-anal yses
B n=285 B
n=172 n=45>

Excluded based on unrelated
Full text: 39
- Not in pregnant population
-In pregnant women with
chronic disease
- No control group
- Non-blood level given
- Biological mechanisms
- No outcome data
- Insufficient data
- Non-human
- Not in English

r

Full text evaluation
n= 68

b 4

r

Articles included
n=29

Figure 1. Flow chart of study entry into process.
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Description of the Studies

As seen in Table 1, all 29 articles presented their findings as proportions. The
studies used in this meta-analysis were published between 2008-2016 (Table 1).

Table 1. Characteristics of studies entered into this meta-analysis

Sample size Mean 25(OH)D nmol/L

Stud Stud Ageat
tudy Country tu. y (n) Baseline urrent (SD) Significant
[reference] design (Year) status
GDM NGT ear GDM NGT
Shahgheibiet Case 43 44 3128 first 135(7.6)  17.4(14.9) Yes
al., 2016 control trimester
Jain etal., India Nested 51 19 <45 <20 064849  55.3(37.96)  Yes
2015 case control weeks
Maghbooliet = Cross- 52 579 256 24-28 16.5(10.4)  22.9(18.3) No
al., 2008 sectional weeks
;r;rzer etal,  inada  Cohort 142 125 344 NR NR NR No
Muthukrishna Case <28
n and Dahruv, India 51 19 26.5 24.7(17.6) 45.8(28) Yes
control weeks
2016
. . Second or
Clifton-Bligh )\ alia €105 81 226 326 third 48.6(24.9)  55.3(23.3) No
et al., 2008 sectional .
trimester
Nested
Zhang etal., us case 57 114 335 2428 042122) 751324.21)  Yes
2008 weeks
control
Farrantetal., | o Cross- 39 520 237 <32 49331.2)  46.4(30.9 No
2009 sectional weeks
Soheilykhah Iran Case 54 111 27.4 24-28 1 012062) 32.2(35.74) No
etal., 2010 control weeks
Makgoba et UK Case 90 158 335 First 47.2026.7)  47.6 (26.7) No
al., 2011 control trimester
Sawvidou et UK Case 100 1000 317 1-19 NR NR No
al., 2011 control weeks
Baker etal., us Nested- 60 120 337 24-28 0702900 86.0(22.0) No
2012 case-control weeks
Parleaetal, - 4y Nested- 0 o8 343 1518 s394 62.0021.6) No
2012 case-control weeks
Wangetal, . Nested 00 om0 32 26-28 224(107)  25.9(12.3) Yes
2012 case-control weeks
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Fernandez-
Alonsoetal,  Spain Cross- 36 466  NR 11-14 NR NR No

sectional weeks
2012
Perez-Ferre et . Cross- 24-28
al., 2012 Spain sectional 49 266 NR weeks NR NR No
Burris et al., Cross- 1,26 26-28
2012 us sectional 68 4 32 weeks NR NR No
Zuhuretal, ey Cross- 234 168 30.8 24-28 30.8(16.3)  36.0(16.2) Yes
2013 sectional weeks
Beneretal., . 1,61 > 24
2013 Qatari Cohort 260 3 weeks NR NR Yes
Parildaretal. 1 ey Case- 44 78 264 2432 45 67(23.21) 57.16(24.96)  Yes
2013 control weeks
Cho etal., Korea Case- 20 40  33.45 24-28 g 0520.73) 85.7847.88)  Yes
2013 control weeks

Nested .
Schneueret )\ iralia case 376 371 33, First 56.926.9)  52.1(22.1) No
al., 2014 4 trimester

control

Park etal, Korea Cohort 23 500 337 24-28 49.4(19.4) 48(24.8) No
2014 weeks
McManus et | da Case- 36 37 31.6 24-28 77.3243)  93.2(19.2) Yes
al., 2014 control weeks
Zhou et al., ) 16-20
2014 China Cohort 2,960 100 29.7 weeks No
Rodriguezet ¢ in Cohort 93 228 35 135weeks 2842439 28.41(0.96) No
al., 2014 9
Arnold et al., us Nested- . 3c 517 335 1822 597035 66.6(22) No
2015 case-control weeks
Pleskacovaet | Case- 47 29 33 24-30 28(3.76)  31.85(4.62) No
al., 2015 control weeks
Lacroix etal., - 4 CrOsS 54 601 284 6-13 57.5(17.2)  63.5(18.9) No
2014 sectional weeks

Note: NR, not reported.

Main Analysis

Those studies reporting odds ratios were pooled to quantify the association
between 25-OHD insufficiency and GDM. Among the 29 studies, only ten
showed a significant association between vitamin D status and risk of GDM;
nineteen studies reported no significant association between vitamin D status
and GDM. However, the present meta-analysis showed that vitamin D
insufficiency was associated with increased gestational diabetes risk on a random
effects model (OR = 1.15; 95% Cl, 1.00-1.30; p<0.001) (Fig. 2). Little evidence of
heterogeneity was observed among the studies (12 = 31.6 %; p=0.055).
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Study %
ID OR (95% Cl) Weight
,

Clifton-Bligh (2008) - 1.92(0.89,4.15)  0.81
Zhang (2008) —— 3.06 (1.43,6.57) 0.33
Maghbooli (2008) lo—o 2.18 (0.66, 7.20)  0.20
Farrant (2009) - 1.01 (0.50,2.03) 3.68
Soheilykhah (2010) | — 2.03(0.89,4.62) 0.62

Makgoba (2011) -~ 0.80 (0.43,2.58)  1.86
Savvidou (2011) - 1.35(0.77,2.35)  3.45
Baker (2012) [o— 1.27 (0.40,4.07) 0.64
Parlea (2012) - 1.31(0.79,2.19)  4.40
Wang (2012) - 1.80(1.21,2.68) 3.99
Fernandez-Alonso (2012) - 1.72 (0.83, 3.56) 1.16
Perez-Ferre (2012) > 1.01 (0.54, 1.89) 4.73
Burris (2012) - 1.27 (0.77,2.11)  4.80
Zuhur (2013) - 1.94 (1.13,3.33) 1.78
Bener (2013) 1.34 (1.04, 1.80)  14.92
Parildar (2013) 2.35(1.10,5.00) 0.57

Cho (2013) 14.94 (1.44, 30.15) 0.01
Schneuer (2013) 1.58 (0.85,3.78)  1.00
Lacroix (2014) 1.69 (0.95,3.03) 1.99
Park (2014) 0.58 (0.29, 1.75)  4.04

McManus (2014)

Zhou (2014)

Rodrigues (2014)

Kramer (2014)

Arnold (2015)

Pleskacova (2015)

Jain (2015)

Shahgheibi (2016)

Muthukrishnan (2016)

Overall (I-squared = 31.6%, p = 0.055)

5.96 (2.23, 10.25) 0.13
0.68(0.49,1.95) 4.04
1.11 (0.69,1.77)  7.39
0.85 (0.75, 1.28)  30.68
1.02 (0.88,2.88) 2.15
1.67 (0.82, 12.53) 0.06
13.14 (3.12, 25.00) 0.02
3.75(1.33,10.22) 0.1
2.75(1.22,5.66)  0.44
1.15(1.00,1.30)  100.00

T
-30.1 30.1

o -

Figure 2. Meta-analysis of the association between vitamin D deficiency and
risk of gestational diabetes mellitus. Relative risks are shown for the
association of vitamin D deficiency with the incidence of GDM. Black squares
and horizontal lines represent, respectively, the study-specific odds ratios and
the corresponding 95% CI. The sizes of the black squares reflect the weights of
the respective studies. The diamonds represent pooled odd ratios with 95% Cls.

A meta-analysis was performed to determine whether there were significant
differences between mean vitamin D levels among women with and without
GDM. Figure 3 shows the results of a comparison of the mean differences of
these studies. Based on a random-effects model meta-analysis, the pooled
weighted mean difference was —29.7 nmol/L (95% Cl -36.6 to —22.8), and
significant heterogeneity was observed (12 = 75.7%, p=0.000) (Fig. 3). These
results indicated that pregnant women with GDM in these studies had
significantly lower vitamin D levels than the comparison group and further
demonstrated that vitamin D deficiency is significantly associated with an
increased risk of GDM.

A sensitivity analysis was also conducted to examine the influence of various
exclusion criteria on the overall risk estimate. After each study was sequentially
excluded from the pooled analysis, the overall combined relative risk did not
alter. The exclusion of any single study yielded similar results, and the conclusion
was not affected by excluding any specific study.
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Study %
ID SMD (95% Cl) Weight
Zhang (2008) —_— -0.63 (-0.96, -0.31) 4.48
Maghbooli (2008) —— -0.37 (-0.65,-0.08)  5.80
Farrant (2009) | —T— 0.09 (-0.24, 0.41) 4.47
Soheilykhah (2010) - -0.26 (-0.59, 0.07) 4.44
Makgoba (2011) E—*— -0.01 (-0.27, 0.24) 7.07
Baker (2012) | —_— 0.45 (0.13, 0.76) 4.82
Parlea (2012) —— -0.27 (-0.50, -0.05) 9.25
Wang (2012) —~ -0.30 (-0.50, -0.11) 12.18
Zuhur (2013) —_— -0.32 (-0.52, -0.12) 11.90
Parildar (2013) —0':'— -0.37 (-0.74, 0.01) 3.41
Cho (2013) & , -1.37 (-1.97, -0.78) 1.35
Lacroix (2014) — -0.32 (-0.60, -0.04) 6.08
Park (2014) -E—o— 0.06 (-0.36, 0.47) 2.71
McManus (2014) —_— -0.73 (-1.20, -0.25) 211
Arnold (2015) . B -0.31 (-0.50, -0.12) 13.09
Pleskacova (2015) —0—{ -0.78 (-1.26, -0.30) 2.06
Jain (2015) —_— -0.73 (-1.11, -0.35) 3.23
Muthukrishnan (2016) —_— E -1.01 (-1.56, -0.46) 1.55
Overall (l-squared = 75.7%, p = 0.000) 0 -0.30 (-0.37, -0.23) 100.00
\
|
T ; T
-1.97 0 1.97

Figure 3. Meta-analysis of the association between serum 25(OH)D level
and gestational diabetes mellitus. Differences in means are shown between
maternal serum 25(OH)D in pregnant women with GDM and normal glucose
tolerance (NGT). The black squares and horizontal lines represent the study
specific difference in means and corresponding 95% Cl, respectively. The sizes of
the black squares reflect the weights of the respective studies. The diamonds
represent pooled differences in means with 95% Cls.

We also evaluated the association between vitamin D status and the risk of GDM
based on region. Selected studies were conducted in different countries. Of the
29 studies, 2 were conducted in Australia (Clifton-Bligh et al., 2008; Schneuer et
al., 2014), eight were conducted in North America (Arnold et al., 2015; Baker et
al., 2012; Burris et al., 2012; Kramer et al., 2014; Lacroix et al., 2014; McManus
et al., 2014, Parlea et al., 2012; Zhang et al., 2008), eleven were conducted in
Asia (Bener et al., 2013; Cho et al., 2013; Farrant et al., 2009; Jain et al., 2015;
Maghbooli et al.,, 2008; Muthukrishnan and Dhruv, 2015; Park et al., 2014;
Shahgheibi et al., 2016; Soheilykhah et al., 2010; Wang et al., 2012; Zhou et al.,
2014) and the remaining 8 were performed in Europe (Fernandez-Alonso et al.,
2012; Makgoba et al., 2011; Parildar et al., 2013; Perez-Ferre et al., 2012,
Pleskacova et al., 2015; Rodriguez et al., 2015; Savvidou et al., 2011; Zuhur et
al., 2013). The result of our meta analysis showed no significant associations
between vitamin D status and GDM risk based on geographic area (P for
heterogeneity [Phet] =0.171, Fig. 4).
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Study %
ID OR (95% Cl) Weight
Australia !
Clifton-Bligh (2008) b 1.92 (0.89, 4.15) 0.81
Schneuer (2013) >~ 1.58 (0.85, 3.78) 1.00
Subtotal (l-squared =0.0%, p = 0.761) Lo 1.73 (0.64, 2.82) 1.81
I
USA X
Zhang (2008) —— 3.06 (1.43, 6.57) 0.33
Baker (2012) > 1.27 (0.40, 4.07) 0.64
Parlea (2012) * 1.31(0.79, 2.19) 4.40
Burris (2012) * 1.27 (0.77, 2.11) 4.80
Lacroix (2014) 1o 1.69 (0.95, 3.03) 1.99
McManus (2014) —_—— 5.96 (2.23,10.25) 0.13
Kramer (2014) * 0.85 (0.75, 1.28) 30.68
Arnold (2015) L o 1.02 (0.88, 2.88) 215
Subtotal (l-squared = 44.8%, p = 0.080) 1 1.02 (0.80, 1.24) 4512
I
Asia 1
Maghbooli (2008) -— 2.18 (0.66, 7.20) 0.20
Farrant (2009) > 1.01 (0.50, 2.03) 3.68
Soheilykhah (2010) ] -— 2.03 (0.89, 4.62) 0.62
Wang (2012) *> 1.80 (1.21, 2.68) 3.99
Bener (2013) * 1.34 (1.04, 1.80) 14.92
Cho (2013) - . > 14.94 (1.44,30.15) 0.01
Park (2014) > 0.58 (0.29, 1.75) 4.04
Zhou (2014) > 0.68 (0.49, 1.95) 4.04
Jain (2015) , ———— 13.14 (3.12, 25.00) 0.02
Shahgheibi (2016) —— 3.75(1.33,10.22) 0.11
Muthukrishnan (2016) —— 2.75 (1.22, 5.66) 0.44
Subtotal (l-squared =50.7%, p = 0.027) ’ 1.24 (0.98, 1.50) 32.07
1
Europe !
Makgoba (2011) > 0.80 (0.43, 2.58) 1.86
Savvidou (2011) * 1.35(0.77, 2.35) 3.45
Fernandez-Alonso (2012) |- 1.72 (0.83, 3.56) 1.16
Perez-Ferre (2012) * 1.01 (0.54, 1.89) 4.73
Zuhur (2013) > 1.94 (1.13, 3.33) 1.78
Parildar (2013) - 2.35 (1.10, 5.00) 0.57
Rodrigues (2014) * 1.11 (0.69, 1.77) 7.39
Pleskacova (2015) >— 1.67 (0.82,12.53) 0.06
Subtotal (l-squared =0.0%, p = 0.699) b 1.24 (0.92, 1.56) 21.00
1
Heterogeneity between groups: p = 0.369 !
Overall (I-squared = 31.6%, p = 0.055) ‘ 1.15 (1.00, 1.30) 100.00
:
[ I [
-30.1 0 30.1

Figure 4. Meta-analysis of the association between serum 25(OH)D level
and GDM based on region. Black squares and horizontal lines represent,
respectively, the study-specific odds ratios and the corresponding 95% CI. The
sizes of the black squares reflect the weights of the respective studies. The
diamonds represent pooled odd ratios with 95% Cls.

Publication Bias

According to the publication bias tests, the effect of bias in these studies was
not significant. No sign of publication bias was observed when Begg’s funnel
plot was examined. Figure 5 presents the Begg’s funnel plot of the included
trials related to vitamin D deficiency in GDM patients.
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Begg's funnel plot with pseudo 95% confidence limits

log[or1]
\

~

s.e. of: log[or1]

Figure 5. Funnel plot (from Begg-Mazumdar test) for publication bias in
the risk difference analysis.

Discussion

The literature on vitamin D insufficiency in pregnancy is growing rapidly.The
current meta-analysis was conducted to comprehensively review the literature
and explore possible correlations between vitamin D status and the risk of GDM.

In this systematic review and quantitative meta-analysis of 29 observational
studies, an association was found between insufficient vitamin D levels and the
incidence of GDM. Women with GDM appear to have a significant lower serum
250HD than women with NGT. The current results suggest that vitamin D
deficiency may be an independent risk factor for GDM. These results are
consistent with those of previous meta-analyses (Aghajafari et al., 2013; Lu et al.,
2016; Poel et al., 2012; Zhang et al., 2015). Since the publication of themeta-
analyses included in this research, further studies have been published.
Moreover, the previous meta-analyses did not include several important
observational studies.The current study attempts to fill this gap.

Obesity as well as a high maternal age are risk factors for both vitamin D
deficiency and gestational diabetes; thus, they are potential confounders of the
association between vitamin D deficiency and the incidence of GDM (Poel et al.,
2012). Most of the studies included in the current meta-analysis had been
adjusted for maternal age and BMI; however, the association between vitamin D
status and GDM was statistically significant.

Recent evidence has suggested that vitamin D deficiency or insufficiency is more
common among pregnant women with limited sun exposure (e.g., those who
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live in cold climates or in northern latitudes) which may affect their vitamin D
status; Those women who wear sunscreen or protective clothing and those from
ethnic minority groups with darker skin (Bodnar et al., 2007; Hollis and Wagner,
2004; Lee et al., 2007). The majority of vitamin D is generated in the skin under
the influence of ultraviolet B radiation, which makes serum 250HD levels
dependent on seasons, with higher levels seen in spring and summer (Poel et al.,
2012).

There are also other risk factors that could be associated with GDM risk,
including smoking, alcohol intake, gestational weight gain, and socioeconomic
status. In the current study, it was observed that the adjusted models differed
across the included studies; some of them did not adjust for several important
confounding factors. The contribution of these confounding factors to the risk of
gestational diabetes can go some distance in explaining conflicting results
among different studies.

Other important points noted were that the included studies used different
methods and criteria for the diagnosis of GDM, serum 250HD levels were
measured in different trimesters of pregnancy, definitions of cut-offs for 25-OHD
insufficiency varied, and different techniques were used. The studies suggest
that the methods used to quantify 25-OHD levels and to diagnose GDM may be
important factors which could influence the final results (Agarwal et al., 2005;
Shirazian et al., 2008).

There were several limitations in the current meta-analysis. First, the included
studies varied in their definitions of the cut-off for 25-OHD insufficiency and in
diagnostic criteria of GDM, and that could have influenced the pooled effect.
Secondly, the researchers were unable to evaluate the impact of some important
factors such as gestational weight gain, skin tone, and socioeconomic status on
the correlation between maternal vitamin D status and the risk of GDM because
of insufficient data in some studies. Also, data on sunlight exposure and dietary
vitamin D intake was not available. Thirdly, the most adjusted odds ratio was
used in meta-analysis. However, the adjusted models differed across the
included studies. In some studies, the potential confounding factors could not
be adjusted for, and therefore, the findings could not be pooled by adjusting
confounding factors. Furthermore, inherent to any meta-analysis is the possibility
of publication bias which is an inevitable problem. Finally, some studies
associated with vitamin D status and GDM were not accessible.

Conclusion

The present meta-analysis indicated that pregnant women with gestational
diabetes had significantly lower vitamin D levels than did those with normal
glucose tolerance. The results further demonstrated a statistically significant
association between maternal vitamin D insufficiency and the incidence of
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gestational diabetes. In conclusion, these findings suggest that low levels of
25(OH)D may be a risk factor in pregnancy. However, given the variety of study
designs and the heterogeneity between the included studies, it is not
reasonable to derive a definite conclusion.Further clinical trials are needed to
verify this association and determine the explicit effect of vitamin D
supplementation on the prevention of gestational diabetes.
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