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Abstract

Background: Maternal vitamin D status is a critical determinant during preg-
nancy, because it plays an important role in the body not only in calcium
homeostasis and bone remodeling, but also in the glucose metabolism. Vita-
min D deficiency is associated with adverse pregnancy outcomes including
gestational diabetes mellitus. Objective: To review evidence on the associa-
tion between maternal vitamin D deficiency and incidence of gestational di-
abetes mellitus (GDM). Methods: PRISMA for scoping review guideline and
scoping review guidelines of Arksey & O’Malley (2005) was followed in me-
thodological process. A comprehensive search strategy was carried out across
the Google Scholar and PubMed from January 2012 to December 2022, using
the search terms of “gestational diabetes mellitus/pregnancy outcomes” com-

» o«

bined with “vitamin D”, “cholecalciferol” or “25-hydroxyvitamin D” and/or
“deficiency”. Articles were screened at the title and the abstract level and at
full text by three co-investigators of the study independently with a fourth re-
viewer resolving discrepancies. Research studies published only in English
language were selected. Research using pregnant mothers with multiple preg-
nancy and chronic diseases was excluded. Results: After screening 134 titles
and abstracts, finally 55 original research articles were selected. It involved 48
observational studies and 7 Randomized Control Trials (RCT). Only 30 re-
search articles had found an association between maternal vitamin D defi-
ciency and GDM. Conclusion: As results of previous studies are mixed and
inconclusive, further research including more RCTs is needed to clarify the
exact mechanism of vitamin D on glucose metabolism during pregnancy.
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1. Introduction

The growing fetus cannot synthesize its own vitamin D, and depend on the pla-
centa to transfer the metabolite 25(OH)D from maternal bloodstream. This com-
pound is transported into the fetus by passively diffusing across the placenta.
Foetal calcium level is normally higher than the maternal level throughout the
gestation, while foetal vitamin D level is usually 20% lower than maternal levels
[1]. Vitamin D deficiency is common among people due to multiple risk factors
such as lack of sun exposure, inadequate dietary intake, darker skin pigmenta-
tion, usage of sunscreen, clothing covering the whole body and latitude of resi-
dence and ethnicity [2]. Vitamin D contributes to several extra skeletal functions
in the body including cardiovascular and pulmonary functions, regulation of blood
pressure and inflammation, modulation of the immune system, metabolic and
cellular functions, and cell proliferation. In addition, vitamin D helps to mod-
ulate gene expression, second messenger systems, hormonal actions, and the cell
cycle and induce apoptosis [3].

A recent study conducted with pregnant mothers in Colombo Medical Officer
of Health area shows that maternal vitamin D deficiency in third trimester is
18.8% among pregnant mothers [4]. Normal pregnancy is physiologically cha-
racterized by a progressive increase in insulin resistance, which acts as a physio-
logical adaptation aimed at ensuring the adequate supply of glucose to the ra-
pidly growing fetus [5] while, pancreatic beta cells increase their insulin produc-
tion to compensate pregnancy-induced insulin resistance in healthy women [6].
When insulin secretion is insufficient to overcome insulin resistance and main-
tain glucose homeostasis in the body, maternal hyperglycaemia may develop [7].
C peptide is produced in equal amounts to insulin and is the best measure of
endogenous insulin secretion in patients with diabetes mellitus [8].

GDM has become a public health concern in the world not only because of its
high prevalence but also serious maternal and fetal outcomes associated with the
disease. It has become a common metabolic disorder in the globe and affects up
to 12.9% of all pregnancies worldwide [9]. The pooled global standardized pre-
valence of GDM was 14.0% [10] The regional standardized prevalence of GDM
was 7.1% (7.0% - 7.2%) in North America and Caribbean, 7.8% (7.2% - 8.4%) in
the Europe, 10.4% (10.1% - 10.7%) in South America and Central America,
14.2% (14.0% - 14.4%) in Africa, 14.7% (14.7% - 14.8%) in Western Pacific,
20.8% (20.2% - 21.4%) in South East Asia, and 27.6% (26.9% - 28.4%) in Middle
East and North Africa [10]. The standardized prevalence of GDM in low-, mid-
dle- and high-income countries were 12.7% (11.0% - 14.6%), 9.2% (9.0% - 9.3%)
and 14.2 .1% (7.0% - 7.2%) in North America and Caribbean (NAC), 7.8% (7.2%
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- 8.4%) in Europe (EUR), 10.4% (10.1% - 10.7%) in South America and Central
America (SACA), 14.2% (14.0% - 14.4%) in Africa, 14.7% (14.7% - 14.8%) in
Western Pacific, 20.8% (20.2% - 21.4%) in South-East Asia and 27.6% (26.9% -
28.4%) in Middle East and North Africa [10]. In Sri Lanka, the current preva-
lence of GDM (2014) is 13.9%, and it is a 65.5% rise when compared with the
prevalence of GDM reported in 2004 (8.4%) [11] [12].

Universal screening for GDM is done with the 75 g Oral Glucose Tolerance
Test (OGTT) performed at 24 - 28 weeks of gestation while screening for pre-
gestational diabetes is advocated at the booking visit in women not known to
have preexisting diabetes [13]. According to the guidelines of International Asso-
ciation of Diabetes and Pregnancy Study Group (IADPSG), GDM is diagnosed
with a 75 g OGTT when one or more following diagnostic threshold are met; Fasting
> 92 mg/dl (5.1 mmol/l), 1-hour > 180 mg/dl (10.0 mmol/l), 2-hour = 153 mg/dl
(8.5 mmol/l) [14]. Common perinatal and neonatal complications of GDM in-
clude fetal macrosomia, shoulder dystocia, birth injuries, hypoglycemia, polycy-
themia, hyperbilirubinemia, increased rate of perinatal mortality, still births,
neonatal deaths and congenital malformations. Moreover, a systematic review
describes that there is a slightly higher risk of major congenital malformations in
women with gestational diabetes than in the reference group [15]. While, the
offspring of mothers with GDM are at a greater risk of developing childhood ob-
esity and early onset of type 2 diabetes mellitus (T2DM) later in their life [16]
[17]. In addition, it has been found that cord blood C peptide from newborns of
women with GDM is higher than those with normal glucose tolerance [18]. Fur-
ther, women with GDM had a 10-fold higher risk of developing T2DM within 10
years after controlling other confounding variables [19]. The known risk factors
for GDM include family history of T2DM, maternal overweight and obesity, ad-
vanced maternal age, history of GDM, history of having macrosomic babies and
multigravida [9] [20] [21]. In addition to these risk factors, recent studies have
reported that maternal vitamin D deficiency may also be associated with a higher
risk of GDM. Many observational studies have reported that a relationship be-
tween low level of vitamin D and increased risk of GDM. In addition to GDM,
low levels of vitamin D during pregnancy are associated with preterm deliveries,
bacterial vaginosis, anemia and small-for-gestational-age babies and preeclamp-
sia [22]. When the mother is vitamin D deficient during pregnancy their babies
are also predisposed to vitamin D deficiency during early infancy and, they can
have negative health outcomes including delayed milestones, rickets etc. [1].

The American College of Obstetrics and Gynecology (ACOG) do not recom-
mend routine screening for 25(OH)D level in pregnancy nor vitamin D supple-
mentation beyond what is contained in a prenatal vitamin. However, ACOG
suggests that when vitamin D deficiency is identified during pregnancy 1000 -
2000 international units per day of vitamin D is safe [23]. The current scoping
review is aimed to map the existing literature on the association between mater-
nal 25(OH)D deficiency and incidence of developing GDM.
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2. Methods

2.1. Overview

PRISMA for scoping review presentation guidelines [24] and scoping review
guidelines proposed by Arksey & O’Malley (2005) [25] was followed in articles’

screening and methodological process.

2.2. Search Strategy

Comprehensive literature survey was carried out using two search engines in-
cluding Google Scholar and Pub Med. Original research studies published in
English in Google Scholar and PubMed from January 2012 to December 2022
were selected using the search terms of “gestational diabetes mellitus/pregnancy

outcomes” combined with “vitamin D”, “cholecalciferol” or “25-hydroxyvitamin

D” and/or “deficiency”.

2.3. Inclusion and Exclusion Criteria

Original research articles which have been published only in English language in
Google Scholar and PubMed from January 2012 to December 2022 were in-
cluded in the study.

Research using subjects with multiple pregnancy, chronic diseases including
pre-existing diabetes mellitus, thyroid deficiencies and, review articles, case re-
ports, systematic reviews and meta-analysis, studies designed on animal models,
studies with missed data & duplicate publications and studies published in lan-

guages other than English were excluded.

2.4. Data Extraction

The screening process was conducted using the PRISMA extension for scoping
reviews [24] (Figure 1). Overall, 136 original research articles were initially identi-
fied through data base searching using above mentioned key words, and 2 addi-
tional articles were identified through screening of references in relevant syste-
matic reviews. Selected articles were screened initially in title and abstract level
to remove duplicates. Thereafter, articles were screened in full text level to select
relevant studies based on the inclusion and exclusion criteria of this scoping re-
view. Finally, altogether 55 original research articles (48 observational studies &
7 RCTs) were selected to the present review article (Figure 1). It involved 48
observational studies (9 cross sectional studies, 18 prospective cohort studies, 4
retrospective cohort studies, 9 nested case control studies, 8 case control studies)
and 7 Randomized Control Trials (RCT). Articles were screened at the title and
the abstract level and at full text by three co-investigators of the study indepen-
dently with a fourth reviewer resolving discrepancies.

Extracted data included study design, nation, number of study participants,
sampling timing for 25(OH)D, publication year and results (odds ratios with
confidence intervals for the association between vitamin D deficiency and the

diagnosis of GDM). Additionally, from RCTS data on treatment group, sample
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Records identified through data Additional records identified through

g base searching key journals: Reference screening of

'§ Total (n=130) systematic reviews (n=2)

g

5

=

Records after duplicates removed (n=131)

) Records excluded using titles and abstracts

£ (n=41)

(33

{,)‘3 Records screened Wit e stodies (=1

(n=131)

RCT with vitamin D co-supplementations
(n=4)
Review articles (n=36)

E Full texts articles excluded with reasons

= Full texts assessed for (n=35)

o0 ;v s

= eligibility (n=90) . . .

= Articles published with other languages (n=1)
Not published between 2012- 2022 (n= 15)
Research using pregnant mothers with
multiple pregnancy and chronic diseases (n=

3 b

3 Full text articles for review Pilot studies (n=1)

Q

=

= (n=55) Research not using pregnant populations (n=1)
Research with missed data (n=13)
No outcomes of interest (n=4)

Figure 1. Flow chart of the review process.

size, dosage/intervention, treatment duration, timing of vitamin D intervention

were included.

3. Results

3.1. Article Characteristics

The present scoping review comprising 48 observational studies and 7 RCTs
published between January 2012 and December 2022. Observational studies in-
volved 8 cross sectional studies, 18 prospective cohort studies, 4 retrospective
cohort studies, 10 nested case control studies and 8 case control studies. Several
studies in the world have been conducted to explore the association between
GDM and maternal vitamin D deficiency. This review included altogether 55
original research articles published in different areas such as Finland, Turkey,
Saudi, Spain, USA, Canada, India, Australia, Korea, Egypt, Russia, China, Iran,
Malaysia, New Zealand, Taiwan (China), Istanbul, Norway, Central Europe,
Iceland, Brazil, Belgium & France. Among them, most of the studies had been
conducted in China (9 out of 55).

The majority of the studies exploring the relationship between GDM and ma-
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ternal vitamin D deficiency were prospective cohort studies (18 out of 55 stu-
dies) (Table 1).

Table 1. Summary of observational studies on maternal vitamin D status and incidence of GDM.

Stud No. of Sampling for Cut off value for Results(Maternal vitamin D level vs
SIN desi}; subjects serum 25(OH)D  25(OH)D deficiency/ incidence of GDM) *  Reference
& (Nation) (Trimester/Weeks) insufficiency
Cross 886 . Vitamin D deficiency is associated with
1 . . Second trimester <20 ng/mL . [26]
sectional (Spain) GDM, independent of BML.
C 80 Serum vitamin D levels in women with
TOSS
2 . Second trimester 10 - 20 ng/mL GDM are significantly lower than the [27]
sectional (Turkey)
controls.
Cross 920 Serum 25(OH)D level is significantly low
3 . 20 - 30 weeks 10 - 20 ng/ml . [28]
sectional (Iran) in GDM group.
C 78 Women with GDM had lower vitamin D
TOSS
4 . . Third trimester <12 ng/ml status which was associated with ethnicity [29]
sectional (Malaysia) .
and less outdoor activity.
An association found between low level of
(<30 ng/ml) maternal serum vitamin D
Cross 228 Second & third level and GDM (OR = 0.28; 95% CI = 0.09
5 . L . <20 ng/ml. . [30]
sectional (Philippine) trimesters - 0.88) but none was evident after
adjusting for possible confounders
(OR =0.66;95% CI = 0.18 - 2.36).
C 723
6 ro?s . 11 weeks <50 nmol/L No association found. [58]
sectional (Finland)
C 1400 <20 ng/mL
7 ro.ss 24 - 28 weeks ngim . No association found. [59]
sectional (Turkey) (Severe deficiency)
C 80
8 ro?s 24 - 28 weeks <20 ng/dL No association found. [60]
sectional (Iran)
Pregnant mothers with 25(OH)D levels
Prospective 1314 of 25 nmol/L may have higher odds of
9 26 - 28 25 - 50 nmol/L o [31]
cohort (USA) experiencing GDM (OR: 2.2, 95% CI:
0.8 - 5.5).
. GDM risk was significantly higher among
Prospective 515 . . N .
10 . First trimester <50 nmol/L vitamin D deficient group (OR: 2.87; [32]
cohort (Saudi)
Confidence Interval: 1.32 - 6.25; P = 0.008
Lower first trimester 25(OH)D level is
. associated with higher risk of developing
Prospective 655
11 06-13 <50 nmol/L GDM (OR =1.48;95% CI = 1.03 - 2.12), [33]
cohort (Canada) .
and higher HOMA-IR (r = -0.08;
P =0.03).
Prospective 392 .Vit.am.in D deﬁcienc?l in ear.ly pregnam’:y
12 cohort (South 12 weeks <50 nmol/L is significantly associated with developing [34]
India) GDM.
Prospective 890 Second trimester low maternal 25(OH) D
\Y
13 p 18 weeks <30 nmol/L levels (<30 nmol/L) are associated with ~ [35]

hort Australi
conor (Australia) GDM (OR = 14.63, 95% CI = 1.59 - 134.78).
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Continued
2800 GDM risk was observed with high (>81
Prospective  (Australia nmol/L) “standardised” vitamin D status
14 15 £ 1 weeks <50 nmol/L . [36]
cohort & New when compared to moderate-high (63 - 81
Zealand) nmol/L)
Prospective 64 <10 ng/l (Severe 25(OH)D levels were negatively correlated
15 24-28 ) i [37]
cohort (Turkey) deficiency) with HOMA-IR (P < 0.001).
. Vitamin D deficiency in T» was associated
Prospective 3318 . . . .
16 hort (China) 8 - 14 weeks <20 ng/ml with an increased risk of GDM with [38]
cohor ina
increased FBG of OGTT.
There was a negative association between
Prospective 674 25(OH)D and maternal hyperglycaemia
17 <16 <50 nmol/L among smokers (OR = 0.30; 95% [39]
cohort (USA) . ..
CI = 0.13 - 0.68) while no association
found among non-smokers.
P ti 1710 (N
18 rospective (New 15 <50 nmol/l No association found. [40]
cohort Zealand)
, 24-28
Prospective 523 L
19 20 - 22 <25 nmol/L No association found. [61]
cohort (Korea)
32-34
Prospective L
20 80 (Egypt) 24 - 28 <20 ng/mL No association found. [62]
cohort
P ti 785 <12.5 1/L
21 rospective .. 6-14&14-18 fmo . No association found. [63]
cohort (Australia) (Severe deficiency)
Prospective 524 L
22 17 -18 <50 nmol/L No association found. [64]
cohort (Canada)
P ti 785
23 rospective 15 - 28 weeks <50 nmol/L No association found. [65]
cohort (Norway)
a4 Frospective 3110 First trimest <20 ng/ml N iation found [66]
irst trimester ng/m 0 association found.
cohort (China) &
P ti 938
25 rospective 11 - 14 weeks <30 nmol/L No association found. [67]
cohort (Iceland)
P ti 1516
26 rospective . 11 - 14 weeks <50 nmol/L No association found. [68]
cohort (China)
27 Retrospective 8468 <20 week <20 ng/ml Vitamin D level > 20 ng/mL can (41]
weeks ng/m
cohort (China) & reduce the risk of GDM (OR = 0.90).
. A protective association was found
Retrospective 2814 .
28 . <20 weeks <50 nmol/L between higher serum 25(OH)D [42]
cohort (China) )
concentrations and GDM (P = 0.003).
Ret ti 7816
29 etrospective . 6 - 14 weeks <20 ng/ml No association found. [69]
cohort (China)
Ret ti
30 ctrospective 235 (USA) 5 - 12 weeks <20 ng/ml No association found. [70]
cohort
Subjects with 25(OH)D deficiency had
Nested case 400 X )
31 ) 26 - 28 <25 nmol/L 1.8-fold higher risk of GDM (OR: 1.800, [43]
control (China)
95% CI: 1.209 - 2.678, P = 0.004).
Women with vitamin D deficiency in early
32 Nested case 210 (India) <20 <20 ng/mL pregnancy were eleven times more likely (44]
control to have GDM compared to controls (P =
0.001)
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Continued
Vitamin D insufficiency in early
pregnancy is associated with a greater
Nested case 335 <75 nmol/l than twofold increase in subsequent
33 15-18 . . . . 45]
control (Canada) (Insufficient) gestational diabetes, even after matching
and adjusting for race, age, season and
weight.
10- 14 Women with persistent vitamin D
34 Nested case 321 2331 <50 1L deficiency at 10 - 14 and 15 - 26 weeks of (46]
- nmol/L.
control (USA) 3339 gestation had a 4.46-fold elevated risk for
GDM.
In smokers, significant increased odds of
developing GDM was seen among women
Nested case 2320 with 25(OH)D < 30 nmol/L [aOR = 3.73,
35 <20 weeks <30 nmol/L [47]
control (Canada) 95% CI 1.9, 7.14] compared to
non-smokers with 25(OH)D
concentration >50 nmol/L.
Nested case 652 <20 ng/mL or L
36 16 No association found. [48]
control (USA) <50 nmol/L

Nested case 180 L
37 11- 14 <50 nmol/L. No association found. [71]
control (USA)

<10 ng/mL
1191 .
Nested case . (deficiency) L
38 (Belgium & 11 - 15 No association found. [72]
control <20 ng/mL
France) . .
(insufficiency)
Nested case 318 o
39 . 8-14&24-32 <20 ng/mL No association found. [73]
control (Russia)
Nested case 5109 ) . o
40 . First trimester <25 nmol/L No association found. [74]
control (Australia)
Vitamin D deficiency in the second
trimester was inversely correlated with
120 i _
41 Case control 26 - 28 <25 ng/mL fasting and 1-h plasma glucose after 75 g
(Turkey) glucose challenge test (P < 0.001), also low
25 OHD3 levels were associated with
insulin resistance.
60 Third Serum levels of 25(OH)D were lower in
42  Case control . <20 ng/mL . [50]
(Korea) trimester women with GDM (P < 0.01).
70 Vitamin D deficiency is more frequently
43 C trol <28 k: <20 ng/ml 51
ase contro (India) weeks ng/m associated with GDM than the controls. ]
80 Serum 25 (OH)D had a significant
44 Case control (Egypt) <28 weeks <10 ng/ml negative correlation with fasting insulin ~ [52]
8 level (P = 0.05).
45 Case control 40 (Turkey) 24 - 28 <10 ng/mL No association found. [75]
.. Third L
46 Case control 157 (Brazil) | <10 ng/ml No association found. [76]
trimester
76 (Central
47  Case control (Centra 24 - 30 weeks <50 nmol/L No association found. [77]
Europe)
122 .
48  Case control 24 - 28 <20 ng/ml No association found. [78]
(Istanbul)
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3.2. Cross Sectional Studies

Out of 8 cross sectional studies involved in this literature survey, only 5 studies
had found an association between maternal vitamin D deficiency and GDM [26]
[27] [28] [29] [30]. [26] further showed that vitamin D deficiency is associated
with GDM independent of maternal BMI. A study conducted in Iran reported a
negative significant correlation between 25(OH)D and, fasting blood sugar (P =
0.009) and pre-pregnancy BMI in their population [28]. Another cross sectional
study conducted in Malaysia found that women with GDM had lower vitamin D
status which was associated with ethnicity and less outdoor activity while, they
further reported that there was no correlations between serum 25(OH)D and pa-
rameters of hyperglycaemia or insulin sensitivity in GDM pregnancies [29]. Al-
though, [30] reported an association between maternal vitamin D level and inci-
dence of GDM, they found no association between two variables after adjusting
for possible confounders like age, parity, history of GDM and pre-pregnancy BMI
(Table 1).

3.3. Prospective Cohort Studies

Out of 18 prospective cohort studies included in the current study, only 9 studies
have reported an association between maternal 25(OH)D deficiency and GDM
[31]-[39]. [32] described that low levels of 25(OH)D at first trimester is an inde-
pendent risk factor for developing GDM and is associated with insulin resistance
at second trimester. [33] further reported that the strength of association be-
tween vitamin D levels and the risk of GDM was enhanced by adding potential
confounders of vitamin D (OR = 1.37; 95% CI = 1.04 - 1.81 in unadjusted model
increasing to 1.47 after adjustment for factors influencing vitamin D). A pros-
pective cohort study conducted among 890 Australian pregnant mothers re-
ported that participants with 25(OH)D levels < 30 nmol/L were had a 10.7- fold
higher risk of developing GDM (OR = 14.63, 95% CI = 1.59 - 134.78), and that
association was stronger (OR 12.52, 95% CI = 1.27 - 23.75), when maternal age,
family history of diabetes, pre-pregnancy BMI and gestational weight were con-
sidered as [35]. Another study conducted in Turkey also reported that 25(OH)D
levels are negatively correlated with HOMA-IR [37]. Another study showed that
maternal vitamin D deficiency in second trimester was associated with an in-
creased risk of GDM (OR = 2.87; CI = 1.32 - 6.25) with increased fasting blood
glucose (FBG) values of OGTT [38]. A prospective cohort study carried out among
674 pregnant mothers in USA found that serum 25(OH)D level was lower among
smoking women with maternal hyperglycaemia, and a negative association was
found between 25(OH)D at <16 weeks and the likelihood of maternal hypergly-
caemia, while no association found among non-smokers [39]. A same type of
study conducted in New Zealand showed maternal 25(OH)D levels < 30 ng/mL
at 15 weeks of gestation were associated with the development of GDM, but after
adjustment with body mass index (BMI) and ethnicity, the association was not
significant [40] (Table 1).
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3.4. Retrospective Cohort Studies

Two out of four retrospective cohort studies conducted in China had found an
significant protective association between higher maternal serum 25(OH)D con-
centration and incidence of GDM [41] [42] (Table 1).

3.5. Nested Case Control Studies

With regards to nested case control studies, 5 out of 10 studies had found an as-
sociation between maternal 25(OH)D level and GDM [43] [44] [45] [46] [47]. A
study conducted in China reported that pregnant mothers with 25(OH)D defi-
ciency has 1.8-fold higher risk of GDM [43], while a study conducted in India
reported that women with vitamin D deficiency in early pregnancy were eleven
times more likely to have GDM compared to controls [44]. Another nested case
control study conducted in Canada reported that vitamin D insufficiency in ear-
ly pregnancy is associated with a greater than twofold increase in subsequent
gestational diabetes, even after matching and adjusting for race, age, season and
weight [45]. While, [46] showed that women with persistent vitamin D deficien-
cy at 10 to 14 and 15 to 26 weeks of gestation had a 4.46-fold elevated risk for
GDM. Another study conducted in Canada reported that women who smoked
during pregnancy and had 25(OH)D concentrations < 30 nmol/L had an ad-
justed Odds Ratio = 3.73 [95% CI 1.95, 7.14] compared to nonsmokers with
25(OH)D concentrations > 50 nmol/L [47]. Accordingly, the authors had de-
tected an additive interaction between smoking status and 25(OH)D level [47].
A study conducted in the United States of America (USA) reported that GDM
cases had lower mean total 25(OH)D and 25(OH)D3 but, total 25[OH]D con-
centrations were not significantly associated with GDM risk [48] (Table 1).

3.6. Case Control Studies

Out of 8 case control studies, only 4 studies had found that maternal 25(OH)D
deficiency is associated with incidence of developing GDM [49] [50] [51] [52]. A
study conducted in Turkey reported that vitamin D deficiency in the second
trimester was inversely correlated with fasting and 1-h plasma glucose after 75 g
glucose challenge test, and low 250HD3 levels were associated with insulin re-
sistance [49]. A study conducted in Egypt reported that serum 25 (OH)D had a
significant negative correlation with fasting insulin level (P = 0.05) [52] (Table
1).

3.7. Randomized Controlled Trials (RCTSs)

With regard to the previous RCTs, 5 out of 7 RCT's have found that a significant
relationship between vitamin D supplementation and incidence of GDM [53]
[54] [55] [56] [57]. A study conducted in Iran administered 50,000 IU of vitamin
D3 to their test group twice during the pregnancy (at baseline & at day 21) and
control group was given a placebo. They found that vitamin D supplementation
significantly deceased concentrations of FPG (P < 0.001), serum insulin (P =
0.01) & HOMA-IR (P < 0.001) among their study population [54]. Similar study
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conducted in China divided their control group into three groups (low dose,
medium dose and high dose) based on the dose of vitamin D supplement [55].
They administered 200 IU of calciferol daily as the low dose until the delivery (n
= 38) while, 2000 IU daily for 25 days as the medium dose (n = 38), and 4000 IU
daily for 12.5 days as the high dose (n = 37) [55]. Their results revealed that high
and medium doses of vitamin D supplementation reduces Insulin and HOMA-IR
levels in mothers with GDM (P < 0.01) [55]. Another study conducted in China
reported that vitamin D supplements (vitamin D3) statistically reduce FPG (P =
0.04), serum insulin (0.03) & HOMA-IR (P = 0.01) [57]. Results of RCTs are

displayed in Table 2.

Table 2. Summary of RCT's on vitamin D supplementation and incidence of GDM.

Timing of
i Treatment Sample Dosage/ Treatment i
S/N Nation . . . vitamin D  Results Reference
group size Intervention  Duration | f
intervention
No association found
Vitamin D 70 50,000 1U/2 between vitamin D
1 Europe 10 weeks 14 - 16 . [79]
Placebo 70 weeks supplementation and
developing GDM.
Incidence of GDM in
Vitamin D 46 . Until the 26t _ . intervention group was
2 Iran 5000 Units/week First trimester | | . 53]
Placebo 45 week statistically lower than in
control group (P < 0.001)
Vitamin D supplements were
. . associated with a significant
Vitamin D3 36 50,000 IU/2 . .
3 Iran 10 months 24 - 28 weeks decrease in fasting glucose  [54]
Placebo 36 weeks
(P =0.01) and HbA1lc
(P =0.02).
Calciferol . High fmd medium doseslof
, Until the vitamin D supplementation
Low dose 38 200 IU/daily .
. . : delivery reduces
4 China Medium dose 38 2000 IU/daily 24 - 28 weeks . [55]
. . 25 days Insulin and HOMA -IR levels
High dose 37 4000 IU/daily . .
12.5 days in mothers with GDM
Placebo 20
(P < 0.01).
Vitamin D3 Until the No association found
. High dose 89 5000 IU/daily  delivery between vitamin D
5 Australia ) <20 weeks ) [80]
Low dose 90 400 IU/daily (from <20 supplementation and
Nonrandomized 24 weeks) developing GDM.
Vitamin D supplementation
o 50,000 IU twice significantly decreases
Vitamin D3 27 . .
6 Iran (at baseline & 6 weeks 24 - 28 weeks concentrations of FPG (P < [56]
Placebo 27 . .
day 21) 0.001), serum insulin (P =
0.01) & HOMA-IR (P < 0.001).
. . Two servings .
Plain yogurt with 52 (200 9) of Vitamin D supplements
o
vitamin D; g statistically reduce FPG
. . supplemented ] ]
7 China  Plain yogurt ¢ ver d 16 weeks 13 weeks (P =0.04), serum insulin [57]
ogurt per da
without vitamin 51 yogurt per cay (0.03) & HOMA-IR
(500 IU vitamin
Ds , (P =0.01).
D3 per serving)
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4. Discussion

Out of 55 research articles included in the current scoping review, only 30 re-
search articles had found an association between maternal vitamin D status and
incidence of GDM. The majority of research articles were based on prospective
cohort studies (18 out of 55). Among all research articles only one prospective
cohort study has reported that GDM risk is high with high “standardized” vita-
min D status (>81 nmol/L) when compared to moderate-high (63 - 81 nmol/L)
[35]. Some studies had found that maternal vitamin D deficiency is an indepen-
dent risk factor for developing GDM among pregnant mothers even after ad-
justing to some contributing factors such as race/ethnicity, body mass index [44]
while, some studies had reported that there was no association found after ad-
justing for possible confounding factors such as smoking status, indoor activity,
ethnicity and age [29] [38] [46].

Moreover, studies had reported that maternal 25(OH)D deficiency is asso-
ciated with higher HOMA-IR [32], and vitamin D supplementation during preg-
nancy has an effect on decreasing fasting plasma glucose, HbAlc, insulin and
HOMA-IR in the body [53] [54] [55] [56].

5. Conclusion

Vitamin D level of pregnant mothers with GDM is significantly lower than the
normoglycaemic mothers and maternal vitamin D deficiency is associated with
increased risk of developing GDM. Maternal vitamin D level is negatively corre-
lated with HOMA-IR and vitamin D deficiency contributes to increase fasting
plasma glucose level in OGTT. A protective association was found between higher
serum 25(OH)D concentrations and GDM. In conclusion, the present study sug-
gests that early detection and treatment of vitamin D deficiency during preg-
nancy is necessary in preventing GDM.

Acknowledgements

The authors are thankful to all the researchers whose articles were used in re-

viewing this article.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Kalaiarasi, V. (2018) Correlation of Vitamin D Levels and Gestational Diabetes
Mellitus. PSG Institute of Medical Sciences and Research, Coimbatore.

[2] Paxton, G.A., Teale, G.R., Nowson, C.A., Mason, R.S., McGrath, J.J., Thompson,
M.]., Siafarikas, A., Rodda, C.P. and Munns, C.F. (2013) Vitamin D and Health in
Pregnancy, Infants, Children and Adolescents in Australia and New Zealand: A Po-
sition Statement. Medical Journal of Australia, 198, 142-143.

https://doi.org/10.5694/mjall.11592

DOI: 10.4236/jbm.2023.114016

231 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.114016
https://doi.org/10.5694/mja11.11592

Y. D. Wimalajeewa et al.

(8]

[10]

(11]

(12]

(13]

(14]

[15]

Holick, M.F. (2012) Vitamin D: Extraskeletal Health. Rheumatic Disease Clinics of
North America, 38, 141-160.

Anusha, K., Hettiaratchi, U.P.K., Liyanage, G. and Gunasekera, D.P.S. (2018) Vita-
min D Status of Pregnant Mothers and Its Effect on Anthropometric Measures in
the Offspring: A Preliminary Study. Sri Lanka Journal of Child Health, 47, 210-214.
https://doi.org/10.4038/sljch.v47i3.8540

Leoni, M., Padilla, N., Fabbri, A., Della-Morte, D., Ricordi, C. and Infante, M.
(2022) Mechanisms of Insulin Resistance during Pregnancy. In: Infante, M., Ed.,
Evolving Concepts in Insulin Resistance, IntechOpen, London.
https://doi.org/10.5772/intechopen.107907

Morkrid, K., Jenum, A K., Sletner, L., Vardal, M.H., Waage, C.W., Nakstad, B.,
Vangen, S. and Birkeland, K.I. (2012) Failure to Increase Insulin Secretory Capacity

during Pregnancy-Induced Insulin Resistance is Associated with Ethnicity and Ges-
tational Diabetes. European Journal of Endocrinology, 167, 579-588.
https://doi.org/10.1530/EJE-12-0452

Boyle, K.E., Hwang, H., Janssen, R.C., Devente, J.M., Barbour, L.A., Hernandez,
T.L., Mandarino, L.J., Lappas, M. and Friedman, J.E. (2014) Gestational Diabetes Is
Characterized by Reduced Mitochondrial Protein Expression and Altered Calcium
Signaling Proteins in Skeletal Muscle. PLOS ONE, 9, €106872.
https://doi.org/10.1371/journal.pone.0106872

Jones, A.G. and Hattersley, A.T. (2013) The Clinical Utility of C-Peptide Measure-
ment in the Care of Patients with Diabetes. Diabetic Medicine, 30, 803-817.
https://doi.org/10.1111/dme.12159

Choudhury, A.A. and Rajeswari, V.D. (2021) Gestational Diabetes Mellitus—A Me-
tabolic and Reproductive Disorder. Biomedicine & Pharmacotherapy, 143, Article
ID: 112183. https://doi.org/10.1016/j.biopha.2021.112183

Wang, H,, Li, N, Chivese, T., Werfalli, M., Sun, H., Yuen, L., Hoegfeldt, C.A., Powe,
C.E., Immanuel, J., Karuranga, S. and Divakar, H. (2022) IDF Diabetes Atlas: Esti-
mation of Global and Regional Gestational Diabetes Mellitus Prevalence for 2021 by
International Association of Diabetes in Pregnancy Study Group’s Criteria. Diabetes
Research and Clinical Practice, 183, Article ID: 109050.
https://doi.org/10.1016/j.diabres.2021.109050

Sudasinghe, B.H., Ginige, P.S. and Wijeyaratne, C.N. (2016) Prevalence of Gesta-
tional Diabetes Mellitus in a Suburban District in Sri Lanka: A Population Based
Study. Ceylon Medical Journal, 61, 149-153. https://doi.org/10.4038/cmj.v61i4.8379

Ginige, S., Wijewardhena, K. and Wijeyaratne, C.N. (2011) Prevalence of Gesta-
tional Diabetes Mellitus in Homagama Divisional Director of Health Service Area.
Journal of the College of Community Physicians of Sri Lanka, 9, 40-42.
https://doi.org/10.4038/jccpsl.v9i1.8278

Motha, M.B.C. and Dias, T.D. (2015) Diabetes Mellitus in Pregnancy. Sri Lanka
Journal of Obstetrics and Gynaecology, 37, 1-6.
https://doi.org/10.4038/sljog.v37i2.7745

International Association of Diabetes and Pregnancy Study Groups Consensus Pan-
el (2010) International Association of Diabetes and Pregnancy Study Groups Rec-
ommendations on the Diagnosis and Classification of Hyperglycemia in Pregnancy.
Diabetes Care, 33, 676-682. https://doi.org/10.2337/dc09-1848

Balsells, M., Garcia-Patterson, A., Gich, I. and Corcoy, R. (2012) Major Congenital
Malformations in Women with Gestational Diabetes Mellitus: A Systematic Review
and Meta-Analysis. Diabetes/ Metabolism Research and Reviews, 28, 252-257.

DOI: 10.4236/jbm.2023.114016

232 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.114016
https://doi.org/10.4038/sljch.v47i3.8540
https://doi.org/10.5772/intechopen.107907
https://doi.org/10.1530/EJE-12-0452
https://doi.org/10.1371/journal.pone.0106872
https://doi.org/10.1111/dme.12159
https://doi.org/10.1016/j.biopha.2021.112183
https://doi.org/10.1016/j.diabres.2021.109050
https://doi.org/10.4038/cmj.v61i4.8379
https://doi.org/10.4038/jccpsl.v9i1.8278
https://doi.org/10.4038/sljog.v37i2.7745
https://doi.org/10.2337/dc09-1848

Y. D. Wimalajeewa et al.

(16]

(17]

(18]

(19]

(20]

(21]

[22]

(23]

[24]

[25]

(26]

(27]

(28]

https://doi.org/10.1002/dmrr.1304

Hod, M., Kapur, A., Sacks, D.A., Hadar, E., Agarwal, M., Di Renzo, G.C., Roura,
L.C., McIntyre, H.D., Morris, J.L. and Divakar, H. (2015) The International Federa-
tion of Gynecology and Obstetrics (FIGO) Initiative on Gestational Diabetes Melli-
tus: A Pragmatic Guide for Diagnosis, Management, and Care. International Jour-
nal of Gynecology and Obstetrics, 131, S173-S211.
https://doi.org/10.1016/S0020-7292(15)30033-3

Jain, R., Pathak, R. and Kotecha, A. (2014) Gestational Diabetes: Perinatal and Ma-
ternal Complication in 24-28 Weeks. International Journal of Medical Science and
Public Health, 3, 1283-1288. https://doi.org/10.5455/ijmsph.2014.290720141

Dubé, M.C., Morisset, A.-S., Tchernof, A. and Weisnagel, S.J. (2012) Cord Blood
C-Peptide Levels Relate to the Metabolic Profile of Women with and without Gesta-
tional Diabetes. Acta Obstetricia et Gynecologica Scandinavica, 91, 1469-1473.
https://doi.org/10.1111/a0gs.12005

Herath, H., Herath, R. and Wickremasinghe, R. (2017) Gestational Diabetes Melli-
tus and Risk of Type 2 Diabetes 10 Years after the Index Pregnancy in Sri Lankan
Women—A Community Based Retrospective Cohort Study. PLOS ONE, 12, e0179647.
https://doi.org/10.1371/journal.pone.0179647

Lin, P.-C,, Hung, C.-H., Chan, T.-F,, Lin, K.-C., Hsu, Y.-Y. and Tzeng, Y.-L. (2016)
The Risk Factors for Gestational Diabetes Mellitus: A Retrospective Study. Midwi-
fery, 42, 16-20. https://doi.org/10.1016/j.midw.2016.09.008

Erem, C., Kuzu, U.B., Deger, O. and Can, G. (2015) Prevalence of Gestational Di-
abetes Mellitus and Associated Risk Factors in Turkish Women: The Trabzon GDM
Study. Archives of Medical Science, 11, 724-735.
https://doi.org/10.5114/aoms.2015.53291

Robinson, C.J., Alanis, M.C., Wagner, C.L., Hollis, B.W. and Johnson, D.D. (2010)
Plasma 25-Hydroxyvitamin D Levels in Early-Onset Severe Preeclampsia. American
Journal of Obstetrics and Gynecology, 203, 366.E1-366.E6.
https://doi.org/10.1016/j.2j0g.2010.06.036

American College of Obstetricians and Gynecologists (2011) Committee Opinion
No. 495: Vitamin D: Screening and Supplementation during Pregnancy. Obstetrics
& Gynecology, 118, 197-198. https://doi.org/10.1097/A0G.0b013e318227f06b
Tricco, A.C., Lillie, E., Zarin, W., O’Brien, K.K., Colquhoun, H., et al (2018) PRISMA
Extension for Scoping Reviews (PRISMA-ScR): Checklist and Explanation. Annals
of Internal Medicine, 169, 467-473.https://doi.org/10.7326/M18-0850

Arksey, H. and O’Malley, L. (2005) Scoping Studies: Towards a Methodological Frame-
work. International Journal of Social Research Methodology; 8, 19-32.
https://doi.org/10.1080/1364557032000119616

Agiiero-Domenech, N., Jover, S., Sarridn, A., Baranda, J., Quesada-Rico, J.A., Perei-
ra-Expdsito, A., Gil-Guillén, V., Cortés-Castell, E. and Garcia-Teruel, J. (2021) Vi-
tamin D Deficiency and Gestational Diabetes Mellitus in Relation to Body Mass In-
dex. Nutrients, 14, Article No. 102. https://doi.org/10.3390/nu14010102

Ede, G., Keskin, U., Cemal Yenen, M. and Samur, G. (2019) Lower Vitamin D Le-
vels during the Second Trimester Are Associated with Developing Gestational Di-
abetes Mellitus: An Observational Cross-Sectional Study. Gynecological Endocri-
nology, 35, 525-528. https://doi.org/10.1080/09513590.2018.1548593

Haidari, F., Jalali, M.T., Shahbazian, N., Haghighizadeh, M.-H. and Azadegan, E.
(2016) Comparison of Serum Levels of Vitamin D and Inflammatory Markers Be-
tween Women with Gestational Diabetes Mellitus and Healthy Pregnant Control.

DOI: 10.4236/jbm.2023.114016

233 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.114016
https://doi.org/10.1002/dmrr.1304
https://doi.org/10.1016/S0020-7292(15)30033-3
https://doi.org/10.5455/ijmsph.2014.290720141
https://doi.org/10.1111/aogs.12005
https://doi.org/10.1371/journal.pone.0179647
https://doi.org/10.1016/j.midw.2016.09.008
https://doi.org/10.5114/aoms.2015.53291
https://doi.org/10.1016/j.ajog.2010.06.036
https://doi.org/10.1097/AOG.0b013e318227f06b
https://doi.org/10.7326/M18-0850
https://doi.org/10.1080/1364557032000119616
https://doi.org/10.3390/nu14010102
https://doi.org/10.1080/09513590.2018.1548593

Y. D. Wimalajeewa et al.

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

Journal of Family and Reproductive Health, 10, 1-8.

Ismail, N.A., Ismail, N.A.M. and Bador, K.M. (2021) Vitamin D in Gestational Di-
abetes Mellitus and Its Association with Hyperglycaemia, Insulin Sensitivity and
Other Factors. Journal of Obstetrics and Gynaecology, 41, 899-903.
https://doi.org/10.1080/01443615.2020.1820462

Cabrera, C.C., Dampil, O.A. and Ong-Lopez, A.M. (2020) The Association between
Maternal Serum Vitamin D Levels and Gestational Diabetes Mellitus among Filipi-
no Patients: A Cross-Sectional Study. Journal of the ASEAN Federation of Endo-
crine Societies, 35, 169-175. https://doi.org/10.15605/jafes.035.02.04

Burris, H.H., Rifas-Shiman, S.L., Kleinman, K., Litonjua, A.A., Huh, S.Y., Rich-
Edwards, J.W., Camargo Jr., C.A. and Gillman, M.W. (2012) Vitamin D Deficiency
in Pregnancy and Gestational Diabetes Mellitus. American Journal of Obstetrics
and Gynecology, 207, 182.E1-182.E8. https://doi.org/10.1016/j.2j0g.2012.05.022

Al-Ajlan, A., Al-Musharaf, S., Fouda, M.A., Krishnaswamy, S., Wani, K., Aljohani,
N.J., Al-Serehi, A., Sheshah, E., Alshingetti, N.M., Turkistani, I.Z., Alharbi, A.A.,
Alragebah, B.A., Ali, A.M., Al-Saeed, G. and Al-Daghri, N.M. (2018) Lower Vita-
min D Levels in Saudi Pregnant Women Are Associated with Higher Risk of De-
veloping GDM. BMC Pregnancy and Childbirth, 18, Article No. 86.
https://doi.org/10.1186/512884-018-1723-3

Lacroix, M., Battista, M.C., Doyon, M., Houde, G., Ménard, J., Ardilouze, J.L., Hi-
vert, M.F. and Perron, P. (2014) Lower Vitamin D Levels at First Trimester Are As-
sociated with Higher Risk of Developing Gestational Diabetes Mellitus. Acta Di-
abetologica, 51, 609-616. https://doi.org/10.1007/s00592-014-0564-4

Dwarkanath, P., Ponnusamy, V., Thomas, T., Joseph, S., et al (2019) Relationship of
Early Vitamin D Concentrations and Gestational Diabetes Mellitus in Indian Preg-
nant Women. Frontiers in Nutrition, 6, Article 116.
https://doi.org/10.3389/fnut.2019.00116

Mosavat, M., Arabiat, D., Smyth, A., Newnham, J. and Whitehead, L. (2021)
Second-Trimester Maternal Serum Vitamin D and Pregnancy Outcome: The West-
ern Australian Raine Cohort Study. Diabetes Research and Clinical Practice, 175,
Article ID: 108779. https://doi.org/10.1016/j.diabres.2021.108779

Wilson, R.L., Leviton, A.]J., Leemaqz, S.Y., Anderson, P.H., Grieger, J.A., Grzesko-
wiak, L.E., Verburg, P.E., McCowan, L., Dekker, G.A., Bianco-Miotto, T. and Ro-
berts, C.T. (2018) Vitamin D Levels in an Australian and New Zealand Cohort and
the Association with Pregnancy Outcome. BMC Pregnancy and Childbirth, 18, Ar-
ticle No. 251. https://doi.org/10.1186/s12884-018-1887-x

Mutlu, N., Esra, H., Begum, A., Fatma, D., et al (2015) Relation of Maternal Vita-
min D Status with Gestational Diabetes Mellitus and Perinatal Outcome. African
Health Sciences, 15, 523-531. https://doi.org/10.4314/ahs.v15i2.27

Shao, B., Mo, M., Xin, X,, Jiang, W., Wu, ]., Huang, M., Wang, S., Muyiduli, X, Si,
S., Shen, Y., Chen, Z. and Yu, Y. (2020) The Interaction Between Prepregnancy BMI
and Gestational Vitamin D Deficiency on the Risk of Gestational Diabetes Mellitus
Subtypes with Elevated Fasting Blood Glucose. Clinical Nutrition, 39, 2265-2273.
https://doi.org/10.1016/j.clnu.2019.10.015

Tomedi, L.E., Simhan, H.N. and Bodnar, L.M. (2013) Early-Pregnancy Maternal
Vitamin D Status and Maternal Hyperglycaemia. Diabetic Medicine, 30, 1033-1039.
https://doi.org/10.1111/dme.12229

Boyle, V.T., Thorstensen, E.B., Mourath, D., Jones, M.B., Mccowan, L.M.E., Kenny,
L.C., Baker, P.N. and Consortium, S. (2016) The Relationship between 25-Hydro-

DOI: 10.4236/jbm.2023.114016

234 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.114016
https://doi.org/10.1080/01443615.2020.1820462
https://doi.org/10.15605/jafes.035.02.04
https://doi.org/10.1016/j.ajog.2012.05.022
https://doi.org/10.1186/s12884-018-1723-3
https://doi.org/10.1007/s00592-014-0564-4
https://doi.org/10.3389/fnut.2019.00116
https://doi.org/10.1016/j.diabres.2021.108779
https://doi.org/10.1186/s12884-018-1887-x
https://doi.org/10.4314/ahs.v15i2.27
https://doi.org/10.1016/j.clnu.2019.10.015
https://doi.org/10.1111/dme.12229

Y. D. Wimalajeewa et al.

[41]

(42]

[43]

(44]

(45]

(46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

xyvitamin D Concentration in Early Pregnancy and Pregnancy Outcomes in a
Large, Prospective Cohort. British Journal of Nutrition, 116, 1409-1415.
https://doi.org/10.1017/S0007114516003202

Yue, C.-Y. and Ying, C.-M. (2020) Sufficience Serum Vitamin D before 20 Weeks of
Pregnancy Reduces the Risk of Gestational Diabetes Mellitus. Nutrition & Metabol-
ism, 17, Article No. 89. https://doi.org/10.1186/s12986-020-00509-0

Chen, G.-D., Pang, T.-T,, Li, P.-S., Zhou, Z.-X,, Lin, D.-X., Fan, D.-Z., Guo, X.-L.
and Liu, Z.-P. (2020) Early Pregnancy Vitamin D and the Risk of Adverse Maternal
and Infant Outcomes: A Retrospective Cohort Study. BMC Pregnancy and Child-
birth, 20, Article No. 465. https://doi.org/10.1186/s12884-020-03158-6

Wang, O., Nie, M, Hu, Y.Y., Zhang, K, Li, W., Ping, F., Liu, J.T., Chen, L.M. and
Xing, X.P. (2012) Association between Vitamin D Insufficiency and the Risk for

Gestational Diabetes Mellitus in Pregnant Chinese Women. Biomedical and Envi-
ronmental Sciences, 25, 399-406.

Jain, M., Kapry, S., Jain, S., Singh, S.K. and Singh, T.B. (2015) Maternal Vitamin D
Deficiency: A Risk Factor for Gestational Diabetes Mellitus in North India. Obste-
trics & Gynecology, 5, Article ID: 1000264.

Parlea, L., Bromberg, L., Feig, D.S., Vieth, R, Merman, E. and Lipscombe, L.L.
(2012) Association between Serum 25-Hydroxyvitamin D in Early Pregnancy and
Risk of Gestational Diabetes Mellitus. Diabetic Medicine, 29, e25-€32.
https://doi.org/10.1111/.1464-5491.2011.03550.x

Xia, J., Song, Y., Rawal, S., Wu, J., Hinkle, S.N., Tsai, M.Y. and Zhang, C. (2019) Vi-
tamin D Status during Pregnancy and the Risk of Gestational Diabetes Mellitus: A
Longitudinal Study in a Multiracial Cohort. Diabetes, Obesity and Metabolism, 21,
1895-1905. https://doi.org/10.1111/dom.13748

Dodds, L., Woolcott, C.G., Weiler, H., Spencer, A., Forest, J.-C., Armson, B.A. and
Giguere, Y. (2016) Vitamin D Status and Gestational Diabetes: Effect of Smoking
Status during Pregnancy. Paediatric and Perinatal Epidemiology, 30, 229-237.
https://doi.org/10.1111/ppe.12278

Arnold, D.L., Enquobahrie, D.A., Qiu, C., Huang, J., Grote, N., VanderStoep, A. and
Williams, M.A. (2015) Early Pregnancy Maternal Vitamin D Concentrations and
Risk of Gestational Diabetes Mellitus. Paediatric and Perinatal Epidemiology, 29,
200-210. https://doi.org/10.1111/ppe.12182

Sahin, E., Col Madendag, I, Sahin, M.E., Madendag, Y., Acmaz, G. and Muderris,
LI (2019) Effect of Vitamin D Deficiency on the 75 g Oral Glucose Tolerance Test
Screening and Insulin Resistance. Gynecological Endocrinology, 35, 535-538.
https://doi.org/10.1080/09513590.2018.1554038

Cho, G.J., Hong, S.-C., Oh, M.-]. and Kim, H.-J. (2013) Vitamin D Deficiency in
Gestational Diabetes Mellitus and the Role of the Placenta. American Journal of
Obstetrics & Gynecology, 209, 560.E1-560.E8.
https://doi.org/10.1016/j.aj0g.2013.08.015

Muthukrishnan, J. and Dhruv, G. (2015) Vitamin D Status and Gestational Diabetes
Mellitus. Indian Journal of Endocrinology and Metabolism, 19, 616-619.
https://doi.org/10.4103/2230-8210.163175

El-Sagheer, G.M., Kasem, A., Shawky, .M. and Abdel-Fadeel, A. (2016) Vitamin D
Deficiency and Gestational Diabetes Mellitus in Egyptian Women. Open Journal of
Endocrine and Metabolic Diseases, 6, 109-119.
https://doi.org/10.4236/0jemd.2016.62015

Shahgheibi, S., Farhadifar, F. and Pouya, B. (2016) The Effect of Vitamin D Sup-

DOI: 10.4236/jbm.2023.114016

235 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.114016
https://doi.org/10.1017/S0007114516003202
https://doi.org/10.1186/s12986-020-00509-0
https://doi.org/10.1186/s12884-020-03158-6
https://doi.org/10.1111/j.1464-5491.2011.03550.x
https://doi.org/10.1111/dom.13748
https://doi.org/10.1111/ppe.12278
https://doi.org/10.1111/ppe.12182
https://doi.org/10.1080/09513590.2018.1554038
https://doi.org/10.1016/j.ajog.2013.08.015
https://doi.org/10.4103/2230-8210.163175
https://doi.org/10.4236/ojemd.2016.62015

Y. D. Wimalajeewa et al.

(54]

(55]

(56]

(57]

(58]

[59]

(60]

(61]

(62]

(63]

[64]

plementation on Gestational Diabetes in High-Risk Women: Results from a Ran-
domized Placebo-Controlled Trial. Journal of Research in Medical Sciences, 21, Ar-
ticle No. 2. https://doi.org/10.4103/1735-1995.175148

Yazdchi, R., Gargari, B.P., Asghari-Jafarabadi, M. and Sahhaf, F. (2016) Effects of
Vitamin D Supplementation on Metabolic Indices and Hs-CRP Levels in Gestation-
al Diabetes Mellitus Patients: A Randomized, Double-Blinded, Placebo-Controlled
Clinical Trial. Nutrition Research and Practice, 10, 328-335.
https://doi.org/10.4162/nrp.2016.10.3.328

Zhang, Q., Cheng, Y., He, M,, Li, T., Ma, Z. and Cheng, H. (2016) Effect of Various
Doses of Vitamin D Supplementation on Pregnant Women with Gestational Di-

abetes Mellitus: A Randomized Controlled Trial. Experimental and Therapeutic
Medicine, 12, 1889-1895. https://doi.org/10.3892/etm.2016.3515

Asemi, Z., Hashemi, T., Karamali, M., Samimi, M. and Esmaillzadeh, A. (2013) Ef-
fects of Vitamin D Supplementation on Glucose Metabolism, Lipid Concentrations,
Inflammation, and Oxidative Stress in Gestational Diabetes: A Double-Blind Ran-
domized Controlled Clinical Trial. The American Journal of Clinical Nutrition, 98,
1425-1432. https://doi.org/10.3945/ajcn.113.072785

Li, Q. and Xing, B. (2016) Vitamin Ds-Supplemented Yogurt Drink Improves Insu-
lin Resistance and Lipid Profiles in Women with Gestational Diabetes Mellitus: A
Randomized Double Blinded Clinical Trial. Annals of Nutrition and Metabolism,
68, 285-290. https://doi.org/10.1159/000447433

Hauta-Alus, H.H., Viljakainen, H.T., Holmlund-Suila, E.M., Enlund-Cerullo, M.,
Rosendahl, J., Valkama, S.M., Helve, O.M., Hytinantti, T.K., Mikitie, O.M. and
Andersson, S. (2017) Maternal Vitamin D Status, Gestational Diabetes and Infant
Birth Size. BMC Pregnancy and Childbirth, 17, Article No. 420.
https://doi.org/10.1186/s12884-017-1600-5

Bal, M., Ersoy, G.S., Demirtas, O., Kurt, S. and Tagyurt, A. (2016) Vitamin D Defi-
ciency in Pregnancy is Not Associated with Diabetes Mellitus Development in
Pregnant Women at Low Risk for Gestational Diabetes. Turkish Journal of Obste-
trics and Gynecology, 13, 23-26. https://doi.org/10.4274/tjod.10170

Najafipour, M., Fard, B.B., Najafipour, F., Mehdizadeh, A., Zareizadeh, J., Niafar,
M., Aghamohammadzadeh, N. and Houshyar, J. (2020) Comparison of Vitamin D
Level in Pregnant Women with and without Gestational Diabetes. Revista Latinoa-

mericana de Hipertension, 15, 33-35.

Park, S., Yoon, H.-K,, Ryu, H.-M,, Han, Y.J,, Lee, S.W., Park, B.K,, Park, S.-Y., Yim,
C.-H. and Kim, S.-H. (2014) Maternal Vitamin D Deficiency in Early Pregnancy Is
Not Associated with Gestational Diabetes Mellitus Development or Pregnancy
Outcomes in Korean Pregnant Women in a Prospective Study. Journal of Nutri-
tional Science and Vitaminology, 60, 269-275. https://doi.org/10.3177/jnsv.60.269

Azzam, E.Z., El-Aghoury, A.A., El-Naby, E.E.A. and El-Maadawy, S.A. (2019) Stud-
ying the Relation between Vitamin D Deficiency and Glycemic State Among Preg-
nant Women with Gestational Diabetes. Diabetes & Metabolic Syndrome. Clinical

Research & Reviews, 13, 1505-1509. https://doi.org/10.1016/j.dsx.2019.03.007

Griew, K., Prince, R., Hospital, A. and Fairbrother, G. (2019) Early Pregnancy Vi-
tamin D Deficiency and Gestational Diabetes: Exploring the Link. Australian Jour-
nal of General Practice, 48, 797-802. https://doi.org/10.31128/AIJGP-09-18-469

Kramer, C.K., Swaminathan, B., Hanley, A.]J., Connelly, P.W., Sermer, M., Zinman,
B. and Retnakaran, R. (2015) Vitamin D and Parathyroid Hormone Status in Preg-
nancy: Effect on Insulin Sensitivity, f-Cell Function, and Gestational Diabetes Mel-
litus. The Journal of Clinical Endocrinology & Metabolism, 99, 4506-4513.
https://doi.org/10.1210/jc.2014-2341

DOI: 10.4236/jbm.2023.114016

236 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.114016
https://doi.org/10.4103/1735-1995.175148
https://doi.org/10.4162/nrp.2016.10.3.328
https://doi.org/10.3892/etm.2016.3515
https://doi.org/10.3945/ajcn.113.072785
https://doi.org/10.1159/000447433
https://doi.org/10.1186/s12884-017-1600-5
https://doi.org/10.4274/tjod.10170
https://doi.org/10.3177/jnsv.60.269
https://doi.org/10.1016/j.dsx.2019.03.007
https://doi.org/10.31128/AJGP-09-18-469
https://doi.org/10.1210/jc.2014-2341

Y. D. Wimalajeewa et al.

(65]

[66]

(67]

(68]

(69]

(70]

(71]

(72]

(73]

(74]

[75]

(76]

Eggemoen, AR, Waage, C.W., Sletner, L., Gulseth, H.L., Birkeland, K.I. and Jenum,
A.K. (2018) Vitamin D, Gestational Diabetes, and Measures of Glucose Metabolism
in a Population-Based Multiethnic Cohort. Journal of Diabetes Research, 2018, Ar-
ticle ID: 8939235. https://doi.org/10.1155/2018/8939235

Zhu, B., Huang, K., Yan, S., Hao, J., Zhu, P., Chen, Y., Ye, A. and Tao, F. (2019)
VDR Variants rather than Early Pregnancy Vitamin D Concentrations Are Asso-
ciated with the Risk of Gestational Diabetes: The Ma’anshan Birth Cohort (MABC)
Study. Journal of Diabetes Research, 2019, Article ID: 8313901.
https://doi.org/10.1155/2019/8313901

Magnusdottir, K.S., Tryggvadottir, E.A., Magnusdottir, O.K., Hrolfsdottir, L., Hall-
dorsson, T.I., Birgisdottir, B.E., Hreidarsdottir, I.T., Hardardottir, H. and Gunnars-
dottir, I. (2021) Vitamin D Status and Association with Gestational Diabetes Melli-
tus in a Pregnant Cohort in Iceland. Food & Nutrition Research, 65, Article No.
5574. https://doi.org/10.29219/fnr.v65.5574

Luo, C,, Li, Z., Lu, Y., Wei, F,, Suo, D, Lan, S., Ren, Z., et al. (2022) Association of
Serum Vitamin D Status with Gestational Diabetes Mellitus and Other Laboratory
Parameters in Early Pregnant Women. BMC Pregnancy and Childbirth, 22, Article
No. 400. https://doi.org/10.1186/s12884-022-04725-9

Cheng, Y., Chen, J., Li, T., Pei, J., Fan, Y., He, M, Liu, S., et al (2022) Maternal Vi-
tamin D Status in Early Pregnancy and Its Association with Gestational Diabetes
Mellitus in Shanghai: A Retrospective Cohort Study. BMC Pregnancy and Child-
birth, 22, Article No. 819. https://doi.org/10.1186/s12884-022-05149-1

Flood-Nichols, S. K., Tinnemore, D., Huang, R.R., Napolitano, P.G. and Ippolito,
D.L. (2015) Vitamin D Deficiency in Early Pregnancy. PLOS ONE, 10, e0123763.
https://doi.org/10.1371/journal.pone.0123763

Baker, A.M., Haeri, S., Camargo, C.A., Jr., Stuebe, A.M. and Boggess, K.A. (2012)
First-Trimester Maternal Vitamin D Status and Risk for Gestational Diabetes (GDM)
a Nested Case-Control Study. Diabetes/ Metabolism Research and Reviews, 28, 164-168.
https://doi.org/10.1002/dmrr.1282

Salakos, E., Rabeony, T., Courbebaisse, M., Tsatsaris, V., Guibourdenche, J., Senat,
M., Haidar, H., Jani, J.C., Barglazan, D., Maisonneuve, E., Haguet, M., Winer, N.,
Masson, D., Elie, C., Souberbielle, J. and Benachi, A. (2021) Relationship between
Vitamin D Status in the First Trimester of Pregnancy and Gestational Diabetes Mel-
litus—A Nested Case Control Study. Clinical Nutrition, 40, 79-86.
https://doi.org/10.1016/j.clnu.2020.04.028

Tkachuk, A.S., Vasukova, E.A., Anopova, A.D., Karonova, T.L., Pustozerov, E.A.,
Teplova, Y.A., Eriskovskaya, A.IL, Isakov, A.O., Vasilieva, E.Y., Kokina, M.A., Za-
zerskaya, 1.Y., Pervunina, T.M., Grineva, E.N. and Popova, P.V. (2022) Vitamin D
Status and Gestational Diabetes in Russian Pregnant Women in the Period between
2012 and 2021 : A Nested Case-Control Study. Nutrients, 14, Article No. 2157.
https://doi.org/10.3390/nu14102157

Schneuer, F.J., Roberts, C.L., Guilbert, C., Simpson, J.M., Algert, C.S., Khambalia,
A.Z., Tasevski, V., Ashton, A.W., Morris, ].M. and Nassar, N. (2014) Effects of Ma-
ternal Serum 25-Hydroxyvitamin D Concentrations in the First Trimester on Sub-

sequent Pregnancy Outcomes in an Australian Population. The American Journal
of Clinical Nutrition, 99, 287-295. https://doi.org/10.3945/ajcn.113.065672

Pekgor, S., Basaran, M., Cihan, F.G. and Pekgor, A. (2017) The Comparison of Vi-
tamin D Levels of Healthy and Gestational Diabetic Pregnant Women. Journal of
Clinical and Analytical Medicine, 8, 275-279.

Siqueira, T.W., Jinior, E.A., Mattar, R. and Daher, S. (2019) Assessment of Poly-

DOI: 10.4236/jbm.2023.114016

237 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.114016
https://doi.org/10.1155/2018/8939235
https://doi.org/10.1155/2019/8313901
https://doi.org/10.29219/fnr.v65.5574
https://doi.org/10.1186/s12884-022-04725-9
https://doi.org/10.1186/s12884-022-05149-1
https://doi.org/10.1371/journal.pone.0123763
https://doi.org/10.1002/dmrr.1282
https://doi.org/10.1016/j.clnu.2020.04.028
https://doi.org/10.3390/nu14102157
https://doi.org/10.3945/ajcn.113.065672

Y. D. Wimalajeewa et al.

(77]

(78]

[79]

(80]

morphism of the VDR Gene and Serum Vitamin D Values in Gestational Diabetes
Mellitus. RBGO Gynecology & Obstetrics, 41, 425-431.
https://doi.org/10.1055/s-0039-1693678

Pleskadova, A., Bartdkovd, V., Pacal, L., Kuricova, K., Bélobradkova, J., Tomandl, J.
and Kankovda, K. (2015) Vitamin D Status in Women with Gestational Diabetes
Mellitus during Pregnancy and Postpartum. BioMed Research International, 2015,
Article ID: 260624. https://doi.org/10.1155/2015/260624

Parildar, H., Unal, A.D., Desteli, G.A., Cigerli, O. and Demirag, N.G. (2013) Fre-
quency of Vitamin D deficiency in pregnant diabetics at Baskent University Hospit-
al, Istanbul. Pakistan Journal of Medical Sciences, 29, 15-20.
https://doi.org/10.12669/pjms.291.2896

Tehrani, H.G., Mostajeran, F. and Banihashemi, B. (2017) Effect of Vitamin D Sup-
plementation on the Incidence of Gestational Diabetes. Advanced Biomedical Re-
search, 6, Article No. 79.

Yap, C., Cheung, N.W., Gunton, J.E., Athayde, N., Munns, C.F., Duke, A. and
McLean, M. (2014) Vitamin D Supplementation and the Effects on Glucose Meta-
bolism during Pregnancy: A Randomized Controlled Trial. Diabetes Care, 37, 1837-
1844. https://doi.org/10.2337/dc14-0155

DOI: 10.4236/jbm.2023.114016

238 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.114016
https://doi.org/10.1055/s-0039-1693678
https://doi.org/10.1155/2015/260624
https://doi.org/10.12669/pjms.291.2896
https://doi.org/10.2337/dc14-0155

	Maternal Vitamin D Deficiency and Risk of Development of Gestational Diabetes Mellitus: A Scoping Review
	Abstract
	Keywords
	1. Introduction
	2. Methods 
	2.1. Overview
	2.2. Search Strategy 
	2.3. Inclusion and Exclusion Criteria
	2.4. Data Extraction

	3. Results 
	3.1. Article Characteristics 
	3.2. Cross Sectional Studies
	3.3. Prospective Cohort Studies
	3.4. Retrospective Cohort Studies
	3.5. Nested Case Control Studies
	3.6. Case Control Studies
	3.7. Randomized Controlled Trials (RCTs)

	4. Discussion
	5. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

