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ABSTRACT

Background: Gestational diabetes mellitus increases the risk of a number of short-term and long-
term health problems in both mother and baby. Some evidence states that one of the causes of gesta-
tional diabetes mellitus is vitamin D deficiency. This study aimed to estimate the magnitude of the
influence of vitamin D deficiency on the incidence of gestational diabetes mellitus, through a meta-
analysis of previous primary studies.

Subjects and Method: This was a systematic review and meta-analysis with the following PICO,
population: pregnant women, intervention: vitamin D deficiency, comparison: no vitamin D defi-
ciency, outcome: gestational diabetes mellitus. The articles used in this study were obtained from
four databases, namely PubMed, Google Scholar, Science Direct, and Springer Link, using the search
keys "Vitamin D Deficiency"[Mesh] OR “Vitamin D Deficiency”’[tw] AND "Diabetes, Gestational"
[Mesh] OR “Gestational Diabetes Mellitus”[tw] OR “Gestational Diabetes”[tw]. The included article
is a full-text cohort study design from 2018 to 2022 and reports the adjusted odds ratio (aOR) in a
multivariate analysis. The selection of articles is done using PRISMA flow diagrams. Articles were
analyzed using the Review Manager 5.3 application.

Results: A total of 9 cohort studies involving 42,972 pregnant women from the continents of Asia,
Australia and Europe were used in the meta-analysis. Pregnant women with vitamin D deficiency had
a risk of gestational diabetes mellitus 1.87 times compared to those without vitamin D deficiency
(aOR= 1.87; 95% Cl= 1.27 to 2.75; p= 0.002).

Conclusion: Vitamin D deficiency increases the risk of developing gestational diabetes mellitus.
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BACKGROUND of 70, 86% of these premature deaths occur

Non-Communicable Diseases (PTM) cause in low- and middle-income countries. One of
41 million deaths each year, equivalent to the targets of the SDGs (Sustainable Deve-
74% of all deaths globally. Every year, 17 lopment Goals) is to reduce by one third the
million people die from PTM before the age premature death rate due to PTM through
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prevention and treatment (SDGs target 3.4).
One of main types of PTM is diabetes. There
are 1.5 million deaths every year due to dia-
betes (WHO, 2022). One of classifications of
diabetes according to the ADA (2016) is
Gestational Diabetes Mellitus (DMG).
Globally, the prevalence of DMG varies
widely, largely due to different diagnostic
criteria. The latest meta-analysis reports, the
global prevalence of GDM is 14.7% based on
the criteria of the International Association
of Diabetes and Pregnancy Study Groups
(IADPSG), the most widely used screening
method worldwide (Saeedi et al., 2021).
DMG increases the risk of a number of
short-term and long-term maternal health
problems. DMG is associated with antenatal
depression, premature birth, pre-eclampsia,
type 2 diabetes mellitus (DMT2) later in life
and susceptibility to cardiovascular disease
(CVD). DMG can also have short and long
term consequences for the baby. Among
them result in macrosomia and are usually
born by caesarean section, increased risk of
hypoglycemia, risk of stillbirth, high risk of
obesity, DMT2, CVD, and related metabolic
diseases (Plows et al., 2018). The magnitude
of problems caused by DMG requires an
analysis of risk factors in prevention efforts.
Accumulating evidence suggests, vitamin D,
a fat-soluble nutriaent, plays an important
role in the development of DMG (Silva et al.,
2017). There are several clinical risk factors
for developing gestational diabetes mellitus.
Recent evidence suggests that vitamin
D plays a role in glucose metabolism and
insulin sensitivity. Vitamin D deficiency has
been associated with abnormal glucose
metabolism, decreased insulin release and
insulin sensitivity, and increased insulin
resistance caused by pancreatic beta cell
dysfunction in pregnancy (Berridge, 2017).
This theory is in line with the research of Al-
Ajlan et al. (2018), of 515 Saudi women was
found that there was a relationship between
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vitamin D deficiency and an increased risk
of gestational diabetes mellitus with an OR
of 2.90 (95% CI= 1.07 to 7.89). Likewise,
Dwarkanath et al. (2019), found that vitamin
D deficiency had a risk of increasing the inci-
dence of gestational diabetes mellitus in
pregnant women with an OR= 2.32 (95%
CI= 1.10 to 4.91). However, in a study by Zhu
et al. (2019) concluded that vitamin D
deficiency in early pregnancy was not signi-
ficantly associated with the risk of develop-
ing gestational diabetes mellitus with an
aOR= 0.78 (95% CI= 0.54 to 1.11).

Various studies have been conducted
to see the effect of vitamin D deficiency on
an increased risk of gestational diabetes
mellitus, but the results of these studies have
not shown consistent results. The results of
several primary studies that have been
carried out need to be processed again to
obtain a higher level of statistical signifi-
cance. This data processing is carried out by
focusing on statistical summaries aimed at
drawing conclusions that are more valid and
reliable through meta-analysis studies.Based
on that background, the authors are interes-
ted in conducting research on the effect of
vitamin D deficiency on the incidence of
gestational diabetes mellitus in pregnant
women. This study aimed to estimate the
magnitude of the influence of vitamin D
deficiency on the incidence of gestational
diabetes mellitus, through a meta-analysis of
previous primary studies.

SUBJECTS AND METHOD

1. Study Design

This was a systematic review and meta-ana-
lysis. Article searches were conducted using
4 databases, namely: Pubmed, Google
Scholar, Science Direct, and Springer Link
which were published in 2018-2022 using
the following keywords: "Vitamin D Defi-
ciency"[Mesh] OR "Vitamin D Deficiency"-
[tw] AND "Diabetes, Gestational"[Mesh] OR
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“Gestational Diabetes Mellitus”[tw] OR

“Gestational Diabetes”[tw].

2. Steps of Meta-Analysis

The meta-analysis was carried out through 5

steps as follows:

1) Formulate research questions in the PICO
(Population, Intervention, Comparison,
Outcome) format and develop more spe-
cific inclusion and exclusion criteria.

2) Browse literature from several databases,
including Pubmed, Google Scholar,
Science Direct, and Springer Link.

3) Conduct a study quality assessment (Cri-
tical Appraisal) of primary research arti-
cles.

4) Combine results and analyze data with
Revman 5.3 software.

5) Putting findings in context.
3. Inclusion Criteria
Inclusion criteria in this study included full
paper articles with a cohort study design,
articles published in 2018 to 2022, research
subjects were pregnant women, outcome of
gestational diabetes mellitus research,
multivariate analysis with adjusted odds
ratio (aOR) to measure the estimated effect.
4. Exclusion Criteria
Exclusion criteria in this study included sta-
tistical results reported in the form of biva-
riate analysis and articles not in English.
5. Operational Definition of Variables
Article research was carried out by consider-
ing the eligibility criteria determined using
the PICO model. The population of this stu-
dy were pregnant women, the intervention
used was vitamin D deficiency, the compa-
rison in this study was no vitamin D defi-
ciency and the outcome was gestational dia-
betes mellitus.

Vitamin D deficiency is a deficiency of

serum 25(OH)D (vitamin D) in the body

(Iess than 30 ng/mL).

Gestational Diabetes Mellitus is a

degree of glucose intolerance first diagnosed

in the second or third trimester of pregnan-
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cy, which is not clear whether type 1 or type
2 diabetes is preexisting.

6. Study Instruments

The instrument in this study was an article
on the effect of vitamin D deficiency on the
risk of developing gestational diabetes melli-
tus. Assessment of study quality was carried
out quantitatively and qualitatively using a
cohort study checklist sourced from the
Center for Evidence Based Management
(CEBMa) (2014). The critical appraisal pro-
cess is carried out by cross-sharing between
2 independent people to get valid results.

7. Data Analysis

Research articles were selected according to
predetermined criteria, then the results of
the research were analyzed based on varia-
tions between studies using the fixed effect
model and random effect model using
RevMan 5.3 software. which serves to calcu-
late the overall OR value by describing the
95% Confidence Interval (CI) using the
effects model and data heterogeneity.

RESULTS

A search for articles in this study was con-
ducted using the PubMed, Google Scholar,
Science Direct, and Springer Link databases
with the keywords "Vitamin D Deficien-
cy'[Mesh] OR “Vitamin D Deficiency” [tw]
AND '"Diabetes, Gestational"'[Mesh] OR
“Gestational Diabetes Mellitus”[tw] OR
“Gestational Diabetes”[tw] in the period
2018-2022. The article review process can
be seen in Figure 1. The initial search process
yielded 2,417 articles, after screening the
articles, 1,838 articles were found, with 28 of
them meeting the requirements for further
full-text review. A total of 9 articles that met
the quality assessment were included in the
quantitative synthesis using meta-analysis.
The selected research articles came from
three continents, namely 7 articles from
Asia, 1 article from Australia and 1 article
from Europe, can be seen in Figure 2.
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Articles identified through

Number of duplicated articles (n=579)
database search (n= 2,417)

A\ 4

v Issued articles (n= 1,810)

Rlere it o185l

Articles not full text= 327

\ 4

Full text articles that are considered Full text articles issued with reasons (n= 19)
eligible (n= 28) Outcome is not diabetes mellitus gestational = 2
The article does not include aOR= 17

A\ 4

Articles included in the qualitative
synthesis (n=9)

\ 4

Articles included in the quantitative
synthesis meta-analysis (n= 9)

Figure 1. PRISMA flow diagram of the effect of vitamin D deficiency
on the incidence of gestational diabetes mellitus

-~
-

= articles
from Asia

1 article from

Australia
Figure 2. Map of the effect of vitamin D deficiency
on gestational diabetes mellitus
Table 1, the researcher conducted an research was conducted using a critical
assessment of the quality of the study assessment checklist from a cohort study
(critical appraisal). The nine articles that sourced from the Center for evidence
have been obtained from several data- based management (CEBMa) (2014).
bases need to be assessed to determine This assessment consists of 12 question
the quality of the articles before being criteria with each given a score of 2 = yes,
used as material for meta-analysis. This 1 = don't know, and 0 = no answer, then
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added up. The results of assessment have (2019). In addition, there are 4 articles
been carried out, obtained 5 articles with with a total score of 23, namely Al-Ajlan
a total score of 24, namely Cin et al. et al. (2018), Dwarkanath et al. (2019)
(2022), Eggemoen et al. (2018), Li et al. and Igbal et al. (2020), and Mosavat et al.
(2020), Luo et al. (2022), Shao et al. (2021).

Table 1. Critical appraisal checklist for cohort studies in meta-analysis

Criteria of Questions

Primary Study T 2 3 4 5 6 7 8 9 10 11 12 Total
Al-Ajlan et al. (2018) 2 2 2 1 2 2 2 2 2 2 2 2 23
Cin-Aslan et al. (2022) 2 2 2 2 2 2 2 2 2 2 2 2 24
Dwarkanath et al. (2019) 2 2 2 1 2 2 2 2 2 2 2 2 23
Eggemoen et al. (2018) 2 2 2 2 2 2 2 2 2 2 2 2 24
Igbal et al. (2020) 2 2 2 1 2 2 2 2 2 2 2 2 23
Li et al. (2020) 2 2 2 2 2 2 2 2 2 2 2 2 24
Luo et al. (2022) 2 2 2 2 2 2 2 2 2 2 2 2 24
Mosavat et al. (2021) 2 2 2 1 2 2 2 2 2 2 2 2 23
Shao et al. (2019) 2 2 2 2 2 2 2 2 2 2 2 2 24
Description of the question criteria:

1 = Does the research address a clearly focused question/problem?

2 = Is the cohort research method (study design) appropriate to answer the research
question?

3 = Arethere enough research subjects to establish that the findings did not occur by
chance?

4 = Was cohort selection based on objective and validated criteria?

5 Is the cohort representative of the defined population?

6 = Was the follow-up done in sufficient time?

7 Are the outcome criteria objective and unbiased?

8 Are objective and validated measurement methods used to measure outcomes?
9 Are effect sizes practically relevant?

10 = Isthere a confidence interval given?
11 = Have confounding factors been taken into account?
12 = Can the results be applied to your research?

Description of the answer score:

o = No

1 = Hesitant

2 = Yes

Table 2 shows that 9 articles from the continent of Asia (1 from Saudi
cohort studies as evidence of the linkage Arabia, 1 from Turkey, 2 from India, 3
of the effect of vitamin D deficiency on from China), 1 article from the conti-
the risk of developing gestational dia- nent of Australia (Western Australia),
betes mellitus. Primary studies that met and 1 articles from continental Europe
the specified criteria totaled 9 cohort (Norway) involving a total sample of
research articles, with 7 articles from 42,972.
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Table 2. Table 2. Summary of primary cohort study articles in the meta-
analysis (N= 42,972)

Author (year) Country Sasrilge)le P I C o
Al-Ajlan et al. Saudi 515 Pregnant serum 25(OH)D <50 Sufficient GDM
(2018) Arabia mother nmol/L vitamin D
Cin-Aslan et al. Turkey 889 Pregnant serum 25(OH)D <20 Sufficient GDM
(2022) mother ng/mL vitamin D
Dwarkanath et India 392 Pregnant serum 25(OH)D <50 Sufficient GDM
al.(2019) mother nmol/L vitamin D
Eggemoen et al. Norway 745 Pregnant serum 25(OH)D <50 Sufficient GDM
(2018) mother nmol/L vitamin D
Igbal et al. India 290 Pregnant serum 25(OH)D <50 Sufficient GDM
(2020) mother nmol/L vitamin D
Li et al. (2020) China 34,417  Pregnant serum 25(OH)D 25-50 Sufficient GDM
mother nmol/L vitamin D
Luo et al. China 1,516 Pregnant serum 25(OH)D <50 Sufficient GDM
(2022) mother nmol/L vitamin D
Mosavat et al. Western 890 Pregnant serum 25(OH)D 30-49 Sufficient GDM
(2021) Australia mother nmol/L vitamin D
Shao et al. China 3,318 Pregnant serum 25(0OH)D Sufficient GDM
(2019) mother <20 ng/mL vitamin D

Table 3 displays the value of the adjusted
odds ratio (aOR), the lower limit and
upper limit of the confidence interval for
each article used in the study. The selec-
tion of articles in this study took into
account articles that had controlled for

confounding factors. According to Murti
(2018), confounding factor is mixing the
estimation of the relationship between
exposure and the disease being studied,
by other factors that are related, both to
disease and exposure.

Table 3. Adjusted Odds Ratio (aOR) data on the effect of rotavirus vaccine

on the incidence of diarrhea (N= 17,840)

95%CI
Author (Year) aOR Lower Limit Upper Limit
Al-Ajlan et al. (2018) 2.90 1.07 7.89
Cin-Aslan et al. (2022) 10.60 2.82 39.76
Dwarkanath et al. (2019) 2.32 1.10 4.91
Eggemoen et al. (2018) 1.1 0.69 1.60
Igbal et al. (2020) 2.31 1.14 4.91
Li et al. (2020) 1.023 0.95 1.09
Luo et al. (2022) 1.224 0.79 1.89
Mosavat et al. (2021) 12.52 1.27 23.75
Shao et al. (2019) 2.19 1.16 4.14

The forest plot in Figure 3 shows that
there is an effect of vitamin D deficiency
on the incidence of gestational diabetes
mellitus. Pregnant women with vitamin D
deficiency had a risk of developing gesta-
tional diabetes mellitus 1.87 times com-
pared to those without vitamin D defici-
ency, and this effect was statistically sig-
nificant (aOR= 1.87; 95% Cl= 1.27 to
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2.75; p= 0.002). Forest plots show very
large variation in effect estimates
between studies with heterogeneity of
study data showing I2 = 77%; p= 0.002, so
that the interpretation of the results of
the calculation of the average effect esti-
mate is carried out using a random effect
model approach
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Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Al-Ajlan 2018 1.0647 05087 8.3% 2.90[1.07,7.86]
Cin 2022 23609 06756 59% 1060(2.82, 39.85)
Dwarkanath 2019 0.8416 03808 11.0% 232[1.10,4.89] — .
Eggemoen 2018 0.0953 0238 147% 1.10[0.69,1.75] =
Igbal 2020 0.8372 03603 115% 2.31[1.14, 468] ——
Li2020 0.0227 0.0362 186% 1.02[0.85,1.10] t
Luo 2022 0.2021 0.2208 151% 1.22[0.79,1.89] =
Mosavat 2021 25273 11675 25% 1252[1.27,123.42) g
Shao 2019 0.7839 0.3242 124% 219[1.16,4.13] ——
Total (95% CI) 100.0% 1.87 [1.27,2.75] <
Heterogeneity: Tau*=0.21; Chi*= 35.30, df= 8 (P < 0.0001), F=77% 50 o0 051 1f0 100’-

Test for overall effect Z=3.17 (P=0.002)

No Vitamin D Deficiency Vitamin D Deficiency

Figure 3. Forest plot of the effect of vitamin D deficiency
on the incidence of gestational diabetes mellitus

Figure 4 shows a funnel plot with an
asymmetric distribution of effect esti-
mates, where 6 plots are on the right and
3 plots on the left. This indicates publi-
cation bias. Bias also occurs from an im-
balance between the distances between
studies on both the right and left sides of
the funnel plot. Publication bias in this
study overstates the true effect (over-esti-

_ SE(log[OR])

2

mation), because the distribution of effect
estimates is more to the right of the
vertical line and the average effect esti-
mate in the forest plot is also to the right
of the null hypothesis vertical line. The
plot on the left side of the graph has a
standard error between o0 to 0.5 and the
plot on the right has a standard error
between o to 1.5.

OR

0.01 01

i

10 100

Figure 4. Funnel plot of the effect of vitamin D deficiency
on the incidence of gestational diabetes mellitus

DISCUSSION

This systematic review and meta-analysis
study combines several primary studies
regarding the effect of vitamin D deficien-
cy on the incidence of gestational dia-
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betes mellitus. The independent variable
analyzed was vitamin D deficiency. The
dependent variable in this study was
gestational diabetes mellitus. This syste-
matic review and meta-analysis of several
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primary studies suggests an epidemio-
logical study design with a larger sample
size from several countries thus providing
a basis for concluding that vitamin D
deficiency has a statistical effect on the
incidence of gestational diabetes mellitus.

This systematic review and meta-
analysis study used primary research that
controlled for confounding factors indi-
cated by the inclusion requirements of
the study, namely multivariate analysis
and the reported statistical results were
adjusted odds ratio (aOR). According to
Murti (2018), confounding factor is mix-
ing the estimation of the relationship
between exposure and disease which is
examined by other factors that are rela-
ted, both to disease and exposure. Con-
founding factors influencing the relation-
ship or effect of exposure to disease
occurrence were estimated by studies to
be dissimilar to the actual relationship or
effect in the target population, or to in-
valid (incorrect) study results.

This study uses articles with an
observational study design, namely co-
horts. Primary studies that met the cri-
teria totaled 9 research articles consisting
of 7 articles from the continent of Asia, 1
article from the continent of Australia,
and 1 article from the continent of Aus-
tralia involving a total sample of 42,972.
The population taken from several regi-
ons and the instruments used in various
articles form heterogeneity.

The results of the systematic review
and meta-analysis studies that have been
conducted show that pregnant women
with vitamin D deficiency have a risk of
gestational diabetes mellitus 1.87 times
compared to those without vitamin D
deficiency (aOR= 1.87; 95% CI= 1.27 to
2.75; p=0.002). This research is in line
with Wang et al. (2019) in a meta-analy-
sis study which stated that vitamin D
deficiency was associated with a high risk
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of developing DMG (OR= 1.15; 95% CI=
1.07 to 1.23) with p<0.001. Results of a
meta-analysis study by Amraei et al.
(2018) also stated that vitamin D defi-
ciency in pregnant women had an effect
on an increased risk of developing DMG
(OR= 1.18; 95% CI= 1.01 to 1.35) with
p<0.001. Likewise with Milajerdi et al.
(2021) stated that there was a relation-
ship between vitamin D deficiency and
the risk of developing DMG (OR= 1.26;
95% CI= 1.13 to 1.41) with evidence of
significant heterogeneity (I2= 71.3%;
P<0.001).

A possible mechanism related to
the relationship between vitamin D and
gestational diabetes mellitus is that the
direct effect of vitamin D on the perfor-
mance of pancreatic  cells has a regu-
latory effect on the circulating rate of glu-
cose in the blood which is channeled
through the linkage of 1.25 (OH)2D3 to
vitamin D recipients in pancreatic [ cells.
Glucose stimulates the expression of
insulin receptors and the enzyme 25-hy-
droxyvitamin D-1-a-hydroxylase and in-
creases insulin response to transfusion
(Vaidya and Williams, 2012). Since Vita-
min D is also known to regulate extra-
cellular calcium, low levels of Vitamin D
can lead to inadequate intracellular cyto-
solic calcium, which is required for insu-
lin-mediated intracellular processes and
glucose regulation (El-Lithy et al., 2014).

Vitamin D directly works with its
receptors in the nucleus of pancreatic 3
cells to regulate the secretion of glucose-
regulating hormones (Bellan et al., 2014).
Vitamin D also influences insulin-media-
ted intracellular glucose metabolism by
acting on intracellular calcium regulatory
mechanisms (Seshadri et al., 2011). A
significant association has been found
between serum vitamin D concentrations
and low levels of inflammation, which
has been recognized as a risk factor for
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diabetes (Haidari et al., 2016). Vitamin D
deficiency increases the inflammatory
response through the NF-kB pathway by
regulating p-p65/RelB in pancreatic
tissue (Wang et al., 2019). Excessive
Ca2+ and reactive oxygen species (ROS)
in B cells that occur in vitamin D defi-
ciency, result in cell death and diabetes
(Berridge, 2017).

Based on the results of these stu-
dies, pregnant women need to meet the
adequacy of vitamin D in the body. Ade-
quate levels of vitamin D have the poten-
tial to improve glucose homeostasis.
Many epidemiological studies suggest
that serum 25(OH)D levels above 30
ng/ml may have the additional health
benefit of reducing diabetes risk. Guide-
lines for minimal vitamin D intake in
pregnant women are a minimum daily
requirement of 600 1U/day during preg-
nancy (Holick et al., 2011), although evi-
dence indicates the need for additional
supplementation to reduce the risk of
GDM.

Vitamin D supplementation during
pregnancy is advised to prevent adverse
pregnancy outcomes and vitamin D defi-
ciency in both mother and baby. Vitamin
D supplementation of 4000 IU/day is
more effective in reducing vitamin D defi-
ciency in pregnant women and increasing
serum levels of 25(OH)D in mothers and
neonates compared to 2000 1U/day and
400 IU/day (Nausheen et al., 2021). Ade-
quacy of vitamin D before 20 weeks of
gestation is a protective factor against
gestational diabetes mellitus (Yue and
Ying, 2020).

The advantage of this study is that
the sample size is larger than the primary
studies used, thereby providing a basis
for concluding that vitamin D deficiency
has a statistical effect on the incidence of
gestational diabetes mellitus. However,
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the researcher realizes that there are limi-
tations to this research, namely publicca-
tion bias shown in the funnel plot results
and search bias because it only uses four
databases.
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