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Abstract

Background: Several studies have focused on the role of vitamin D in preventing gestational diabetes mellitus (GDM) but also in
improving or preventing the unwanted perinatal outcomes of GDM. Even today, efforts to clarify the relationship between vitamin
D deficiency (VDD) in pregnancy and GDM continue. Methods: We conducted research to search for systematic reviews (SRs) of
randomized controlled trials (RCTs), in databases at PubMed, Google Scholar, Web of Science, Science Direct, Embase, Cochrane,
Crossref and CAS, published from 2016 to 2021. These concerned maternal vitamin D status or taking vitamin D supplements, alone
or in combination with other vitamins or minerals in pregnancy and their association with GDM. We used the AMSTAR (assessment of
multiple systematic reviews) scoring scale quality and scoring checklist, which assessed the quality of each SR, at low medium or high.
Results: Seven SRs of RCTS involving 7902 participants were selected. The results suggest that if pregnant women with GDM take
vitamin D supplements, they improve blood vitamin D levels, as well as biomarkers related to blood glucose. It was also shown that
pregnant women with GDM who took vitamin D supplements (1000—4762 [U/day) improved the primary GDM outcome measurements
such as fasting blood glucose (FBG), glycosylated hemoglobin (HbA1c¢), serum insulin and homeostasis model of assessment of insulin
resistance (HOMA-IR). In addition, improvements were observed in their lipid profile markers, such as total cholesterol (TC), low-dense
lipoprotein (LDL), high-dense lipoprotein levels (HDL) and high-sensitivity C-reactive protein (hs-CRP). Also, the adverse outcomes of
GDM in both the mother and the newborn appear to have decreased. However, there are studies that do not support the therapeutic effect
of vitamin D intake by pregnant women with GDM. Conclusions: In conclusion, taking vitamin D, during pregnancy, for the prevention
or treatment of GDM, is controversial and the real benefit unclear. Further RCTs are necessary.
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1. Introduction likelihood of birth of children with type 1 DM, Low Birth
Weight (LBW), neonatal hypokalemia attacks, small for
gestational age (SGA), low neonatal immunization, de-
creased pulmonary maturation [3], bronchial asthma, al-
lergic rhinitis and others [12] in their newborns. At this
point it is worth clarifying that not only low vitamin D but

also pregnancy itself, especially during its last months, is

Vitamin D is a fat-soluble vitamin with numerous ac-
tions that are not only related to bone health and calcium
metabolism. Vitamin D is enzymatically converted in the
liver to 25-hydroxyvitamin D (25(OH)D), the main form
of circulation of vitamin D [1]. There are two (commer-
cially) available forms, D2 (ergocalciferol) and D3 (chole-

calciferol). Vitamin D has a direct effect on the differen-
tiation of chondrocytes and osteoblasts to bone formation,
as well as the metabolism of calcium and phosphorus, with
its more specific action on their intestinal and renal reab-
sorption [2]. Low levels of vitamin D in the blood have
been associated with the pathogenesis or progression of var-
ious chronic diseases, such as diabetes mellitus (DM) type 2
[3,4], metabolic syndrome (MS), obesity [5], cardiovascu-
lar diseases [4,6], certain cancers [7], but also autoimmune
diseases such as type 1 DM, multiple sclerosis, Crohn’s dis-
ease, psoriasis vulgaris, etc. [8].

Several studies have associated the pregnant mother’s
low vitamin D with undesirable effects during pregnancy,
such as preeclampsia, cesarean section (C-section), tran-
sient osteoporosis of the hip (TOH) [9,10], gestational di-
abetes mellitus (GDM) [3], premature birth [11], increased

responsible for transient osteoporosis of the hip [9,10].

GDM is a common medical condition in pregnancy,
and its complications affect both the mother and the fe-
tus. GDM is defined as any degree of glucose intoler-
ance developing or first detected during pregnancy [13] and
usually subsides after birth. A more contemporary def-
inition of DM, from the American Diabetes Association
(ADA), is “diabetes diagnosed in the 2nd or 3rd trimester
of pregnancy” that was not clearly present prior to gestation
[14,15]. More generally, GDM was called glucose intoler-
ance, which is first initiated or diagnosed during pregnancy,
regardless of its course after childbirth. However, the Inter-
national Association of the Diabetes and Pregnancy Study
Groups (IADPSG), in 2010, proposed a change in terminol-
ogy. Thus, according to the [ADPSG, a diagnosis of GDM
can be made in women who have any of the following crite-
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ria: Fasting plasma glucose >92 mg/dL but <126 mg/dL at
any gestational age [16] or glucose levels 153—-199 mg/dL,
which were measured 2 hours after charging 75 g of glucose
[13].

The ADA/IADPSG diagnostic protocol recommends
the following: (1) Investigation in the first trimester of
pregnancy, to identify women with conspicuous, undiag-
nosed DM, with fasting glucose >126 mg/dL, glycosylated
hemoglobin (HbAlc) >6.5% or accidental blood glucose
>200 mg/dL [13]. A single confirmed positive test result
is enough to diagnose overt diabetes. (2) Universal screen-
ing of all pregnant women, without a pre-existing diagno-
sis of obvious diabetes, between 24 and 28 weeks of preg-
nancy. Screening consists of a scheduled oral glucose toler-
ance test of 75 g (OGTT) and the collection of three glucose
samples (fasting, 1 and 2 hours after glucose overload, re-
spectively) where the normal ranges are, respectively, 92,
180 and 153 mg/dL. A single positive value, higher than the
aforementioned limits, is sufficient to diagnose GDM [13].
This protocol was proposed by the ADA in January 2011
[13]. After a critical review, the World Health Organization
(WHO) also proposed changes to the diagnostic protocol of
maternal hyperglycemia, differentiating DM in pregnancy
(DM during pregnancy) from GDM. According to the re-
vised WHO guidelines, regardless of gestational age, the
diagnosis of DM, during pregnancy, is made on the basis
of fasting glucose >126 mg/dL, glucose >200 mg/dL mea-
sured 2 hours after loading glucose 75 g or a random blood
glucose measurement >200 mg/dL, associated with clinical
symptoms [13]. On the other hand, the diagnosis of GDM
is confirmed with fasting glucose values of 92—125 mg/dL
or glucose levels of 153—-199 mg/dL, which were measured
2 hours after charging 75 g of glucose [16,17].

Among the main consequences of GDM are increased
risks of preeclampsia, large-sized neonates for gestational
age (LGA), C-section delivery and related morbidities [17].
GDM is closely related to the risk of pancreatic cancer. In
fact, GDM may precede the diagnosis of pancreatic can-
cer for many years [18]. Other common side effects, in
addition to those mentioned above, include an increased
risk of birth trauma, macrosomy, neonatal hypoglycaemia
episodes and respiratory distress syndrome and/or prema-
turity, which increase the risk of perinatal death. Children
of mothers with GDM have a higher risk of developing
obesity and metabolic syndrome (MS), which also affects
adulthood. Also, mothers with GDM are at increased risk
of developing type 2 DM, MS, as well as preeclampsia in
later life [13].

In most cases, hyperglycemia is the result of reduced
glucose tolerance, due to dysfunction of pancreatic beta
cells, against the background of chronic insulin resistance
[19]. The prevalence of GDM has increased by more than
30% within the last two decades, in some countries, includ-
ing developing countries [20]. It is estimated that 16.5% of
pregnancies worldwide are complicated with GDM, a fig-

ure that is burdened by the escalating increase in obesity
[19]. Maternal overweight/obesity, advanced gestational
age, previous history of GDM, family history of type 2 DM
and ethnicity are key risk factors for GDM [21].

Maternal concentrations of 25(OH)D have been pos-
itively associated with insulin sensitivity and preprandial
and postprandial glucose concentrations in the middle of
pregnancy [22]. Vitamin D deficiency in pregnancy has
been associated with glucose intolerance and GDM, accord-
ing to a recent meta-analysis, which assessed vitamin D de-
ficiency with the risk of GDM [23]. The result seems to be
a two-way street, as low values of vitamin D concentrations
appear to increase GDM and women with GDM were much
more likely to experience vitamin D deficiency compared
to pregnant controls [24]. In pregnancy, the placentas of
women with GDM are characterized by increased expres-
sion of glucose transporters (GLUT) GLUT1 and GLUT3
in the basal syncytiotrophoblast [25]. In these cases the pla-
centa acts as a glycemic buffer: once glucose enters the
fetal circulation, it is used to meet acute fetal and energy
requirements [25]. The proportion of glucose that is not
metabolized is stored in various fetal tissues, mainly in the
liver, heart and skeletal muscles. Excess glucose is con-
verted to glycogen [25]. Maternal hyperglycemia and hy-
perinsulinemia lead to increased oxygen consumption in the
tissues, which is responsible for the consequent chronic hy-
poxemia of the fetoplacental unit, the upward regulation of
specific hormones and inflammatory cytokines that most
likely lead to placental neoangiogenesis and hypervascular-
ization [25].

Given that 25(OH)D is directly related to the parathy-
roid hormone (PTH), a recent study by Sirico et al.
[25] investigated increased expression of parathyroid
hormone-related protein (PTH-rP) and parathyroid hor-
mone (PTH)/PTH-rP receptors and its placental receptor
PTH/PTH-rP, receptor PTH-P1, in women with GDM.
PTH-rp is produced by the uterus, placenta, fetal mem-
branes (amnion and chorion) and developing fetus and plays
an important role in fetal growth and development, through
the stimulation of placental calcium transport, vasodilata-
tion of the uteroplacental vasculature, and regulation of
cellular growth and differentiation [25]. It proved that,
in women with GDM, placental expression of PTH and
PTH-1P are associated with adverse perinatal effects. PTH-
rP positive placentas were characterized by a higher inci-
dence of 1 min Apgar Score <7 and maternal obesity, while
PTH-R1 positives, with a higher incidence of lower mean
percentage weight, on the third trimester ultrasound and a
lower fetal placental weight ratio [25].

However, there is also the opposite view, that maternal
vitamin D levels are not correlated with the serum glucose
or insulin levels of pregnant women or their newborns, as
argued by the study of Naseh et al. [26], which aimed to
determine the prevalence of vitamin D deficiency in preg-
nant women, but also to identify any correlations, between
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maternal levels of vitamin D and plasma glucose and in-
sulin of the mother and newborn. Because of these con-
flicting views regarding the relationship between low vita-
min D and glucose metabolism, the aim of this systematic
review is to research the existence or not of a correlation
between 25(OH)D and GDM. Especially, this systematic
review aims at evaluating the role of maternal vitamin D
levels, in women with GDM, and the contribution of sup-
plemental vitamin D, alone or in combination with other
vitamin or mineral supplements, Calcium (Ca), Magnesium
(Mg), Zinc (Zn) or even probiotics, in the prevention or im-
provement of unwanted perinatal effects of GDM, at any
gestational age of the woman, thus helping health profes-
sionals make decisions on whether or not they need to ad-
minister vitamin supplements preventively in pregnancy, in
order to avoid GDM or targeted to pregnant women with
GDM, to reduce the undesirable effects on both the mother
and the newborn.

2. Materials and Methods

This study concerns a systematic review of the most
valuable systematic reviews (SRs), based on the AMSTAR
(assessment of multiple systematic reviews) scoring crite-
ria [27]. A literature search was carried out to identify sys-
tematic randomized controlled trials (RCTs) concerning the
maternal status of vitamin D or the taking of vitamin D sup-
plements, alone or in combination with other vitamins or
minerals (Ca, Mg, Zn) in pregnancy and their association
with GDM. The data collected were evaluated by two re-
searchers to enhance the quality of the research. In early
September 2022, we conducted research to search for ran-
domized SRs in databases in PubMed, Google Scholar, Web
of Science, Science Direct, Embase, Cochrane, Crossref
and CAS, published from 2016 to 2021. The keywords
were: “pregnancy and vitamin D supplementation” and
“GDM”.

2.1 Inclusion - Exclusion Criteria

The criteria for participation in this study were SRs
with RCT’s, from 2016 to 2021, which cited data on the
maternal status of vitamin D or the intake of vitamin D sup-
plements, alone or in combination with other vitamins, min-
erals (Ca, Mg, Zn) or probiotics in pregnancy and their as-
sociation with GDM. Exclusion criteria were studies that
were not published in English, animal studies, studies on
biological fluids other than blood, studies that were not the
primary ones, case studies or editorials.

Two of the authors of this systematic review sepa-
rately checked the titles, the summaries and the entire texts
concerning studies that deal with the subject of the review,
taking into account the predetermined participation criteria
(Fig. 1). The same authors evaluated the SRs which were
included in terms of their quality, using the AMSTAR scor-
ing scale. In the researchers’ view, the original and worth-
while SRs were evaluated, emphasizing the SRs whose rat-
ing was medium and high.
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2.2 Eligibility of Studies

We included original SRs from RCTs, which evaluated
taking a vitamin D supplement alone or in combination with
other vitamins, at any gestational age. The effect of this
intake on GDM was examined. The vitamin supplements
administered to SRs involved taking any dose of vitamin D
compared to placebo or other dosage and/or other type of
vitamin, mineral (Ca, Mg, Zn) or probiotic. We evaluated
and read the titles, summaries and entire texts where they
were listed, to see which studies met the eligibility criteria.

2.3 Evaluation of the Quality of Studies

Using the AMSTAR quality control and scoring list
[27], the scope of the study, the population, the type of in-
tervention, the control group, the admission and exclusion
criteria, the results and the timing of the survey were eval-
uated in each SR. The authors’ bibliography search strat-
egy (if, for example, they searched for data for the research
question in at least two databases, whether they provided
keywords, whether they searched within 24 months of com-
pleting the review, whether they set publication restrictions
such as language) was also evaluated. Finally, the data
analysis method was evaluated — whether quantitative data
were used to reduce the bias of the study, whether there
was a reference to sources of funding that were potential
sources of conflicts of interest, whether reference was made
to whether the authors provided a satisfactory explanation
and discussion of any heterogeneity arising from the SR re-
sults, whether a meta-analysis was carried out, whether two
or more authors of the study considered eligibility of the
studies included in each SR concerned, whether they pro-
vided and justified a list of excluded studies and whether
they assessed the risk of bias. The low quality of an SR
was rated 0—4, the medium quality with 5-8 and the high
quality with 9—11 [28]. The main results refer to measures
concern maternal and neonatal concentrations of 25(OH)D,
in umbilical cord blood samples and GDM.

3. Results

This SR compiles and evaluates the results of other
SRs of randomised studies. These SRs addressed either the
role of 25(OH)D in the prevention of GDM, or the role of
25(OH)D in improving the effects of GDM in pregnancy
[29-34]. The improvement concerns any beneficial effect
from taking vitamin D supplements, on the perinatal effects
of both the mother and the newborn or the improvement of
the glycemic profile of mothers with GDM. The preven-
tion of GDM involves the association of low 25(OH)D lev-
els, otherwise healthy pregnant women, with the develop-
ment of GDM in pregnancy. In our SR the inclusion criteria
were pregnant with GDM (normal or high risk of GDM),
without taking into account gestational age. These preg-
nant women were taking any vitamin D supplement, with no
dose limitation, (high or low)/(Daily doses typically ranged
between 200-5000 international units (IU), no daily dosing
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identification

Records screened by title and abstract, duplicates re

moved
n =364

Records excluded after title and
abstract screening
(n=310)
n = 85 population
n = 94 outcomes
59 study design
55 intervention
18 topic

Sceening
& eligibilit
8 Y n=>53

Records screened by full text

Records excluded after in-depth
review of available evidence
n = 10 AMSTAR score below

inclusion

Fig. 1. Flow diagram of screening decisions.

(e.g., daily, weekly) and no specific route of administration,
compared to either a sample of pregnant women taking a
placebo or any kind of vitamin D supplement.

Most of the SRs we included evaluated the role of
25(0OH)D in improving the effects of GDM in pregnancy.
The SR of Ojo et al. [29] showed that taking vitamin D
supplements (10004762 1U/day) was enough to improve
glycemic control in women with GDM (Table 1, Ref. [29—
35]). Vitamin D intake was associated with a decrease in
fasting blood glucose (FBG), on average (MD/Mean Devi-
ation) 0.46 nmol/Lt (95% confidence inerval (95% CI): —
0.68 to —0.25), glycosylated haemoglobin (HbA1c) by 0.37
(95% CI: —0.65 to —0.08) and serum insulin concentration
by 4,10 pIU/ml (95% CI: —=5.50 to —2.71) compared to the
control group. Wang et al. [30], with a large-sized SR (in-
cluding most of the SRs we evaluate in this SR) [29,31-33],
and a very large number of participants evaluated the over-
all therapeutic effects of vitamin D intake in women with es-
tablished GDM. It seemed that they also recognized the pos-
itive effect of vitamin D supplements on glycemic control,
but also on the general improvement of the effects of GDM,
on pregnancy and on both the mother and the newborn
(Table 1). Overall, vitamin D intake by pregnant women
with GDM significantly reduced both fasting plasma glu-
cose (FPG) by mean deviation (MD): —10.20 mg/dL (95%
CI: —13.43 to —6.96), and serum insulin concentration by
MD: -5.02 (95% CI: —6.83 to —3.20), as well as homeosta-
sis model of assessment of insulin resistance (HOMA-IR)
by MD: —1.06 mg/dL (95% CI: —1.40 to —0.72). In addi-
tion, pregnant women with GDM who received vitamin D

Records selected for the evidence summary
n=7

n =28 no outcome data
n = 8 duplicate data

supplements had significantly fewer adverse maternal out-
comes (Table 1), including cesarean section (CT) (relative
risk (RR): 0.75, 95% CI: 0.63-0.89) and childbirth bleed-
ing (RR: 0.47, 95% CI: 0.22-1.00). At the same time, sev-
eral adverse neonatal complications were equally signifi-
cantly reduced (Table 1), including neonatal hyperbiliru-
binemia (RR: 0.47, 95% CI: 0.33-0.67), very large in size
children (RR: 0.58, 95% CI: 0.38-0.89), poly-hydramnium
(RR:0.42; 95% CI: 0.24-0.90) and preterm birth (RR: 0.43,
95% CI: 0.26-0.72). There appeared to be no statistically
significant difference in the risk of hypoglycaemia in new-
borns (RR: 0.82, 95% CI: 0.52—1.29). This SR added that
the intake of vitamin D by pregnant women with GDM, in
addition to improving glycemic control, reduces both the
adverse maternal and neonatal effects, compared to the con-
trol group that was given dummy vitamins, minerals or no
vitamin supplements. Jahanjoo ef al. [31] also evaluated
the impact of vitamin D intake on both the maternal and the
neonatal outcomes of pregnant women with GDM. Their
SR compared taking a vitamin D supplement, by pregnant
women with GDM, compared to taking placebo or without
taking any supplement. It confirmed that vitamin D admin-
istered to pregnant women with GDM reduced neonatal hy-
perbilirubinaemia (Table 1), improved maternal serum lev-
els of FPG, total cholesterol (TC), low-dense lipoprotein
levels (LDL), high-dense lipoprotein levels (HDL), high-
sensitivity C-reactive protein (hs-CRP) but it did not ap-
pear to affect insulin, serum thyroglobulin (TG) levels, the
mother’s HOMA-IR, or neonatal hypoglycemia. Finally, it
in no way elucidated the role that vitamin D intake plays in
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Table 1. Results of SRs of randomized studies.

Effect size - 95% Confidence Interval (95% CI)

Statistics significance

Reviews . ;
Number of studies/ Risk ratio (RR), random effects Heterogeneity 1
individuals Odds Ratio (OR) squared (%) Calculated p homeostasis model .
SRs of RCTs . Level of evidence (GRADE)
Mean Deviation (MD) of assessment robability (p values)
5/173 supplemented with vitamin Fusting blood glucose (FBG) 0% to 41% FBG (p < 0.001) (+) Low
D and 153 participants as control
. (95% CI: -0.68 to —0.25)
Ojo et al. [29] .
Glycated Haemoglobin (GHDb) GHb (p < 0.01) (+)
(95% CI: -0.65 to —0.08)
Serum Insulin Serum Insulin (p < 0.01) (+)
(95% CI: =5.50 to —2.71)
19/1550 Fasting blood glucose (FBG) 80% FBG (p < 0.001) (+) Medium
(95% CI: —13.43 to —6.96)
Serum Insulin 78% Serum Insulin (p < 0.001) (+)
(95% CI: —6.83 to 3.20)
Model of Assessment of insulin resistance 74% HOMA-IR (p < 0.001) (+)
(HOMA-IR) (95% CI: —1.40 to —0.72)
MATERNAL RESULTS MATERNAL RESULTS
Cesarean section (C-section) 43% C-section (p < 0.0001) (+)
(RR: 0.75, 95% CI: 0.63 to 0.89)
Childbirth Hemorrhages 0% Childbirth Hemorrhages
(RR: 0.47, CI: 0.22 to 1.00) (p = 0.05) (+)
Hospitalization after childbirth 0% Hospitalization after Childbirth
Wang et al. [30] (RR: 0.13, 95% CI: 0.02 to 0.98) (p =0.05) (+)
NEONATAL RESULTS NEONATAL RESULTS
Neonatal Hyperbilirubinemia 0% Hyperbilirubinemia
(RR: 0.47,95% CI: 0.33 t0 0.67) (p < 0.0001) (+)
Large size newborns 0% Large size newborns
(RR: 0.58, 95% CI: 0.38 to 0.89) (p=0.01)(+H)
Poly-hydramnio 0% Poly-hydramnio
(RR: 0.42, 95% CI: 0.24 to 0.90) (» =0.002) (+)
Pre-birth 0% Pre-birth
(RR: 0.43,95% CI: 0.26 to 0.72) (p =0.002) (+)
Fetal Dysphoria 0% Fetal Dysphoria
(RR: 0.46, 95% CI: 0.24 to 0.90) (p =0.02) (+)
Hypoglycemia Risk 0% Hypoglycemia Risk
(RR: 0.82,95% CI: 0.52 to 1.29) =039

Quality research evaluation
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Table 1. Continued.

Effect size - 95% Confidence Interval (95% CI)

o)

2,

(i

4

Ss3id NI

Statistics significance

Quality research evaluation

Reviews . .
Number of studies/ Risk ratio (RR), random effects Heterogeneity I
individuals QOdds Ratio (OR) squared (%) Calculated p homeostasis model .
SRs of RCTs . Level of evidence (GRADE)
Mean Deviation (MD) of assessment robability (p values)
5/310 MATERNAL RESULTS MATERNAL RESULTS Low
3 tests with 223 FBG 0% FBG
participants
MD: —12.54 (95% CI: —15.03 to —10.05) ( <0.001) (+)
3 tests with 223 Total cholesterol (TC) 78% TC
participants
MD: —24.77 (95% CI: -32.57 to —16.98) (»p < 0.001) (+)
3 tests with 223 Low-dense lipoprotein (LDL) 41% LDL-Cholesterol
participants
MD: —18.92 (95% CI: —24.97 to —12.88) (» < 0.001) (+)
. 3 tests with 223 High-dense lipoprotein (HDL) 0% HDL
Jahanjoo et al. [31] .
participants
MD: 3.87(95% CI: 1.20 to 6.55) (p =0.004) (+)
2 tests with 126 High-sensitivity C-reactive protein (hs-CRP) 0% hs-CRP
participants
MD: —1.35 (95% CI: —2.41 to —0.28) (»=0.01) (+)
Homeostasis Model of Assessment of insulin 94% HOMA-IR
resistance (HOMA-IR)
MD: —1.19 (95% CI:-2.79 to 0.41) @P=0.149 (-
Fasting insulin 92% Fasting insulin
MD: -3.79 plU/mL (95% CI: —8.88 to 1.30) @P=0.149 (-
HOMA-IR 94% HOMA-IR
MD: -1.19 (95% CI: -2.79 to 0.41) (p=014)(-)
NEONATAL RESULTS NEONATAL RESULTS
2 tests with 126 Neonatal Hyperbilirubinemia 0% Hyperbilirubinemia
participants
(OR:0.33, 95% CI: 0.13 to 0.80) (»p =0.01) (+)
Hypoglycemia Risk Hypoglycemia Risk
MD: 0.02 (95% CI: —0.08 to 0.12) 31% =075
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Table 1. Continued.

= , Effect size - 95% Confidence Interval (95% CI) . , _
A Reviews . . Statistics significance Quality research evaluation
v Nun.lbe.r (.’f studies/ Risk ratio (RR), random effects Heterogeneity I
a individuals Odds Ratio (OR) squared (%) Calculated p homeostasis model .
7] SRs of RCTs . Level of evidence (GRADE)
Mean Deviation (MD) of assessment robability (p values)
6/371 FBG 82.3% FBG Low
(95% CI: -0.72 t0 0.28) (p <0.001) (+)
184 pregnant with Insulin 87.1% Insulin
GDM
and 187 pregnant as a (95% CI: -1.03 to0 0.52) (» < 0.001) (+)
control group
HOMA-IR 57.4% HOMA-IR
(95% CI: —1.14 to —0.18) ( <0.096) (-)
HOMA-B 0% HOMA-B
Akbari et al. [32] (95% CIL:-0.79 to 7.0.25) (»=0.594) (-)
Glycosylated haemoglobin (HbA1c) 76.6% HbAlc
(95% CIL:-0.60 to 0.58)
Quantitative intex of insulin sensitivity 64.9% QUICKI
(QUICKI)
(95% CI: 0.26 to 1.20) (» =0.036) (+)
TC 16% Total Cholesterol
(95% CI: -0.49 t0 0.02) »=0312) ()
Triglycerides 68.4% Triglycerides
(95% CI: —0.63 t0 0.28) (» =0.023) (+)
LDL 0% LDL
(95% CI: -0.58 to —0.10) (»=0413)(-)
HDL 0% HDL
(95% CI: -0.01 to 0.49) (»=10.657) (-)
25/2445 But also 25(0OH)D 38.56% 25(0H)D High
87/55859
Observational studies (p < 0.001) (+)
Glutathione (GSH) 26.21% GSH
Zhang et al. [35] (p =0.003) (+)
HDL 6.62% HDL
MD: —0.188 (95% CI: —0.037 to —0.412) (p =0.04) (+)
Fasting insulin levels (FINS) 68.64% FINS
MD: -0.613 (95% CI: —0.863 to —0.121) (» =0.001) (+)
HbAIC 0% HbAIC
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Table 1. Continued.

o)

)

(i

4

Ss3id NI

. Effect size - 95% Confidence Interval (95% CI) S . .
Reviews . . Statistics significance Quality research evaluation
Number of studies/ Risk ratio (RR), random effects Heterogeneity I
individuals Odds Ratio (OR) squared (%) Calculated p homeostasis model .
SRs of RCTs . Level of evidence (GRADE)
Mean Deviation (MD) of assessment robability (p values)
MD: —0.066 (95% CI: —0.262 to 0.135) ®=03)(-)
FINS 68.64% FINS
MD: -0.487 (95% CI: —0.829 to 0.120) (» =0.001) (+)
Fasting plasma glucose (FPG) 40.25% FPG
MD: -0.100 (95% CI: —0.166 to —0.033) (» <0.001) (+)
HOMA-IR 16.54% HOMA-IR
MD: -0.351 (95% CI: —0.594 to —0.050) (p < 0.001) (+)
C-reactive protein (CRP) 27.21% CRP
MD: -0.705 (95% CI: —1.131 to —0.279) (p =0.02) (+)
Zhang et al. [35] TC 0% TC
(»p=0.03) (+)
LDL 0% LDL
(p =0.003) (+)
Homeostasis Model of Assessment for B-cell 29.17% HOMA-B
function (HOMA-B)
MD: —0.664 (95% CI: —1.474 to —0.146) »=02)(-)
Antioxidant Capacity (TAC) 60.79% TAC
=010
Blood triacylglycerol (TAG) 14.75% TAG
(p=10.09) (-)
13/2299 MATERNAL RESULTS High
Highest Circulating 25(OH)D intervention 100% (p < 0.00001) (+)
group versus control group
MD: 66.5 nmol/L (95% CI: 66.2 to 66.7)
Preeclampsia
Pérez-Lopez et al. [33] RR: 0.88 (95% CI: 0.51 to 1.52) 24% (P =0.65 ()
Gestational Diabetes Mellitus (GDM)
RR: 1.05 (95% CI: 0.50 to 1.21) 0% (p =0.86) (-
Frequency of Appearance of C-section
RR: 0.94 (95% CI: 0.78 to 1.13) 0% @P=051)()

NEONATAL RESULTS
Higher Birth Weight of Intervention group vs.
Control group
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Table 1. Continued.

Effect size - 95% Confidence Interval (95% CI)

Reviews . . Statistics significance Quality research evaluation
Number of studies/ Risk ratio (RR), random effects Heterogeneity I
individuals Odds Ratio (OR) squared (%) Calculated p homeostasis model .
SRs of RCTs . Level of evidence (GRADE)
Mean Deviation (MD) of assessment robability (p values)
MD: 107.6 g (95% CI: 59.9 to 155.3) 0% (p < 0.00001) (+)
Small for Gestational Age (SGA)
RR: 0.78 (95% CI: 0.60 to 1.84)
Low Birth Weight 15% =027 ()
) ) RR: 0.72 (95% CI: 0.44 to 1.16)
Pérez-Lopez et al. [33] .
Pre-Birth 0% P=0.18) (-
RR: 1.26 (95% CI: 0.60 to 2.63)
Length of Birth 0% »=054)(-)
MD: 0.3 ecm (95% CI: 0.19 to 0.41)
84% (p < 0.00001) (+)
13/754 FBG (=034 () Medium
96 Patients Placebo versus (vs.) Omega-3 0%
MD: -5.93 (95% CI: —10.29 to —1.57)
110 Patients Placebo vs. Magnesium 0%
MD: -10.59 (95% CI: —13.68 to —7.50)
151 Patients Placebo vs. Vitamin D 0%
MD: —13.17 (95% CI: —15.95 to —10.39)
. 102 Patients Placebo vs. Zn 0%
Jin et al. 2020 [34]
MD: —6.42 (95% CI: —10.18 to —2.65)
225 Patients Placebo vs. probiotics 25%
MD: —5.49 (95% CI: -8.05 to —2.93)
Insulin (» =0.3678) (-)
96 Patients Placebo vs. Omega-3 28%
MD: -3.22 (95% CI: —6.21 to 0.24)
151 Patients Placebo vs. Vitamin D 29%

MD: —6.23 (95% CI: —8.05 to —4.40)
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Table 1. Continued.

Effect size - 95% Confidence Interval (95% CI)

o)

2,

(i

4

Ss3id NI

Reviews . . Statistics significance Quality research evaluation
Number of studies/ Risk ratio (RR), random effects Heterogeneity I
individuals Odds Ratio (OR) squared (%) Calculated p homeostasis model .
SRs of RCTs . Level of evidence (GRADE)
Mean Deviation (MD) of assessment robability (p values)
102 Patients Placebo vs. Zn 62%
MD: —4.61 (95% CI: —7.04 to —2.18)
165 Patients Placebo vs. probiotics 0%
MD: -2.70 (95% CI: —=3.46 to —1.94)
HOMA-IR (p =0.4532) ()
96 Patients Placebo vs. Omega-3 17%
Jin et al. 2020 [34] MD: -1.01 (95% CI: —1.81 to —0.21)
151 Patients Placebo vs. Vitamin D 5%
MD: -1.97 (95% CI: -2.51 to —1.42)
102 Patients Placebo vs. Zn 81%
MD: -0.97 (95% CI: —-1.70 to —0.23)
165 Patients Placebo vs. probiotics 33%

MD: —0.69 (95% CI: —0.88 to —0.50)

The statistical significance is indicated in the table as positive (+) when the p value < 0.05 and negative (-) if >0.05.

FBG, fusting blood glucose; GHb, glycated haemoglobin; HOMA-IR, homeostasis model of assessment of insulin resistance; HOMA-B, homeostasis model of assessment for B-cell function; C-section,
cesarean section; TC, total cholesterol; LDL, low-dense lipoprotein; HDL, high-dense lipoprotein; hs-CRP, high-sensitivity C-reactive protein; QUICKI, quantitative intex of insulin sensitivity; HbAlc,
glycosylated haemoglobin; FPG, fasting plasma glucose; GSH, glutathione; CRP, C-reactive protein; TAC, antioxidant capacity; TAG, blood triacylglycerol; GDM, gestational diabetes mellitus.
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the prevention of GDM. Akbari et al. [32], in their at-
tempt to summarize the effect of vitamin D supplementa-
tion on glucose homeostasis parameters and lipid metabolic
profile of pregnant women with GDM, found no bene-
ficial effect on the concentrations of FPG, insulin, hy-
perglycemia, HbAlc, triglycerides and total high-dense
lipoprotein (HDL)-cholesterol levels. The only point it
seemed to agree with the aforementioned meta-analyses
was that it improved the levels of HOMA-IR [standarized
mean difference (SMD): —0.66, 95% CI: —1.14 to —0.18].
What this SR probably added was that, there was a sta-
tistically significant increase in the quantitative index of
insulin sensitivity (QUICKI-quantitative insulin sensitivity
check index) (SMD: —0.73, 95% CI: 0.26 to 1.20), improve-
ment of LDL cholesterol levels (SMD: —0.33, 95% CI: —
0.58 to —0.07), but also a significant increase in the Home-
ostasis Model of Assessment for B-cell function (HOMA-
B) (SMD: -0.52, 95% CI: —0.79 to —0.25). However, it is
considered a low-reliability SR. Pérez-Lopez et al. [33],
with a fairly large SR (13RCTs/2299 participants), none
of which are included in this SR, also evaluated the ef-
fect of vitamin D intake in pregnant mothers with GDM
and the corresponding maternal and neonatal outcomes.
They considered that although the intake of vitamin D by
pregnant women significantly increased maternal 25(OH)D
serum levels, compared to the control group, it did not
seem to affect either maternal outcomes (preeclampsia,
premature birth, GDM, C-section), or neonatal outcomes
(SGA, LBW). It only supported the fact that infants born
to mothers receiving vitamin D in pregnancy had signifi-
cantly higher weight and birth length, compared to the con-
trol group (Table 1).

Jin et al. [34] studied the effect of other forms of di-
etary supplements compared to vitamin D intake, on glu-
cose metabolism in women with GDM. They used 13 RCTs
with 754 participants in their meta-analysis. They found
that, compared to placebo, {23, Mg, vitamin D, Zn and pro-
biotics were more beneficial in improving FBG, serum in-
sulin and HOMA-IR. The analysis showed that vitamin D
intake was superior to 23 (-3.64 ng/dL, 95% CI: -5.77 to
—1.51), Zn (-5.71 ng/dL, 95% CI: —-10.19 to —1.23), pro-
biotics (—6.76 ng/dL, 95% CI: —10.02 to —3.50) but also
placebo (—12.13 ng/dL, 95% CI: —14.55 to —9.70) to im-
prove FPG, while Mg intake was more beneficial in reduc-
ing serum insulin compared to probiotics (-5.10 pIU/mL,
95% CI: -9.32 to —0.88) and placebo (—7.80 pIU/mL, 95%
CI: —9.32 to —0.88). Thirteen studies were included in the
Jin et al. (2020) [34] SR, most of which were conducted
in Iran. Although it could be considered a high-quality SR,
due to the number of participants and its novelty of com-
paring, for the first time, the effects of different nutritional
strategies on the maintenance of metabolic glucose home-
ostasis, it is considered of medium quality. Although partic-
ipants were asked to maintain their usual physical activity
and dietary intake, each country has different dietary habits
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and different medications in pregnancy care. The partici-
pants were women with GDM, so the majority of interven-
tion durations in the studies were around six weeks, which
may have influenced the conclusion. Finally, most of the
studies were placebo-controlled trials. In these, the number
of clinical trials in the pairs studied and comparison of dif-
ferent dietary supplement strategies was limited, so more
direct evidence of different dietary strategies is needed to
further validate any conclusions in the future.

In the SR of Zhang et al. [35], vitamin D supple-
ments were administered during pregnancy to prevent or
treat GDM. They included an unprecedented large sample,
with 25 RCTs, when the largest study of the past included a
maximum number of studies of 20 RCTs. For the first time,
biomarkers that had not been studied were evaluated. In ad-
dition, this study used RCTs, in which no research partici-
pant had been informed about the levels of vitamin D in her
blood, to avoid the Hawthorne Phenomenon, which is the
tendency of some people to work harder and perform more
when observed. No statistically significant difference in the
effect of vitamin D intake on HOMA-, HbA1C, TAC and
TAG concentrations was shown. While it appeared that vi-
tamin D reduced the risk of GDM (RR = 0.718, 95% CI:
0.392-1.314), it was not clear whether vitamin D intake
was effective in preventing it. This study reinforced the
view that low levels of vitamin D, in the blood, are associ-
ated with a higher risk of GDM (OR: 1.850, 95% CI 1.471—
2.328). On the other hand, in women with diagnosed GDM,
the level of vitamin D was lower than in the control group.
At this point it should be remembered that not even the SR
of Jahanjoo et al. [31], that was not included in the SR of
Zhang et al. [35], enlightened us about the role that vitamin
D intake plays in the prevention of GDM. Finally, in this
SR as well, vitamin D level was associated with FPG and
HOMA-IR (r =-0.100 and r =-0.351 respectively), while
the association between vitamin D level and fasting insulin
may be obscured by publication bias. Taking vitamin D in
pregnancy seemed to improve 25(OH)D blood levels, as
well as biomarkers related to blood glucose, such as fast-
ing insulin levels (FINS), FPG, HOMA-IR, but also other
markers, such as glutathione (GSH), which is a marker of
oxidative stress, the inflammatory index of C-reactive pro-
tein (CRP) and blood lipids.

4. Discussion

In conclusion, it appeared that pregnant women
with GDM who took vitamin D supplements (1000—4762
IU/day) improved their glycemic indices [29]. Vitamin
D intake was effective in the main outcome measures of
GDM such as FBG [29,35], HbAlc, serum insulin [29]
and HOMA-IR [30,35] (Table 2, Ref. [29-35]). In ad-
dition, improvements were shown in their lipid profile in-
dices, such as TC, LDL, HDL and hs-CRP [31]. Further-
more, taking vitamin D supplements in women with diag-
nosed GDM, seems to significantly reduce both the adverse
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Table 2. Results The role of vitamin D in preventing GDM and ameliorating the effects of GDM in pregnancy.

The role of vitamin D in the  The role of vitamin D in reducing the

prevention of GDM negative effects on the mother

The role of vitamin D in reducing ad-

verse effects in newborns

The role of vitamin D in reduc-

ing other indicators

FPG [30,31,35]

HOMA-IR [30,32,34,35]
FINS [35]

FBG [29,30,34]

HOMA-B [32]

QUICKI [32]

HbAlc [29]

Serum insulin concentration
[29,30,34]

C-section [30]
childbirth bleeding [30]

higher birth length [33]

neonatal hyperbilirubinemia [30,31]  CRP [35]
very large in size children [30] GSH [35]
Fetal Dysphoria [30] TC [31]
poly-hydramnium [30] LDL [31,32]
preterm birth [30] HDL [31]
higher birth weight [33] hs-CRP [31]

blood lipids [35]

GDM, gestational diabetes mellitus; FPG, fasting plasma glucose; HOMA-IR, homeostasis model of assessment of insulin resistance; FINS, fasting

insulin levels; FBG, fusting blood glucose; HOMA-B, homeostasis model of assessment for B-cell function; QUICKI, quantitative intex of insulin

sensitivity; HbAlc, Glycosylated haemoglobin; C-section, Cesarean section; CRP, C-reactive protein; GSH, glutathione; TC, total cholesterol;

LDL, low-dense lipoprotein; HDL, high-dense lipoprotein; hs-CRP, high-sensitivity C-reactive protein.

maternal and neonatal effects. A decrease in possible ad-
verse maternal outcomes was observed (Table 1), including
KT and childbirth bleeding [30], but also in adverse neona-
tal complications, including neonatal hyperbilirubinemia
[30,31], very large children [30], poly-hydramnium [30]
and preterm birth [30] (Table 2).

Despite the fact that remarkable reviews were in-
cluded, at the same time each of them brought several disad-
vantages related to their methodological design. The SR of
Ojo et al. [29] included a limited number of studies, with
a small number of participants, therefore a greater proba-
bility of error and less accuracy. The SR of Wang et al.
[30] was considered a fairly reliable study, as it included
large sample size, medium quality, and relatively low het-
erogeneity of its RCTs. However, the RCTs it evaluated
varied in the doses, route of administration and duration
of intervention of the administered vitamin D supplements.
The interventions involved either only the administration
of vitamin D or in combination with other vitamin or min-
eral supplements, this was likely to create confusion in the
interpretation of the results, about which of all the supple-
ments creates any beneficial effects on GDM, but also in
both the maternal and neonatal effects. In this study, a sec-
ondary analysis was carried out to see if vitamin D alone
or in combination with other vitamins or minerals brought
any beneficial effects, but nevertheless, there was still am-
biguity. Pregnant women with GDM used different doses
of vitamin D. The researchers divided their results into two
groups, one group was administered a dose of 25(OH)D
<800 IU/day while the second group was administered a
dose of 25(OH)D >800 IU/day. In both test groups, vita-
min D intake improved FPG, HOMA-IR, C-section risk and
premature birth. However, when the dose was 25(OH)D
<800 IU/day, there were no significant effects on neonatal
hypoglycaemia and large neonates. The duration of the in-
tervention, which was also varied, did not seem to influence
the beneficial effects of vitamin D intake on FPG, insulin
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concentration, HOMA-IR and neonatal hypoglycemia. Fi-
nally, it appeared that, oral but not intramuscular adminis-
tration (IM) of vitamin D could reduce FPG in participants.
Of course, this may have been due to only two studies in-
volving IM administration, but also to the fact that in the IM
administration group, obese participants with body mass in-
dex (BMI): 28.9 + 4.8, were enrolled in one study, which
could affect the effect of taking vitamin D supplementation
on glucose-insulin homeostasis in this group.

In addition, it is worth mentioning the effects of other
forms of dietary supplements, vitamins or minerals, always
compared to vitamin D intake, on glucose metabolism, in
women with GDM. Omega 3, Mg, vitamin D, Zn and pro-
biotics are much more beneficial in improving FBG, serum
insulin and HOMA-IR, than a placebo [34]. Taking a vita-
min D supplement is superior to Omega 3, Zn, probiotics,
and placebo in improving FPG, while taking Mg is more
beneficial in reducing serum insulin, compared to probi-
otics [34]. In conclusion, it was shown that taking vitamin
D significantly reduces FPG and regulates HOMA-IR [34].
Mg intake is superior to other vitamins or minerals, in low-
ering serum insulin [34]. However, synergistically taking
the aforementioned vitamins and minerals, simultaneously
with vitamin D, opens up other horizons in the prevention
of GDM, as it seems to have an effect on the maintenance
of glucose homeostasis in patients with GDM and can be
considered an adjunct therapy. Although participants were
asked to maintain their usual physical activity and dietary
intake, each country has different eating habits and differ-
ent medications in pregnancy care. Undoubtedly, nutrition
control is the main treatment and treatment of GDM [34].
Jin et al. [34] included thirteen studies, most of which were
done in Iran. Although it could be considered a high-quality
SR, due to the number of participants and its innovation to
compare, for the first time, the effects of different dietary
strategies on maintaining metabolic glucose homeostasis,
it is considered of medium quality. The participants were
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women with GDM, so the majority of the duration of in-
tervention in the studies was around six weeks, which may
have influenced the conclusion. Finally, most of the studies
were trials, controlled with placebo. In these, the number
of clinical trials in the pairs studied and comparing different
dietary supplement strategies was limited, so more direct
evidence of different dietary strategies is needed to further
validate any conclusions in the future. In any case, stud-
ies such as Jin et al. [34], with a large number of partici-
pants, could potentially offer important information to the
scientific community, for clinical practice applications, on
condition that they are as homogeneous as possible. Dif-
ferences in the physical activity, diet of pregnant women
or taking different medicinal intake may cause significant
differences in the regulation of glucose homeostasis, which
may create uncertainty as to the clinical relevance of the re-
sults and potentially affect their universality. In addition,
some of the studies have fewer samples and some others
carry a high-risk bias, due to the lack of concealment of
distribution and blindness in evaluating the results. There
should be greater homogeneity in the inclusion criteria for
GDM and the types and doses of dietary supplements in
each study. In the future, more high-quality studies (more
data provision), larger-scale (a larger number of studies)
and better planning (to reduce heterogeneity) are needed
to validate the data provided by the study. It is necessary
to record important information, which is at the same time
confounding factors and concerns either the mother (her
diet, the time of gestation - childbirth, the increase in her
body weight in pregnancy, the duration of pregnancy, the
nationality of the pregnant woman and the characteristics
of her skin) or the newborn. Furthermore, it is advisable to
avoid differences in the quantification of 25(OH)D, which
arise using another method. For example, the research of
Pérez-Lopez et al. [33], which lacked important informa-
tion and used another method to quantify 25(OH)D. All of
the Jahanjoo et al. s [31] SRs involved pregnant women
with GDM. Therefore, its effects cannot be generalized to
pregnant women with normal glucose metabolism or nor-
mal 25(OH)D levels. Also the same SR had significant het-
erogeneity between its studies, had a fairly short duration
of intervention and a very small sample size. An additional
disadvantage is that vitamin D was administered either in
the form of D2 or in the form of D3, in any dose, by any
route of administration (oral or intramuscular) and at any
frequency (e.g., 3 times a day, 3 times a week, 3 times a
month or even with a “bolus” administration of one or two
times at most). Thus, the results obtained from each study
should be thoroughly studied.

Other studies did not seem to endorse the therapeu-
tic effect of vitamin D intake, by pregnant women with
GDM, on parameters related to glucose homeostasis [32],
lipid metabolic profile [32], but also adverse maternal and
neonatal outcomes (preeclampsia, premature birth, GDM,
C-section, SGA, LBW neonates). The SR of Akbari et al.
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[32] found no beneficial effect on either FPG, insulin, hy-
perglycaemia and HbA 1c concentrations, nor triglycerides
and total HDL only an improvement in LDL cholesterol lev-
els, a statistically significant increase in QUICKI, an im-
provement in the levels of HOMA-IR, but also a significant
increase in HOMA-B. Although this SR was a preliminary
study, with a small sample size, it certainly needed more
research in the future to confirm or reject its claims. It is
considered a low reliability study, with high heterogene-
ity and very small sample size. The duration of adminis-
tration of supplements to pregnant women ranged from 6
weeks to three months. The SR of Pérez-Lopez et al. [33]
only showed that neonates born to mothers who received vi-
tamin D during pregnancy had a significantly higher birth
weight and length, compared to the control group (Table 1),
without any other clinical conclusion. But, although at first
sight, it seemed quite remarkable, it bore several limita-
tions. All RCTs included in the study differed in terms
of doses, types of vitamin D supplements, duration of in-
take, gestational age at first administration, and heterogene-
ity. They administered either vitamin D2 or D3, alone or in
combination with multivitamins, calcium or iron, against
placebo or no intervention. All women received a standard
prenatal multivitamin with 400 TU D3, with an additional
vitamin D3 supplement with 0 U (placebo), 1600 IU or
3600 IU, in order to be covered with a total of 400 IU, 2000
IU and 4000 IU vitamin D respectively. The start of vita-
min D intake was between 8-28 weeks of gestation. Some
RCTs started taking supplements in the second half of preg-
nancy, with the result that many clinical conditions (e.g.,
preeclampsia and GDM) could practically not be avoided,
as the various biochemical, metabolic and vascular changes
had already occurred. Since many studies have been carried
out in developing countries, in the population under study
it was not possible to exclude the possibility of maternal
and child malnutrition, with the natural consequence that
the contribution of vitamin D supplementation was power-
less to neutralize the basic nutritional status.

The administration of vitamin D to pregnant women to
prevent GDM seems to be gaining ground. Low levels of
vitamin D in the blood are associated with a higher risk of
GDM. On the other hand, in women with diagnosed GDM,
vitamin D levels appear lower compared to women who do
not have GDM. Taking vitamin D in pregnancy seemed to
improve blood vitamin D levels [33,35], but also biomark-
ers related to blood glucose FINS, FPG, HOMA-IR, as well
as other markers, for example GSH (marker of oxidative
stress), the inflammatory marker of CRP, but also blood
lipids [35]. In the study of Zhang ef al. (2018) [35], vi-
tamin D supplements were administered during pregnancy
to prevent or treat GDM. They included an unprecedented
large sample, with 25 RCTs, when the largest study of the
past included a maximum number of studies of 20 RCTs.
For the first time, biomarkers that had not been studied and
there were very minor errors were evaluated. In addition,
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this study used RCTs, in which no research participant had
been informed about the levels of vitamin D in her blood,
to avoid the Hawthorne effect. Hawthorne effect is a phe-
nomenon that reveals the tendency of some people to work
harder and perform more when observed. In the current sit-
uation, pregnant women might have done the right thing in
order to increase vitamin D.

Intervention by healthcare professionals in recom-
mending vitamin D intake in pregnancy could improve
blood vitamin D levels and therefore levels of blood sugar-
related biomarkers FINS, FPG, HOMA-IR, but also other
indicators such as GSH (an indicator of oxidative stress),
CRP (an indicator of inflammation) and blood lipids.

5. Conclusions

In conclusion, taking vitamin D, during pregnancy,
for the prevention or treatment of GDM, is controversial
and the real benefit unclear. Further RCTs are necessary,
with better methodology and design, which will improve
the available data and clarify the advantages of taking it, in
both any unwanted maternal and neonatal results, in preg-
nancy. The benefit, if any, of starting vitamin D supple-
ments, prenatally or early in pregnancy, should be clarified,
using stable doses of vitamin D. Finally, to determine the
ideal beneficial dose of vitamin D for the sensitive period
of pregnancy, which will lead to the maximum benefits, in
terms of its outcome, but also to the reduction of any side
effects from its overdose.

Any clinicall conclusions should be interpreted with
caution. Although taking vitamin D seems to have sig-
nificant benefits in pregnant women with GDM [31], it is
necessary, as said, to weigh the benefits of each interven-
tion, given any side effects. Also, it is necessary to inves-
tigate the ideal Daily Intake (RDI) of vitamin D in women
with GDM, by conducting further studies, knowing that the
management of GDM so far is mainly pharmaceutical, with
pharmaceutical preparations such as insulin or metformin.
With a better understanding of the mechanism by which
25(OH)D affects GDM and glucose metabolism, it is possi-
ble that GDM can be prevented, especially in women with
a history of GDM or with risk factors. The ultimate goal
is to help the scientific community and the relevant health
professionals, in making correct decisions. Larger, multi-
national studies are needed.

The recommendations of health professionals in the
preventive administration of vitamin D in pregnancy, could
improve the levels of vitamin D in the blood and there-
fore prevent the occurrence of GDM, improve the levels
of biomarkers related to blood sugar, such as FINS, FPG
and HOMA-IR, but also other beneficial indicators such as
GSH (an indicator of oxidative stress), CRP (an indicator of
inflammation) and blood lipids. Ideally, the vitamin D dose
should be defined or at least delimited so as to not only pro-
vide the optimum benefit to minimize or eradicate possible
side effects of GDM for the expectant mother and newborn
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child but also pave the way for the prevention of GDM.
Finally, it could constitute a new therapeutic approach to
GDM, ideally together with a balanced and appropriate diet
for GDM.
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