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GDM based on VD deficiency and 25(OH)D supplementa-
tion. In the attempt to bring up-to-date the role of low VD 
levels on subsequent development of GDM, this narrative 
review, based on medium–high-quality randomized clinical 
trials, systematic reviews, and meta-analysis published in 
last decade, has a twofold purpose: firstly, to elucidate the 
relationship between maternal VD status and GDM; and 
secondly, to illuminate the impact of VD supplementation 
on GDM onset.

Keywords Vitamin D · Gestational diabetes · 
Supplementation · Beneficial effects

Introduction

Among all obstetric complications, a rising prevalence of 
gestational diabetes mellitus (GDM), a disorder character-
ized by variable severity of glucose intolerance with onset 
or first recognition in pregnancy, has been reported over the 
years, reaching 10–15% in the world [1].

Physiologically, the pregnancy is a diabetogenic condi-
tion since the steroid hormones increase and insulin resist-
ance occurs in peripheral tissues, as well as inflammatory 
cytokines secreted from both adipose tissue and placenta, 
can contribute to insulin resistance and pathogens of GDM 
[1, 2]. This physiological condition might be exacerbated 
by well-established risk factors for GDM, including ethnic 
group, advanced maternal age, hypertension prior GDM, 
history of miscarriage and type 2 diabetes mellitus (T2DM) 
in first degree, pregestational overweight and obesity, and 
excessive gestational weight gain (Fig. 1) [1–4].

Despite a delayed discovery, vitamin D (VD) has 
emerged as one of the most controversial nutrients and pro-
hormones of the twenty-first century. If its role in calcium 

Abstract Gestational diabetes mellitus (GDM), defined as 
any glucose intolerance with the onset or first recognition 
during pregnancy, is characterized by rising incidence, fos-
tered by the worldwide increase of pathological nutritional 
status from young age. Clinical research has intended to 
identify potential risk factors, suggested improvements in 
screening strategies, and recommended the combination 
between promotion of an appropriate lifestyle before and 
during pregnancy and selected therapeutic approaches. 
Preventing pathological hyperglycemia could have several 
benefits, ranging from clinical side (reduction in the risk 
of adverse perinatal and long-term sequelae) to financial 
side (cost reduction to healthcare systems). Among risk 
factors recognized, deficiency in 25-hydroxyvitamin D 
[25(OH)D], already acknowledged as involved in calcium 
homeostasis, pathogenesis of cardiovascular, oncologi-
cal, infective and immunity diseases, could predispose to 
the development of both type 1 and 2 diabetes, modifying 
the activity of pancreatic β-cells vitamin D (VD) recep-
tor. In pregnant women, lower 25(OH)D concentrations 
have been suggested to present an inverse association with 
maternal glycaemia, insulin resistance, and increased risk 
of GDM. In spite of growing body of evidence, there is 
not full agreement on the therapeutic association between 

 * S. Triunfo 
 triunfo@clinic.ub.es

1 BCNatal-Barcelona Center for Maternal-Fetal and Neonatal 
Medicine, University of Barcelona, Sabino de Arana 1, 
08028 Barcelona, Spain

2 Department of Obstetrics and Gynecology, Catholic 
University of the Sacred Heart, Rome, Italy

3 Department of Obstetrics and Gynecology, CLINTEC 
Karolinska University Hospital, Stockholm, Sweden

http://crossmark.crossref.org/dialog/?doi=10.1007/s40618-017-0696-9&domain=pdf


1050 J Endocrinol Invest (2017) 40:1049–1059

1 3

metabolism and bone health is undisputed, its influence 
on other diseases and, more in general, long-term health 
is debated. Predominantly, VD appears as an intriguing 
research topic for perinatal investigators dedicated to GDM 
because its status is easily modified by supplementation 
[5]. Besides, the clinical research, justified both by similar 
pathogenesis and risk factors to T2DM and by more than a 
decade of observational studies reporting a consistent asso-
ciation between low levels of VD and T2DM, proposes to 
consider VD insufficiency as potential trigger and, conse-
quently, as a modifiable contributor in the etiology of GDM 
[6, 7].

In this review, we have described the epidemiology of 
GDM and the metabolic functions of VD, reported the 
medium–high-quality studies linking GDM to VD, includ-
ing systematic reviews, meta-analyses, and results from 
clinical trials on VD supplementation during pregnancy for 
prevention and/or GDM treatment. Finally, moving from 
latest evidence, we emphasized the open question requiring 
future investigations.

Mechanisms of glucose regulation 
during pregnancy

In humans, a balance between adequate insulin secretion 
and insulin sensitivity determines a normal glucose toler-
ance, while the secretory response of the pancreatic β-cells 
to glucose and the sensitivity of the glucose utilizing tis-
sues to insulin determine the ability of insulin to dispose of 
carbohydrates [1, 2]. In individuals with the same degree 
of glucose tolerance, the product of insulin sensitivity 
and insulin secretion is constant, reaching an approximate 
hyperbola [8], reflecting the ability of the β-cell to compen-
sate for insulin resistance.

The pregnant status is a diabetogenic condition favorited 
by some well-studied mechanisms: human placental lac-
togen has anti-insulin and lipolytic effects, increasing glu-
cose levels in maternal plasma and, as consequence, higher 
availability to the fetus; steroid hormones increase insulin 

resistance in peripheral tissues; and some insulin may be 
destroyed by the placenta [1–3, 7]. These processes cause 
decreased phosphorylation of insulin receptor substrate, 
causing a condition of insulin resistance, but then compen-
sated by pancreatic increases of insulin secretion [1, 2].

In a physiopathological context, a deterioration of β-cell 
function, particularly the first-phase insulin secretion, has 
been found, and the combination of insulin resistance and 
secretory defects during pregnancy results in GDM [1, 
2]. In contrast to healthy women, the majority of women 
affected by GDM is characterized by a β-cell dysfunction 
that occurs on a background of chronic insulin resistance, 
preexisting pregnant status [9]. Many defects, such as alter-
ations in the insulin signaling pathway, reduced expres-
sion of peroxisome proliferator-activated receptor gamma 
(PPAR-γ or PPARG), and reduced insulin-mediated glu-
cose transport, have been found in skeletal muscle or fat 
cells of women with GDM [10]. It has recently been sug-
gested that post-receptor defects are present in the insulin 
signaling pathway in the placenta of women with pregnan-
cies complicated by diabetes and obesity [11]. In addition, 
expression studies demonstrate that post-receptor altera-
tions in insulin signaling may be under selective maternal 
regulation and are not regulated by the fetus [11].

Recently, it has also been proposed that the GDM devel-
opment is triggered by the fetus itself [12]. Human leuko-
cyte antigen-G (HLA-G) expression, which functions to 
protect the fetus from immune attack by down-regulating 
cytotoxic T cell responses to fetal trophoblast antigens, is 
postulated to protect pancreatic islet cells as well [12]. To 
endorse, it has been hypothesized that the development of 
DM in patients who have undergone organ transplanta-
tion is analogous to GDM development in a proportion of 
pregnancies [13]. In both cases, an antigenic load triggers 
the diabetogenic process. If future studies will confirm this 
hypothesis, it may be possible to use recombinant HLA-G 
for the prevention of GDM in high-risk patients. Finally, 
among rare causes for GDM, it should be included both 
autoimmune destruction of pancreatic β-cells and muta-
tions in autosomes (commonly referred to as maturity-onset 

Fig. 1  Risk factors for the 
GDM development Baseline characteristics

•Maternal age >25 years
•Ethnicity (African, America, 
Hyspanic)

•Pregestational overweight or 
obesity 

•Sedentary lifestyle
•Smoking status
•Family history in  first-
degree relative

Medical and obstetric 
history

•Previous GDM
•Previous LGA baby
•Previous birth wirh 
congenital defects

•Previous unexplained 
stillbirth

•Pregestational hypertension
•Policystic ovarian sindrome
•Medication (corticosteroids, 
antipsychotic)

Current pregnancy

•Unhealthy dietary patterns
•Sedentary lifestyle
•Excessive gestational weight 
gain

•Multiple pregnancy
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diabetes of the young (MODY), with different genetic sub-
types designated as MODY-1, MODY-2, etc.).

Action mechanism of vitamin D in glucose 
regulation

In humans, the naturally occurring form of VD is chole-
calciferol or VD3 and it can be ingested by the diet or 
produced in the skin by UV light interaction with a cho-
lesterol derivative (Fig. 2) [14]. VD2 or ergocalciferol 
is derived from plant sterols and contained in most VD 
supplements [5, 6]. Both D2 and D3 travel in the blood 
bound to VD Binding Protein and must be hydroxylated 
to become active. D3 and D2 metabolites are thought to 
have equal physiologic activity, but D3 levels may increase 
more quickly after supplementation [5, 14]. 25-hydroxy-
vitamin D (25(OH)D) is first hydroxylated in the liver. 
Such resulting metabolite is very stable and is therefore 
most commonly used to measure VD status. The second 
hydroxylation to the active form 1,25(OH)D occurs mostly 
in the kidneys in a process tightly regulated by calcium, 
phosphorus, and parathyroid hormone levels. After the 

second hydroxylation, 1,25(OH)D binds to the VD Recep-
tor (VDR). VDR is a transcription factor whose products 
are involved in a wide array of activities including bone 
metabolism, cellular growth and differentiation, glucose 
metabolism, and immune function. Both the enzyme 
responsible for VD activation (1α-hydroxyase) and its 
receptor have been located in peripheral tissues, such as 
the placenta, suggesting a farther-reaching role for VD 
than bone metabolism alone [15].

In order to summarize the most relevant biological 
mechanisms involving low levels of VD in GDM patho-
genesis, we listed below those described in animal and 
human models [7, 16–19]:

1. via calcium pool dysregulation in the pancreas → 
VD deficiency may contribute to the development of 
GDM by a 1,25(OH)D-VDR binding in pancreatic 
β-cells to regulate the balance between extra- and 
intracellular;

2. via effects on insulin-sensitive tissues → VD may 
promote insulin sensitivity by stimulating insulin 
receptor expression and enhancing insulin respon-
siveness to glucose;

Fig. 2  Vitamin D metabolism (by Deeb KK et al. Vitamin D signaling pathways in cancer: potential for anticancer therapeutics. Nature Reviews 
Cancer. 2007;7:684–700)
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3. via genetic variations → interactions of VD and VD 
related (i.e., VDR) with the insulin-like growth factor 
system influence glucose homeostasis;

4. via inflammation → VD may contribute to lower 
GDM risk by its role in mitigating inflammation and 
its effects, as demonstrated in T2DM; and

5. via co-factor of risk → the close relationship of VD 
deficiency with other common risk factors, such as 
obesity, may account, in part, for its association with 
GDM and other related pregnancy complications.

VDR polymorphisms and its potential role in the 
GDM pathogenesis

Because single-nucleotide polymorphisms, frequently 
called SNPs, are the most common type of genetic variation 
among people, they can act as biological markers if associ-
ated with diseases or predictors of individual response to 
drugs or spies of the inheritance of disease genes within 
families. An increasing literature is investigating the poten-
tial role of polymorphisms on VDR in breast cancer, mul-
tiple sclerosis, and coronary artery disease, achieving con-
trasting results. Similarly, in metabolic disease, including 
T1DM and T2DM, the results are controversial. In a recent 
meta-analysis, BsmIBB, BsmIBb, and TaqItt polymor-
phisms were associated with an increased risk of T1DM, 
whereas BsmIbb and TaqITT had protective effect for 
T1DM in children [20]. In an updated meta-analysis, a sig-
nificant association between the BsmI polymorphism and 
T2DM was weak, and the FokI polymorphism was signifi-
cantly associated with T2DM risk only in Chinese people, 
but not in Caucasians [21]. In GDM, few studies are avail-
able, due to lack of statistical power, small effect size of 
common variants, or ethnic heterogeneity among different 
populations. In studies conducted on Iranian and Chinese 
pregnant women, a linkage between VDR ApaI, TaqI, and 
FokI gene polymorphisms and susceptibility to GDM has 
been suggested [22–24]. However, in view of the limited 
research available with contrasting finding on VDR genetic 
polymorphisms on GDM pathogenesis, further studies are 

warranted in order to confirm or exclude the potential aid 
from genetic biomarkers for an early risk prediction of 
GDM, and an ad hoc treatment by VD supplementation.

Diagnostic method for GDM diagnosis

Since GDM is associated with adverse perinatal outcomes 
(APO), lesser degrees of glucose intolerance have also 
been shown to be harmful, opening the question about the 
correct modality for defining the level of glucose intoler-
ance in pregnancy. The diagnostic dilemma is related to the 
large number of procedures and glucose cut-offs proposed, 
as reported in Table 1 [25–28]. In response to the need for 
internationally agreed upon diagnostic criteria for GDM, 
the Hyperglycemia and Adverse Pregnancy Outcome 
(HAPO) study was performed, based upon their predictive 
value for APO [29]. Mainly, increases in each of the three 
values on the 75 g 2-h oral glucose tolerance test (OGTT) 
were associated with graded increases in the likelihood of 
pregnancy outcomes [29].

Based upon an iterative process of decision making, 
the task force of the International Association of Diabetes 
in Pregnancy Study Groups (IADPSG) recommended that 
the diagnosis of GDM be made when any of the follow-
ing three 75 g 2-h OGTT thresholds are met or exceeded: 
fasting 92 mg/dl, 1 h 180 mg/dl, and 2 h 153 mg/dl [26]. 
In 2013, the adoption of these criteria was deliberated by 
WHO/NMH/MND/13.2 as well [28].

Diagnostic method for vitamin D status

To date, definition of VD status is still an open research 
area. Several difficulties have been found in the attempt 
to standardize the most appropriate diagnostic method, 
including the gold standard, laboratory methods, reference 
levels conditioned by geographical areas, physiological 
human condition, such as pregnancy [30].

As summation of both intake and produced from sun 
exposure, 25(OH)D has been recognized as the clinical 

Table 1  Most commonly used guidelines for GDM diagnosis

a One value is sufficient for diagnosis
b Two or more values are required for diagnosis

References Fasting plasma glucose Glucose challenge 1-h plasma glucose 2-h plasma glucose 3-h plasma glucose

CDA [25]b ≥5.3 75 g OGTT ≥10.6 ≥8.9 Not required

IADPSG [26]a ≥5.1 (92 mg/dl) 75 g OGTT ≥10.0 (180 mg/dl) ≥8.5 (153 mg/dl) Not required

ACOG [27]b ≥5.3 100 g OGTT ≥10.0 ≥8.6 ≥7.8

WHO/NMH/
MND/13.2 
[28]a

5.1–6.9 mmol/l (92–
125 mg/dl)

75 g OGTT ≥10.0 mmol/l (180 mg/dl) 8.5–11.0 mmol/l (153–
199 mg/dl)

Not required



1053J Endocrinol Invest (2017) 40:1049–1059 

1 3

and research gold standard measure of VD status, with a 
half-life of approximately 2–3 weeks and circulating levels 
thousand-fold more than 1,25(OH)D [31, 32]. An absolute 
consensus about a normal range for 25(OH)D is still lack-
ing. Historically, the first attempt to define normal ranges 
(10–55 ng/ml), based on blood samples analysis in Euro-
pean and US healthy population, was considered inad-
equate subsequently due to 30–50% of both present VD 
insufficiency or deficiency [33]. Next, the observation that 
parathyroid hormone (PTH) levels started to plateau at their 
nadir when 25(OH)D levels were between 30 and 40 ng/
ml, adjusted the previous cut-off [34]. Finally, from the 
evidence that VD supplementation in subjects with 25(OH)
D > 20 ng/ml did not change their PTH level [35], it was 
suggested that VD deficiency should be defined as 25(OH)
D above 20 ng/ml, as accepted most experts. Accordingly, 
VD deficiency should be defined as a 25(OH)D of <20 ng/
ml, VD insufficiency as a 25(OH)D of 21–29 ng/ml, and 
the preferred level to be >30 ng/ml [32].

No full agreement is achieved in terms of use of stand-
ardized assay method. Over recent years, there has been a 
significant increase in 25(OH)D requests prompting many 
laboratories to consider the use of automated immunoas-
says. Among major techniques, binding assay (i.e., chemi-
luminescence immunoassays (CLIA), radioimmunoassay 
(RIA), binding protein assay) and chemical assay tech-
niques (i.e., high-performance liquid chromatography 
(HPLC) and liquid chromatography-tandem mass spec-
trometry (LC–MS/MS)) are the most used, but significant 
differences in the 25(OH)D determination were observed 
between various assays, requiring an urgent standardization 
and harmonization of 25(OH)D measurements.

Measuring VD insufficiency in pregnant women is com-
plicated by a lack of agreement in some aspects. Given the 
complexity of the VD system, it is unclear whether 25(OH)
D levels have the same clinical implications in all women 
or throughout all stages of pregnancy. In the past, some 
researchers suggested to measure PTH levels as a biologic 
marker of VD deficiency, but they have been inconsistently 
associated with 25(OH)D levels in pregnancy [36, 37]. 
Recently, the Institute of Medicine (IOM) defined adequate 
VD status as having serum 25-hydroxyvitamin D concen-
trations greater than 50 nmol/L (or 20 ng/mL) in both the 
general population and pregnant women [38].

Association between maternal VD levels and GDM 
risk

Evidence from studies conducted for the assessment of 
25(OH)D at multiple time points in pregnancy confirm the 
complexity of the association between maternal VD status 
and feto-maternal glucose homeostasis [39–43]. In Table 2, 

we listed the most relevant meta-analysis performed in 
the last decade, selecting only studies with medium–high 
quality.

While most case–control or nested case–control studies 
strengthen the linkage between low 25(OH)D levels and 
an increased risk of APO, meta-analysis are not conclusive 
for a reliable VD involvement on GDM onset, assessed at 
the first trimester especially. In their meta-analysis based 
on 12 studies with 5615 patients, Wei et al. concluded that 
among women with 25(OH)D levels <50 nmol/L, a modest 
increase in odds of GDM was found (crude OR 1.38, 95% 
CI 1.12–1.70) [41]. Similarly, Poel and colleagues observed 
that low VD levels were associated with increased odds of 
GDM (OR 1.61, 95% CI 1.19–2.17) in a meta-analysis of 
seven studies [39]. Albeit significant odd ratios for GDM 
risk reported range from 1.38 to 1.61, it seems conceiva-
ble to speculate that the association could be also causal, 
probably due to the study design of the researches devel-
oped. This has been confirmed performing subgroup analy-
sis, where differences based on countries, measurement 
method, sample size, age at baseline, adjusted models, 
and study quality have been found by Lu and co-workers 
[43], debunking the already weak cause–effect relationship 
between VD status and GDM onset. As a demonstration, 
in a recent systematic review in the Mediterranean region 
with a high prevalence of maternal hypovitaminosis D 
during pregnancy, despite high levels of sunshine, analyz-
ing 15 studies and 2649 patients, Karras et al. described a 
positive association with 25(OH)D concentrations and light 
skin color, white race, uncovered dressing pattern, maternal 
VD supplementation, and season of gestation (spring/sum-
mer); an inverse association for BMI and gestational age; 
and controversial data for smoking and socio-economic sta-
tus [44]. This shows the complexity of interactions among 
individual, lifestyle, and geographical factors, being able to 
negate the benefits of sun exposure not only in adulthood in 
general, but also during pregnancy.

Unfortunately, although selecting meta-analyses devel-
oped only on medium–high-quality studies, their clini-
cal impact is limited by the observational nature of the 
included studies, the mixing of diverse study populations 
from various regions, the different laboratory techniques, 
and timing of measurement of serum 25(OH)D level, leav-
ing unknown the understanding of the VD contribution to 
the pathophysiology of the GDM development.

Effects of VD supplementation on GDM 
development

Since VD deficiency during pregnancy may be a com-
mon health problem worldwide, more prominent in some 
latitudes, with impact on obstetric outcomes, maintaining 
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high enough levels of 25(OH)D could be a successful 
approach in obstetric care. However, if there is contro-
versy regarding the 25(OH)D levels considered as ade-
quate or optimal for overall health and pregnant women 
(50 nmol/L or 20 ng/ml vs. ≥75 nmol/L or 30 ng/ml), 
a regular supplemental VD dose of 1000–1600 IU (25–
40 mg/day) might be defined as necessary to achieve 
and maintain optimal levels in the body, but the VD dose 
during pregnancy is not yet clear, as well as its combi-
nation with calcium supplements, health eating, and 
physical activity is explored in randomized trials [45–52] 
(Table 3). 

In Australian low-risk patients, high-dose vs. low-
dose VD supplementation, started at first trimester of 
pregnancy, did not change glucose levels [47], while in 
an Indian setting development of DGM was recorded in 
44% of cases treated and in 20.3% of those not treated, 
by dosages depending upon 25(OH)D levels, started 
at 24–28 weeks [49]. In pregnancies at risk for GDM 
due to overweight or obesity, a gain in insulin sensitiv-
ity and prevention of increase in blood glucose levels by 
the combination of health eating, physical activity, and 
VD supplementation has been observed in 880 women, 
110 per arm, managed by eight options of interventions, 
including combination of treatments or alone in an Euro-
pean study [45].

Conflicting results have been reported in patients with 
diagnosis of GDM. In a recent randomized trial, includ-
ing pregnancies complicated by DGM not on oral hypo-
glycemic agents and treated by 50,000 IU D3 vs. placebo 
twice during the study, Asemi et al. reported improved 
pregnancy outcomes, in terms of decreased maternal poly-
hydramnios and infant hyperbilirubinemia and hospitali-
zation, but not a significant impact on the need to insulin 
therapy after intervention [50]. Adding 1000 mg calcium 
per day to VD3, a significant reduction in fasting plasma 
glucose, serum insulin levels, HOMA-IR, and LDL-cho-
lesterol and significant elevation in HDL-cholesterol levels 
were found [46]. After delivery, patients with former DGM 
were randomized to receive either daily 4000 IU vitamin 
D3 or placebo capsules by Yeow and colleagues, obtain-
ing a better basal pancreatic ß-cell function and metabolic 
state [51].

In the last biennium, three meta-analyses have been 
published and joined by the similar aim to examine 
whether oral supplements with VD alone or in com-
bination with calcium or other vitamins and minerals 
given to women during pregnancy could safely improve 
maternal and neonatal outcomes [30, 53, 54] (Table 4). 
Related to GDM, Pérez-López and colleagues observed 
that low VD levels were not associated with increased 
odds of GDM [OR 1.05 (95% CI 0.60–1.84)] in a meta-
analysis of 13 studies [53]. Similarly, in the Cochrane Ta
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review, where only 2 of 15 studies included were 
focused on GDM, any association was met between VD 
supplementation and GDM (RR 0.43 (95% CI 0.05–
3.45), hypothesizing as reason the very low quality of 
trials evaluated [30]. 

Future challenges

Investigating VD status and their health outcomes is fas-
cinating for researchers from different fields, due to its 
pluripotent action, the receptors ubiquity in humans, the 
epidemiology of VD deficiency-related, and the feasibil-
ity of treatment. In obstetrics, findings of higher rates of 
some complications (preeclampsia, GDM, preterm birth, 
and bacterial vaginosis) in women with low VD levels 
open to an easy therapeutic strategy. Challenge for clini-
cal researchers includes the optimal VD status to pre-
vent GDM, the most effective and safe dose for reducing 
obstetric complications, the optimal timing to start, and 
interval to treat (Fig. 3). Also the correct understanding 
of interactions between VD, its receptor, and co-factor 
risks will be crucial. Only in well-designed randomized 
trials we could find adequate answers.
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