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Abstract

Background: Vitamin D affects glucose metabolism by 
increasing insulin secretion and insulin receptor expres-
sion. Also, it exerts these effects by binding to its primary 
receptor, the vitamin D receptor (VDR). In this preliminary 
study, we aimed to examine serum 25-(OH) vitamin D3 and 
serum VDR levels in gestational diabetes mellitus (GDM) 
patients.
Methods: Blood samples were obtained during 
24–28 weeks of pregnancy from patients with GDM (n = 30) 
and age, body mass index (BMI), and gestational age-
matched control subjects (n = 33). Both groups were exam-
ined for changes in the levels of glucose, insulin, glycated 
hemoglobin (bA1c), 25-(OH) vitamin D3 and VDR.
Results: There were no significant differences in serum 
25-(OH) vitamin D3 and fasting insulin levels between the 
control and GDM groups (p = 0.115, p = 0.182). But serum 
VDR levels were significantly higher in the GDM group 
than in the control group (p = 0.001).
Conclusions: Although there was no significant differ-
ence between the two groups regarding 25-(OH) vitamin 
D3 levels, it is notable that VDR levels were higher in GDM 
patients. To further define the role of vitamin D in the 
prophylaxis and treatment of GDM, it may be useful to 
conduct more extensive studies on VDR.
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Introduction

Vitamin D deficiency (VDD) is very common through-
out the world [1]. Besides the adverse effects of VDD 
on bone and calcium metabolism, it is recognized that 
it is associated with many chronic diseases including 
diabetes [2–5]. The immunoregulatory role of vitamin D 
and its effects on insulin secretion and insulin receptor 
expression suggest that it may be a protective factor in 
diabetes [6].

Gestational diabetes mellitus (GDM) is a clinical state 
of glucose intolerance which is first seen or detected in 
pregnancy. Fetal loss and neonatal disease rates in GDM 
pregnancies have been reported to be approximately 4 
times higher than in normal pregnancies. The Interna-
tional Diabetes Federation stated that in 2015, gestational 
diabetes affected approximately 13.2% of all pregnancies 
which resulted in live births worldwide. Moreover, this 
rate is expected to increase in parallel with the frequency 
of diabetes in the future [7].

With the increase in placental hormones in pregnancy, 
especially from the end of the first trimester, peripheral 
insulin sensitivity is reduced and there is an increased 
tendency towards hyperglycemia. The addition of genetic 
and environmental risk factors for impaired glucose toler-
ance, to the decreased peripheral insulin sensitivity, may 
lead to GDM [8, 9].

Although it is not possible to say that VDD is a definite 
risk factor for GDM, patients with GDM are more likely to 
have VDD [10, 11].

Vitamin D receptor (VDR) is the target receptor for 
1,25-(OH)2 vitamin D3, the active form of vitamin D, which 
exerts its antidiabetic influence on carbohydrate meta-
bolism (e.g. insulin secretion, insulin receptor expres-
sion) through VDR [12]. Therefore, the role of VDR in GDM 
is worth investigating.

The aim of this study was to clarify the relationship 
between GDM and vitamin D by revealing vitamin D levels 
in patients with GDM. It was also aimed to learn more 
about VDR expression in GDM patients by reviewing 
serum VDR levels.
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Materials and methods

Subjects

This study was carried out in Antalya, Turkey (latitude: 
36°53′) between December 2012 and March 2013. Par-
ticipants to be included in the study were identified and 
grouped at the time of GDM screening (75 g, 2-h oral glucose 
tolerance test [OGTT]) between 24 and 28  weeks of preg-
nancy. Two working groups were constituted according 
to the OGTT results. The GDM group was formed from 30 
pregnant women with GDM who were diagnosed according 
to the International Association of Diabetes in Pregnancy 
Study Groups criteria [13]. The control group was formed 
from 33 pregnant women whose OGTT results were normal.

All the participants were informed about the study and 
a signed permission document was obtained in accord-
ance with the Declaration of Helsinki. The Antalya Train-
ing and Research Hospital Ethics Committee approved the 
study. Patients who had pre-gestational diabetes mellitus 
(DM), a family history of DM (first-degree relatives), mul-
tiple pregnancies, the presence of any acute or chronic 
disease, fetal anomalies, pre-eclampsia, chronic hyper-
tension and a history of smoking or chronic alcohol con-
sumption were excluded from the study.

Control and GDM groups were matched in terms of 
maternal age, body mass index (BMI) and gestational age 
at the time of blood sampling. BMI is calculated by divid-
ing the weight in kilograms by the square of the height in 
meters (kg/m2). Gestational age was calculated based on 
the last menstrual history and confirmed by ultrasound 
imaging in the first trimester of pregnancy. The blood 
pressures of those participating in the study were meas-
ured in the sitting position, after a rest period of 10 min.

Biochemical parameters

One week before blood sampling, patients who had 
received drugs that could affect glucose metabolism (e.g. 
statins, β-blockers) were not included in the study. Venous 
blood samples to be used for the analysis of biochemical 
parameters were collected in tubes with Serum Clot Acti-
vator and Gel (BD Vacutainer® SST™ II Advance, Beckton 
Dickinson and Company, Franklin Lakes, NJ, USA) on 
the day of OGTT screening. Fasting OGTT blood samples 
were used for the analysis of all biochemical parameters 
except first- and second-hour OGTT glucose parameters. 
After 30  min, blood samples were centrifuged at 1150 g 
for 15 min at 4 °C. Serum samples were stored at −80 °C 

until assayed for 25-(OH) vitamin D3 and VDR. Other bio-
chemical parameters were analyzed on the day of OGTT 
screening. Serum glucose levels were measured using 
the hexokinase method (Beckman AU5800; Beckman 
Coulter Diagnostics, CA, USA). Serum creatinine levels 
were determined photometrically in a Beckman Coulter 
AU2700 auto-analyzer (Beckman Coulter Inc., CA, USA). 
Insulin levels were determined by the chemilumines-
cence method (Access® DxI800; Beckman Coulter, Inc., 
CA, USA). Glycosylated hemoglobin (HbA1c) was meas-
ured using an automatic glycohemoglobin analyzer 
(Tosoh HLC 723 G8; Tosoh Bioscience, Japan) with the 
principle of high-performance liquid chromatography. 
Insulin resistance was calculated from fasting serum 
glucose and insulin using the homeostatic model assess-
ment of insulin resistance (HOMA-IR) [14].

25-(OH) Vitamin D3 levels were measured by a direct 
competitive chemiluminescence immunoassay method 
using 25-(OH) vitamin D3 kit (Diasorin Inc., Stillwater, MN, 
USA) in a Liaison (DiaSorin S.p.A. Via Crescentino 13040 
Saluggia, VC, Italy) autoanalyzer.

Serum VDR levels were measured using a commer-
cially available enzyme-linked immunosorbent assay 
(ELISA) kit (Sunred® Biological Technology, Shanghai, 
China; Catalogue No: 201-12-1554). Calibration was done 
with a serial dilution of the standard solution of the kit 
which contains 240 ng/mL of recombinant human VDR. 
Detection of serum VDR was performed following the 
manufacturer’s recommendations. Briefly, standards, 
serum samples, monoclonal VDR antibody labeled with 
biotin and horseradish peroxidase (HRP) tagged streptavi-
din solution was added to a micro-ELISA plate coated with 
a monoclonal antibody specific for VDR. After 60 min of 
incubation at 37 °C, the plate was washed 5 times and 
chromogen solutions were added. After another incuba-
tion period of 10 min, color development was stopped by 
adding a stop solution. Optical densities (OD) were read at 
a wavelength of 450 nm and calculations were performed. 
The minimum detectable concentration of VDR was 0.75 
ng/mL, with intra-assay and inter-assay coefficients of 
variation being <10% and 12%, respectively (information 
is taken from the kit insert and was not verified by our 
experiments). In order to avoid variation within an assay, 
measurements were performed in duplicate and simulta-
neously using the same ELISA kit.

All statistical analyses were carried out using SPSS 
18.0 statistical software (SPSS for Windows, Chicago, IL, 
USA). Normality of data distribution was assessed using 
the Kolmogorov-Smirnov test. Normally distributed data 
(presented as mean ± standard deviation) for the com-
parison of groups was carried out using Student’s T-test, 
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and for the non-normal distributed data (presented as 
medians [minimum–maximum]) the Mann-Whitney U-test 
was used. A two-tailed probability value of p < 0.05  was 
regarded as statistically significant.

Results
The demographic data of the subjects are shown in 
Table  1. There were no significant differences between 
the GDM and control groups for age, gestational age and 
BMI (p > 0.05).

Table  2 shows the biochemical serum parameters 
of both control and GDM groups. Concentrations of 75 g 
OGTT glucose and HbA1c were significantly higher in the 
GDM group as expected (p = 0.012, p = 0.007, p = 0.001 and 
p = 0.001, respectively). However, it is noteworthy that 
there was no significant difference in serum fasting insulin 
levels between the two groups (p = 0.182). Also there was 
no significant difference in serum 25-(OH) vitamin D3 
levels (p = 0.115). Besides all these, serum VDR levels were 

significantly higher in the GDM group compared to con-
trols (p = 0.001). However, no significant correlation was 
found between serum VDR levels and other biochemical 
parameters.

Discussion
To the best of our knowledge, this preliminary study is 
the first in the literature to attempt to determine the rela-
tionship between serum VDR levels and GDM. The results 
showed no significant difference in the levels of 25-(OH) 
vitamin D3 between the GDM group and the control group. 
However, the serum VDR levels of the GDM group were 
significantly higher than those of the control group.

In the literature, there have been many clinical 
studies conducted to investigate the relationship between 
GDM and vitamin D, but conflicting results have emerged. 
Based on the results of a prospective study, it is stated 
that a low level of 25-(OH) vitamin D3 in the first trimes-
ter of pregnancy is an independent risk factor for GDM 

Table 1: Demographic variables in control and GDM groups.

Controls (n = 33) GDM (n = 30) p-Value

Age, years 28.3 (±5.4) 29.8 (±6.5) 0.332
Gestational age at sampling, weeks 25.5 (±1) 25.8 (±1.1) 0.262
Gravidity 2 (1–8) 2 (1–7) 0.867
BMI, kg/m2 27.7 (±4.1) 29.1 (±6) 0.275
Weight gain, kg 8.4 (±3.2) 7.8 (±4.4) 0.681
Systolic blood pressure, mm Hg 110 (100–130) 110 (90–130) 0.93
Diastolic blood pressure, mm Hg 70 (50–90) 70 (60–90) 0.948
Gestational age at delivery, weeks 38 (37–40) 38.6 (37–40) 0.75
Birth weight, g 3505 (±375) 3634 (±374) 0.176

Data are presented as mean ± standard deviation or median (range). BMI, body mass index; GDM, gestational diabetes mellitus.

Table 2: Biochemical characteristics of the control and GDM groups.

Control (n = 33) GDM (n = 30) p-Value

Fasting insulin, mIU/mL 8.34 (2.51–87.66) 10.6 (3.47–48.97) 0.182
75 g OGTT, mg/dL
 Fasting glucose 79.4 (±12.5) 90.8 (±21.3) 0.012a

 First hour 125.1 (±23.2) 147 (±38.1) 0.007a

 Second hour 97.1 (±20.9) 136.1 (±26) 0.001a

HOMA-IR, mIU/L 1.43 (0.42–27.27) 2.35 (0.69–11.73) 0.12
 HbA1c, % 4.69 (±0.37) 5.25 (±0.65) 0.001a

 Creatinine, mg/dL 0.57 (±0.06) 0.59 (±0.05) 0.288
25-(OH) vitamin D3, ng/mL 13.1 (±6.1) 15.8 (±7.7) 0.115
 VDR, ng/mL 29.84 (16.9–116.3) 40.5 (19.9–171.2) 0.001a

Data are presented as mean ± standard deviation or median (range). OGTT, oral glucose tolerance test; HOMA-IR, homeostatic model 
assessment of insulin resistance; HbA1c, hemoglobin A1c. aStatistically significant difference.
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[15], whereas another prospective study of 5109 pregnan-
cies did not determine any association of low 25-(OH) 
vitamin  D3 levels with GDM [16]. A cross-sectional study 
by Maghbooli et  al. of 741 pregnancies showed a posi-
tive correlation between insulin sensitivity and 25-(OH) 
vitamin D3 levels in the second trimester [17]. In another 
similar study, it was determined that second trimester 
25-(OH) vitamin D3 levels were not associated with insulin 
sensitivity or GDM [18]. Moreover, meta-analysis studies 
have reported that VDD increases the GDM risk [19–21].

The most fundamental element in the pathophysiol-
ogy of GDM is the inability of the pancreatic β cells to com-
pensate physiologically for increased peripheral insulin 
resistance emerging in the second trimester [22]. As 
fasting insulin and HOMA-IR levels do not differ between 
the two groups in the current study, it can be said that the 
clinical course of the patients in the GDM group was mild 
and explains why there were no differences in the levels 
of 25-(OH) vitamin D3 between the GDM group and the 
control group. In the majority of similar studies showing 
that GDM is associated with VDD, fasting insulin levels 
were lower than in the control group. Therefore, when 
examining the relationship between VDD and GDM, the 
clinical grading of GDM may reveal the possible relation-
ship more clearly. Although there is no difference between 
the two groups in terms of 25-(OH) vitamin D3 levels, we 
believe that lower vitamin D levels affect insulin sensitiv-
ity in a negative manner during pregnancy.

The proportions of vitamin D insufficiency (which is 
defined as serum 25-(OH) vitamin D3 levels between 10 
and 30 ng/mL [23]) in both control and GDM groups were 
high. Also studies conducted on pregnant Turkish women 
population demonstrated a high prevalence of VDD and 
vitamin D insufficiency [24, 25]. Thus, it can be concluded 
that the pregnant Turkish women population has a high 
prevalence of VDD and vitamin D insufficiency.

The effects of vitamin D on insulin have been shown 
in experimental studies. Significant studies have been 
conducted on vitamin D leading to the release of insulin 
from pancreatic β cells [26–30]. This effect of vitamin D 
is believed to be achieved by binding to the caveolar VDR 
on the cell membrane [31, 32]. Stimulation of the second 
messenger system by VDR-1,25-(OH)2 vitamin D3 complex 
leads to the opening of the voltage-dependent calcium 
channels. The rise in intracellular calcium concentration 
triggers exocytosis of insulin granules [32]. Furthermore, 
the presence of VDR expression in the promoter region of 
the insulin receptor gene and the increase in the transcrip-
tion of the insulin receptor in cells that are stimulated 
with 1,25-(OH)2 vitamin D3 shows that vitamin D can also 
affect peripheral insulin sensitivity [33].

There are few studies in the literature that show 
VDR expression levels associated with DM. Two different 
studies by Filipović et al. in rat models of type 1 DM have 
demonstrated that VDR expression increases both in the 
dorsal root ganglia and in hepatocytes [34, 35]. In another 
study conducted on type 1 DM rat models, VDR expression 
in pancreatic β cells was found to be less than that of the 
control group, and both VDR expression and insulin levels 
were increased with vitamin D treatment [36]. In a study in 
type 2 diabetes mellitus patients, decreased VDR expres-
sion was observed in macrophages compared to the control 
group [37]. In the first of two studies showing VDR expres-
sion in GDM patients, VDR expression in the placenta was 
no different from that of the control group [38], and in the 
second study, it was demonstrated that VDR expressions 
in trophoblasts and fetoplacental endothelial cells were 
higher than in the control group [39].

It is noteworthy that serum VDR levels in GDM 
patients were higher than in the control group; while there 
was no significant difference in serum 25-(OH) vitamin D3 
levels between the two groups. It can be argued that this 
difference may be due to reinforcement of the effects of 
25-(OH) vitamin D3 on glucose metabolism. An increase in 
the number of VDR in patients with insulin resistance may 
be a response mechanism to increase insulin sensitivity 
and secretion.

VDR is expressed in at least 37 different tissues [40–
42]. More than 100 genomic promoter regions have also 
been found to contain VDR expression [43–45]. Therefore, 
it is not surprising that intracellular VDR concentrations 
are regulated by other hormones and growth factors (het-
erologous regulation) besides 1,25-(OH)2 vitamin D3 and 
other VDR ligands (homologous regulation) [46].

The fact that VDR, a member of the nuclear receptor 
family, is also expressed on the cytoplasmic membrane 
suggests that the amount of VDR in serum may be directly 
proportional to VDR expression. It is not known which 
tissues and at what rates contribute to the amount of 
circulating VDR. However, considering that VDR expres-
sion occurs in pancreatic β cells far above the average in 
comparison to other cell types, it can be considered that 
serum VDR concentration may provide important clues 
about the relationship between DM and vitamin D.

A limitation of our study is that there was no measure-
ment of the first-hour insulin of OGTT, which is a better 
indicator of pancreatic β cell function than fasting insulin. 
An important feature of this preliminary study was that 
serum VDR levels were shown in GDM patients for the first 
time. Another strength of our study is that there was no 
significant difference regarding age, ethnicity and BMI 
between the two groups participating in the study.
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In this preliminary study, serum VDR levels were 
determined to be higher in the GDM group than those in 
the control group and serum 25-(OH) vitamin D3 levels 
were found not to be significantly different between the 
two groups. As VDR has a major role in the interaction 
between vitamin D and insulin, it would be meaningful to 
investigate VDR levels in GDM patients in larger popula-
tion studies.

Author contributions: All the authors have accepted 
responsibility for the entire content of this submitted 
manuscript and approved submission.
Research funding: None declared.
Employment or leadership: None declared.
Honorarium: None declared.
Competing interests: The funding organization(s) played 
no role in the study design; in the collection, analysis, and 
interpretation of data; in the writing of the report; or in the 
decision to submit the report for publication.

References
1.	 Holick MF. Vitamin D deficiency. N Engl J Med 2007;357: 

266–81.
2.	 Wallis DE, Penckofer S, Sizemore GW. The “sunshine deficit” and 

cardiovascular disease. Circulation 2008;118:1476–85.
3.	 Pittas AG, Lau J, Hu FB, Dawson-Hughes B. The role of vitamin D 

and calcium in type 2 diabetes: a systematic review and meta-
analysis. J Clin Endocrinol Metab 2007;92:2017–29.

4.	Giovannucci E, Liu Y, Rimm EB, Hollis BW, Fuchs CS, Stampfer 
MJ et al. Prospective study of predictors of vitamin D status 
and cancer incidence and mortality in men. J Natl Cancer Inst 
2006;98:451–9.

5.	 Hewison M. Vitamin D and innate immunity. Curr Opin Investig 
Drugs 2008;9:485–90.

6.	Mitri J, Pittas AG. Vitamin D and diabetes. Endocrinol Metab Clin 
North Am 2014;43:205–32.

7.	 IDF Diabetes Atlas Group. Update of mortality attributable to 
diabetes for the IDF Diabetes Atlas: estimates for the year 2013. 
Diabetes Res Clin Pract 2015;109:461–5.

8.	Catalano PM, Tyzbir ED, Wolfe RR, Calles J, Roman NM, Amini 
SB, et al. Carbohydrate metabolism during pregnancy in control 
subjects and women with gestational diabetes. Am J Physiol 
1993;264:E60–7.

9.	Kramer CK, Swaminathan B, Hanley AJ, Connelly PW, Sermer M, 
Zinman B, et al. Each degree of glucose intolerance in pregnancy 
predicts distinct trajectories of b-cell function, insulin sensitiv-
ity, and glycemia in the first 3 years postpartum. Diabetes Care 
2014;37:3262–9.

10.	 Poel YH, Hummel P, Lips P, Stam F, van der Ploeg T, Simsek S. 
Vitamin D and gestational diabetes: a systematic review and 
meta-analysis. Eur J Intern Med 2012;23:465–9.

11.	 Bao W, Song Y, Bertrand KA, Tobias DK, Olsen SF, Chavarro JE, 
et al. Prepregnancy habitual intake of vitamin D from diet and 

supplements in relation to risk of gestational diabetes mellitus: 
a prospective cohort study. J Diabetes 2018;10:373–9.

12.	 Lee S, Clark SA, Gill RK, Christakos S. 1,25-Dihydroxyvita-
min D3 and pancreatic beta-cell function: vitamin D recep-
tors, gene expression, and insulin secretion. Endocrinology 
1994;134:1602–10.

13.	 Feig DS, Corcoy R, Jensen DM, Kautzky-Willer A, Nolan CJ, Oats JJ, 
et al. Diabetes in pregnancy outcomes: a systematic review and 
proposed codification of definitions. Diabetes Metab Res Rev 
2015;31:680–90.

14.	 Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, 
Turner RC. Homeostasis model assessment: insulin resistance 
and beta-cell function from fasting plasma glucose and insulin 
concentrations in man. Diabetologia 1985;28:412–9.

15.	 Lacroix M, Battista MC, Doyon M, Houde G, Menard J, Ardilouze 
JL, et al. Lower vitamin D levels at first trimester are associated 
with higher risk of developing gestational diabetes mellitus. 
Acta Diabetologica 2014;51:609–16.

16.	 Schneuer FJ, Roberts CL, Guilbert C, Simpson JM, Algert CS, 
Khambalia AZ, et al. Effects of maternal serum 25-hydroxyvi-
tamin D concentrations in the first trimester on subsequent 
pregnancy outcomes in an Australian population. Am J Clin Nutr 
2014;99:287–95.

17.	 Maghbooli Z, Hossein-Nezhad A, Karimi F, Shafaei AR, Larijani B. 
Correlation between vitamin D3 deficiency and insulin resist-
ance in pregnancy. Diabetes Metab Res Rev 2008;24:27–32.

18.	 Whitelaw DC, Scally AJ, Tuffnell DJ, Davies TJ, Fraser WD, Bhopal 
RS, et al. Associations of circulating calcium and 25-hydroxyvita-
min D with glucose metabolism in pregnancy: a cross-sectional 
study in European and South Asian women. J Clin Endocrinol 
Metab 2014;99:938–46.

19.	 Aghajafari F, Nagulesapillai T, Ronksley PE, Tough SC, O’Beirne 
M, Rabi DM. Association between maternal serum 25-hydroxyvi-
tamin D level and pregnancy and neonatal outcomes: systematic 
review and meta-analysis of observational studies. Br Med J 
2013;346:f1169.

20.	Wei SQ, Qi HP, Luo ZC, Fraser WD. Maternal vitamin D status and 
adverse pregnancy outcomes: a systematic review and meta-
analysis. J Matern Fetal Neonatal Med 2013;26:889–99.

21.	 Zhang M-X, Pan G-T, Guo J-F, Li B-Y, Qin L-Q, Zhang Z-L. Vitamin D 
deficiency ıncreases the risk of gestational diabetes mellitus: a 
meta-analysis of observational studies. Nutrients 2015;7:8366–75.

22.	Buchanan TA, Xiang AH. Gestational diabetes mellitus. J Clin 
Invest 2005;115:485–91.

23.	DeLuca HF. Overview of general physiologic features 
and functions of vitamin D. Am J Clin Nutr 2004;80(6 
Suppl):1689S–96S.

24.	Halicioglu O, Aksit S, Koc F, Akman SA, Albudak E, Yaprak I, et al. 
Vitamin D deficiency in pregnant women and their neonates 
in spring time in western Turkey. Paediatr Perinat Epidemiol 
2012;26:53–60.

25.	Aydogmus S, Kelekci S, Aydogmus H, Eriş S, Desdicioğlu 
R, Yilmaz B, et al. High prevalence of vitamin D deficiency 
among pregnant women in a Turkish population and 
impact on perinatal outcomes. J Matern Fetal Neonatal Med 
2015;28:1828–32.

26.	Chertow BS, Sivitz WI, Baranetsky NG, Clark SA, Waite A, 
Deluca HF. Cellular mechanisms of insulin release: the effects 
of vitamin D deficiency and repletion on rat insulin secretion. 
Endocrinology 1983;113:1511–8.



154      Tekeli et al.: Serum vitamin D receptor levels in GDM patients

27.	 Norman AW, Frankel JB, Heldt AM, Grodsky GM. Vitamin D 
deficiency inhibits pancreatic secretion of insulin. Science 
1980;209:823–5.

28.	Tanaka Y, Seino Y, Ishida M, Yamaoka K, Yabuuchi H, Ishida H, 
et al. Effect of vitamin D3 on the pancreatic secretion of insulin 
and somatostatin. Acta Endocrinol (Copenh) 1984;105:528–33.

29.	Cade C, Norman AW. Vitamin D3 improves impaired glucose 
tolerance and insulin secretion in the vitamin D-deficient rat in 
vivo. Endocrinology 1986;119:84–90.

30.	Johnson JA, Grande JP, Roche PC, Kumar R. Immunohistochemi-
cal localization of the 1,25(OH)2D3 receptor and calbindin D28k 
in human and rat pancreas. Am J Physiol 1994;267:E356–60.

31.	 Zeitz U, Weber K, Soegiarto DW, Wolf E, Balling R, Erben RG. 
Impaired insulin secretory capacity in mice lacking a functional 
vitamin D receptor. Faseb J 2003;17:509–11.

32.	Kajikawa M, Ishida H, Fujimoto S, Mukai E, Nishimura M, Fujita J, 
et al. An insulinotropic effect of vitamin D analog with increas-
ing intracellular Ca2+ concentration in pancreatic beta-cells 
through nongenomic signal transduction. Endocrinology 
1999;140:4706–12.

33.	Maestro B, Dávila N, Carranza MC, Calle C. Identification of a 
Vitamin D response element in the human insulin receptor gene 
promoter. J Steroid Biochem Mol Biol 2003;84:223–30.

34.	Filipović N, Ferhatović L, Marelja I, Puljak L, Grković I. Increased 
vitamin D receptor expression in dorsal root ganglia neurons of 
diabetic rats. Neurosci Lett 2013;549:140–5.

35.	 Vuica A, Ferhatović Hamzić L, Vukojević K, Jerić M, Puljak L, 
Grković I, et al. Aging and a long-term diabetes mellitus increase 
expression of 1 α-hydroxylase and vitamin D receptors in the rat 
liver. Exp Gerontol 2015;72:167–76.

36.	Jayanarayanan S, Anju TR, Smijin S, Paulose CS. Vitamin D3 sup-
plementation increases insulin level by regulating altered IP3 
and AMPA receptor expression in the pancreatic islets of strep-
tozotocin-induced diabetic rat. J Nutr Biochem 2015;26:1041–9.

37.	 Lopez-Lopez N, Gonzalez-Curiel I, Castañeda-Delgado J, 
Montoya-Rosales A, Gandara-Jasso B, Enciso-Moreno JA, et al. 

Vitamin D supplementation promotes macrophages’ anti-myco-
bacterial activity in type 2 diabetes mellitus patients with low 
vitamin D receptor expression. Microbes Infect 2014;16:755–61.

38.	Cho GJ, Hong SC, Oh MJ, Kim HJ. Vitamin D deficiency in gesta-
tional diabetes mellitus and the role of the placenta. Am J Obstet 
Gynecol 2013;209:560.e1–8.

39.	Knabl J, Hüttenbrenner R, Hutter S, Günthner-Biller M, Riedel 
C, Hiden U, et al. Gestational diabetes mellitus upregulates 
vitamin D receptor in extravillous trophoblasts and fetoplacental 
endothelial cells. Reprod Sci 2015;22:358–66.

40.	Bouillon R, Okamura WH, Norman AW. Structure-function 
relationships in the vitamin D endocrine system. Endocr Rev 
1995;16:200–57.

41.	 Nguyen M, Trubert CL, Rizk-Rabin M, Rehan VK, Besancon F, 
Cayre YE, et al. 1,25-Dihydroxyvitamin D3 and fetal lung matura-
tion: immunogold detection of VDR expression in pneumocytes 
type II cells and effect on fructose 1,6 bisphosphatase. J Steroid 
Biochem Mol Biol 2004;89:90–3.

42.	Menezes RJ, Cheney RT, Husain A, Tretiakova M, Loewen G, 
Johnson CS, et al. Vitamin D receptor expression in normal, pre-
malignant, and malignant human lung tissue. Cancer Epidemiol 
Biomarkers Prev 2008;17:1104–10.

43.	Lin R, Nagai Y, Sladek R, Bastien Y, Ho J, Petrecca K, et al. Expres-
sion profiling in squamous carcinoma cells reveals pleiotropic 
effects of vitamin D3 analog EB1089 signaling on cell prolif-
eration, differentiation, and immune system regulation. Mol 
Endocrinol 2002;16:1243–56.

44.	Wood RJ, Tchack L, Angelo G, Pratt RE, Sonna LA. DNA microarray 
analysis of vitamin D-induced gene expression in a human colon 
carcinoma cell line. Physiol Genomics 2004;17:122–9.

45.	 Wang TT, Tavera-Mendoza LE, Laperriere D, Libby E, MacLeod 
NB, Nagai Y, et al. Large-scale in silico and microarray-based 
identification of direct 1,25-dihydroxyvitamin D3 target genes. 
Mol Endocrinol 2005;19:2685–95.

46.	Dusso AS, Brown AJ, Slatopolsky E. Vitamin D. Am J Physiol 
Renal Physiol 2005;289:F8–28.


