
Introduction

Gestational diabetes mellitus (GDM) is the glucose intol-

erance seen in women with the onset during pregnancy. The

incidence of GDM has increased in recent years partly due to

the obesity epidemic and different diagnostic cut-offs taken

[1, 2]. It affects 2-13% of all the pregnancies [3]. GDM has

been recognized as a significant risk factor for unfavorable

pregnancy outcomes. Women with GDM have a risk of de-

veloping DM in the future. In addition the children born to

GDM mothers are more likely to be obese and have glucose

intolerance [4, 5]. Studies are accumulating that GDM is an

important contributer to the formation of Type 2 Diabetes

Mellitus (DM) epidemic [6]. 

Vitamin D deficiency (VDD) or insufficiency have been

associated with impaired glucose tolerance [7, 8]. VDD

was significantly related to insulin resistance and impaired

insulin secretion which was reversible with vitamin D sup-

plementation [9, 10, 11]. Although the exact cause is un-

known, a potential cause may be through the presence of

vitamin D receptors in pancreatic beta cells influencing in-

sulin secretion or through the effects of 25OHD on calcium

metabolism [12, 13].

Emerging evidence suggests that Vitamin D administra-

tion can improve insulin sensitivity and glucose tolerance,

but whether vitamin D supplementation can prevent GDM

is unknown. Observational studies provide conflicting ev-

idence as to whether low serum 25OHD levels are associ-

ated with GDM.

However, current evidence suggests that VDD or insuf-

ficiency may be a risk factor in the development of GDM.

Some studies have shown low levels of 25OHD in pa-

tients with GDM [14,15]. Another study showed low lev-

els of 25OHD at 16 weeks of pregnancy before the

diagnosis of GDM was made [16]. It is not known

whether supplementation of vitamin D can prevent GDM.

The aim of this study was to evaluate whether second

trimester vitamin D was associated with GDM develop-

ment during pregnancy in Turkish Cypriot women.

Materials and Methods

The present study was conducted in the Department of Obstet-

rics and Gynecology and Department of Endocrinology and Me-

tabolism between January 2013 and April 2014 in the months

between November and April (winter). Two hundred and thirty

pregnant women were consecutively enrolled to the study. All

pregnant women were residing in Cyprus. The patients attended

the outpatient clinic for thier first prenatal visit and were consec-

utively included to the study. Exclusion criteria were patients who

had a diagnosis of pregestational diabetes mellitus, chronic dis-

ease, and pregnant women with strict religious clothing. 

At first visit, blood was withdrawn for glucose, urea, creati-

nine, ALT, AST, and TSH. Height was measured when the patient

first attended and weight was measured at every visit. At the time

of the study, it was a routine practice for obstetricians to prescribe

prenatal multivitamins which contained calcium and vitamin D

from the beginning of the second trimester. Medications and sup-

plements taken by the pregnant women were recordered at every

visit. All of the study participants were consuming prenatal mul-
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tivitamins which contained 500 IU cholecalciferol.

Women underwent routine screening for GDM at 24-25 weeks

gestation with a 12-hour fasting 75-gram oral glucose tolerance

test (OGTT). Blood was withdrawn at 0, one, and two hours. Nor-

mal results were < 92 mg/dl at baseline, < 180 mg/dl at one hour,

and < 153 mg/dl at two hours. The participants were then divided

into two groups. The first group had a normal screening test, the

second group had an abnormal glucose tolerance test and were

defined has GDM (with one abnormal result after the OGTT). Na-

tional Diabetes Data Group criteria were used to establish the di-

agnosis [17]. Blood for 25OHD was obtained at same time when

75-gram OGTT was performed (as routine practice in this clinic).

Using a standard data collection sheet, demographic character-

istics, past medical history, and maternal characteristics (height

and weight), were taken in the first visit. Maternal body mass

index (BMI) was calculated for every participant. 

The serum 25OHD concentration were determined by using

a commercial electrochemiluminescence immunoassay method.

Women were then followed through their pregnancy, and data

were abstracted from medical records after delivery.

The authors categorized plasma 25 OH vitamin D concentra-

tions according to the criteria Holick et al. published for vitamin

D sufficiency (≥ 30 ng/ml), insufficiency (20-29 ng/ml), and de-

ficiency (< 20 ng/ml) [18]; < 10 ng/ml was defined as severe de-

ficiency of 25OHD.

Data analysis was performed by using SPSS for Windows,

version 11.5. Serum glucose measurement was analyzed with

the hexokinase method. Serum TSH, free T4, free T3, 25OHD,

anti-thyroglobulin antibody (anti-Tg), anti-thyroid peroxidase

antibody (anti-TPO) were measured by electrochemilumines-

cence immunoassay method. The method of measurement was

carried out according to the manufacturer instructions. Informed

consent was obtained from all individual participants included in

the study.The study was approved by the Near East University In-

stitutional Review Board.

All procedures performed in studies involving human partici-

pants were in accordance with the ethical standards of the institu-

tional and/or national research committee and with the 1964

Helsinki declaration and its later amendments or comparable eth-

ical standards.

Statistical analysis
Because the distribution of 25OHD was approximately nor-

mally distributed, the authors examined the difference in mean

concentrations between cases and controls. Whether the distribu-

tions of continuous variables were normally distributed or not was

determined by Kolmogorov Smirnov test. The mean differences

among groups were compared by using Student’s t-test and Mann

Whitney U test.

Results

The incidence of GDM was 19.6% (45 for GDM and 185

for non-GDM). The maternal age of both groups were not

significantly different. Women who developed GDM had

a higher BMI (Table 1). Pre-pregnancy BMI of 230 preg-

nant women was 23.5 ± 4.6 kg/m

2

. The BMI of the preg-

nant women with and without GDM was 24.7 ± 4.6 kg/m

2

and 23.2 ± 4.5 kg/m

2

, respectively (p = 0.019). There was

no difference between both groups according to the pre-

pregnancy and the weight gain at six months (8.4 ± 4.8 vs.
8.6 ± 4.7, p = 0.791). 

Levels of 25OHD are shown in Table 2. Mean level of

25OHD in the study group was 21.9 ±10.4 ng/ml. The study

population had 25OHD insufficiency. Severe VDD was

12.2% and 44.4 of all the participants had VDD (25OHD <

20 ng/ml) and only 19.1% of the participants had a suffi-

cient vitamin D level. Mean level of 25OHD in pregnant

women with and without GDM was 20.3 ± 9.3 ng/dl and

22.3 ± 10.7 ng/dl, respectively (p = 0.262). Although not

statistically significant 25OHD deficiency (25OHD < 20

ng/ml) in pregnant women with GDM and without GDM

was 55.5% and 41.6%, respectively (p = 0.19). 

Although not statistically significant, 17.8% of the preg-

nant with GDM and 10.8% of the control group had

25OHD levels below 10 ng/dl - consistent with a diagnosis

of sever 25OHD insufficiency. 

25OHD insufficiency was 26.7% and 38.9% in pregnant

women with and without GDM, respectively (p = 0.21).

Pregnant women with sufficient levels of 25OHD were

17.8% in GDM and 19.5% in non-GDM pregnant women.

Although not statistically significant in patients with

25OHD levels < 10 ng/dl,  the risk of GDM was 1.784

(95% CI: 0.730 - 4.361, p = 0.2), and the risk in patients

with 25OHD levels < 20 ng/dl was 1.753 (95% CI : 0.909

- 3.981, p = 0.09).

Discussion

It is not clear weather low levels of 25OHD has a

causative role in the formation of GDM. In the present

study, GDM was not associated with maternal plasma

Table 1. — Demographic characteristics of women who
developed GDM and women who did not. 
Variables GDM Non-GDM p value

(n=45) (n=185)

Maternal age (years) 31.0 ± 3.9 29.5 ± 4.6 0.053

Body mass index (kg/m

2

) 24.7 ± 4.6 23.2 ± 4.5 0.019

Weight gain at time of OGTT (kg) 8.4 ± 4.8 8.6 ± 4.7 0.79

Data are means ± SD. GDM: gestational diabetes mellitus;

Table 2. — Levels of 25OHD in pregnant women with
GDM and without GDM.
Variables GDM Non-GDM p value

(n=45) (n=185)

25OHD 20.3 ± 9.3 22.3 ± 10.7 0.262

≤ 10 ng/dl 8 (17.8%) 20 (10.8%) 0.31

10.1 - 20 ng/dl 17 (37.8%) 57 (30.8%)

20.1 - 29.9 ng/dl 12 (26.7%) 72 (38.9%)

≥ 30 ng/dl 8 (17.8%) 36 (19.5%) 

Data are n (%).
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25OHD. The present results were in concordance with the

results of Whitelaw et al. who found no association be-

tween 25OHD levels and GDM [19]. The mean level of

25OHD was 9.3 ng/ml and GDM was diagnosed in 9.3%

of the pregnant women. Park et al. found no association

between the risk of GDM, insulin resistance, and impaired

β cell function in Korean women [20]. Although Farrant

et al. could not find an association between 25OHD levels

and GDM in women in India, they found an inverse asso-

ciation between 25OHD levels and 30-minute glucose con-

centrations after a glucose load [21]. Makgoba et al. found

no association between first trimester 25OHD and subse-

quent development of GDM, but found a inverse correla-

tion between 25OHD levels and glucose measurements

after a two-hour fasting glucose tolerance test [22]).

Among 29% of the pregnant women pregnant women with

25OHD levels of < 15 nmol/L, the prevalence of GDM

was significantly higher compared with women with

25OHD levels of ≥ 35 nmol/L. Burris et al. suggested that

low levels of plasma 25OHD had an increased risk for the

development of GDM and found an inverse association be-

tween glucose levels after one-hour 50-gram challenge test

and low 25OHD levels [23]. 

Maghboli et al. demonstrated that maternal serum levels

of 25OHD at 24-28 weeks of pregnancy were significantly

lower in women with GDM compared with controls [14].

Clifton-Bligh et al. demonstrated an inverse association be-

tween maternal serum 25OHD and fasting blood glucose

but could not demonstrate a statistically significant associ-

ation between mid gestation 25OHD and GDM [24]. How-

ever Lacroix et al. demonstrated that low levels of 25OHD

at first trimester was an independent risk factor for devel-

oping GDM [25].

The present gestational diabetic pregnant women were

higher than expected. This may be due to the test and di-

agnostic cut-offs the authors used to define GDM. 

The present study group had 25OHD insufficiency Al-

though under vitamin D replacement treatment, the amount

of pregnant women with severe 25OHD deficiency was

higher than expected. Although this was not associated with

GDM, the amount of vitamin D given was not sufficient. In

previous studies there was controversy about the associa-

tion of VDD in pregnancy and adverse pregnancy out-

comes. 25OHD deficiency in pregnancy is likely to cause

pregnancy outcomes such as preeclampsia, gestational di-

abetes mellitus, preterm birth, and small-for-gestational age

[26]. So the amount of vitamin D that should be given to a

pregnant women must be identified by prospective studies. 

Insulin resistance and β cell function may play an im-

portant role in the development of GDM. However Park et
al. could not find an association between insulin resistance

and 25OHD levels [20].

Overweight and obesity are known risk factors that cause

diabetes mellitus. Obesity is associated with both GDM

[27] and low 25OHD levels [28]. In concordance with the

literature, pregnant women with GDM had a slightly higher

BMI score than patients without BMI which may be due to

pregnancy induced insulin resistance and impaired insulin

secretion [16]. However the weight change at six months

was not different in both groups.

In conclusion, this was the first study performed in

Cyprus. Turkish Cypriot pregnant women have vitamin D

insufficiency with a mean level of 25OHD level of 21.9 ±

10.4 ng/ml in the second trimester which is not associated

with increased GDM prevalence. 
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