Original Article / Ozgiin Arastirma

DOI: 10.4274/haseki.3179
Med Bull Haseki 2017;55:15-20

Association Between Maternal Vitamin D Status and Risk
of Gestational Diabetes Mellitus in Pregnant Women

Gebelerde Olctlen D Vitamini Seviyeleri ile Gestasyonel Diabetes Mellitus Riski

Arasindaki lliski
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Abstract

Aim: Toinvestigate whether maternal serum levels of 25-hydroxyvitamin
D [25(0H)D] in the first trimester is associated with an increased risk of
gestational diabetes mellitus (GDM).

Methods: We conducted a cross-sectional study of a cohort of
pregnant women who had undergone routine genetic multiple marker
screening and subsequent glucose tolerance testing. Twenty-five
women with GDM and 208 controls without GDM were included in
this study. Plasma 25(OH)D concentrations were measured using liquid
chromatography-tandem mass spectrometry.

Results: Mean 25(0OH)D concentrations at 11-14 weeks of gestation
were not significantly different in women who subsequently developed
GDM compared with those who did not (mean + standard deviation:
13.96 9.05 versus 13.43+9.72; p=0.8). The prevalence of first-trimester
severe 25(0OH)D deficiency (<10 ng/mL) was similar between women
with GDM and healthy controls (44% vs. 44.7%, respectively; p=0.9).
The mean concentration of 25(0H)D slightly increased over the two
gestational age windows both in women with GDM [mean A25(0OH)D:
0.25+5.8 ng/mL] and controls [mean A25(OH)D: 0.84+12.84 ng/mL],
but the difference was not statistically significant (p=0.8).

Concdlusion: Vitamin D deficiency in early pregnancy is not significantly
associated with elevated risk of GDM.

Keywords: Severe vitamin D deficiency, gestational diabetes mellitus,
pregnancy

0z

Amag: Birinci trimesterde Olctlen maternal 25-hidroksi D [25(0OH)D]
vitamini serum dizeylerinin gestasyonel diabetes mellitus (GDM) ile
iliskisinin arastiriimasi.

Yontemler: Bu kesitsel kohort calismayi birinci trimesterde rutin
genetik tarama testi yapllan ve sonrasinda glukoz tolerans testi
uygulanan gebeler lzerinde yaptik. Gestasyonel diyabet tanisi alan 25
gebe ve gestasyonel diyabet tanisi almayan 208 gebe calismaya dahil
edildi. Plazma 25(0OH)D konsantrasyonlari, sivi kromatografisi-tandem
kitle spektrometresi yontemiyle 6lctldd.

Bulgular: GDM gelisen gebelerin ve kontrol grubunun 11-14.gebelik
haftalarinda dlclilen ortalama 25(0OH)D vitamini konsantrasyonlari
arasinda anlamli fark yoktu (srrasiyla ortalama + standart
deviasyon: 13,96+9,05 vs 13,4319,72, p=0,8). Ortalama 25(OH)D
konsantrasyonlari, hem gestasyonel diyabetli gebelerde hem de kontrol
grubunda iki ayri gebelik haftasi araliginda (11-14 gebelik haftasi ve
24-28 gebelik haftasi) hafifce artmisti [ortalama A25(0OH)D: 0,25+5,8
ng/mL ve ortalama A25(0OH)D: 0,84+12,84 ng/mL]; ancak bu fark
istatistiksel olarak anlamli degildi (p=0,8).

Sonug: Erken gebelik haftasinda saptanan 25(0OH)D vitamin eksiklig,
GDM riski ile iliskili degildir.

Anahtar Sozciikler: Ciddi D vitamin eksikligi, gestasyonel diabetes
mellitus, gebelik

Introduction

High prevalence of vitamin D deficiency has been
established among pregnant women in several countries
(1). The estimated prevalence ranges from 3% to 24%
depending on the country of residence, clothing style,
dietary intake, skin pigmentation, sunshine exposure,

usage of prenatal vitamins, and definition of vitamin
D deficiency (2). Vitamin D is mainly derived from skin
photosynthesis and minor proportion is obtained from
digestive absorption. Vitamin D is transformed and
metabolized to 25-hydroxyvitamin D [25(OH)D] which
is the best determinant of patient’s vitamin D status in
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the liver, then, 25(OH)D is metabolized to its active form,
[1.25(0OH)D,] in the kidneys (3).

Vitamin D is proposed to play an important role in
release and maintenance of glucose tolerance, and in
insulin synthesis (4). It is well established that pancreatic
b-cells express vitamin D receptor (5). Several studies
also support that vitamin D deficiency reduces insulin
secretion and 1.25(0OH)D, administration improves b-cell
function and glucose tolerance (6,7). Vitamin D deficiency
predisposes to the development of both type 1 and
2 diabetes (8,9). However, the association of vitamin D
deficiency with gestational diabetes mellitus (GDM) is not
well established and remains controversial. There is an
increasing interest in the relationship between vitamin D
status and GDM. Some studies suggested an association
between GDM and lower levels of 25(OH)D in pregnant
women (10,11), but others reported no significant
difference from normoglycaemic controls (12,13).

The present study aimed to examine whether there is
an association between maternal vitamin D status in early
trimester and the risk of developing GDM. We conducted
a secondary analysis to compare the 25(0OH)D levels in the
first and second trimesters.

Methods

We conducted a cross-sectional study of a cohort of
pregnant women who attended Bezmialem Vakif University
Faculty of Medicine in istanbul for routine genetic multiple
marker screening between 11 and 14 weeks' gestation
between December 2012 and July 2014. All the subjects
subsequently had a screening test for gestational diabetes
at our hospital during the same pregnancy.

We measured maternal serum levels of 25(OH)D in
233 consecutive pregnant women in the first trimester
after informing about the research. In this visit, we
recorded maternal characteristics, medical history and
information about the factors associated with vitamin
D status. Serum 25(OH)D was also measured in follow-
up samples collected at 24-28 weeks of gestation in a
subset of 152 participants. All participants gave informed
consent for participation in the study, which was approved
by the Ethics Committee of Bezmialem Vakif University,
(71306642/050-01-04/553).

Data on maternal characteristics included age, parity,
blood pressure, pre-pregnancy weight, height, date of
the last menstrual period, education level, gestational age
at blood sampling, type of clothing, use of multivitamin
supplements, and season of blood collection. Gestational
age was calculated according to the last menstrual period
and ultrasound estimates of gestational age were used
in cases of uncertain menstrual dates. Covered dressing
style was defined as wearing dresses which cover body
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completely excluding hands and face whereas uncovered
dressing style was wearing dresses exposing body to
more sun light in a permissive manner. The season for
blood collection was dichotomized into winter months
(November-April) and summer months (May-October).
Maternal body mass index (BMI) was calculated from the
patient’s self-reported height and pre-pregnancy weight.
Education was categorized as low (<5 years of education),
mid (6-10 years), and high (=9 years).

Women with  known or clinically suspected
pregestational diabetes, pregestational hypertension,
history of thyroid, parathyroid or adrenal disease, hepatic
or renal failure, metabolic bone disease and those taking
medications that might affect vitamin D metabolism were
excluded from the study. Multiple pregnancies were also
excluded. None of the women in this study had previously
received vitamin D or calcium supplementation.

In this study, the cases were defined as women who
met the diagnostic criteria for GDM. The diagnosis of GDM
was based on using a two-step approach. Initial screening
for GDM was performed between 24 and 28 weeks of
gestation using a 1-hour 50-gram glucose challenge test.
Patients with a blood glucose level of >185 mg/dL at
the first hour were considered to have GDM and, if the
concentration was more than 140 mg/dL, an oral glucose
tolerance test (OGTT) using a 100-g oral glucose load
was carried out within the subsequent 2 weeks. GDM
was diagnosed if at least two plasma glucose levels were
above the following cut-offs, including fasting plasma
glucose =95 mg/dL, plasma glucose one hour after OGTT
=180 mg/dL, plasma glucose two hours after OGTT =155
mg/dL and plasma glucose three hours after OGTT =140
mg/dL (14). Women with a diagnostically negative 50-g
glucose challenge test were eligible to serve as controls.

Measurement of 25(0OH)D; and 25(OH)D, in human
serum was made by using liquid chromatography-tandem
mass spectrometry (LC-MS/MS) with an Agilent 1200
Infinity LC (Agilent Technologies) coupled to an Agilent
Technologies 6460 LC-MS/MS. The summation of serum
25(0OH)D, and 25(0OH)D, was used to reflect total serum
25(0OH)D concentrations. The inter-assay and intra-assay
coefficients of variation of total serum 25(OH)D level were
6.84% and 2.21%, respectively. The lower and upper
limits of detection were 4.0 and 200 ng/mL, respectively.
Values that were outside the limits of detection were
excluded from the analysis. We used the cutoff point of
10 ng/mL which has been suggested by some experts to
define severe vitamin D deficiency (15). Depending on
their 25(0OH)D levels, the women were categorized into
two groups. Values of 25(0OH)D <10 ng/mL were included
in group 1 and the values =10 ng/mL were included in
group 2.
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Statistical Analysis

Data were expressed as mean + standard deviation
or number and percentage as appropriate and a p value
of less than 0.05 was considered statistically significant.
Statistical analysis was performed after normality testing
(histogram analysis and/or Kolmogorov-Smirnov) using
IBM SPSS version 21. Student’s t-test was used for
comparisons of normally distributed variables, the Mann-
Whitney U test for non-normally distributed variables. Chi-
square and Fisher’s exact tests were used to compare the
proportion of categorical variables.

Results

A total of 286 women (11-14 weeks of pregnancy)
were recruited during the study period. 53 of them were
excluded from the analysis. Reasons for exclusion were
deciding to be followed-up elsewhere (n=15), being lost-
to-follow up (n=27), insufficient serum available for analysis
(n=8), miscarriage (n=2) and termination of pregnancy
because of Down syndrome (n=1). After exclusion of the
women mentioned above, 233 women were available to
be included in the analysis. Of the 233 participants, we
consecutively enrolled 25 pregnant women with GDM as
the study group and 208 women without GDM as the
control group.

The demographic and clinical characteristics of pregnant
women with GDM and controls are given in Table 1. The

mean maternal age was 30.7+4.5 years in women with
GDM and 29.145 in nondiabetic controls. The mean BMI
in women with GDM and controls was 27.33+6.05 and
25.2945.47 kg/m?2, respectively (p=0.09). There were no
differences between the two groups concerning age, BMI,
parity, education level, dressing style, use of multivitamin
supplements or the season when blood sample was
drawn. The median serum 25(OH)D concentration was
13.96+9.05 ng/mL in women with GDM and 13.43+9.72
ng/mL in controls at 11-14 weeks of gestation. Maternal
25(OH)D concentrations in women who developed GDM
were similar to those in controls at the first trimester.
Women who subsequently developed GDM had a higher
diastolic blood pressure at the 11-14 weeks of gestation
compared to controls (p=0.03), however, the systolic
blood pressures in the GDM group were not significantly
different from controls.

The prevalence of severe first-trimester maternal
25(0OH)D deficiency (<10 ng/mL) was similar between
women with GDM and healthy controls (44% vs. 44.7%,
respectively; p=0.9). In a subset of 152 women, the 25(OH)
D levels were also determined during the second trimester.
The prevalence of severe 25(OH)D deficiency (<10 ng/
mL) at 24-28 weeks of gestation was 33.3% in women
with GDM and 46.7% in nondiabetic controls (p=0.3). The
mean 25(0OH)D concentration slightly increased over the
two gestational age windows both in women with GDM

Table 1. The demographic and clinical characteristics of pregnant women with gestational diabetes and controls
Women with gestational Control subjects p
diabetes (n=25) (n=208)
Maternal age (years) 30.7+4.5 29.145 0.1
BMI (kg/m?2) 27.33+6.05 25.29+5.47 0.09
Parity 1.83+0.5 1.65+0.5 0.1
Education, n (%)
0-5 years 11 (44) 69 (33.2) 0.5
6-8 years 5 (20) 42 (20.2)
=9 years 9(36) 97 (66.6)
Mean systolic BP at trial entry (mmHg) 105.4+9.3 103.3£11 0.3
Mean diastolic BP at trial entry (mmHg) 70.4+8.1 66.5+8.5 0.03
Use of multivitamin, n (%) 9 (36) 87 (41.8) 0.1
Dressing style, n (%)
Covered 12 (48) 109 (52.4) 0.7
Uncovered 13 (52) 99 (47.6)
25(0OH)D concentration (ng/mL) measured at 11-14 weeks of gestation (visit 1) | 13.96+9.05 13.43+9.72 0.8
25(0H)D concentration (ng/mL) measured at 24-28 weeks of gestation (visit 2) | 14.99+10.2 (n=15) 14.43+10.96 (n=137) | 0.8
Season of blood draw (visit 1), n (%)
Winter (November-April) 12 (48) 99 (47.6)
Summer (May-October) 13 (52) 109 (52.4) 0.9
Season of blood draw (visit 2), n (%)
Winter (November-April) 8(56.3) 77 (56.2)
Summer (May-October) 7 (43.7) 60 (43.8) 0.6
Data are shown as mean + standard deviation, median (minimum-maximum) or n (%), BP: Blood pressure, 25(0OH)D: 25-hydroxyvitamin D, BMI: Body mass index
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(mean A25(0OH)D=0.25+5.8 ng/mL) and normal pregnant
women (mean A25(OH)D=0.84+12.84 ng/mL), whereas
the difference was not statistically significant (p=0.8)
(Table 2).

The serum concentrations of 25(OH)D in women with
GDM and controls are presented in Table 3. The first-
trimester 25(OH)D concentrations in women whose blood
samples were drawn during the winter (November-April)
were significantly lower than those in women whose first
trimester occurred during the summer (May-October)
(p<0.0001) while, no significant difference was observed
in mean serum 25(OH)D concentration in the second
trimester both in summer and winter season (p=0.3).

Discussion

The main finding of our study is the lack of significant
difference in maternal vitamin D levels between pregnant
women who develop GDM and normoglycemic controls.
The association between GDM and vitamin D deficiency
is controversial. Sawvidou et al. (16) investigated
maternal serum 25(0OH)D levels at 11+0-13*6 weeks of
gestation in three groups of complicated pregnancies
including women who had type 2 diabetes, women who
subsequently developed GDM and nondiabetic women
who delivered macrosomic neonates, and they failed to
find a significant difference in vitamin D levels compared
to those in nondiabetic controls. Similarly, Makgoba et
al. (17) examined first-trimester maternal serum 25(OH)
D levels and GDM in a case-control study of 90 pregnant
women and did not find an evidence of an association in
women with GDM compared to 158 controls. In another
study, Farrant et al. (13) measured maternal serum 25(0OH)
D concentrations at 30 weeks of gestation in 559 women
and did not find an association between maternal 25(OH)D
deficiency and the risk of GDM. Another case-control study

found no association between maternal serum 25(0OH)D
levels (measured between 11 and 14 weeks of pregnancy)
and the development of GDM among pregnant women,
which is consistent with our results (18).

On the other hand, there are several studies which
reported a significant association between vitamin D
deficiency and GDM. Recently, Zuhur et al. (19) studied
234 cases of GDM and 168 controls in Turkey and reported
that only severely deficient maternal serum 25(OH)D levels
(<5.2 ng/mL) were significantly associated with an elevated
relative risk of GDM. Likewise, Maghbooli et al. (11) studied
maternal vitamin D deficiency and GDM in a cross-sectional
study of 741 pregnant women at 24-28-weeks gestation
and found significantly lower levels of 25(OH)D in women
with GDM compared to normoglycaemic controls. They
reported higher rate of severe vitamin D deficiency (<10
ng/mL) (70.6%) compared to that in our study (44.6%)
and suggested that severe vitamin D deficiency might
contribute to insulin resistance. In a large cohort study,
Zhang et al. (20) studied vitamin D deficiency in early
pregnancy (mean gestational age: 16 weeks) and found
a 2.66-fold increased risk of GDM in women with vitamin
D deficiency. The prevalence of vitamin D deficiency (<20
ng/mL) was found to be high in 20% of women in this
cohort. Previous studies have reported conflicting results
about the association between vitamin D deficiency and
GDM which may be explained by the methodological
issues, such as sample size, study design, gestational age
at sampling (early or late gestation), and the method used
to measure vitamin D. Additionally, some other factors,
such as criteria of GDM, definition of vitamin D deficiency,
ethnic and genetic characteristics of the participants might
contribute to inconsistent findings between the studies.

There are several studies reporting high prevalence
of vitamin D deficiency among pregnant women and

Table 2. Maternal severe vitamin D deficiency at 11-14 and 24-28 weeks of gestation

Women with gestational diabetes Control subjects p
Severe vitamin D deficiency [25(0OH)D level <10 ng/mL] measured at 11-14 | 11 (44%) 93 (44.7%) 0.9
weeks of gestation (visit 1), n (%)
Severe vitamin D deficiency (25(0OH)D level <10 ng/mL) measured at 24-28 5 (33.3%) 63 (46.7) 0.3
weeks of gestation (visit 2), n (%)
A25(0OH)D (V2-V1) 0.25+5.8 0.84+12.84 0.8
Data are shown as mean + standard deviation, median (minimum-maximum) or n (%), 25(OH)D: 25-hydroxyvitamin D
Table 3. Seasonal variations of serum 25-hydroxyvitamin D concentrations

Summer season (May-October) | Winter season (November-April) P

25(0OH)D concentration (ng/mL) measured at 11-14 weeks 16.48+11.02 10.2+6.43 <0.0001
of gestation (visit 1)
25(0OH)D concentration (ng/mL) measured at 24-28 weeks 15.5+9.61 13.74£11.79 0.3
of gestation (visit 2)
Data are shown as mean + standard deviation, 25(0OH)D: 25-hydroxyvitamin D
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advocating the need for pharmacological intervention as
low maternal vitamin D status was thought to be related
to the increased risk of adverse pregnancy outcomes
(21,22).

The 25(0OH)D levels showed a moderate, but statistically
non-significant increase towards the first to the second
trimester in the present study. This is in contrast with the
findings of the study by Fernandez-Alonso et al. (23) who
reported a decline in serum 25(0OH)D concentration with
progression of pregnancy. In agreement with our findings,
Marwaha et al. (24) have shown no change in 25(0OH)
D concentrations with progression of pregnancy which
could partly be explained by the food products that are
not fortified with vitamin D and the absence of current
guidelines on recommending mandatory vitamin D
supplementation during pregnancy. In a study by Zhao et
al. (25), the mean level of 25(0OH)D in the second trimester
was significantly higher than the one in the first trimester
and equivalent to the one in the third trimester. Our results
are compatible with the recent study which reported
high prevalence of severe vitamin D deficiency [25(OH)
D<10 ng/mL] (45.6%) among pregnant women in Turkey
(26). These findings indicate that vitamin D deficiency
is @ major health problem in our population as well. A
previous study demonstrated that ethnic differences in
serum 25(OH)D levels were the primary determinant of
increased risk of diabetes (27). Decreasing the risk of GDM
in pregnancy may have a beneficial effect in reducing the
number of adverse perinatal complications, including fetal
macrosomia, prematurity, hypoglycaemia, birth trauma,
hyperbilirubinemia and Caesarean section that have been
linked to GDM (28).

Strengths of the current study include its prospective
design and the use of the gold standard method for
measuring 25(0OH)D levels. One of the limitations of our
study was its relatively small sample size and the small
number of women with GDM compared with other
studies. Secondly, we only measured 25(OH)D levels at
two time points in pregnancy with the second time point
including a significantly smaller number of participants.

Conclusion

In conclusion, our study demonstrated that vitamin D
deficiency in early pregnancy is not significantly associated
with elevated risk for GDM. Further well-designed, large
and prospective cohort studies are required to explore the
effects of vitamin D deficiency on GDM and the dose of
vitamin D supplementation that ensures adequate vitamin
D status in pregnancy.
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