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Abstract

Project Code : MRG5480244
Project Title : Maternal vitamin D status, polymorphism of vitamin D binding protein gene

and risk for gestational diabetes
Investigator : Assistant professor Natthinee Charatcharoenwitthaya
E-mail Address : natthineei@yahoo.com
Project Period : 2 years with 10 months extension
Abstract:
Background: It is unclear whether low maternal 25-hydroxyvitamin D (250HD) level is associated
with gestational diabetes mellitus (GDM). The single measurement of 250HD levels may not reflect
vitamin D status throughout pregnancy and may be associated with the contradictory findings in
previous studies. Genetic factors associated with vitamin D binding protein may be associated with
250HD levels and risk of GDM.
Objectives: (1) To prospectively examine the differences in 250HD concentrations between
pregnant women with GDM and normal controls; (2) to examine the relationship between SNP at
positions 2282679 in the GC gene and the risk of GDM. The relationships between 250HD levels
and parameters of glucose homeostasis were also examined.
Methods: A nested case-control study was conducted among pregnant women who participated in
GDM screening project. Clinical data and blood samples were obtained during the first trimester of
pregnancy and during 24-28 weeks’ gestation on the same day of blood glucose testing. Eighty
women with GDM according to IADPSG criteria were matched with 80 normal pregnancies who had
the same age range (< 25 years or > 25 years) and the same pre-pregnancy body mass index (BMI)
range (< 25 kg/m2 or > 25 kg/mz). The 250HD, fasting insulin, and parathyroid hormone were
measured. Individual genotyping of rs2282679 in the GC gene was performed using real-time PCR.
Results: The 250HD levels were not different between women with GDM and normal pregnancies
both during the first trimester (27.2+6.9 ng/ml vs. 28.7+6.7 ng/ml; p=0.16) and during 24-28 weeks’
gestation (35.3+9.3 vs. 36.5+7.6; p=0.39). There was a trend that women carrying the G allele (TG
and GG genotypes) had a higher risk of GDM than women without G allele (OR 1.8, 95%ClI: 0.94-
3.43, p=0.07). In multiple logistic regression model adjusting for age, log pre-pregnancy BMI, and a
family history of diabetes, there was a trend that women carrying the G allele increased risk of GDM
(OR 1.88, 95%CI: 0.97-3.66; p=0.06). The association between the G allele and GDM was stronger
after excluding 6 women with vitamin D deficiency during 24-28 weeks’ gestation (OR 2.14, 95%CI:
1.1-4.2; p=0.03).



Conclusions There is no strong evidence suggesting an independent association between GDM
and 250HD concentrations both during the first trimester of pregnancy and during 24-28 weeks’
gestation. Carrying the G allele (TG and GG genotypes) at positions 2282679 in the GC gene may
be associated with the increased risk of GDM even had adequate vitamin D levels during 24-28

weeks’ gestation. The GC polymorphism may have a role in GDM development.

Keywords : vitamin D, gestational diabetes mellitus, polymorphism of vitamin D binding protein gene
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Introduction

Gestational diabetes mellitus (GDM), defined as glucose intolerance with onset or first
recognition during pregnancy1, is one of the most common medical complications of pregnancy.2
The reported prevalence ranges from 2-25% depending on the diagnostic criteria and ethnicity.3
GDM is not only associated with adverse pregnancy outcomes, but also increases future risk for
development of type 2 diabetes mellitus (T2DM) in both mother and offspring.4 Identification of
modifiable risk factors for GDM may contribute to the prevention of GDM.

Vitamin D inadequacy is prevalent in pregnant women in many countries, even in sun-rich
areas.’ Accumulating evidence suggests that vitamin D deficiency might be a modifiable risk factor
for the development of GDM.” However, the observational evidence investigating the impact of sub-
optimal vitamin D status on the development of GDM, and on glucose homeostasis during pregnancy
showed inconsistent results. While several studies found that women who developed GDM had
significantly lower mean or median 250HD concentrations, and had a higher risk of having vitamin D
deficiency than normal pregnancieSMS, some studies with adequate power and well control for
confounding factors did not find any important association between vitamin D status and GDM."™"
The possible thresholds for the negative effects of low vitamin D status on glucose homeostasis were
proposed differently. Parlea et al.’ suggested that even a mild decrease in vitamin D concentrations
(250HD < 29.4 ng/ml) may increase risk of glucose intolerance during pregnancy, while Zuhur et
al.” suggested that only severe vitamin D deficiency (250HD < 5 ng/ml) was associated with an
elevated relative risk of GDM in multivariate analysis. The mechanisms by which vitamin D deficiency
is associated with increased risk of GDM are also inconsistent. Some studies suggested an
association between low 250HD levels and insulin resistance.”' " However, McLeod et al. found an
association between 250HD and pancreatic beta-cell function as estimated by HOMA-B.” Itis
possible that single measurement of 250HD levels may not reflect vitamin D status throughout
pregnancy and may be associated with the contradictory findings in previous studies. A prospective
study design with serial measurements of 250HD concentrations and parameters of glucose
metabolism may provide new information related to the patho-physiologic consequences of low
maternal vitamin D status on glucose homeostasis during pregnancy and the development of GDM.
Also studies of the genetic variants that influence circulating 250HD levels may identify individuals at
risk for vitamin D deficiency and enhance the understanding of the observed associations between

low maternal vitamin D status and GDM. If lower maternal vitamin D status is causally related to risk



of developing GDM, a genetic variant associated with lower 250HD concentrations should be
associated with a higher risk of GDM.

The vitamin D binding protein (DBP), formerly known as group-specific component (GC), is
the main transporter of vitamin D and its metabolites.'” The GC gene is localized on chromosome 4
(4912-913). Genotypic variations in the GC gene may be associated with changes in serum
concentrations of DBP, and/or the binding affinity. A genome-wide association study found that the
single nucleotide polymorphism (SNP) at position rs2282679 was associated with vitamin D status
and the concentrations of DBP."® A recent study suggested that the rs2282679G allele (TG genotype)
was associated with increased risks of vitamin D deficiency and vitamin D insufficiency in
comparison with the TT genotype.19 Currently, there is no study examining the relationship between
SNP at positions 2282679 in the GC gene and the risk of GDM.

The objectives of the present study are (1) to prospectively examine the differences in
250HD concentrations (during the first trimester of pregnancy and during 24-28 weeks’ gestation)
between pregnant women with GDM and normal controls; (2) to examine the relationship between
250HD concentrations and parameters of glucose metabolism as follows: first trimester 250HD and
first trimester glucose parameters, first trimester 250HD and 24-28 weeks’ glucose parameters, and
24-28 weeks’ 250HD and 24-28 weeks’ glucose parameters; (3) to examine the relationship
between SNP at positions 2282679 in the GC gene and the risk of GDM.

Materials and Methods

A nested case-control study was conducted among pregnant women who participated in
GDM screening project at Thammasat University Hospital, Pathumthani, Thailand. The inclusion
criteria were singleton pregnancies, age 18-40 years, gestational age less than or equal to 14 weeks,
and having at least 1 risk factors for GDM including age > 25 years, pre-pregnancy body mass index
(BMI) > 25 kg/m2, previous history of GDM, previous delivery of a baby weighted > 4,000 grams, a
family history of diabetes in first degree relatives, and glycosuria at the first prenatal visit. The
exclusion criteria were a history of pre-gestational diabetes, first trimester fasting plasma glucose
(FPG) > 126 mg/dl, chronic medical conditions, taking medication known to affect glucose
metabolism, and twin pregnancy.

Through the interviews and medical record reviews, we collected information on
demographic data, medical and obstetrical history, a family history of diabetes, current medication,
prenatal vitamin supplements, consumption of vitamin-fortified milk and vitamin D-containing diet,

and sunlight exposure. Clinical data and fasting blood samples were obtained during the first



trimester of pregnancy and during 24-28 weeks’ gestation on the same day of blood glucose testing.
Fasting plasma glucose was measured during the first trimester of pregnancy, and a 75-g 2-hour
glucose tolerance test (75-g OGTT) was performed during 24-28 weeks’ gestation. Women with FPG
> 126 mg/dl were diagnosed with overt diabetes and were excluded from the study. The diagnosis of
GDM was based on the International Association of Diabetes and Pregnancy Study Group (IADPSG)
criteria: either the first trimester FPG between 92-125 mg/dl or at least 1 abnormal 75-g OGTT
glucose concentrations (FPG > 92 mg/dl, 1-hour plasma glucose > 180 mg/dl, or 2-hour plasma
glucose > 153 mg/dl). From an overall cohort of 355 women, 80 cases of GDM were matched by age
range (<25 years or > 25 years), and pre-pregnancy BMI range (<25 kg/m2 or >25 kg/mz) with 80
pregnant women with normal glucose levels. Assuming a 15% differences in the 250HD levels
between women with GDM and controls, a standard deviation of 10, and O of 0.05, we needed a
sample size of 80 women per group (80 cases and 80 controls) to achieve 80% power. All blood
samples were fractionated by using standard procedure and stored at -80°c until analysis. All
participants were provided the same standard antenatal care as other women attending the
antenatal clinic at Thammasat University Hospital. The research protocol was approved by the Ethics
Committee of the Faculty of Medicine, Thammasat University. All participants provided written
informed consent

Laboratory Methods

Serum 250HD2 and 250HD3 concentrations were measured by liquid chromatography
coupled with mass spectrometry (LC-MS/MS) using MassChrom® 25-OH-Vitamin D3/D2 in
serum/plasma reagent kit (Chromsystems Instrument & Chemicals GmbH, Munich, Germany) with
intra- and inter-assay precision of 5.0 % and 6.3 %, respectively. The total 250HD concentrations
were summations of serum 250HD2 and 250HD3 concentrations. Vitamin D status was defined
based on the Endocrine Society recommendations: 250HD < 20 ng/ml as vitamin D deficiency,
250HD 20-29.9 ng/ml as vitamin D insufficiency, and > 30 ng/ml as vitamin D sufficiency. The levels
of 250HD < 30 ng/ml was defined as vitamin D inadequacy. Serum insulin and plasma intact
parathyroid hormone (PTH) were determined by electrochemiluminescence immunoassay on a
Cobas e411 (Roche Diagnostic GmbH, Mannheim, Germany). The assays have an intra-assay
precision of 1.9% and 2.7%, respectively. Plasma glucose concentrations were measured using

Glucose Flex” reagent cartridge, Dade Behring Inc., DE, USA.



Insulin resistance was estimated using the homeostasis model assessment of insulin
resistance (HOMA-IR) equation: HOMA-IR = [FPG (mg/dl) x fasting serum insulin (pIU/mI)] / 405.
Pancreatic beta-cell function was estimated using the homeostasis model assessment of beta-cell

function (HOMA-B) equation: HOMA-B = [360 X fasting serum insulin (ulU/ml)] / [FPG (mg/dl) - 63].

SNP Genotyping

Genotyping was based on SNP rs2282679 in the GC gene. DNA was extracted from a 200 pl
serum sample using a QlAamp® DNA Blood Mini Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s protocol. Individual genotyping of rs2282679 in the GC gene was performed using
real-time PCR (TagMan® MGB probes): 20 ng of DNA was added into the PCR reaction, consisting
of TagMan® Universal Master Mix (1x), and TagMan® MGB probes for intronic G/T SNP rs2282679
(1x) in a total volume of 20 ul. The real-time PCR reaction protocol was 10 minutes at 95° C, 40
cycles of 15 seconds at 92° C, and 1 minute at 60° C using a 7500 Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA).
Statistical Analyses

Statistical analyses were performed using JMP 8.0 (SAS Institute, NC, USA) and MedCalc
13.0 (MedCalc software bvba, Belgium). Data were presented as mean + standard deviation (SD) for
normally distributed variables, median (interquartile range) for non-normally distributed variables,
and absolute numbers (proportions) for categorical variables. The differences in variables between
cases and controls were examined using Student’s t tests and analysis of variance (ANOVA) for
normally distributed variables; Wilcoxon rank sum test and Kruskal-Wallis test for non-normally
distributed variables; and Chi-squared test for categorical variables. The independent predictors of
GDM were examined using multiple logistic regressions. Covariates included in the model 1 for
examining the association between first trimester 250HD concentrations and GDM were age, pre-
pregnancy BMI, a family history of diabetes in first degree relatives, and first trimester 250HD
concentrations. Covariates included in the model 2 for examining the associations between 250HD
concentrations during 24-28 weeks’ gestation and GDM were age, BMI at the time of 75-g OGTT, a
family history of diabetes in first degree relatives, and 250HD concentrations at the time of 75-g
OGTT. Non-normal data including pre-pregnancy BMI, and BMI at the time of 75-g OGTT were log-
transformed to make these data adequately follow a Gaussian distribution. Spearman’s rank
correlation analyses were used to examine the correlations between 250HD concentrations and

parameters of glucose metabolism (glucose levels, insulin levels, HOMA-IR, and HOMA-B); PTH



concentrations and 250HD concentrations; and PTH concentrations and glucose parameters. The
independent predictors of glucose parameters were separately examined using 3 multiple linear
regressions models. Covariates included in Model 1 for examining the independent predictors of the
first trimester glucose parameters were age, log pre-pregnancy BMI, and first trimester 250HD
concentrations. Covariates included in Model 2 and Model 3 for examining the independent
predictors of 24-28 weeks’ glucose parameters were age, log BMI at 24-28 weeks’ gestation, and
first trimester 250HD concentrations (for Model 2) or 24-28 weeks’ 250HD concentrations (for Model
3). The associations between the G allele and GDM were examined using multiple logistic
regressions. Covariates included in the model were age, log pre-pregnancy BMI, a family history of
diabetes, and G allele. All statistical tests were considered significant if the two-tailed p-value was <
0.05.
Results
Study Population

The clinical characteristics, biochemical parameters, and genotyping distribution at positions
2282679 in the GC gene of pregnant women according to GDM case-control status are presented in
Table 1. Blood samples were collected at the median gestational age 12 weeks (9-14 weeks) for the
first blood collection, and 26 weeks (25-28 weeks) for the second blood collection. There were no
significant differences in age (p=0.66), pre-pregnancy BMI (p=0.09), pregnancy weight gain
(p=0.93), and a family history of diabetes in first degree relatives (p=0.33) between women with GDM
and healthy controls. Thirty women (37.5%) in each group had pre-pregnancy BMI > 25 kg/mz.
Women with GDM had higher median BMI at the time of 75-g OGTT than controls (median BM| 27
kg/m2 vs. 25.5 kg/m2, p=0.04). One woman in the GDM group had a previous history of GDM. No one
had a previous delivery of a baby weighted > 4,000 grams.
The 250HD concentrations and maternal vitamin D status

The mean 250HD concentrations and maternal vitamin D status according to GDM case-
control status are presented in Table 1. There were no significant differences in mean 250HD levels
between women with GDM and healthy controls both during the first trimester of pregnancy (mean
250HD levels 27.2+6.9 ng/ml vs. 28.7+6.7 ng/ml, p=0.16), and during 24-28 weeks’ gestation (mean
250HD levels 35.3+9.3 ng/ml vs. 36.5+7.6 ng/ml, p=0.39). The prevalence of first-trimester vitamin D
deficiency (250HD < 20 ng/ml), and the prevalence of first-trimester vitamin D inadequacy (250HD
< 30 ng/ml) were not different between women with GDM and controls (prevalence 13.7% vs. 12.5%,

p=0.81 for vitamin D deficiency; and prevalence 68.7% vs. 60%, p=0.25 for vitamin D inadequacy).



One hundred and forty five women (90.6%) were taking vitamin D supplementations through
prenatal vitamins and/or vitamin fortified milk (73 women in the GDM group and 72 women in the
control group, p=0.79). The median doses of vitamin D supplementations were 600 units/day (400-
800 units/day) in both groups (p=0.59). Changes in mean 250HD concentrations between 2 blood
collections were not different between GDM women and controls (mean change 8.2+6.7 ng/ml vs.
7.8+7.0 ng/ml, p=0.72). Of 103 women with vitamin D inadequacy in the first trimester, 64 women
(62.1%) had vitamin D adequacy (250HD > 30 ng/ml) during 24-28 weeks’ gestation. There were no
differences in the proportion of women with changes in vitamin D status from vitamin D inadequacy in
the first trimester to vitamin D sufficiency during 24-28 weeks’ gestation between 2 groups (33 of 55
women (60%) in the GDM group vs. 31 of 48 women (64.6%) in the control group; p=0.51). There
were no differences in the proportion of women with changes in vitamin D status from vitamin D
deficiency in the first trimester to vitamin D sufficiency during 24-28 weeks’ gestation between 2
groups (3 of 11 women (27.3%) in the GDM group, and 2 of 10 women (20%) in the control group;
p=0.70). The prevalence of vitamin D inadequacy, and the prevalence of vitamin D deficiency during
24-28 weeks’ gestation were not different between women with GDM and controls (prevalence 30%
vs. 23.7%, p=0.37 for vitamin D inadequacy; and 6.2% vs. 1.2%, p=0.10 for vitamin D deficiency).

Multiple logistic regression models for examining the association between 250HD
concentrations and GDM are presented in Table 2. Neither the first trimester 250HD concentrations
nor 24-28 weeks’ 250HD concentrations were significant predictors of GDM in multivariate analyses.
Parameters of glucose metabolism

The parameters of glucose metabolism including plasma glucose levels, fasting insulin levels,
HOMA-IR and HOMA-B according to GDM case-control status are presented in Table 1. Women with
GDM had higher plasma glucose levels, higher fasting insulin levels and higher HOMA-IR than
controls both during the first trimester of pregnancy, and during 24-28 weeks’ gestation. HOMA-B
was not different between cases and controls during the first trimester of pregnancy, but was lower in
cases during 24-28 weeks’ gestation.

The correlations between 250HD concentrations and parameters of glucose metabolism are
presented in Table 3. The first trimester 250HD concentrations were not associated with neither the
first trimester glucose parameters (including FPG, fasting insulin levels, HOMA-IR, and HOMA-B) nor
the 24-28 weeks’ glucose parameters (including 75-g OGTT glucose levels, fasting insulin levels,
HOMA-IR and HOMA-B). The 24-28 weeks’ 250HD concentrations were not associated with any

glucose parameters during 24-28 weeks’ gestation.



The independent predictors of glucose parameters during the first trimester of pregnancy
and at 24-28 weeks’ gestation were separately examined using multiple linear regressions.
Covariates included in the models for examining the independent predictors of the first trimester
glucose parameters were age, log pre-pregnancy BMI, and first trimester 250HD concentrations.
Log FPG was positively associated with log pre-pregnancy BMI (p=0.006), and negatively
associated with the first trimester 250HD concentrations (p=0.03). Log first trimester fasting insulin
levels was positively associated with age (p=0.02), and log pre-pregnancy BMI (p <0.0001), but was
not associated with the first trimester 250HD levels (p=0.28). Log first trimester HOMA-IR was
positively associated with age (p=0.02), and log pre-pregnancy BMI (p <0.0001), but was not
associated with first trimester 250HD levels (p=0.16). Log first trimester HOMA-B was positively
associated with log pre-pregnancy BMI (p <0.0001), but was not associated with either age (p=0.08)
or first trimester 250HD levels (p=0.58).

There were 2 models for examining the independent predictors of 24-28 weeks’ glucose
parameters. Covariates included in model 1 were age, log BMI at 24-28 weeks’ gestation, and first
trimester 250HD levels. Covariates included in model 2 were age, log BMI at 24-28 weeks’ gestation,
and 250HD levels at 24-28 weeks’ gestation. For model 1, log BMI at 24-28 weeks’ gestation was the
only significant predictor of log glucose concentrations at 0 hr (p=0.007), log fasting insulin levels (p
<0.0001), log HOMA-IR (p <0.0001), and log HOMA-B (p=0.0002). Age and log BMI at 24-28 weeks
gestation were independent predictors of log glucose concentrations at 1 hr (p=0.03 for age, and
p=0.003 of log BMI), and log glucose concentrations at 2 hr (p=0.02 for age, and p=0.004 for log
BMI). For model 2, log BMI at 24-28 weeks’ gestation was the only significant predictor of log
glucose concentrations at 0 hr (p=0.005), log fasting insulin levels (p <0.0001), log HOMA-IR (p
<0.0001), and log HOMA-B (p=0.0002). Age and log BMI at 24-28 weeks gestation were
independent predictors of log glucose concentrations at 1 hr (p=0.02 for age, and p=0.004 of log
BMI), and log glucose concentrations at 2 hr (p=0.02 for age, and p=0.005 for log BMI). Neither first
trimester 250HD concentrations nor 24-28 weeks’ 250HD concentrations were predictors of glucose
parameters at 24-28 weeks' gestation. The adjusted P-values for 250HD concentrations are
presented in Table 3.

The median changes in glucose parameters between 2 blood collections according to GDM
case-control status are presented in Table1. Women with GDM had lesser median change in HOMA-
B than controls (median change 113% vs. 212%, p<0.0001). There were no differences in median

changes in fasting insulin (p=0.51) and HOMA-IR (p=0.71) between cases and controls. The



correlations between changes in 250HD concentrations and changes in glucose parameters (values
during 24-28 weeks’ gestation — values during the first trimester of pregnancy) are presented in Table
4. There were no associations between changes in 250HD concentrations and changes in any
parameters of glucose metabolism including fasting glucose levels, fasting insulin levels, HOMA-IR,
and HOMA-B.

Parathyroid hormone

Parathyroid hormone (PTH) concentrations according to GDM case-control status are
presented in Table 1. There were no significant differences in median PTH concentrations between
women with GDM and controls both during the first trimester of pregnancy (median PTH
concentrations 25.3 pg/ml vs. 22.2 pg/ml, p=0.10), and during 24-28 weeks’ gestation (median PTH
concentrations 26.5 pg/ml vs. 24.6 pg/ml, p=0.23). There were no significant correlations between
250HD concentrations and PTH concentrations both during the first trimester of pregnancy (r -0.04,
p=0.64); and during 24-28 weeks’ gestation (r -0.15, p=0.06). Changes in PTH concentrations
between the first trimester and 24-28 weeks’ gestation was not correlated with changes in 250HD
concentrations between the first trimester and 24-28 weeks’ gestation (r -0.03, p=0.70).

The relationships between PTH concentrations and parameters of glucose metabolism are
presented in Table 5. There were significant correlations between first trimester PTH concentrations
and first trimester fasting insulin concentrations (r 0.17, p=0.03); first trimester PTH concentrations
and first trimester HOMA-IR (r 0.18, p=0.02); 24-28 weeks’ PTH concentrations and 1-hour plasma
glucose concentrations (r 0.17, p=0.03); and 24-28 weeks’ PTH concentrations and 2-hour plasma
glucose concentrations (r 0.16, p=0.04). In multivariate analyses adjusting for age and log pre-
pregnancy BMI, log first trimester PTH levels was not a significant predictor of any first trimester
glucose parameters including log FPG, log fasting insulin, log HOMA-IR, and log HOMA-B. In
another models adjusting for age and log BMI at 24-28 weeks’ gestation, log PTH levels at 24-28
weeks’ gestation was a significant predictor of log glucose levels at 2 hr (p=0.04), but was not a
significant predictor of any other 24-28 weeks' glucose parameters including log glucose levels at 0
hr, log glucose levels at 1 hr, log fasting insulin levels, log HOMA-IR, and log HOMA-B. The adjusted
P-values for PTH concentrations are presented in Table 5.

Genotyping distributions of the GC rs2282679 SNP

The genotyping distributions of the GC rs2282679 SNP according to GDM case-control

status are presented in Table 1. There were no significant differences in the genotyping distributions

at positions 2282679 in the GC gene between women with GDM and controls (p=0.20). The 250HD



concentrations, vitamin D status, and GDM according to GCrs2282679 genotypes are presented in
Table 6. Women with the TG genotype had lower first trimester 250HD concentrations than women
with the TT genotype (mean 250HD concentrations 26.3+6.5 ng/ml vs. 28.8+7.0 ng/ml, p=0.03). In
multivariate analysis adjusting for log gestational age, log pre-pregnancy BMI, and log sunlight
exposure time, the TG genotype was the independent predictor of first trimester 250HD
concentrations (p=0.01).

There was a trend that women carrying the G allele (TG and GG genotypes) had a higher risk
of GDM than women without G allele (OR 1.8, 95%Cl: 0.94-3.43, p=0.07). In multiple logistic
regression model adjusting for age, log pre-pregnancy BMI, and a family history of diabetes, there
was a trend that women carrying the G allele increased risk of GDM (OR 1.88, 95%CI: 0.97-3.66;
p=0.06). The association between the G allele and GDM was stronger after excluding 6 women with
vitamin D deficiency during 24-28 weeks’ gestation (OR 2.14, 95%Cl: 1.1-4.2; p=0.03).

Discussion

The main findings in the present study included maternal 250HD concentrations either
during the first trimester of pregnancy or during 24-28 weeks’ gestation were not a significant
predictor of GDM after adjusting for known risk factors of GDM including maternal age, pre-
pregnancy BMI (for first trimester 250HD concentrations) or BMI at the time of OGTT (for 24-28
weeks’ 250HD concentrations), and a family history of diabetes in first degree relative. There was a
negative association between first trimester 250HD concentrations and log first trimester FPG in
multivariate analysis. SNP at positions 2282679 in the GC gene was associated with first trimester
250HD concentrations. There was a trend that women carrying G allele (TG and GG genotypes) at
positions 2282679 in the GC gene increased risk of GDM in comparison with the TT genotype. The
GC polymorphism may have a role in GDM development.

Measurements of 250HD concentrations and glucose parameters both during the first
trimester of pregnancy and during 24-28 weeks’ gestation provided information on prospective
changes in vitamin D status and glucose metabolism during the course of pregnancy that gave us an
opportunity to examine the association between first trimester 250HD concentrations and first
trimester glucose parameters; first trimester 250HD concentrations and 24-28 weeks’ glucose
parameters; 24-28 weeks’ 250HD concentrations and 24-28 weeks’ glucose parameters; and
changes in 250HD concentrations and glucose parameters between first trimester of pregnancy and

24-28 weeks' gestation.



We did not find evidence suggesting an independent association between 250HD
concentrations and GDM. The 250HD concentrations, the prevalence of vitamin D inadequacy, and
the prevalence of vitamin D deficiency were not significantly different between women with GDM and
normal controls both during the first trimester of pregnancy and during 24-28 weeks’ gestation. The
finding that the proportions of women with changes in vitamin status from vitamin D inadequacy
during the first trimester of pregnancy to vitamin D sufficiency during 24-28 weeks’ gestation were
not significantly different between cases and controls suggested that the improvement in vitamin D
status during the course of pregnancy did not decrease the risk of developing GDM in pregnancies
in this cohort. This finding was consistent with the result from a combined analysis of 2 randomized
vitamin D supplementation trials during pregnancy that demonstrated no association between GDM
and final 250HD levels of < 32 ng/ml vs. >32 ng/ml (OR 1.04 per 10 ng/ml increase in 250HD,
95%CI 0.82-1.33, p:O.75).20 It is unclear why first trimester 250HD concentrations was negatively
associated with first trimester FPG, while there were no associations between first trimester 2560HD
concentrations and the remaining first trimester glucose parameters including fasting insulin, HOMA-
IR, and HOMA-B. Currently, there is no published study examining the association between first
trimester 250HD levels and first trimester parameters of glucose metabolism. The findings that first
trimester 250HD levels were not associated with any 24-28 weeks’ glucose parameters as well
suggested that first trimester 250HD levels alone might not have any effects on glucose metabolism
during pregnancy and also the risk of developing GDM. Our findings were consistent with previous
studies that did not find an association between early-pregnancy vitamin D status and the
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development of GDM. Due to 90% of women in this study were taking vitamin D
supplementation, vitamin D deficiency at the time of OGTT was found in only 6 women who did not
take vitamin D supplementation (5 GDM women and 1 control). Therefore, we could not confidently
draw a conclusion about the effects of vitamin D deficiency at the time of OGTT on glucose
homeostasis and risk of GDM.

We found the evidence suggesting that the GC polymorphism at positions 2282679 may have
a role in GDM development. There was a trend that women carrying the G allele (TG and GG
genotypes) increased the risk of GDM in comparison with the TT genotype after adjusting for known
risk factors of GDM. And the association was stronger after excluding women with vitamin D
deficiency during 24-28 weeks’ gestation. These findings suggested that carrying the G allele at
positions 2282679 in the GC gene may be associated with the increased risk of GDM even had

adequate vitamin D levels during 24-28 weeks’ gestation. Genotypic variations in the GC gene may



be associated with not only the concentrations of DBP, but also its binding aﬁ‘inity.17 The differences
in the binding affinity may be associated with the differences in the levels of free 250HD and/or
bioavailable 250HD even had the same total 250HD levels.”” The free or bioavailable 250HD levels
may be better correlate with glucose parameters and the risk of developing GDM than the total
250HD levels. A recent study suggested that DBP concentrations were regulated by total 250HD
levels to maintain adequate concentrations of bioavailable 250HD. Itis possible that the
contradictory findings observed in previous studies may be, in some part, associated with the
concentrations of free or bioavailable 250HD and the genotypic variations in the GC gene. Further
studies examining the effects of the GC polymorphism on free 250HD and/or bioavailable 250HD
levels, and the risk of GDM are required.

The relationships between PTH levels and 250HD levels in pregnant women were
inconsistent. In this study, we did not find any relationships between PTH levels and 250HD levels
both during the first trimester of pregnancy and during 24-28 weeks' gestation. Previous studies
found both no relationships”’nand a negative correlation between PTH levels and 250HD
levels.”** The other calcium-regulating hormone, PTH-related peptide (PTHrP), may be more
correlate with 250HD levels than PTH during pregnancy.28 The genotypic variations in the GC gene
may be associated with these inconsistent findings observed in previous studies.

The parameters of glucose metabolism between 2 blood collections suggested that women
with GDM had significantly higher insulin resistance (suggesting by higher HOMA-IR, higher fasting
insulin levels and higher FPG) than normal pregnancies since the first trimester of pregnancy. The
magnitudes of increase in HOMA-IR were comparable between 2 groups. The higher HOMA-IR
during 24-28 weeks’ gestation in women with GDM was likely due to higher baseline HOMA-IR.
Pancreatic beta cell function as estimated by HOMA-B was not sensitive enough to detect the
differences in beta-cell function between women who subsequently developed GDM and normal
women during the first trimester of pregnancy. The defect in beta cell function was clearly
demonstrated by the difference in 24-28 weeks’ HOMA-B, and the difference in magnitude of change
in HOMA-B between cases and controls. These findings were consistent with previous results from
hyperinsulinemic-euglycemic clamp.27 Itis likely that women with GDM have both insulin resistance
and a beta-cell defect that start early since the first trimester of pregnancy, or may present before
pregnancy. Since the known risk factors of GDM were comparable between cases and controls in
this study, it is likely that there were some unknown confounding factors that may be associated with

the increased risk of GDM.



The present study was conducted in Pathum Thani province, which is located in central
Thailand at a latitude of 14° 01’ N. Based on the Endocrine Society recommendations, 65% of women
in this cohort had inadequate vitamin D levels during the first trimester of pregnancy. Vitamin D
supplementation at the median dose of 600 units/day could effectively prevent vitamin D deficiency
and raise the 250HD to sufficient levels in 73% of pregnancies in this cohort. These findings were
consistent with our previous study that found that for areas with abundant sun exposure like Thailand,
a dose of vitamin D of 400 IU/day is high enough to prevent vitamin D deficiency in pregnant
women.”® Although the result of a combined analysis of 2 randomized vitamin D supplementation
trials during pregnancy did not find that the final 250HD levels > 32 ng/ml could decrease risk of
developing GDM, this final levels could decrease the rates of infection, hypertensive disorders of
pregnancy, preterm birth without preeclampsia, and combined comorbidities.”” Further studies are
needed to confirm the benefits of vitamin D supplementation in pregnancies and the optimal daily
doses required to achieve adequate vitamin D levels for different regions.

The strengths of the present study included a prospective, nested case-control study design
with 2 times measurements of 250HD levels and glucose parameters, which allowed us to better
assess the relationship between vitamin D status and glucose metabolism during the course of
pregnancy, and was able to control for known risk factors of GDM including maternal age and pre-
pregnancy BMI. FPG was measured in all women during the first trimester of pregnancy, so we could
identify and exclude women with undiagnosed pre-gestational diabetes from the study. The 250HD
concentrations were measured using a gold-standard method. The limitations included a small
sample size and low prevalence of vitamin D deficiency at the time of OGTT. The possibility of a type
[l 'error cannot entirely exclude.

Conclusions

There is no strong evidence suggesting an independent association between GDM and
250HD concentrations both during the first trimester of pregnancy and during 24-28 weeks’
gestation. Carrying the G allele (TG and GG genotypes) at positions 2282679 in the GC gene may be
associated with the increased risk of GDM in comparison with the TT genotypes even had adequate
vitamin D levels during 24-28 weeks’ gestation. The GC polymorphism may have a role in GDM

development.
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Table1 Clinical characteristics, biochemical parameters, and genotyping distributions of the GC rs

2282679 SNP of pregnant women according to GDM case-control status

Characteristics GDM Cases (n=80) Controls (n=80) P-value
Age
- Mean+SD (years) 33.0+4.6 32.7+4.3 0.66
- Age > 25 years (number, %) 78 (97.5%) 78 (97.5%) 1.0
Multiparous (number, %) 54 (67.5%) 54 (67.5%) 1.0
Pre-pregnancy BMI (kg/mz)
- Median (interquartile range) 24.0 (21.1-28.1) 22.4 (20.1-25.8) 0.09
- BMI>25 kg/m2 (number, %) 30 (37.5%) 30 (37.5%) 1.0
BMI at the time of 75-g OGTT (kg/mz) 27 (24.7-30.8) 25.5 (23.1-28.6) 0.04
Weight gain between 2 blood collections 7.0 (5.6-9.0) 7.0 (5.0-10.0) 0.93
(kg)
Previous history of GDM (number, %) 1(1.3%) 0 (0%) -
Diabetes in first degree relative (number, 14 (17.5%) 19 (23.8%) 0.33
%)
GC rs2282679 polymorphism
- TT (number, %) 44 (55%) 55 (68.8%) 0.20
- TG (number, %) 33 (41.3%) 23 (28.7%)
- GG (number, %) 3 (3.7%) 2 (2.5%)
250HD concentration (ng/ml)
- First trimester 27.2+6.9 28.7+6.7 0.16
- 24-28 weeks’ gestation 35.349.3 36.5+7.6 0.39
- Change from first trimester 8.2+6.7 7.8+7.0 0.72
First trimester vitamin D status
- 250HD < 20 ng/ml (number, %) 11 (13.7%) 10 (12.5%) 0.81

OR" 1.11 (0.44-2.80)
OR’ 1.13 (0.44-2.87)

- 250HD < 30 ng/ml (number, %) 55 (68.7%) 48 (60%) 0.25
OR’1.47 (0.76-2.81)
OR’ 1.52 (0.78-2.95)
Vitamin D status during 24-28 weeks’
gestation
- 250HD < 20 ng/ml (number, %) 5 (6.2%) 1(1.2%) 0.10
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OR’5.27 (0.60-46.1)
OR’4.81 (0.53-43.29)

- 250HD < 30 ng/ml (number, %) 24 (30%) 19 (23.7%) 0.37
OR’ 1.38 (0.68-2.78)
OR°® 1.31 (0.63-2.69)

Glucose concentration (mg/dl)

- First trimester FPG 94 (88-98) 85 (81-87) <0.0001

- 75-g OGTT
0-h plasma glucose (mg/dl) 80 (75-88) 73 (69-76) <0.0001
1-h plasma glucose (mg/dl) 163 (136-183) 132 (114-144) <0.0001
2-h plasma glucose (mg/dl) 144 (124-159) 114 (104-126) <0.0001
Fasting insulin concentration (ulU/ml)

- First trimester 8.6 (5.4-12.5) 6.2 (4.3-9.9) 0.004

- 24-28 weeks’ gestation 11.3 (7.7-16.1) 8.7 (6.6-13.2) 0.02

- Change from first trimester 2.0 (0.2-4.5) 2.8 (0.3-4.5) 0.51
HOMA-IR

- First trimester 2.0 (1.2-2.8) 1.3 (0.9-2.0) 0.0002

- 24-28 weeks’ gestation 2.2 (1.5-3.5) 1.6 (1.1-2.3) 0.0009

- Change from first trimester 0.2 (-0.4-0.8) 0.3 (-0.2-0.7) 0.71
HOMA-B (%)

- First trimester 112.2 (62.8-155.4) 101.2 (76.8-194) 0.50

- 24-28 weeks’ gestation 213.5 (163.7-317.2) | 331.1 (217.9-593.1) 0.0001

- Change from first trimester 113 (43-190) 212 (133-427) <0.0001
PTH (pg/ml)

- First trimester 25.3 (19.2-30.6) 22.2 (18.0-27.3) 0.10

- 24-28 weeks’ gestation 26.5 (19.6-34.1) 24.6 (18.5-31.4) 0.23

SNP, single nucleotide polymorphism; BMI, body mass index; OGTT, oral glucose tolerance test;

250HD, 25-hydroxyvitamin D; FPG, fasting plasma glucose; HOMA-IR, homeostasis model

assessment of insulin resistance; HOMA-B, homeostasis model assessment of beta-cell function;

PTH, parathyroid hormone; OR, odds ratio.

Data are presented as means+SD, median (interquartile range), or number (%).

Calculated using Student’s T-test for continuous variables normally distributed, Wilcoxon rank sum

test for continuous variables not normally distributed, or Chi-square for categorical variables.




° Unadjusted odds ratio, ° Adjusted odds ratio, adjusted for age, log pre-pregnancy BMI, and a
family history of diabetes, ¢ Adjusted odd ratios, adjusted for age, log BMI at the time of OGTT, and

a family history of diabetes.
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Table 2 Multiple logistic regression models

Independent variable Coefficient | Standard error | P-value
Model 1: Examining the association between first trimester 250HD levels and GDM (p=0.12)
Intercept -5.11 3.10 0.10
Age 0.03 0.04 0.47
Log pre-pregnancy BMI (kg/mz) 1.62 0.82 0.049
Family history of DM in first degree relative (yes) -0.18 0.20 0.38
First trimester 250HD levels (ng/ml) -0.04 0.02 0.13
Model 2: Examining the association between 24-28 weeks’ 250HD levels and GDM (p=0.20)
Intercept -6.7 3.54 0.06
Age 0.03 0.04 0.42
Log BMI at 24-28 weeks’ gestation (kg/mz) 1.85 0.92 0.04
Family history of DM in first degree relative (yes) -0.15 0.20 0.46
24-28 weeks’ 250HD levels (ng/ml) -0.01 0.02 0.51

BMI, body mass index; 250HD, 25-hydroxyvitamin D.

Calculated using spearman’s rank correlation analyses.
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Table 3 Correlations between 250HD concentrations and parameters of glucose metabolism

Parameters of glucose metabolism 250HD concentration (ng/ml)
First trimester 24-28 weeks’ gestation
r P-value Adjusted P-value* r P-value Adjusted P-value*
First trimester FPG (mg/dl) -0.14 0.09 0.03 NA NA NA
75-g Oral glucose tolerance test (mg/dl)
- Glucose at 0 hr -0.07 0.39 0.76 0.03 0.70 0.15
- Glucose at 1 hr -0.13 0.10 0.16 -0.12 0.12 0.23
- Glucose at 2 hr -0.14 0.08 0.38 -0.08 0.30 0.70
Fasting insulin concentration (ulU/ml)
- First trimester -0.03 0.73 0.28 NA NA NA
- 24-28 weeks’ gestation -0.06 0.46 0.08 -0.05 0.57 0.66
HOMA-IR
- First trimester -0.05 0.54 0.16 NA NA NA
- 24-28 weeks’ gestation -0.06 0.48 0.10 -0.03 0.74 0.99
HOMA-B (%)
- First trimester 0.06 0.44 0.58 NA NA NA
- At 24-28 weeks’ gestation -0.01 0.90 0.72 -0.05 0.50 0.13

Calculated using Spearman’s rank correlation analyses.

*Adjusted for age, and pre-pregnancy BMI (for first trimester glucose parameters) or BMI at the time of OGTT (for 24-28 weeks’ glucose parameters).
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Table 4 Correlations between changes in 250HD concentrations and changes in glucose parameters

Changes in glucose parameters
(values during 24-28 weeks’ gestation —

during the first trimester)

values

Changes in 250HD concentrations (ng/ml)

(values during 24-28 weeks’ gestation —

values during the first trimester)

r P-values
Fasting plasma glucose (mg/dl) 0.07 0.36
Fasting insulin concentration (ulU/ml) 0.10 0.20
HOMA-IR 0.12 0.13
HOMA-B (%) -0.06 0.41

HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-B, homeostasis model

assessment of beta-cell function

Calculated using spearman’s rank correlation analyses.



Table 5 Correlations between PTH concentrations and parameters of glucose metabolism

First trimester

24-28 weeks’ gestation

Parameter of glucose metabolism PTH Parameter of glucose metabolism PTH
r P-value | Adjusted r P-value | Adjusted
P-value* P-value*
Fasting plasma glucose (mg/dl) 0.12 0.13 0.21 75-g OGTT
Glucose at 0 hr (mg/dl) 0.10 0.21 0.21
Glucose at 1 hr (mg/dl) 0.17 0.03 0.1
Glucose at 2 hr (mg/dl) 0.16 0.04 0.04
Fasting insulin concentration (ulU/ml) | 0.17 0.03 0.23 Fasting insulin concentration (ulU/ml) | 0.01 0.86 0.18
HOMA-IR 0.18 0.02 0.17 HOMA-IR 0.03 0.69 0.35
HOMA-B (%) 0.08 0.30 0.99 HOMA-B (%) -0.08 0.31 0.40

Calculated using Spearman’s rank correlation analyses.

*Adjusted for age, and pre-pregnancy BMI (for first trimester values) or BMI at the time of OGTT (for 24-28 weeks’ values).
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Table 6 The 250HD concentrations, vitamin D status, and GDM according to GCrs2282679

27

genotypes
Genotypes P-value
TT TG GG All TT vs.
(n=99) (n=56) (n=5) TG
250HD concentrations (ng/ml)
- First trimester 28.8+7.0 26.3+6.5 20.3+4.4 0.09 0.03
- 24-28 weeks’ gestation 36.8+8.8 34.4+7.8 36.0+9.7 0.26 0.10
Vitamin D status in first trimester
(number, %)
- 250HD < 20 ng/ml 11 (11.1%) 10 (17.9%) 0 (0%) 0.33 0.24
- 250HD < 30 ng/ml 60 (60.6%) 40 (71.4%) 3 (60%) 0.39 0.18
Vitamin D status during 24-28
weeks’ gestation (number, %)
- 250HD < 20 ng/ml 4 (4%) 2 (3.6%) 0 (0%) 0.89 0.88
- 250HD < 30 ng/ml 26 (26.3%) 16 (28.6%) 1 (20%) 0.89 0.76
Gestational diabetes (number, %) | 44 (44.4%) 33 (58.9%) 3 (60%) 0.20 0.08
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