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Abstract

Background
Gestational diabetes mellitus (GDM) is extremely harmful to both the women and the fetuses. The
association between the vitamin D receptor (VDR) gene and GDM has not been thoroughly investigated in
Chinese pregnant women. Therefore, we aimed to determine whether VDR gene single nucleotide
polymorphisms (SNPs) rs154410, rs7975232, rs731236, rs2228570 and rs739837 contribute to GDM risk
in Wuhan, China. In addition, we aimed to explore their combined effect on the risk of GDM.

Methods
Pregnant women who had prenatal examination at 24 to 28 weeks’ gestation in our hospital were
included in this case-control study. After exclusion, a total of 1684 pregnant women (826 GDM patients
and 858 non-diabetic controls) were recruited. The clinical information and blood sample were collected
by trained interviewers and nurses. Genotyping of candidate SNPs was conducted by the Sequenom
MassARRAY platform. Statistical analyses such as t-test, chi-square test and logistic regression etc. were
performed to the data with SPSS Software. Multifactor dimensionality reduction method was used to
explore the gene-gene interactions on the risk of GDM.

Results
Differences in age, pre-pregnancy BMI, family history of diabetes and morning sickness between the case
and control groups were statistically signi�cant (P < 0.05), whereas no signi�cant differences were found
in height, gravidity, parity, and age of menarche (P > 0.05). There were no signi�cant differences at allele
and genotype distributions of the examined VDR gene SNPs (P > 0.05). After adjusting by age, pre-
pregnancy BMI, family history of diabetes and morning sickness, the results of logistic regression
analysis showed no associations of the �ve SNPs with GDM in all the four genotype models(P > 0.05).
Furthermore, there were no gene-gene interactions on the GDM risk among the �ve examined VDR gene
SNPs.

Conclusion
The VDR gene SNPs rs154410, rs7975232, rs731236, rs2228570 and rs739837 showed neither
signi�cant associations nor gene-gene interactions with GDM in Wuhan, China.

Background
Gestational diabetes mellitus (GDM) is de�ned as glucose intolerance with onset or �rst recognition
during pregnancy [1]. The pooled prevalence of GDM which ranges from 5.4–14.8% depending on the
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populations is increasing worldwide [2–5]. GDM is harmful to both the women and the fetuses. The
primary four outcomes are macrosomia, primary cesarean delivery, clinical neonatal hypoglycemia, and
fetal hyperinsulinemia. The secondary outcomes are premature delivery, shoulder dystocia or birth injury,
need for intensive neonatal care, hyperbilirubinemia, and preeclampsia [6, 7]. In severe cases, GDM can
lead to prenatal death. Therefore, it is essential to identify potential risk factors of GDM for the health of
women and children.

Although its exact etiology is unknown, genetic variations related to ß-cell dysfunction and insulin
resistance have been shown to contribute to the development of GDM [8, 9]. Given the fact that women
with a history of GDM are at an increased risk of developing type 2 diabetes (T2D) later in their lives [10]

and women with a family history of diabetes may be predisposed to an increased risk of GDM [11], it is
plausible to hypothesize that GDM may share the similar risk factors and genetic susceptibilities with
T2D[12].

The vitamin D receptor (VDR) is a member of the large family of nuclear receptor transcription factors
and speci�cally binds the micronutrient-derived hormone 1α,25(OH)2D3 [13]. The role for this receptor in

T2D has been widely studied in recent years [14–17]. These �ndings have generated considerable interest
in the association of VDR and GDM [18–22]. However, the conclusions were con�icting and the
confounding factors and interactions between genetic polymorphisms were commonly neglected.
Moreover, most analyses were limited by only examining one or two single nucleotide polymorphisms
(SNPs). Therefore, according to genome-wide association studies of T2D, �ve SNPs rs154410,
rs7975232, rs731236, rs2228570 and rs739837 were determined in the present case-control study along
with their combined effects on the risk of GDM in Wuhan, China.

Methods
Study population

Pregnant women who had prenatal examination at the Obstetrics and Gynecology Clinic of Maternal and
Child Hospital of Hubei Province from January 15, 2018 to March 31, 2019 were included in this case-
control study. A total of 1684 pregnant women (826 GDM patients and 858 non-diabetic controls) were
recruited in the study. The gestational age of participants, which was assessed from the date of the last
menstrual period, was 24–28 weeks. A two-hour, 75g oral glucose tolerance test (OGTT) at 24 to 28
weeks’ gestation was performed for all participants, regardless of family history of diabetes or any other
risk factors for GDM. The diagnosis of GDM was based upon the criteria of International Association of
Diabetes and Pregnancy Study Groups (IADPSG): a fasting glucose ≥ 5.1 mmol/L (92 mg/dl), or a one-
hour result of ≥ 10.0 mmol/L (180 mg/dl), or a two-hour result of ≥ 8.5 mmol/L (153 mg/dl) [7].
Exclusion criteria were: age<18 years; pre-gestational diabetes; multiple pregnancies; complicated
pregnancy; chronic disease or any other medical condition that might affect glucose regulation. All
subjects were unrelated Han Chinese and lived in Wuhan of Hubei Province, a central area of China.
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Data Collection

A standard questionnaire was used by the trained interviewers to obtain information from all subjects
regarding age, family history of diabetes, pregnant condition and other medical issues. Measurements of
body weight and height were made for all subjects and body mass index (BMI) was calculated based on
these measurements. Pre-pregnancy weight was obtained through medical records. The methods were
carried out in accordance with the principles of the Declaration of Helsinki.

Selection and genotyping of SNPs

By tracking the literature, combined with genome-wide association studies of T2D and minor allele
frequency (MAF)>0.05 reported in Chinese population, we selected �ve SNPs that were commonly
investigated on the risk of GDM for assessment. These SNPs were rs1544410, rs731236, rs7975232,
rs2228570 and rs739837. At recruitment, maternal blood samples in the fasted state (8 to 12h fast, no
more than 12h) were collected by skilled nurses. After that, 2 ml blood were immediately placed on ice
and separated into plasma and cells within 30 min, then distributed in aliquots and stored at -80 °C until
analysis. Genomic DNA was isolated from 0.5 ml blood cells using the approved guideline of the Relax
Gene Blood DNA System DP348 (Tiangen, China). Genotyping of candidate SNPs was conducted by the
SequenomMassARRAY platform (Sequenom Inc., San Diego, CA, USA). For quality control, 5% of
duplicate samples were independently reanalyzed in a blinded manner.

Statistical analysis

The differences among groups were compared by using unpaired Student’s t-test or analysis of variance
(ANOVA). The differences in allele and genotype distribution as well as consistency of genotype
distribution with Hardy-Weinberg equilibrium (HWE) were tested by using the chi-square test. Logistic
regression was preformed to evaluate the association of the genotypes and GDM risk. All P were two-
sided and if below 0.05 the results were considered statistically signi�cant. Analyses were conducted
using SPSS Software, Version 24.0 for Windows (SPSS Inc., Chicago, IL, USA). Multifactor dimensionality
reduction (MDR) [23] method was used to explore the gene-gene interactions on the risk of GDM.

Results
Clinical characteristics of subjects

The clinical characteristics of the study subjects were given in Table 1. The average age of GDM group
and control group was 30.99±4.57 and 28.85±4.23 years, respectively. Differences in age, pre-pregnancy
BMI, family history of diabetes and morning sickness between the case and control groups were
statistically signi�cant (P <0.05). The GDM patients had higher levels of age and pre-pregnancy BMI than
the controls. No signi�cant differences were found in height, gravidity, parity, and age of menarche
between the GDM patients and controls (P >0.05).
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Table 1 Clinical characteristics of the subjects

  GDM

(n=826)

Non-GDM

(n= 858)

t/χ2 P

Age a (year) 30.99±4.57 28.85±4.23 9.94 <0.001

Height (cm) 159.78±4.71 159.52±6.07 0.899 0.369

Pre-pregnancy BMI (kg/m2) 22.23±3.74 20.89±6.60 4.80 <0.001

Family history of diabetes     80.217 <0.001

No 576(70.10) 742(87.90)

Yes 246(29.90) 102(12.10)

Gravidity     5.823 0.054

1 289(35.90) 338(40.10)

2 232(28.90) 254(30.10)

≥3 283(35.20) 251(29.80)

Parity      1.114 0.291

Nulliparous 484(58.70) 525(61.30)

Multiparous 340(41.30) 332(38.70)

Age of menarche b (year) 13.40±1.40 13.34±1.31 0.947 0.344

Morning sickness     37.420 <0.001

No 302(38.00) 144(22.90)

Yes 493(62.00) 486(77.10)

Data were given as the mean ± SD or as n (%), with the signi�cance of differences between groups
evaluated using t-tests or the χ2 test, respectively.
aAge refers to the age at which the participant was enrolled in the study.
bAge of menarche refers to the age at which the �rst menstruation took place.
Abbreviations: BMI, body mass index; GDM, gestational diabetes mellitus.

Bold represents signi�cant P.

Distribution of VDR gene SNPs

The allele and genotype distributions of rs2228570, rs1544410, rs739837, rs731236 and rs7975232
among GDM patients and controls were shown in Table 2. There were no signi�cant differences at allele
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and genotype distributions of the �ve VDR gene SNPs (P>0.05). The distributions of �ve VDR gene SNPs
in the control group were all in HWE (P>0.05).
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Table 2 Allele and genotype distributions of VDR gene SNPs in the subjects  

 GDM

(n=826)

Non-GDM

(n= 858)

χ2 P χ2 for HWE P forHWE

rs2228570         0.347 0.556

G  801(49.20)  875(51.60) 1.899 0.168    

A  827(50.80)  821(48.40)        

GG  219(26.90)  230(27.10) 0.437 0.804    

GA  389(47.80)  415(48.90)        

AA  206(25.30)  203(23.90)        

rs1544410         1.188 0.276

C 1567(95.80) 1621(95.60) 0.084 0.772    

T    69(4.20)    75(4.40)        

CC  752(91.90)  776(91.50) - 0.933*    

CT    63(7.70)    69(8.10)        

TT     3(0.40)     3(0.40)        

rs739837         2.332 0.127

G 1152(70.60) 1221(71.70) 0.538 0.463    

T  480(29.40)  481(28.30)        

GG  414(50.70)  447(52.50) 0.550 0.759    

GT  324(39.70)  327(38.40)        

TT    78(9.60)    77(9.10)        

rs731236           3.630 0.057

A 1558(95.30) 1623(95.60) 0.106 0.745    

G    76(4.70)    75(4.40)        

AA  745(91.20)  778(91.60) - 0.942*    

GA    68(8.30)    67(7.90)        

GG              4(0.50)     4(0.50)        

rs7975232         1.501 0.221

C 1154(70.70) 1220(71.90) 0.609 0.435    
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A  478(29.30)  476(28.10)        

CC  415(50.90)  446(52.60) 0.585 0.746    

CA  324(39.70)  328(38.70)        

AA    77(9.40)    74(8.70)       

Data were given as n (%).

Abbreviations: VDR, vitamin D receptor; SNPs, single nucleotide polymorphisms; GDM, gestational
diabetes mellitus; HWE, Hardy-Weinberg Equilibrium.

-, no value because the frequency of CC, AA genotype was zero in this case; *, �sher’s exact test.

Association between VDR gene SNPs and GDM

The associations of these candidate VDR gene SNPs and GDM in different genotype models were shown
in Table 3. The results showed that the associations of the �ve SNPs with GDM were not signi�cant in
different genotype models between cases and controls (P>0.05). To further evaluate the associations of
these candidate SNPs and GDM, adjusted logistic regression analysis was also performed by age, pre-
pregnancy BMI, family history of diabetes, morning sickness. The results showed that the associations of
the �ve SNPs with GDM were still not signi�cant in all the genotype models (P>0.05).
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Table 3 Association between VDR gene SNPs and the risk of GDM

  Crude OR

(95% CI)

Crude P Adjusted OR

(95% CI)

Adjusted P

rs2228570        

Co-dominant model        

      GG 1(ref.)   1(ref.)  

      GA 0.984(0.781-1.240) 0.894 0.916(0.697-1.206) 0.533

      AA 1.066(0.815-1.393) 0.641 2.397(0.728-1.379) 0.989

Dominant Model        

      GG 1(ref.)   1(ref.)  

      GA+AA 1.011(0.814-1.256) 0.92 0.944(0.730-1.221) 0.663

Recessive Model        

      GG+GA 1(ref.)   1(ref.)  

      AA 1.077(0.861-1.346) 0.517 1.059(0.811-1.384) 0.672

Over-dominant model        

      GG+AA 1(ref.)   1(ref.)  

      GA 0.955(0.788-1.158) 0.639 0.915(0.728-1.152) 0.451

rs1544410        

Co-dominant model        

      CC 1(ref.)   1(ref.)  

      CT 0.942(0.660-1.345) 0.743 0.979(0.645-1.485) 0.921

      TT 1.032(0.208-5.129) 0.969 0.636(0.127-3.194) 0.583

Dominant Model        

      CC 1(ref.)   1(ref.)  

      CT+TT 0.946(0.667-1.341) 0.755 0.955(0.637-1.433) 0.824

Recessive Model        

      CC+CT 1(ref.)   1(ref.)  

      TT 1.037(0.209-5.152) 0.965 0.637(0.127-3.198) 0.584

Over-dominant model        
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CC+TT 1(ref.)   1(ref.)  

CT 0.942(0.660-1.345) 0.742 0.981(0.647-1.488) 0.929

rs739837        

Co-dominant model        

GG 1(ref.)   1(ref.)  

GT 1.070(0.873-1.311) 0.516 1.102(0.863-1.408) 0.435

TT 1.094(0.777-1.540) 0.608 1.123(0.795-1.663) 0.562

Dominant Model        

GG 1(ref.)   1(ref.)  

GT+TT 1.074(0.887-1.302) 0.464 1.107(0.880-1.392) 0.386

Recessive Model        

GG+GT 1(ref.)   1(ref.)  

TT 1.062(0.763-1.479) 0.72 1.078(0.738-1.574) 0.698

Over-dominant model        

GG+TT 1(ref.)   1(ref.)  

      GT 1.055(0.867-1.285) 0.592 1.082(0.854-1.370) 0.516

rs731236        

Co-dominant model        

AA 1(ref.)   1(ref.)  

GA 1.060(0.745-1.507) 0.746 1.161(0.768-1.754) 0.48

GG 1.044(0.260-4.191) 0.951 0.489(0.108-2.209) 0.352

Dominant Model        

AA 1(ref.)   1(ref.)  

GA+GG 1.059(0.752-1.492) 0.743 1.098(0.736-1.637) 0.648

Recessive Model        

AA+GA 1(ref.)   1 ref.  

GG 1.039(0. 259-4.170) 0.957 0.483 0.107-2.180 0.344

Over-dominant model        

AA+GG 1(ref.)   1(ref.)  
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GA 1.060 0.745-1.507 0.747 1.166(0.772-1.762) 0.466

rs7975232        

Co-dominant model        

CC 1(ref.)   1(ref.)  

CA 1.062(0.866-1.301) 0.565 1.095(0.857-1.398) 0.468

AA 1.118(0.791-1.580) 0.527 1.187(0.796-1.769) 0.401

Dominant Model        

CC 1(ref.)   1(ref.)  

CA+AA 1.072(0. 884-1.299) 0.479 1.113(0.885-1.400) 0.361

Recessive Model        

CC+CA 1(ref.)   1(ref.)  

AA 1.090(0. 780-1.523) 0.614 1.142(0.776-1.680) 0.5

Over-dominant model        

CC+AA 1(ref.)   1(ref.)  

CA 1.044(0.857-1.271) 0.668 1.065(0.841-1.349) 0.599

Adjusted OR is adjusted for age, pre-pregnancy BMI, family history of diabetes, morning sickness.

Abbreviations: BMI: body mass index; OR: odds ratio; CI: con�dence interval; ref: reference genotype

Gene-gene interactions to GDM

The analysis of gene-gene interactions indicated that both two-factor model and three-factor model had
good cross-validation consistency at 9/10, but the test accuracy of the two-factor model (0.514) was
higher than that of the three-factor model (0.511), so the best model was the two-factor gene-gene
interaction model. However, as was shown in Table 4, there was no signi�cance of the test set in the two-
factor gene-gene interaction (P>0.05). Therefore, it could be speculated that there were no gene-gene
interactions on the GDM risk among the �ve VDR gene SNPs.

Table 4 Interaction of two-factor gene-gene model

 Sensitivity Speci�city χ2 P OR (95%CI) Kappa

Training set 0.369 0.669 6.920 0.009 1.323(1.074-1.630) 0.065

Test set 0.377 0.652 0.154 0.695 1.133(0.607-2.116) 0.029

Total set 0.412 0.652 7.202 0.007 1.308(1.075-1.591) 0.063
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Abbreviations: OR: odds ratio; CI: con�dence interval.

Discussion
In the present study, we analyzed the association of VDR gene SNPs rs154410, rs7975232, rs731236,
rs2228570 and rs739837 with GDM in Wuhan, China. It was revealed that, VDR gene polymorphic
markers were not found to be associated with GDM in central Chinese population. Furthermore, there
were no gene-gene interactions on the GDM risk among the examined VDR gene SNPs.

The rs739837 SNP is located at the three-primer untranslated region (3′-UTR) of the VDR gene. This
region does not affect amino acid sequence and is not likely to affect the function of the gene [24].
However, the variant rs739837 might affect the expression of VDR gene by binding with microRNA [25].
Several studies investigated the relationship between this locus and T2D and reported that rs739837 was
associated with susceptibility to T2D [15, 17, 24]. To date, two studies had studied the relationship between
rs739837 and GDM. Shi et al. reported no relationship between the genotypic model of rs739837 and
GDM, whereas Wang et al. found a statistical correlation between the rs739837 polymorphism and GDM
risk[26, 27]. However, neither of the two studies had analyzed the combined effect with other VDR gene
SNPs. As susceptibility was attributable not to a single polymorphism or allele, but rather to multiple
polymorphisms [28],we evaluated rs739837 and other four widely studied VDR gene SNPs and their gene-
gene interactions on the risk of GDM. The result showed that there was no statistical correlation between
rs739837 and GDM. Besides, no evidence was found at the gene-gene interactions. To our knowledge,
this study is the �rst to investigate the combined effect between rs739837 and other VDR gene SNPs on
the risk of GDM. The results need to be veri�ed in future studies.

The rs1544410, rs7975232, and rs731236 SNPs are known as BsmI, ApaI and TaqI according to their
restriction enzymes. A meta-analysis on the three polymorphisms with the risk of T2D produced negative
results[29]. As for the association between the three polymorphisms and GDM, the results were
inconsistent [18, 19, 22, 30]. Our study reported a negative result, which was consistent with the �nding of
Apaydin et al. [18]BsmI, ApaI and TaqI are all located in the 3′-UTR and have been shown to be in strong
linkage disequilibrium [29]. Polymorphisms ofTaqI,BsmI and ApaI are probably non-functional because
they are either located in intron (BsmI and ApaI in intron 8), which will be removed during mRNA post
transcriptional modi�cation or result in no amino acid sequence change (TaqI in exon 9).

The rs2228570 is known as FokI according to its restriction enzyme. FokI polymorphism was linked to
risk of GDM in Turkish women and Iranian population [18, 31]. However, studies in other countries could not
establish association between FokI and GDM [19, 20]. In the present study, we reported no evidence of
allelic or genotypic association of the FokI polymorphism with GDM in central Chinese population. The
FokI is located at the 5′ end region of the VDR gene. It is reported as an independent marker of the VDR
gene because it has not been shown to be in linkage disequilibrium with any other VDR polymorphisms
[31]. It produces either a 424 or a 427 amino acid VDR protein. These two isoforms are thus structurally
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distinct, unlike those VDR gene that contain polymorphisms present in the 3′-portion of the gene that are
either silent codon changes or are found in introns or in the 3′-untranslated regions [32]. Even the
relationship between the FokI polymorphism and T2D is still controversial [14–16, 29], probably because the
socio-demographic characteristics, experimental methods, and sample sizeare different in the studied
populations.

Our study had several strengths. First, we employed MDR method to explore the gene-gene interactions
on the GDM risk among the selected SNPs. The identi�cation and characterization of gene-gene
interactions had been limited mainly by a lack of powerful statistical methods and a lack of large sample
size [33]. To overcome these limitations, the MDR method was developed. It was used for detecting and
characterizing high-order gene to gene interactions [34] and was shown to have good power in relatively
small case-control studies [23, 35]. Second, we adjusted potential confounding factors such as age, pre-
pregnancy BMI etc. to explore the association in different genotype models. At last, we used a relatively
large sample size, which was able to provide enough statistical power.

However, there were also some limitations in this study. First, the level ofplasma vitamin D was not
measured in all subjects. Second, the information of environmental and lifestyle factors was lacked,
which had been reported recently to be important determinants of GDM development [36, 37]. Finally, there
were some potential biases that came from the cross-sectional nature of the case–control study. Thus,
cohort studies concerning the above-mentioned factors will be required in future to validate the �ndings
of the study.

Conclusions
The VDR gene SNPs rs154410, rs7975232, rs731236, rs2228570 and rs739837 showed non-signi�cant
associations with GDM in central Chinese population. Furthermore, there were no gene-gene interactions
on the GDM risk among these SNPs.

Abbreviations
GDM: gestational diabetes mellitus; T2D: type 2 diabetes;VDR: vitamin D receptor; SNPs: single
nucleotide polymorphisms; OGTT: oral glucose tolerance test; IADPSG: International Association of
Diabetes and Pregnancy Study Groups; BMI: body mass index; MAF: minor allele frequency; ANOVA:
analysis of variance; HWE: Hardy-Weinberg Equilibrium; MDR: Multifactor dimensionality reduction; OR:
odds ratio; CI: con�dence interval; 3′-UTR:three-primer untranslated region
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