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Background and Objectives: The genetic variations of vitamin D receptor (VDR) have revealed its association
with the risk of metabolic syndrome (MetS). In Thailand, evidence of this association has not been obtained. Thus,
this study aimed to investigate the association of VDR gene polymorphism with MetS and related diseases as
well as the possible linkage disequilibrium (LD) and haplotypes of VDR in Thai adults. Methods and Study Design: Four single nucleotide polymorphisms (SNPs) of VDR gene, rs2228570, rs1544410, rs7975232 and
rs731236, were genotyped using PCR-RFLP method in 259 MetS and 261 control groups. Results: Genotypes
AA of rs1544410, TG of rs7975232 and TG+TT of rs7975232 were significantly associated with an increased
risk of MetS [OR 10.8 (2.07–56.1), p=0.005], [OR 1.83 (1.16–2.87), p=0.009] and [OR 1.78 (1.17–2.72),
p=0.007], respectively, using GG as a reference. Moreover, genotype AA of rs1544410 showed a strong association compared with GG+AG [OR 11.4 (2.20–59.2), p=0.004]. Diseases related to MetS also had significant associations with two SNPs of the VDR gene (rs1544410 and rs7975232). In addition, LD among rs1544410,
rs7975232 and rs731236 was detected. Haplotype CATT significantly increased the risk of MetS [OR 4.32 (1.32–
14.1), p=0.016], although haplotype TGGT reduced the risk [OR 0.68 (0.48–0.98), p=0.042]. Conclusions: The
SNPs rs1544410 and rs7975232 were mainly implicated in the increased risk of MetS in the Thai population. LD
and haplotypes of VDR gene related to MetS were also discovered. These SNPs of VDR gene are remarkable genetic factors involved in the development of MetS.
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INTRODUCTION
As one of the major public health problems around the
world, metabolic syndrome (MetS) is a cluster of metabolic abnormalities, including insulin resistance/impaired
glucose intolerance (increased fasting glucose levels),
central obesity, hypertension and atherogenic dyslipidemia (increased triglyceride and decreased high-density lipoprotein cholesterol levels), all of which accelerate the
progression of cardiovascular diseases (CVDs) and type 2
diabetes mellitus (T2DM). 1-3 The global prevalence of
MetS is continuously increasing. Currently, an estimated
20%–25% of the global adult population has MetS,4 with
a prevalence rate of 10%–30% among East and Southeast
Asian populations.5 In Thailand, the fourth Thai National
Health Examination Survey (NHES IV) 2008-2009 identified a MetS prevalence of 23.2%.6 The explicit causal

factors of MetS are the current topic of research, although
insulin resistance and central obesity were initially considered as significantly contributing factors.7,8 In addition,
some studies suggested that vitamin D levels are correlated with the presence of MetS.9,10 However, the action of
vitamin D is mediated by binding the active metabolite
1,25(OH)2D3 to a specific vitamin D receptor (VDR).11
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VDRs are members of the nuclear receptor family that
functions as a transcriptional activator of many genes.12
Recently, VDR gene polymorphisms have been implicated in enhancing susceptibility to MetS. DNA polymorphisms that were often reported for VDR gene included rs2228570 (C/T, FokI) in exon 2, rs1544410 (A/G,
BsmI) and rs7975232 (T/G, ApaI) located in intron 8 and
rs731236 (C/T, TaqI) located in exon 9.13 Several studies
found that variations in the VDR gene were associated
with the risk of this clustered disorder.14-19 However, results are inconsistent; this may be due to the variation in
ethnicity between study populations. Currently, the molecular mechanism of VDR polymorphisms in the MetS
pathological landscape remains unclear. Moreover, the
four aforementioned single nucleotide polymorphisms
(SNPs) of the VDR gene and their associations with MetS
as well as linkage disequilibrium (LD) and haplotypes in
the Thai population have not been reported.
Therefore, the aim of this study was to investigate the
association of these four VDR gene polymorphisms
(rs2228570, rs1544410, rs7975232 and rs731236) with
MetS and its components in Thai adults as well as diseases related to MetS. Moreover, possible LD and haplotypes of the VDR gene were determined.
METHODS
Subjects
Thai volunteers aged between 18 and 87 years living in
suburban and urban areas of Bangkok, Thailand were
enrolled in this study. Participants were randomly selected from the outpatient department of a medical centre that
focused on the endocrine and metabolic systems by experienced medical doctors associated with our project. All
participants provided informed consent and completed
questionnaires regarding demographic information as
well as previous medical history. Patients with severe
illness, e.g. renal failure, liver failure, heart failure and
stroke, or people who heavily smoked or with a history of
alcoholism were excluded from the study. A total of 520
participants were classified into either healthy control
(261 subjects) or MetS (259 subjects) groups. MetS subjects were identified based on the International Diabetes
Federation (IDF) criteria.20 A person considered to have
MetS must have central obesity (defined as waist circumference ≥90 cm for Asian men and ≥80 cm for Asian
women) plus any two of the following four factors:
 Increased triglyceride levels: ≥150 mg/dL (1.7
mmol/L) or on a specific treatment for this lipid abnormality
 Decreased HDL cholesterol levels: <40 mg/dL (1.03

mmol/L) in males and <50 mg/dL (1.29 mmol/L) in
females or on a specific treatment for this lipid abnormality
 Increased blood pressure: systolic BP ≥ 130 or diastolic BP ≥85 mmHg or on a treatment for previously diagnosed hypertension
 Increased fasting plasma glucose levels: ≥100 mg/dL
(5.6 mmol/L) or previously diagnosed with type 2 diabetes
The study protocol was approved by the Ethical committee of the Faculty of Tropical Medicine, Mahidol University (MUMT 2016-003-01).
Anthropometric measurements
Body weight, total body fat and visceral fat were measured using Karada scan (Omron, Japan). Height was
measured using a standard height measurement scale.
Waist circumference was measured using a flexible
standard tape. BMI was calculated as weight in kilograms
divided by height in squared meters (kg/m2). In addition,
pulse and blood pressure were measured using a sphygmomanometer (UDEX-Twin, Japan) and the average value of three times measurement was calculated.
Biochemical measurements
Biochemical measurements, including glucose, glycated
haemoglobin (HbA1C), total cholesterol, HDL-C, LDL-C
and triglyceride levels, were determined using an automatic analyzer (ARCHITECT ci8200, Abbott). The radioimmunoassay (RIA) method was used to measure serum insulin levels. Homeostatic model assessment of insulin resistance (HOMA-IR) was calculated using the
following equation: HOMA-IR = (Glucose × Insulin)/405,
wherein the unit of glucose was mg/dL.
Genotyping
Genomic DNA was extracted from peripheral leukocytes
using a DNA extraction kit (FlexiGene® DNA kit, Qiagen). After extraction, the quantity and purity of DNA
samples were measured using a Nanodrop ND-1000 spectrophotometer (version 3.3).
Genetic variations in the VDR gene (rs2228570,
rs1544410, rs7975232 and rs731236) were determined
using the polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) method. The Primer 3
plus program was used to design three pairs of PCR primers, as shown in Table 1. PCR was performed in 50 µL
reactions containing forward and reverse primers, dNTPs,
buffer and MgCl2, Tag DNA polymerase and DNA template using a C1000TM Thermal cycler (Bio-Rad, USA).

Table 1. Primer sequences and annealing temperatures of VDR gene variants
SNPs
rs2228570

Primer pair forward and reverse: 5’ to 3’
5’ CACTGACTCTGGCTCTGACC 3’
5’ GAGATGTGAAAAATGCAAGGGCTC 3’

Annealing temperature (°C)
57.5

Product size (bp)
284

rs1544410

5’ CCTCACTGCCCTTAGCTCTG 3’
5’ AACCAGCGGAAGAGGTCAAG 3’

63.0

280

rs7975232
rs731236

5’ ACAGATGTGAAGGCTGGTGG 3’
5’ GGTCGGCTAGCTTCTGGATC 3’

61.4

463

VDR: vitamin D receptor; SNPs: single nucleotide polymorphisms; bp: base pair.
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Initially, samples were heated for 5 minute (min) at 95°C,
followed by 34 cycles for 30 second (s) at 95°C, 30 s at
57.5–63°C (Table 1) and 50 s at 72°C, with an extension
step of 5 min at 72°C. PCR products of rs2228570,
rs1544410 and rs7975232 were digested with the restriction endonucleases FokI, HhaI and ApaI, respectively,
for 3 hour (h) at 37°C. For rs731236, the product was
digested for 3 h at 65°C with TaqI endonuclease. The
digested fragments were analysed by gel electrophoresis
using a low range DNA ladder as a marker (Figure 1).
Finally, approximately 10% of the study population was
randomly selected to confirm the DNA sequencing (Macrogen Inc., Seoul, South Korea).
Statistical analysis
Statistical analysis was performed using the SPSS v.18.0
software. The distribution of data was tested by the Kolmogorov–Smirnov test. Descriptive statistics such as median, inter quartile range (IQR), frequency and percentage
were presented to describe the general characteristics of
study participants. The Mann–Whitney U test was used to
compare the control and MetS groups, whereas the Kruskal–Willis test was applied to compare the genotype of
each SNPs with anthropometric variables and biochemical parameters. Odds ratios (ORs) and 95% confidence
intervals (CI) were computed by binary logistic regres-
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sion to test the association between genetic variation with
MetS and its related diseases. The chi-square (χ2) test was
used to determine the Hardy–Weinberg equilibrium for
the genotypes of these four SNPs. LD and haplotype
analysis was performed using the SNPStats web tool.21 A
p-value of less than 0.05 was considered statistically significant.
RESULTS
General characteristics of study population
General characteristics of our study populations in the
control and MetS groups are presented in Table 2. The
median age was 37 (range 28–44) years in the control
group, whereas it was 58 (range 51–67) years in the MetS
group. Waist circumference, BMI, percentage of total
body fat, level of visceral fat, blood pressure, pulse, fasting glucose, HbA1c, total cholesterol, triglyceride, insulin
and HOMA-IR levels were significantly higher (p<0.001)
and HDL-C and LDL-C levels were lower (p<0.001) in
the MetS group compared with those in the control group.
Four VDR polymorphisms, rs2228570 (in exon 2),
rs1544410 and rs7975232 (in intron 8) and rs731236 (in
exon 9), were investigated in all 261 control and 259
MetS participants via the PCR-RFLP technique. The
bands of different variants of the VDR gene are shown in
Figure 1. Each variant was confirmed by DNA se-

Figure 1. Digestion fragment patterns and DNA sequences of VDR gene polymorphisms. a( Bands of different genotypes and matched
DNA sequences of rs2228570. b( Bands of different genotypes and matched DNA sequences of rs1544410. c( Bands of different genotypes and matched DNA sequences of rs7975232. d( Bands of different genotypes and matched DNA sequences of rs731236. Low range
ladder was used as a ladder. rev: reverse strain.
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Table 2. General characteristic of study population
Variables
Gender (M/F)
Age (years)
Waist circumference (cm)
BMI (kg/m2)
Total body fat (%)
Visceral fat (level)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Pulse (beats/min)
Glucose (mg/dL)
HbA1c (%)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
LDL-C (mg/dL)
HDL-C (mg/dL)
Insulin (µU/mL)
HOMA_IR

Control (n=261)
47/214
37 (28–44)
78 (72–85)
22.1 (20.2-24.0)
28.2 (24.4–31.8)
5 (3–7)
110 (101–120)
67 (60–76)
75 (69–84)
87 (82–94)
5.1 (4.9–5.3)
200 (182–221)
80 (59–109)
128 (107–145)
64 (54–76)
11.8 (8.8–14.9)
2.60 (1.91–3.32)

MetS (n=259)
85/174
58 (51–67)
95 (90–101)
28.3 (25.4-30.9)
34.8 (29.6–38.5)
14 (10–18)
131 (121–142)
77 (68–85)
81 (73–90)
121 (109–137)
6.3 (5.8–6.9)
169 (151–196)
149 (110–188)
103 (86–128)
46 (41–54)
16.4 (12.0–22.9)
4.83 (3.56–7.25)

p-value
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

M: men; F: women; BMI: body mass index; BP: blood pressure; HbA1c: haemoglobin A1c; LDL-C: low density lipoprotein-cholesterol;
HDL-C: high density lipoprotein-cholesterol; HOMA-IR: homeostasis model assessment of insulin resistance.
Data are presented as median )interquartile range(.
p<0.05 was considered to be statistically significant.

quencing. Genotypic distributions of all polymorphisms
in controls were in agreement with the Hardy–Weinberg
equilibrium (p=0.859, 0.216, 0.091 and 0.864, respectively) (Table 3).
Association of VDR polymorphisms with MetS
As displayed in Table 4, the results showed statistical
significance between genetic variations of VDR and MetS
status, adjusted for age and sex. We introduced three
models, including codominant (wild type versus heterozygous variant and wild type versus homozygous variant),
dominant (wild type versus variants) and recessive (wild
type with heterozygous variant versus homozygous variant). In the codominant model of the control group, the
genotypes of VDR polymorphisms mostly showed high
frequencies in the wild type, whereas those of rs2228570
showed the highest frequency in the heterozygous genotype. In MetS participants, the SNPs rs1544410 and
rs731236 demonstrated high frequencies in wild type,
whereas the others (rs2228570 and rs7975232) demonstrated high frequencies in the heterozygous genotype. In

addition, genotype AA of rs1544410 and TG of
rs7975232 were significantly associated with an increased
risk of MetS [OR 10.8 (2.07–56.1), p=0.005] and [OR
1.83 (1.16–2.87), p=0.009], respectively, in the codominant model. Genotype AA of rs1544410 also strongly
increased risk of MetS in the recessive model [OR 11.4
(2.20–59.2), p=0.004]. Moreover, the dominant model
TG+TT of rs7975232 was significantly associated with
MetS [OR 1.78 (1.17–2.72), p=0.007]. Anthropometric
and biochemical parameters of all participants were compared according to genotypes of each VDR polymorphism (Table 5). Level of visceral fat was significantly
different among the genotypes of rs2228570, whereas
waist circumference, BMI, level of visceral fat, fasting
glucose, HbA1c, total cholesterol, triglyceride, LDL-C
and HDL-C levels were significantly different between
genotypes of rs1544410. There were no statistically significant differences in any parameters regarding the
rs7975232 and rs731236 genotypes.

Table 3. Genotype distribution of VDR polymorphisms among control group in the Hardy–Weinberg equilibrium
SNPs
rs2228570

Genotype
TT
CT
CC

Observed
69 (26.4%)
129 (49.5%)
63 (24.1%)

Expected
68.3 (26.1%)
130.4 (50%)
62.3 (23.9%)

χ2
0.031

p-value
0.859

rs1544410

GG
AG
AA

216 (82.8%)
41 (15.7%)
4 (1.5%)

214.3 (82.1%)
44.4 (17%)
2.3 (0.9%)

1.53

0.216

rs7975232

GG
TG
TT

126 (48.3%)
102 (39.1%)
33 (12.6%)

120 (46%)
114 (43.7%)
27 (10.3%)

2.86

0.091

rs731236

TT
CT
CC

227 (87%)
33 (12.6%)
1 (0.4%)

227.2 (87%)
32.6 (12.5%)
1.2 (0.5%)

0.029

0.864
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Table 4. Risk and association of each VDR polymorphisms with MetS
SNPs
rs2228570

Genotype†
a:

b:
c:

Control

Mets

OR (95% CI)

TT
CT
CC
TT
CT+CC
TT+CT
CC

69 (26.4%)
129 (49.5%)
63 (24.1%)
69 (26.4%)
192 (73.6%)
198 (75.9%)
63 (24.1%)

55 (21.2%)
144 (55.6%)
60 (23.2%)
55 (21.2%)
204 (78.8%)
199 (76.8%)
60 (23.2%)

Reference
1.23 (0.74–2.05)
1.09 (0.60–1.99)
Reference
1.19 (0.73–1.93)
Reference
0.95 (0.58–1.54)

GG
AG
AA
GG
AG+AA
GG+AG
AA

216 (82.8%)
41 (15.7%)
4 (1.5%)
216 (82.8%)
45 (17.2%)
257 (98.5%)
4 (1.5%)

205 (79.2%)
31 (11.9%)
23 (8.9%)
205 (79.2%)
51 (20.8%)
236 (91.1%)
23 (8.9%)

Reference
0.66 (0.36–1.21)
10.8 (2.07–56.1)
Reference
1.14 (0.67–1.94)
Reference
11.4 (2.20–59.2)

GG
TG
TT
GG
TG+TT
GG+TG
TT

126 (48.3%)
102 (39.1%)
33 (12.6%)
126 (48.3%)
135 (51.7%)
228 (87.4%)
33 (12.6%)

97 (37.5%)
122 (47.1%)
40 (15.4%)
97 (37.5%)
162 (62.5%)
219 (84.6%)
40 (15.4%)

Reference
1.83 (1.16–2.87)
1.65 (0.86–3.14)
Reference
1.78 (1.17–2.72)
Reference
1.23 (0.67–2.24)

TT
CT
CC
TT
CT+CC
TT+CT
CC

227 (87%)
33 (12.6%)
1 (0.4%)
227 (87%)
34 (13%)
260 (99.6%)
1 (0.4%)

216 (83.4%)
41 (15.8%)
2 (0.8%)
216 (83.4%)
43 (16.6%)
257 (99.2%)
2 (0.8%)

Reference
1.38 (0.75–2.54)
0.90 (0.08–10.2)
Reference
1.35 (0.74–2.45)
Reference
0.86 (0.08–9.78)

p-value

0.430
0.780
0.490
0.820

rs1544410
a:
b:
c:

0.181
0.005
0.630
0.004

rs7975232
a:
b:
c:

0.009
0.128
0.007
0.510

rs731236
a:

b:
c:

0.308
0.931
0.330
0.900

†

Data was analysed by binary logistic regression and adjusted for age and sex.
(a) Codominant model analysis (wild type vs heterozygous variants and wild type vs homozygous variants).
(b) Dominant model analysis (wild type vs variants).
(c) Recessive model analysis (wild type + heterozygous variants vs homozygous variants)
p<0.05 was considered statistically significant.

VDR polymorphisms and risk of related diseases
To discover the association between VDR polymorphism
and the diseases related to MetS, genotypes of VDR polymorphisms were compared to diseases such as diabetes,
pre-diabetes, hypertension, lipid abnormalities (high cholesterol, high triglyceride, high LDL-C, or low HDL-C)
and obesity, as shown in Table 6. These diseases were
diagnosed by a clinician, and some participants in the
MetS group were treated with medication. Genotype AA
of rs1544410 illustrated the increased risk of diabetes
[OR 6.83 (2.35–19.8), p<0.001], prediabetes [OR 3.22
(1.07–9.67), p=0.037], hypertension [OR 3.41 (1.15–
10.1), p=0.028], lipid abnormality [OR 3.15 (1.31–7.57),
p=0.010], and obesity [OR 2.71 (1.10–6.65), p=0.030]. In
addition, the rs7975232 homozygous variant (TT genotype) showed higher risk of diabetes [OR 2.30 (1.23–
4.31), p=0.009], whereas a combination of rs7975232 TG
and TT genotypes demonstrated significant association
with diabetes [OR 1.74 (1.13–2.67), p=0.011] and prediabetes [OR 1.63 (1.02–2.62), p=0.043].
LD and haplotypes of VDR
LD parameters were generated to determine the association of these four SNPs using a LD test using the
SNPStats web tool.21 Pairwise D’ values between four

studied SNPs were represented by the LD pattern shown
in Table 7. The SNP rs7975232 displayed strong LD with
both rs1544410 and rs731236 (D’>0.90, p<0.001). A median association was also present between rs1544410 and
rs731236 (D’=0.79, p<0.001), whereas weak linkage with
any of the other SNPs was found with respect to
rs2228570. Table 8 shows the haplotype analysis of VDR
polymorphisms. There were sixteen patterns of four SNP
haplotypes that were possible. However, eight patterns of
haplotypes were commonly detected. The CGGT pattern
(ordered as rs2228570 (C/T), rs1544410 (A/G),
rs7975232 (T/G) and rs731236 (C/T), respectively) was
the most frequently found haplotype in this study, which
was used as a reference haplotype. Haplotype TGGT significantly reduced the risk of MetS with OR 0.68 (0.48–
0.98) and p=0.042. In addition, an increased risk of MetS
was shown in haplotype CATT [OR 4.32 (1.32–14.1),
p=0.016]. Other haplotypes did not show any effect on
MetS risk.
DISCUSSION
Several studies demonstrated the association between
VDR polymorphisms and MetS in various ethnicities. A
study of the Northern Chinese showed that a variant of
rs1544410 acted as a risk factor for MetS using GG with
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Table 5. Comparison of anthropometric and biochemical parameters according to genotypes of VDR polymorphisms

Age (years)
Waist circumference (cm)
BMI (kg/m2)
Total body fat (%)
Visceral fat (level)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Pulse (beats/min)
Glucose (mg/dL)
HbA1c (%)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
LDL-C (mg/dL)
HDL-C (mg/dL)
Insulin (µU/mL)
HOMA-IR

TT
44 (33-58)
85 (78-95)
24.2 (21.3-28.0)
30.6 (26.0-35.7)
8 (4-11)
118 (103-132)
73 (61-83)
79 (72-87)
96 (86-121)
5.8 (5.1-6.7)
191 (166-210)
107 (67-156)
121 (100-140)
55 (47-69)
13.0 (9.7-17.4)
3.28 (2.30-4.64)

Age (years)
Waist circumference (cm)
BMI (kg/m2)
Total body fat (%)
Visceral fat (level)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Pulse (beats/min)
Glucose (mg/dL)
HbA1c (%)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
LDL-C (mg/dL)
HDL-C (mg/dL)
Insulin (µU/mL)
HOMA-IR

GG
46 (34-59)
87 (78-95)
24.2 (20.9-28.9)
30.2 (26.5-35.9)
8 (5-15)
121 (105-132)
71 (63-81)
78 (71-86)
96 (86-119)
5.6 (5.2-6.4)
189 (163-217)
112 (72-155)
119 (96-144)
55 (44-68)
13.4 (10.3-18.7)
3.34 (2.38-5.33)

rs2228570
CT
50 (36-61)
89 (80-95)
25.3 (22.2-29.0)
31.0 (27.8-36.2)
9 (5-15) *
122 (110-133)
73 (64-82)
79 (69-88)
99 (87-122)
5.7 (5.2-6.5)
185 (162-213)
111 (76-165)
118 (91-141)
53 (44-65)
13.3 (10.3-18.2)
3.33 (2.45-5.23)
rs7975232
TG
48 (35-61)
86 (79-95)
24.9 (22.0-28.7)
31.3 (26.9-36.0)
8 (4-13)
120 (110-132)
73 (64-82)
79 (70-87)
99 (87-121)
5.8 (5.2-6.5)
187 (165-206)
102 (75-157)
117 (95-135)
54 (45-66)
13.9 (10.3-18.6)
3.53 (2.44-5.17)

CC
49 (34-59)
87 (78-95)
24.8 (21.5-29.2)
29.5 (26.3-35.9)
8 (4-14)
120 (105-132)
70 (64-79)
78 (70-85)
95 (87-121)
5.7 (5.2-6.4)
188 (164-215)
102 (78-150)
116 (94-143)
55 (44-69)
14.8 (9.9-21.2)
3.60 (2.23-5.80)

p-value
0.265
0.201
0.171
0.268
0.024
0.174
0.318
0.863
0.682
0.944
0.706
0.242
0.663
0.134
0.348
0.530

GG
47 (34-59)
87 (79-95)
24.8 (21.5-28.9)
30.7 (26.7-36.0)
8 (5-14)
121 (106-132)
72 (63-81)
79 (71-87)
97 (86-122)
5.7 (5.2-6.5)
188 (165-212)
110 (73-161)
119 (96-141)
54 (44-67)
13.6 (10.0-18.7)
3.34 (2.38-5.24)

TT
51 (37-59)
87 (78-96)
25.7 (22.1-29.1)
30.9 (26.9-36.4)
10 (5-15)
121 (109-130)
73 (65-80)
77 (68-89)
101 (91-134)
5.9 (5.2-6.7)
177.5 (154-225)
127 (83-182)
116 (88-143)
54 (45-64)
12.9 (9.2-17.7)
3.21 (2.16-4.81)

p-value
0.297
0.857
0.349
0.751
0.341
0.499
0.554
0.931
0.143
0.523
0.511
0.078
0.536
0.833
0.393
0.783

TT
48 (34-60)
87 (78-95)
24.8 (21.5-28.9)
30.6 (26.7-36.0)
8 (5-14)
120 (106-132)
72 (64-81)
78 (71-86)
97 (86-122)
5.8 (5.2-6.6)
187 (165-213)
111 (75-164)
118 (95-141)
54 (44-66)
13.6 (10.0-19.1)
3.34 (2.40-5.37)

rs1544410
AG
48 (35-61)
83 (77-93)
23.3 (21.8-27.1)
30.0 (26.7-33.8)
7 (4-14)
117 (105-132)
73 (63-84)
75 (69-84)
94 (87-117)
5.5 (5.1-6.1)
191 (169-216)
95 (75-146)
120 (95-144)
57 (50-67)
12.7 (9.9-15.4)
2.96 (2.32-4.36)
rs731236
CT
50 (38-60)
88 (78-95)
25.0 (22.3-28.2)
31.0 (27.1-35.6)
10 (5-14)
126 (111-132)
71 (60-84)
80 (69-89)
105 (91-118)
5.6 (5.2-6.2)
188 (159-215)
98 (75-150)
118 (90-142)
56 (48-65)
13.1 (9.9-15.9)
3.34 (2.36-4.32)

AA
55 (50-61)***
94 (87-101)***
28.7 (26.0-31.2)***
33.7 (28.7-37.1)
13 (9-18)***
126 (118-133)
74 (64-84)
82 (70-91)
116 (100-137)***
6.2 (5.5-6.8)**
163 (136-195)***
131 (106-191)***
94 (76-127)***
50 (44-58)**
13.6 (10.2-17.6)
4.00 (3.10-5.08)

p-value
0.042
0.004
0.001
0.214
0.003
0.217
0.697
0.265
0.002
0.039
0.036
0.008
0.046
0.035
0.386
0.067

CC
51 (49-57)
90 (70-116)
28.6 (23.1-32.7)
34.0 (23.6-39.4)
10 (6-12)
126 (97-131)
75 (72-83)
93 (56-105)
116 (100-135)
7.3 (5.5-7.4)
176 (167-258)
126 (100-139)
116 (110-181)
48 (45-62)
17.4 (16.4-21.2)
5.23 (4.70-5.80)

p-value
0.486
0.953
0.549
0.909
0.876
0.629
0.675
0.675
0.218
0.239
0.944
0.668
0.775
0.565
0.228
0.272

BMI: body mass index; BP: blood pressure; HbA1c: haemoglobin A1c; TG: triglyceride; LDL-C: low density lipoprotein-cholesterol; HDL-C: high density lipoprotein-cholesterol; HOMA-IR: homeostasis model
assessment of insulin resistance.
Data are presented as median (interquartile range) and analysed using the Kruskal–Wallis test.
p-value was statistically significant when <0.05. *Significant for genotype TT, **Significant for genotype GG, ***Significant for both genotype GG and AG.
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Table 6. Association between VDR polymorphisms and related diseases of MetS
Diseases

TT Reference

Diabetes
Pre-Diabetes
Hypertension
Lipid abnormality
Obesity

GG Reference

Diabetes
Pre-Diabetes
Hypertension
Lipid abnormality
Obesity
Diseases

GG Reference

Diabetes
Pre-Diabetes
Hypertension
Lipid abnormality
Obesity
Diseases

TT Reference

Diabetes
Pre-Diabetes
Hypertension
Lipid abnormality
Obesity
Diseases

CT
OR (95% CI)
1.07 (0.63-1.82)
1.29 (0.71-2.35)
1.31 (0.72-2.38)
1.53 (0.83-2.81)
1.43 (0.78-2.64)

p-value
0.809
0.403
0.373
0.174
0.249

AG
OR (95% CI)
0.86 (0.46-1.62)
0.45 (0.22-0.94)
0.49 (0.24-1.00)
0.70 (0.33-1.47)
0.63 (0.29-1.35)

p-value
0.646
0.033
0.050
0.348
0.232

TG
OR (95% CI)
1.58 (0.99-2.50)
1.56 (0.93-2.61)
1.50 (0.90-2.50)
1.31 (0.79-2.18)
1.11 (0.68-1.83)

p-value
0.054
0.095
0.124
0.302
0.677

TC
OR (95% CI)
0.88 (0.48-1.61)
1.35 (0.69-2.63)
1.42 (0.73-2.75)
0.83 (0.42-1.61)
0.95 (0.50-1.83)

p-Value
0.684
0.381
0.305
0.574
0.886

rs2228570
CC
OR (95% CI)
p-value
1.19 (0.64-2.21)
0.588
0.99 (0.49-2.02)
0.984
1.07 (0.53-2.15)
0.858
1.08 (0.53-2.24)
0.827
1.46 (0.72-2.97)
0.292
rs1544410
AA
OR (95% CI)
p-value
6.83 (2.35-19.8)
<0.001
3.22 (1.07-9.67)
0.037
3.41 (1.15-10.1)
0.028
3.15 (1.31-7.57)
0.010
2.71 (1.10-6.65)
0.030
rs7975232
TT
OR (95% CI)
p-value
2.30 (1.23-4.31)
0.009
1.59 (0.78-3.24)
0.200
1.65 (0.82-3.33)
0.164
1.57 (0.80-3.10)
0.190
1.10 (0.54-2.22)
0.796
rs731236
CC
OR (95% CI)
p-Value
3.29 (0.28-38.4)
0.342
0.52 (0.04-6.51)
0.608
0.55 (0.04-6.85)
0.639
0.00 (0.00)
0.999
1.78 (0.15-20.7)
0.645

CT + CC
OR (95% CI)
1.11 (0.67-1.85)
1.25 (0.72-2.20)
1.29 (0.74-2.25)
1.36 (0.76-2.44)
1.44 (0.80-2.60)

p-value
0.681
0.431
0.376
0.296
0.223

AG + AA
OR (95% CI)
1.56 (0.92-2.64)
0.88 (0.49-1.59)
0.93 (0.52-1.67)
1.18 (0.67-2.09)
1.04 (0.58-1.87)

p-value
0.101
0.671
0.811
0.571
0.887

TG + TT
OR (95% CI)
1.74 (1.13-2.67)
1.63 (1.02-2.62)
1.60 (0.99-2.55)
1.33 (0.83-2.13)
1.11 (0.69-1.77)

p-value
0.011
0.043
0.051
0.232
0.666

TC + CC
OR (95% CI)
0.94 (0.53-1.68)
1.27 (0.66-2.45)
1.33 (0.70-2.56)
0.77 (0.40-1.50)
0.98 (0.52-1.86)

p-Value
0.833
0.473
0.387
0.450
0.961

Data was analysed by binary logistic regression adjusted age and sex.
p<0.05 was considered statistically significant.

Table 7. Pairwise linkage disequilibrium of four SNPs in VDR gene
SNP (D’)
rs2228570
rs1544410
rs7975232
rs731236

rs2228570
-

rs1544410
0.072
-

rs7975232
0.040
0.986*
-

rs731236
0.107
0.793*
0.974*
-

Linkage disequilibrium was analysed using SNPStats program. 21
*
Significant when p<0.05.

AG genotypes as a reference.19 Similarly, our result found
that homozygous variant (AA) of rs1544410 has a 10.8and 11.4-fold increased risk of MetS compared to wild
type (GG) and wild type with heterozygous (GG+AG)
genotypes, respectively. Moreover, our results also
demonstrated that rs1544410 was significantly associated
with lipid abnormalities (i.e. total cholesterol, LDL-C,
HDL-C and triglyceride levels), hyperglycemia with increased HbA1c levels and the increasing trend of central
obesity parameters (waist circumference, BMI and visceral fat), all of which are systematically linked to the
development of this clustered syndrome. This was consistent with previous studies, which reported that
rs1544410 was related to the components of MetS such as
lipid profiles,14,22 glucose levels23 and waist circumference.15
Likewise, the relationship between polymorphisms of
rs7975232 and MetS was also presented in this study.

Heterozygous variant (TG) and combined variants
(TG+TT) increased the risk of developing MetS by 1.83and 1.78-fold, respectively. Although the increased risk
of MetS by rs7975232 has not been previously reported,
there was a study which found that genotype TG of
rs7975232 was a potential risk factor of high blood pressure.14 Nevertheless, some participants with MetS in our
study were treated with medication, which may partially
explain the non-significant difference between any genotype of rs7975232 and all parameters (anthropometric and
biochemical). Furthermore, the significant difference observed in rs1544410 with anthropometric and biochemical parameters might be because of the striking increase
in the risk of MetS (approximately 10-fold).
The genetic variation of VDR rs731236 in this population showed neither significant relation to MetS nor anthropometric and biochemical variables, comparable to a
study of the Saudi Arabian population.14 In contrast,
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Table 8. Genotype distribution of VDR polymorphisms among control group in the Hardy–Weinberg equilibrium
Haplotype†
CGGT
TGGT
TGTT
CGTT
CATC
TATC
CATT
TATT
Rare

Control (Freq.)
0.326
0.352
0.106
0.114
0.038
0.021
0.011
0.024
0.008

MetS (Freq.)
0.348
0.257
0.152
0.078
0.034
0.034
0.043
0.033
0.022

OR
0.68
1.36
0.68
0.60
1.38
4.32
0.96
2.70

95% CI
Reference
0.48–0.98
0.88–2.10
0.38–1.19
0.23–1.52
0.56–3.36
1.32–14.1
0.40–2.29
0.82–8.90

p-value
0.042
0.170
0.180
0.280
0.480
0.016
0.920
0.100

Freq: frequency.
Haplotype analysis was conducted using SNPStats program.21
†
Haplotype patterns were ordered as rs2228570, rs1544410, rs7975232 and rs731236, respectively.
p<0.05 was considered statistically significant.

several studies reported significant differences among
genotypes of rs2228570 concerning BMI, insulin (insulin
and HOMA-IR) and some lipid profiles.16,17,19 Our study
only found significant association of rs2228570 with visceral fat, which may be due to ethnic variation. Thus,
only the A allele of rs1544410 and T allele of rs7975232
were considered as risk alleles for MetS in this Thai population.
In addition, several studies also exhibited the relationship of genetic variation of VDR with diseases related to
MetS. An association of rs7975232 and rs731236 of VDR
gene was shown to be linked to gestational diabetes mellitus in Iranian population.24 Rs7975232 polymorphism
was associated with a significantly higher glucose intolerance in a nondiabetic Caucasian population that comprised part of the Rancho Bernardo cohort.25 SNP
rs1544410 was associated with increased susceptibility to
T2DM in the Chinese Han population26 and with an increased risk of T1DM in the East Asian population.27
Relationships of VDR gene polymorphisms with hypertension, lipid profiles and obesity have also been reported.15,22,28,29 Consistent with the existing data of increased
MetS risk, our results presented herein highlighted that
the homozygous variant of rs1544410 is associated with
an increased risk of diseases related to MetS, including
diabetes, pre-diabetes, hypertension, lipid abnormalities
and obesity; however, variants of rs7975232 increased the
risk of diabetes and pre-diabetes in this population. In
addition, the association with these related diseases supports the efficient progression to MetS, as mediated by
rs1544410 and rs7975232.
LD results from our study agreed with other studies,
which reported that SNPs at the 3’ end of the VDR gene
have strong LD.14,30-33 The strong LD of rs7975232 with
rs1544410 and rs731236 was observed (D’>0.80), and
rs1544410 had quite a strong association with rs731236
(D’=0.79) in this Thai population. Thus, weaker linkage
between rs1544410 and rs731236 may be attributed to the
position of polymorphism loci. The position of these three
SNPs was in the following order: rs1544410, rs7975232
and rs73126, respectively.13
To our knowledge, this is the first study to report the
association between MetS and haplotypes of the VDR
gene. As presented in Table 8, the CATT and TGGT hap-

lotypes (a combination of rs2228570, rs1544410,
rs7975232 and rs731236) were associated with higher and
lower risks of MetS, respectively. The CATT haplotype
included the risk alleles A of rs1544410 and T of
rs7975232, which were supported with the result of association to MetS. The reduced risk effect of the TGGT
haplotype might be due to the alleles T, G, G and T of
rs2228570, rs1544410, rs7975232 and rs731236 being
ancestral. Haplotypes of these four SNPs associated with
an increased risk of vitamin D deficiency were found in
the Saudi Arabian population.14 Recently, Al-Daghri et al
found a positive relationship between obesity and higher
BMI upon combination of rs731236, rs1544410 and
rs7975232.29 The susceptibility haplotype of VDR (a
combination of rs1544410, rs757343, rs731236 and
rs739837) to T2DM was also shown regarding Chinese
ethnicity.26 As aforementioned, this is the first study that
has investigated the association of VDR gene variation
with MetS in Thailand. The impact of VDR polymorphism in different ethnic groups warrants further investigation.
Conclusion
In conclusion, the present study indicated the association
of VDR polymorphisms with the increased risk of MetS,
especially rs1544410 and rs7975232. A and T alleles of
rs1544410 and rs7975232, respectively, were recommended as key risk factors of Meets and its related diseases in the Thai population. LD and haplotypes of VDR
gene related to MetS in the Thai population were also
discovered. These SNPs of the VDR gene are critical genetic factors involved in MetS development. These variations, once understood, could be used to identify and
monitor people at greater risk of developing MetS. Furthermore, such a monitoring tool would help to reduce the
incidence of MetS as well as its consequences (e.g.
T2DM and CVDs). In particular, patients at risk could be
educated about changes to lifestyle factors that reduce the
risk of MetS, such as food intake behaviours, physical
activities, smoking habits and alcohol intake.
ACKNOWLEDGEMENTS
The authors would like to thank all the study volunteers and
staff at the Department of Tropical Nutrition and Food Science,
Faculty of Tropical Medicine, Mahidol University for their co-

Genetic variations of VDR in Thai MetS
operation and kind support. We also would like to thank assistance from Mahidol University. Moreover, we would like to
thank the Thailand Research Fund for financial support
throughout the study.
AUTHOR DISCLOSURES
The authors declare that they have no competing interests. This
study was supported by the Thailand Research Fund through the
Royal Golden Jubilee PhD Program (Grant No.PHD/0033/2556)
REFERENCES
1. Huang PL. A comprehensive definition for metabolic
syndrome. Dis Model Mech. 2009;2:231-7. doi: 10.1242/
dmm.001180.
2. Kaur J. A comprehensive review on metabolic syndrome.
Cardiol Res Pract. 2014;2014:943162. doi: 10.1155/2014/
943162.
3. Zimmet P, Magliano D, Matsuzawa Y, Alberti G, Shaw J.
The metabolic syndrome: a global public health problem and
a new definition. J Atheroscler Thromb. 2005;12:295-300.
doi: 10.5551/jat.12.295.
4. International Diabetes Federation. The metabolic syndrome,
The IDF consensus worldwide definition of the metabolic
syndrome. [Internet] 2006 [cited 2017/08/16]; Available
from: https://www.idf.org/e-library/consensus-statements/
60-idfconsensus-worldwide-definitionof-the-metabolicsyndrome.html.
5. Nestel P, Lyu R, Low LP, Sheu W, Nitiyanant W, Saito I,
Tan CE. Metabolic syndrome: recent prevalence in East and
Southeast Asian populations. Asia Pac J Clin Nutr. 2007;16:
362-7. doi: 10.6133/apjcn.2007.16.2.23.
6. Aekplakorn W, Kessomboon P, Sangthong R,
Chariyalertsak S, Putwatana P, Inthawong R, Nitiyanant W,
Taneepanichskul S; NHES IV study group. Urban and rural
variation in clustering of metabolic syndrome components in
the Thai population: results from the fourth National Health
Examination Survey 2009. BMC Public Health. 2011;11:
854. doi: 10.1186/1471-2458-11-854.
7. Carr DB, Utzschneider KM, Hull RL, Kodama K, Retzlaff
BM, Brunzell JD, Shofer JB, Fish BE, Knopp RH, Kahn SE.
Intra-abdominal fat is a major determinant of the National
Cholesterol Education Program Adult Treatment Panel III
criteria for the metabolic syndrome. Diabetes. 2004;53:
2087-94. doi: 10.2337/diabetes.53.8.2087.
8. Hu G, Qiao Q, Tuomilehto J, Eliasson M, Feskens EJ,
Pyorala K. Plasma insulin and cardiovascular mortality in
non-diabetic European men and women: a meta-analysis of
data from eleven prospective studies. Diabetologia. 2004;47:
1245-56. doi: 10.1007/s00125-004-1433-4.
9. Kim MK, Il Kang M, Won Oh K, Kwon HS, Lee JH, Lee
WC, Yoon KH, Son HY. The association of serum vitamin
D level with presence of metabolic syndrome and
hypertension in middle-aged Korean subjects. Clin
Endocrinol (Oxf). 2010;73:330-8. doi: 10.1111/j.1365-2265.
2010.03798.x.
10. Song HR, Park CH. Low serum vitamin D level is
associated with high risk of metabolic syndrome in postmenopausal women. J Endocrinol Invest. 2013;36:791-6.
doi: 10.1007/BF03346758.
11. Hossein-nezhad A, Holick MF. Vitamin D for health: a
global perspective. Mayo Clin Proc. 2013;88:720-55. doi: 10.
1016/j.mayocp.2013.05.011.
12. Nagpal S, Na S, Rathnachalam R. Noncalcemic actions of
vitamin D receptor ligands. Endocr Rev. 2005;26:662-87.
doi: 10.1210/er.2004-0002.
13. Uitterlinden AG, Fang Y, Van Meurs JBJ, Pols HAP, Van
Leeuwen JPTM. Genetics and biology of vitamin D receptor

943

polymorphisms. Gene. 2004;338:143-56. doi: 10.1016/j.
gene.2004.05.014.
14. Al-Daghri NM, Al-Attas OS, Alkharfy KM, Khan N,
Mohammed AK, Vinodson B, Ansari MG, Alenad A,
Alokail MS. Association of VDR-gene variants with factors
related to the metabolic syndrome, type 2 diabetes and
vitamin D deficiency. Gene. 2014;542:129-33. doi: 10.1016/
j.gene.2014.03.044.
15. Filus A, Trzmiel A, Kuliczkowska-Płaksej J, Tworowska U,
Jędrzejuk D, Milewicz A, Medraś M. Relationship between
vitamin D receptor BsmI and FokI polymorphisms and
anthropometric and biochemical parameters describing
metabolic syndrome. Aging Male. 2008;11:134-9. doi: 10.
1080/13685530802273426.
16. Mackawy AMH, Badawi MEH. Association of vitamin D
and vitamin D receptor gene polymorphisms with chronic
inflammation, insulin resistance and metabolic syndrome
components in type 2 diabetic Egyptian patients. Meta Gene.
2014;2:540-56. doi: 10.1016/j.mgene.2014.07.002.
17. Schuch NJ, Garcia VC, Vívolo SRGF, Martini LA.
Relationship between Vitamin D Receptor gene
polymorphisms and the components of metabolic syndrome.
Nutr J. 2013;12:96-102. doi: 10.1186/1475-2891-12-96.
18. Tworowska-Bardzińska U, Lwow F, Kubicka E,
Łaczmański Ł, Jędzrzejuk D, Dunajska K, Milewicz A. The
vitamin D receptor gene BsmI polymorphism is not
associated with anthropometric and biochemical parameters
describing metabolic syndrome in postmenopausal women.
Gynecol Endocrinol. 2008;24:514-8. doi: 10.1080/0951359
0802302985.
19. Zhao Y, Liao S, He J, Jin Y, Fu H, Chen X et al. Association
of vitamin D receptor gene polymorphisms with metabolic
syndrome: a case-control design of population-based crosssectional study in North China. Lipids Health Dis. 2014;13:
129-34. doi: 10.1186/1476-511X-13-129.
20. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI,
Donato KA et al. Harmonizing the metabolic syndrome: a
joint interim statement of the International Diabetes
Federation Task Force on Epidemiology and Prevention;
National Heart, Lung, and Blood Institute; American Heart
Association; World Heart Federation; International
Atherosclerosis Society; and International Association for
the Study of Obesity. Circulation. 2009;120:1640-5. doi: 10.
1161/CIRCULATIONAHA.109.192644.
21. Sole X, Guino E, Valls J, Iniesta R, Moreno V. SNPStats: a
web tool for the analysis of association studies.
Bioinformatics (Oxford, England). 2006;22:1928-9. doi: 10.
1093/bioinformatics/btl268.
22. Phabphal K, Geater A. The association between BsmI
polymorphism and risk factors for atherosclerosis in patients
with epilepsy taking valproate. Seizure. 2013;22:692-7. doi:
10.1016/j.seizure.2013.05.003.
23. Ortlepp JR, Metrikat J, Albrecht M, von Korff A, Hanrath P,
Hoffmann R. The vitamin D receptor gene variant and
physical activity predicts fasting glucose levels in healthy
young men. Diabet Med. 2003;20:451-4. doi: 10.1046/j.
1464-5491.2003.00971.x.
24. Rahmannezhad G, Mashayekhi FJ, Goodarzi MT, Rezvanfar
MR, Sadeghi A. Association between vitamin D receptor
ApaI and TaqI gene polymorphisms and gestational diabetes
mellitus in an Iranian pregnant women population. Gene.
2016;581:43-7. doi: 10.1016/j.gene.2016.01.026.
25. Oh JY, Barrett-Connor E. Association between vitamin D
receptor polymorphism and type 2 diabetes or metabolic
syndrome in community-dwelling older adults: The Rancho
Bernardo Study. Metabolism. 2002;51:356-9. doi: 10.1053/
meta.2002.29969.

944

P Karuwanarint, B Phonrat, A Tungtrongchitr, K Suriyaprom, S Chuengsamarn and R Tungtronchitr

26. Xu JR, Yang Y, Liu XM, Wang YJ. Association of VDR
polymorphisms with type 2 diabetes mellitus in Chinese Han
and Hui populations. Genet Mol Res. 2014;13:9588-98. doi:
10.4238/2014.November.14.2.
27. Wang Q, Xi B, Reilly KH, Liu M, Fu M. Quantitative
assessment of the associations between four polymorphisms
(FokI, ApaI, BsmI, TaqI) of vitamin D receptor gene and
risk of diabetes mellitus. Mol Biol Rep. 2012;39:9405-14.
doi: 10.1007/s11033-012-1805-7.
28. Wang L, Ma J, Manson JE, Buring JE, Gaziano JM, Sesso
HD. A prospective study of plasma vitamin D metabolites,
vitamin D receptor gene polymorphisms, and risk of
hypertension in men. Eur J Nutr. 2013;52:1771-9. doi: 10.
1007/s00394-012-0480-8.
29. Al-Daghri NM, Guerini FR, Al-Attas OS, Alokail MS,
Alkharfy KM, Draz HM et al. Vitamin D receptor gene
polymorphisms are associated with obesity and
inflammosome activity. PLoS One. 2014;9:e102141. doi: 10.
1371/journal.pone.0102141.
30. Poon AH, Laprise C, Lemire M, Montpetit A, Sinnett D,

Schurr E, Hudson TJ. Association of vitamin D receptor
genetic variants with susceptibility to asthma and atopy. Am
J Respir Crit Care Med. 2004;170:967-73. doi: 10.1164/
rccm.200403-412OC.
31. Chen L, Smith GD, Evans DM, Cox A, Lawlor DA,
Donovan J et al. Genetic variants in the vitamin d receptor
are associated with advanced prostate cancer at diagnosis:
findings from the prostate testing for cancer and treatment
study and a systematic review. Cancer Epidemiol
Biomarkers Prev. 2009;18:2874-81. doi: 10.1158/1055-9965.
EPI-09-0544.
32. Martin RJ, McKnight AJ, Patterson CC, Sadlier DM,
Maxwell AP; Warren 3/UK GoKinD Study Group. A rare
haplotype of the vitamin D receptor gene is protective
against diabetic nephropathy. Nephrol Dial Transplant. 2010;
25:497-503. doi: 10.1093/ndt/gfp515.
33. Dogan I, Onen HI, Yurdakul AS, Konac E, Ozturk C, Varol
A, Ekmekci A. Polymorphisms in the vitamin D receptor
gene and risk of lung cancer. Med Sci Monit. 2009;15:
BR232-42. doi: 10.12659/MSM.890367.

