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Abstract
Background: The association between vitamin D receptor (VDR) polymorphisms and 
metabolic	syndrome	 (MS)	has	been	demonstrated	by	epidemiological	 studies	while	
their correlation remain controversial. The aim of this study is to investigate the asso-
ciation of VDR	gene	polymorphisms	with	MS	and	MS-	related	components	in	the	two	
communities	of	Hangzhou.
Methods: A	total	of	394	subjects	were	enrolled	in	the	cross-	sectional	study.	Four	VDR 
gene polymorphisms (ApaI,	BsmI,	FokI,	and	TaqI) were selected based on human ge-
nome	sequence	databases	and	genotyped	using	the	MassARRAY	Analyzer	Compact.
Results: In	 lipid	 profile,	 the	 TT	 genotype	 of	ApaI	 had	 a	 significantly	 lower	 risk	 of	
hypertriglyceridemia compared with the GG+GT genotypes (recessive model: 
OR	 =	 0.141;	 95%	CI	 =	 0.041–	0.486;	 p < 0.01) and the GG genotype (codominant 
model:	OR	=	0.155;	95%	CI	=	0.044–	0.545;	p < 0.01). The levels of triglyceride (TG) 
in the TT genotype of ApaI	were	lower	than	the	GG+GT	genotypes	(1.29	±	0.63	vs.	
1.78	±	1.59	mmol/L,	p	<	0.01).	Furthermore,	the	AA+GA	carriers	of	BsmI had lower lev-
els	of	high-	density	lipoprotein	cholesterol	(HDL-	C)	than	the	GG	carriers	(1.28	±	0.29	
vs.	1.42	±	0.34	mmol/L,	p < 0.05). The CC+TC carriers of TaqI also suffered from lower 
HDL-	C	compared	with	the	TT	carriers	(1.27	±	0.29	vs.	1.42	±	0.34	mmol/L,	p < 0.01). 
For	arterial	blood	pressure,	the	CC	carriers	had	lower	systolic	blood	pressure	(SBP)	
than the TT+TC carriers (p < 0.01) and the TT carriers of FokI (p	<	0.05).	However,	the	
FokI	polymorphisms	were	not	associated	with	SBP	and	the	mean	blood	pressure	of	
both groups laid within the normal range.
Conclusions: In	 our	 study,	VDR	 polymorphisms	 show	 no	 association	 with	 the	MS	
risk.	The	present	results	suggest	that	the	VDR ApaI polymorphism is associated with 
hypertriglyceridemia	and	predisposed	to	developing	MS,	while	the	variants	of	BsmI 
and TaqI	seem	to	affect	HDL-	C.	Nevertheless,	the	effect	of	FokI	variants	with	SBP	is	
ambiguous.
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1  |  INTRODUC TION

Vitamin	D	deficiency	is	a	global	health	problem,	with	reported	in-
cidence	 of	 36%	 in	 the	United	 State	 of	America,	 61%	 in	Canada,	
92%	in	Northern	Europe,	60%	in	North	Africa,	45%–	98%	in	Asia,	
and	 31%	 in	 Australia.1	 Vitamin	 D	 is	 traditionally	 known	 for	 its	
skeletal	effects	in	calcium	and	phosphorus	homeostasis,2,3 and it 
appears	 to	have	extra-	skeletal	 influence.	 Low	 level	of	 vitamin	D	
has	been	demonstrated	to	be	associated	with	several	non-	skeletal	
disorders	 including	 cardiovascular	 diseases,	 type	 1	 and	 type	 2	
diabetes,	 autoimmune	 diseases,	 and	 cancer.4,5	 Currently,	 the	 in-
volvement	of	vitamin	D	in	metabolic	syndrome	(MS)	has	attracted	
great	 interest.	MS	comprises	a	 cluster	of	metabolic	 components	
such	 as	 obesity,	 hyperglycemia,	 hypertension,	 and	 hyperlipid-
emia,	which	is	associated	with	high	risk	of	cardiovascular	disease.6 
Accumulating	 studies	 have	 consistently	 shown	 that	 low	 vitamin	
D status is related to obesity in both pediatric and adult popula-
tions.7-	11	Given	 the	 increasing	 prevalence	 of	 obesity	 in	 children,	
there	also	has	been	concern	for	high	occurrence	of	dyslipidemia,	
hypertension,	 and	 type	 2	 diabetes.12	 Additionally,	 the	 biological	
influences of vitamin D deficiency on insulin secretion or insulin 
resistance,13,14	diabetes,15-	18	hypertension,19,20 and dyslipidemia21 
have also been reported.

Vitamin	D	receptor	(VDR),	which	is	activated	by	vitamin	D,	is	
expressed	in	multiple	cells.	The	activated	VDR	regulates	3%	of	the	
human	 genome,	 suggesting	 the	 pleiotropic	 functions	 of	 vitamin	
D.22	Therefore,	VDR polymorphisms are proposed as the potential 
genetic	 contributors	 to	 metabolic	 disorders.	 Many	 studies	 have	
been made to investigate the role of VDR polymorphisms in the 
pathogenesis	of	MS.	However,	the	data	so	far	were	inconclusive.	
On	one	hand,	VDR genetic variants have been reported to be as-
sociated	with	MS	 and	 its	 components	 including	 anthropometric	
and	 biochemical	 parameters	 in	 different	 ethnic	 populations,23-	29 
while	on	the	other	hand,	some	studies	have	considered	that	there	
is no association between VDR	polymorphisms	and	MS.	In	a	study	
on	healthy	postmenopausal	women	 in	Poland,	apart	from	an	un-
favorable	 lipid	profile,	 the	BsmI polymorphism of VDR gene was 
not	 associated	with	 the	 features	 of	MS.30 Vimaleswaran et al.31 
found no relationship between VDR polymorphisms and meta-
bolic	 components	 on	 British	 adults.	 In	 addition,	 several	 studies	
addressed	no	association	of	 the	 risk	of	MS	with	VDR gene poly-
morphisms in 2013 (BsmI,	FokI),23	2016	(ApaI,	BsmI,	FokI,	TaqI),32 
and	 2017	 (BsmI,	FokI,	TaqI).26	 For	 Chinese	 population,	 only	 two	
studies investigated the role of VDR	gene	polymorphisms	 in	MS.	
In	one	study,	Zhao	et	al.33 revealed that there was an association 
between BsmI VDR	 gene	polymorphism	 and	MS	 in	North	China.	
And	 the	 other	 study,	which	was	 performed	 in	 the	 rural	 popula-
tion	of	Henan	province	in	North	China,	showed	that	the	VDR gene 
(rs2228570	 FokI,	 rs3847987,	 rs2189480,	 rs2239179)	 variants	
were	associated	with	MS.34

In	this	study,	we	mainly	investigate	the	association	of	VDR gene 
polymorphisms (ApaI,	BsmI,	FokI,	and	TaqI)	with	MS	and	MS-	related	
components in a southern city of China.

2  |  MATERIAL S AND METHODS

2.1  |  Study subjects

A	cross-	sectional	study	was	performed	from	April	2010	to	February	
2011	in	the	Caihe	and	Gongshu	communities	of	Hangzhou,	Zhejiang	
Province,	China.	A	 total	 of	 394	 subjects	were	 recruited,	 including	
56	subjects	with	MS	and	338	controls	without	MS.	The	diagnosis	of	
MS	was	accordance	with	the	criteria	by	the	International	Diabetes	
Federation,6 which requires central obesity (waist circumference 
≥90	cm	in	men	and	≥80	cm	in	women)	plus	any	two	of	the	following:	
high	blood	pressure	[systolic	blood	pressure	(SBP)	≥	130	mmHg	or	
diastolic	blood	pressure	 (DBP)	≥85	mmHg],	hyperglycemia	 (fasting	
blood	glucose	≥	5.6	mmol/L),	hypertriglyceridemia	[triglyceride	(TG)	
≥	1.7	mmol/L	(150	mg/dl)],	and	low	high-	density	lipoprotein	choles-
terol	 (HDL-	C)	 [<1.03	mmol/L	 (40	mg/dl)	 in	men	and	<1.29	mmol/L	
(50	mg/dl)	 in	women].	The	unmatched	subjects	were	placed	in	the	
control	 group.	 Exclusion	 criteria	 included:	 use	 of	 vitamin	D,	 preg-
nant	 or	 breastfeeding	women,	 chronic	 kidney	 diseases,	 and	 other	
chronic	 illness.	None	 of	 the	 subjects	 used	 the	 hypotensive	 drugs,	
lipid-	lowering	medications,	oral	hypoglycemic	agents,	and/or	insulin.	
A	written	informed	consent	was	obtained	from	each	participant.	The	
study was approved by the ethic committee of Sir Run Run Shaw 
Hospital.

2.2  |  Anthropometric and biochemical 
measurements

All	participants	were	subjected	to	anthropometric	measurements	in-
cluding	body	mass	index	(BMI),	waist	circumference	(WC),	SBP,	and	
DBP.	All	measurements	were	performed	by	well-	trained	 research-
ers.	BMI	was	calculated	by	dividing	the	body	weight	in	kilogram	by	
the stand height in meter squared. WC was measured with an inelas-
tic tape placed at the midpoint between the lower rib margin and the 
iliac	 crest,	while	 the	 subject	was	 standing	up.	Blood	pressure	was	
obtained using an automatic sphygmomanometer (Omron Health 
Care).	On	the	day	of	the	questionnaire,	the	first	measurement	was	
performed	after	at	least	a	rest	period	of	5	min,	and	the	second	was	
performed 30 min after the first measurement. The third measure-
ment was performed on the next day. Three measurements were 
taken,	and	the	average	of	the	measurements	was	used	for	analysis.

Venous blood samples were collected at morning after an 
overnight fast. Each blood specimen was divided into two sec-
tions,	 one	 section	of	 8	ml	was	 transferred	 into	 the	 coagulation-	
promoting	 tube,	 and	 the	 other	 8	 ml	 was	 transferred	 into	 the	
ethylene	 diamine	 tetraacetic	 acid	 (EDTA)-	anticoagulated	 tubes.	
Then,	 the	 blood	 samples	were	 stored	 at	 −80°C	 after	 centrifuge	
until	 used.	 Blood	 tests	with	 biochemistry	were	 conducted	 from	
the	 coagulation-	promoting	 tubes.	 Serum	 fasting	 blood	 glucose	
(FPG),	TG,	 total	 cholesterol	 (TC),	 low-	density	 lipoprotein	choles-
terol	 (LDL-	C),	 and	 HDL-	C	 were	 determined	 with	 the	 automated	
biochemistry	 analyzer	 (Aeroset).	 The	 detection	 procedures	 and	
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reaction criteria were set and carried out strictly according to the 
instruction of manufacturer.

2.3  |  Genetic analyses

Genomic	 DNA	 was	 extracted	 from	 EDTA-	anticoagulated	 whole	
blood	with	QIAGEN	DNA	Mini	and	Blood	Mini	Kit	(QIAGEN).	Four	
VDR	 single-	nucleotide	 polymorphisms	 (SNPs),	 rs7975232	 (ApaI),	
rs1544410	(BsmI),	rs2228570	(FokI),	and	rs731236	(TaqI),	were	iden-
tified based on human genome sequence databases. The genotypes 
of the four VDR	SNPs	were	determined	by	polymerase	chain	reac-
tion (PCR) using iPlex assay (Sequenom). The PCR reactions (5 µl) 
were	performed	in	standard	384-	well	plates	using	3	µl	of	reaction	
mixture	(0.625	µl	buffer,	0.325	µl	MgCl2,	0.1	µl	dNTP,	0.12	µl	PCR	
primer,	0.1	µl	Taqpolymerase,	and	1.73	µl	ddH2O)	and	2	µl	DNA.	The	
cycling	was	carried	out	for	2	min	at	95°C,	followed	by	45	cycles	of	
30	s	at	95°C,	30	s	at	56°C,	and	60	s	at	72°C,	and	then	5	min	at	72°C.	
Shrimp	Alkaline	Phosphatase	(SAP)	mixture	(2	µl),	containing	0.17	µl	
SAP	buffer,	0.3	µl	SAP	enzyme,	and	1.53	µl	ddH2O,	was	added	to	the	
completed	reactions	and	incubated	for	40	min	at	37°C,	followed	by	
inactivation	for	5	min	at	85°C.	Final	extension	was	continued	with	
2	µl	mixture	 (0.2	µl	 iPlex	 buffer,	 0.2	µl	 iPlex	 termination,	 0.94	µl	
primer,	0.041	µl	iPlex	enzyme,	and	0.619	µl	ddH2O). The cycling was 
performed	for	30	s	at	94°C,	followed	by	5	cycles	of	5	s	at	94°C,	5	s	at	
52°C,	and	5	s	at	80°C.	The	condition	consisted	of	40	cycles	of	dena-
turation	at	94°C	and	was	completed	by	3	min	at	72°C.	The	reaction	
products	were	added	with	6	mg	Clean	Resin	for	purify.	The	products	
were	 spotted	 on	 the	 Spectrochip	 (Sequenom),	 and	 the	 data	were	
analyzed	using	 the	MassARRAY	Analyzer	Compact	 (Sequenom).	A	
reagent	control	(without	template	DNA)	was	included	in	each	PCR,	
and	5%	of	the	samples	were	randomly	selected	for	repeated	detec-
tion to avoid genotyping errors.

2.4  |  Statistical analysis

All	statistical	analyses	were	implemented	by	using	SPSS,	and	all	data	
were	presented	as	mean	±	standard	deviation.	The	Hardy-	Weinberg	
equilibrium	using	the	chi-	square	test	was	performed	for	each	SNP	
before analysis. The difference between the two groups was ana-
lyzed	by	the	Student	t-	test	for	numeric	data.	For	multiple	compari-
sons	among	the	groups,	the	one-	way	ANOVA	was	conducted.	The	
associations	of	the	SNPs	with	MS	and	MS-	related	components	were	
evaluated	using	the	binary	logistic	regression,	after	adjustment	for	
age,	 sex,	 and	 BMI.	 A	 P-	value	 <0.05	 was	 considered	 statistically	
significant.

3  |  RESULTS

In	this	study,	the	mean	age	of	the	controls	was	55.70	±	6.55	years	
and	the	mean	age	of	the	MS	was	57.50	±	6.41	years.	As	shown	in	

Table	1,	 there	was	 significant	 difference	 in	 clinical	 and	 laboratory	
measurements	 between	 the	 control	 and	 MS	 groups.	 The	 results	
found	that	there	were	significantly	higher	 levels	of	BMI,	WC,	SBP,	
DBP,	FPG,	TG,	 and	 lower	HDL-	C	 level	 in	 the	 subjects	with	MS	as	
compared	with	those	in	the	control	group.	However,	the	levels	of	TC	
and	LDL-	C	did	not	differ	between	the	two	groups.

Genotyping	for	all	the	SNPs	in	VDR gene was performed in both 
the	MS	group	and	 the	control	group.	Four	VDR polymorphisms of 
all	 subjects,	 control,	 and	MS	 groups	 are	 shown	 in	 Table	 2.	 It	was	
observed that there was no significant difference in the genotype 
distribution within the groups. The genotype distributions of four 
SNPs	in	VDR	gene	were	consistent	with	Hardy-	Weinberg	equilibrium	
(p > 0.05).

After	adjusting	for	age,	sex,	and	BMI,	the	associations	between	
ApaI,	BsmI,	FokI,	and TaqI	with	MS	and	MS-	related	components	are	
presented	in	Table	3.	All	four	VDR	SNPs	were	not	related	to	MS	risk	
(p	>	0.05).	However,	in	the	case	of	ApaI	TT	genotype,	the	two	mod-
els in comparison with hypertriglyceridemia were statistically signif-
icant. The first one was recessive model with the GG+GT genotypes 
(OR	=	0.141;	95%	CI	=	0.041–	0.486;	p	=	0.002),	and	the	second	one	
was	 codominant	model	 with	 the	 GG	 genotype	 (OR	 =	 0.155;	 95%	
CI	=	0.044–	0.545;	p	=	0.004).

We	further	explored	the	differences	in	the	levels	of	MS-	related	
components by genotypes of VDR	(Table	4).	In	the	lipid	profile,	the	
levels of TG in TT genotype of ApaI were lower than GG+GT gen-
otypes	(1.29	±	0.63	vs.	1.78	±	1.59	mmol/L,	p	=	0.001).	The	HDL-	C	
levels	were	lower	in	the	subjects	with	AA+GA	than	GG	genotype	
of BsmI	(1.28	±	0.29	vs.	1.42	±	0.34	mmol/L,	p	=	0.016).	The	sub-
jects with CC+TC genotype of TaqI polymorphism had significant 
lower	 levels	of	HDL-	C	compared	with	TT	genotype	 (1.27	±	0.29	

TA B L E  1 Baseline	characteristics	of	subjects	with	controls	and	
MS

Characteristics Controls MS p- Value

Subjects (n) 338 56 -	

Age	(years) 55.70	±	6.55 57.50	±	6.41 0.056

BMI	(kg/m2) 22.89	±	2.48 26.55	±	2.60 <0.001

WC (cm) 76.68	±	7.98 88.76	±	6.52 <0.001

SBP	(mmHg) 117.93	±	14.58 130.80 ± 15.08 <0.001

DBP	(mmHg) 78.24	±	8.73 84.80	±	10.02 <0.001

FPG	(mmol/L) 5.00 ± 1.08 5.84	±	1.93 0.002

TG	(mmol/L) 1.61	±	1.51 2.34	±	1.43 <0.001

TC	(mmol/L) 5.56	±	1.21 5.63	±	1.00 0.666

LDL-	C	(mmol/L) 2.41	±	0.66 2.45	±	0.60 0.709

HDL-	C	(mmol/L) 1.44	±	0.34 1.22 ± 0.28 <0.001

Note: Data were presented as mean ± standard deviation. p-	value	
obtained by Student t-	test.	A	p-	value	<0.05	was	considered	statistically	
significant.
Abbreviation:	BMI,	body	mass	index;	DBP,	diastolic	blood	pressure;	
FPG,	fasting	blood	glucose;	HDL-	C,	high-	density	lipoprotein;	LDL-	
C,	low-	density	lipoprotein;	MS,	metabolic	syndrome;	SBP,	systolic	
blood	pressure;	TC,	total	cholesterol;	TG,	triglyceride;	WC,	waist	
circumference.
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vs.	1.42	±	0.34	mmol/L,	p = 0.008). In arterial blood pressure mea-
surement,	 the	FokI	CC	genotype	had	 lower	SBP	 than	 the	TT+TC	
genotypes	(116.45	±	15.74	vs.	121.00	±	14.99	mmHg,	p = 0.009) 
and	the	TT	genotype	(116.45	±	15.74	vs.	121.60	±	16.37	mmHg,	
p	 =	 0.016),	 but	 the	 mean	 values	 of	 SBP	 were	 both	 within	 the	
normal range. There were no statistically differences in other 
components.

4  |  DISCUSSION

Our study revealed that the VDR gene polymorphisms (ApaI,	BsmI,	
FokI,	 and	 TaqI)	 were	 not	 associated	 with	 MS.	 In	 contrast,	 previ-
ous studies in northern cities of China showed the associations of 
VDR	gene	polymorphisms	with	MS.33,34 These inconsistent results 
with our study in southern city may be due to the heterogeneity of 

sample,	and	diagnostic	criteria	of	MS.	 In	this	study,	we	found	that	
VDR	gene	polymorphisms	may	affect	 the	MS-	related	components,	
especially the lipid profile.

Dyslipidemia	 is	 the	component	of	MS,	which	 includes	hyper-
triglyceridemia	and	 low	HDL-	C.	Vitamin	D	has	been	proposed	to	
have effects on the lipid metabolism. There were numerous epi-
demiologic studies to explore the association of vitamin D status 
with	dyslipidemia.	A	 systemic	 review,	 including	22	cross-	section	
studies,	 found	 that	 vitamin	 D	 status	 was	 positively	 related	 to	
serum	HDL-	C	and	negatively	 to	TG.21	The	adipose	 tissue,	which	
expresses	 VDR	 and	 enzymes	 involving	 in	 vitamin	D	metabolism	
and	 related-	signaling,	 is	 the	 major	 storage	 site	 for	 vitamin	 D.35 
The	multiple	functions	of	vitamin	D	are	mediated	by	VDR,	which	
heterodimerizes	with	 the	 retinoid	X	 receptor	 (RXR).	The	vitamin	
D-	VDR	interaction	results	in	alternating	gene	expression	and	pro-
tein synthesis.36	In	addition,	VDR	gene	expression	is	up-	regulated	
by	 vitamin	 D	 in	 3T3-	L1	 preadipocytes.37 These results suggest 
that the influence of vitamin D on the lipid metabolism is VDR 
dependent. Vitamin D and VDR are supposed to be implicated in 
the	modulation	of	adipogenesis.	The	studies	using	3T3-	L1	mouse	
preadipocytes suggested that vitamin D could inhibit adipogen-
esis.38-	40	 Additionally,	 further	 researches	 indicated	 that	 the	 li-
ganded	VDR	blocked	adipogenensis	 through	downregulating	 the	
expression of adipogenic transcription factors.38,39	Nevertheless,	
a role for unliganded VDR in either promoting or inhibiting adipo-
genesis	has	been	reported.	In	3T3-	L1	preadipocytes,	adenovirus-	
mediated overexpression of VDR suppressed the adipogenic 
program,38	while	knockdown	of	VDR	using	small	interfering	RNA	
reduced lipid accumulation in the late phase of adipogenesis.39 
Interestingly,	 the	effects	on	human	adipocytes	were	not	 consis-
tent where vitamin D promoted adipocyte differentiation.41-	43

The perturbation of lipid profile has been described in VDR 
knockout	 animals.	 Wong	 et	 al.44	 showed	 that	 VDR-	null	 mutant	
mice exhibited the lower levels of serum triglycerides and choles-
terol	 levels	 than	 the	wild	 type,	due	 to	 increased	 rate	of	 fatty	acid	
β-	oxidation.	 Further	 study	demonstrated	 that	 the	 transgenic	mice	
overexpressing VDR showed an increase in the levels of serum cho-
lesterol,	which	was	correlated	with	 reduced	 fatty	acid	β-	oxidation	
and lipolysis in the adipose tissue.45	Besides,	high	expression	of	VDR	
suppressed the expressions of genes that regulated thermogenesis 
and lipolysis in adipose tissue.46

Our study found the associations between ApaI,	BsmI,	and	TaqI 
variants	with	 lipid	 profile.	 Logistic	 regression	 analysis	 showed	 a	
significant association between ApaI TT genotype with hypertri-
glyceridemia.	In	Russian	subjects	with	MS,	T	allele	carriers	of	VDR 
ApaI	had	higher	TC	and	LDL-	C	levels	compared	with	GG	carriers.28 
Moreover,	 AA+GA	 carriers	 of	 BsmI and CC+TC carriers of TaqI 
showed	lower	HDL-	C	levels.	Current	data	demonstrated	that	VDR 
BsmI gene polymorphism might be closely associated with dys-
lipidemia.	 A	 previous	 study	 revealed	 the	 similar	 finding	 that	AA	
genotype	and	A	allele	of	BsmI	were	associated	with	lower	HDL-	C	
and	obesity,	respectively.25	Furthermore,	AA	carriers	of	BsmI were 
related	 to	high	LDL-	C	 levels	 in	Polish	postmenopausal	women,30 

TA B L E  2 Allele	and	genotype	frequencies	of	VDR 
polymorphisms in the study subjects

Genotype/allele
All subjects 
(n = 394)

Controls 
(n = 338) MS (n = 56)

TaqI allele

T 729	(94.68) 622	(94.53%) 107	(95.54%)

C 41	(5.32%) 36	(5.47%) 5	(4.46%)

TaqI genotype

TT 346	(89.87%) 295	(89.67%) 51	(91.07%)

TC 37	(9.61%) 32	(9.73%) 5	(8.93%)

CC 2	(0.52%) 2	(0.61%) 0

BsmI allele

G 735	(94.96%) 628	(94.86%) 107	(95.54%)

A 39	(5.04%) 34	(5.14%) 5	(4.46%)

BsmI genotype

GG 350	(90.44%) 299	(90.33%) 51	(91.07%)

GA 35	(9.04%) 30	(9.06%) 5	(8.93%)

AA 2	(0.52%) 2	(0.61%) 0

ApaI allele

G 548	(76.54%) 467	(71.19%) 81	(73.64%)

T 218	(28.46%) 189	(28.81%) 29	(26.36%)

ApaI genotype

GG 199	(51.96%) 172	(52.44%) 27	(49.09%)

GT 150	(39.16%) 123	(37.50%) 27	(49.09%)

TT 34	(8.88%) 33	(10.06%) 1	(1.82%)

FokI allele

T 380	(48.97%) 322	(48.49%) 58	(51.79%)

C 396	(51.03%) 342	(51.51%) 54	(48.21%)

FokI genotype

TT 98	(25.26%) 80	(24.10%) 18	(32.14%)

TC 184	(57.42%) 162	(48.80%) 22	(39.29%)

CC 106	(27.32%) 90	(27.10%) 16	(28.57%)

Abbreviation:	MS,	metabolic	syndrome;	VDR,	vitamin	D	receptor.
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whereas	GA	carriers	 showed	higher	LDL-	C	 than	AA+GG	carriers	
in	 the	 United	 Arab	 Emirates.26	 Karonova	 et al.28	 and	 Sangkaew	
et al.29 observed the relationship of BsmI with hypertriglycer-
idemia.	Unlike	VDR BsmI and ApaI,	 no	 association	 between	TaqI 
gene	polymorphism	and	lipid	profile	was	reported	in	MS	subjects.	
Our results were consistent with some and inconsistent with other 
previous	 studies,	 particularly	 on	 the	 association	 between	 BsmI 
polymorphism and lipid profile.

Genetic polymorphisms have subtle but truly biological effects. 
Genetic studies of VDR polymorphisms in relation to metabolic dis-
orders have received more attention. Apal,	BsmI (in the intron be-
tween	exon	8	and	9),	and	TaqI	(in	exon	9),	which	are	located	at	the	
3′	untranslated	region	(UTR)	of	VDR	gene,	were	the	most	frequently	
studied.47 Whitfield et al. showed that VDR variants (ApaI,	 BsmI,	
and TaqI)	displayed	cell-	type-	specific	effects	on	mRNA	stability	 in	
vitro,48	whereas	 other	 studies	 showed	differences	 in	VDR	mRNA	
expression.49-	52 The in vivo studies also found that the functional 
effects of VDR	polymorphisms	have	been	analyzed	in	the	serum	bio-
chemical	markers.53-	55	 These	markers,	 including	 bone	metabolism	
markers	and	parathyroid	hormone,	are	thought	to	be	related	to	the	
bone	mineral	density.	Thus,	VDR variants (TaqI,	BsmI,	and	ApaI) may 
mediate a host of downstream effects on VDR-	responsive	genes	to	
influence	epidemiological	 findings.	However,	 several	 studies	were	
not	able	to	explore	the	differences	in	mRNA	stability,	mRNA	expres-
sion,	and	serum	markers,	even	demonstrated	an	opposite	trend.56 
Therefore,	controversy	still	exists	regarding	the	functionality	of	3′	
UTR polymorphisms (ApaI,	BsmI,	and	TaqI). The genetic information 
can	partially	explain	the	inconsistent	association	of	3′	UTR	polymor-
phisms with lipid indexes from epidemiological results.

An	 increasing	number	of	 clinical	 studies	 confirmed	 the	 associ-
ation of hypertension with vitamin D deficiency.19 The hypothe-
sized	mechanisms	through	vitamin	D	impact	blood	pressure	include	
renin-	angiotensin-	aldosterone	system	(RAAS),	calcium	homeostasis,	
vascular	endothelia	function,	and	inflammation.57-	59	A	study	found	
the association between VDR FokI polymorphism and hyperten-
sion	 risk	 in	 Chinese	 population.	 In	 another	 study	 on	 Arabs	 adult,	
Hasan et al. found that T allele of VDR FokI	had	higher	SBP	than	C	
allele.	However,	our	results	did	not	show	this.	In	our	study,	the	data	
showed	the	difference	of	SBP	values	among	genotypes	of	FokI,	but	
the mean values were within the normal range.

Several limitations of the current study deserve consideration. 
Firstly,	 since	 our	 sample	 size	 is	 not	 large	 enough,	 further	 studies	
with	large	sample	size	are	required	to	validate	our	results.	Secondly,	
the number of subjects available for minor allele frequency of some 
SNPs	was	a	little	low	to	calculate	a	strong	power.	Thirdly,	we	did	not	
include all VDR	polymorphisms	to	investigate.	Thus,	we	cannot	rule	
out other VDR	polymorphisms	that	may	associate	with	MS	and	MS-	
related components in this population.

In	 conclusion,	VDR	gene	polymorphisms	 (ApaI,	BsmI,	FokI,	 and	
TaqI)	 were	 not	 associated	 with	 MS	 risk	 in	 the	 subjects	 from	 the	
southern	city	of	China.	Yet,	VDR gene polymorphisms may affect the 
components	of	MS.
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