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Vitamin D receptor (VDR) is a potential candidate for cardiovascular disease. To date the genetic associ-
ation of VDR with ischemic stroke has not been explored. In the present study we aimed to evaluate the
association between VDR gene variants and ischemic stroke in Asian Indian population.

Overall, 557 subjects were investigated that included 313 ischemic stroke patients and 244 control
subjects. Four single nucleotide polymorphisms of the VDR gene termed as Fok I, Apa I, Taq I and Bsm
I were genotyped by using PCR-RFLP method. The genotype distribution of Bsm I polymorphism was
found to deviate from the Hardy–Weinberg equilibrium in control subjects, and hence excluded from
the study. Apa I and Taq I polymorphisms were not found to be associated with ischemic stroke. However,
presence of ff genotype of Fok I was found to confer 2.97-fold risk of ischemic stroke (95% CI = 1.16–7.63,
P = 0.02) as compared to FF genotype. This association was found to be independent of various demo-
graphic and important biochemical covariates including age, gender, smoking, alcohol intake, BMI, and
serum glucose, lipid profile, insulin and HOMA-IR, 25-hydroxyvitamin D and plasma NOx levels
[OR = 2.27, 95% CI = 1.25–4.09, P = 0.01]. However, adjustment for lipid metabolites attenuated the
genetic association [OR = 1.68, 95% CI = 0.75–3.78, P = 0.21]. Fok I polymorphism was also found to be
associated with total cholesterol levels; ff genotype carriers were found to have significantly higher
cholesterol levels (203.56 ± 30.50 mg/dl) as compared to FF carriers (177.38 ± 47.90 mg/dl) (P = 0.04).
On stratification by gender the genetic association between Fok I polymorphism and ischemic stroke
remained significant in females only (OR = 2.28, 95% CI = 1.15–4.53, P = 0.02). This genetic association
was also found to attenuate on adjustment with lipid variables.

In the present study we could associate the only known functional polymorphism of VDR i.e., Fok I, with
ischemic stroke in a gender specific manner. Adjustment with lipid variables was found to attenuate this
association indicating that impaired lipid metabolism may be the underlying mechanism of action of this
polymorphism which leads to an increase in the risk of ischemic stroke. Further larger scale validations in
other population are warranted in other population.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

Stroke is the second leading cause of death and disability across
the world. Ischemic stroke constitutes 80% of total strokes [1]. India,
the second most populous country in the world, is facing a stroke
epidemic [2]. Etiologically, stroke is a complex and heterogeneous
disorder with a strong genetic component [3]. Genetic dissection
of this complex disorder has targeted many association studies
involving potential candidate genes such as apolipoprotein E
(APOE), methylenetetrahydrofolate reductase (MTHFR), endothelial
nitric oxide synthase (ENOS), factor V Leiden, cytochrome P450 4F2
(CYP4F2), beta-fibrinogen and phosphodiesterase 4D (PDE4D) [4].
The selection of these genes was driven by the underlying pathways
related to stroke pathophysiology such as coagulation, lipid metab-
olism, renin–angiotensin–aldosterone system, endothelial dysfunc-
tion, inflammation and abnormalities in homocysteine metabolism
[4]. However, there are several more functional candidate genes
whose contribution to stroke risk needs to be assessed. Vitamin D
receptor (VDR) is one of potential candidates for cardiovascular dis-
orders [5], but its role in the pathogenesis of stroke remains unex-
plored. VDR is a nuclear receptor, a phosphoprotein and the main
effector of all the biological actions of vitamin D [6]. Hence, it is a
crucial component of the vitamin D endocrine system. After activa-
tion by its ligand, this nuclear receptor localizes to the regulatory
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regions of target genes and binds to their vitamin D-responsive ele-
ment (VDREs) thereby modulating their transcriptional output [6].
A wide range of vasoprotective effects of vitamin D and VDR
activation have been documented including slowing down of ath-
erosclerosis, promotion of endothelial function and suppression of
the renin-angiotensin-aldosterone (RAA) system [7–12]. Parallely,
expression of VDR has been reported to be ubiquitous: the highest
being in the small intestine, colon, kidney, bone and skin, along
with other tissues and cell types like the vascular system, endocrine
organs, immune system, brain and muscle, which point to a possi-
ble involvement of the receptor in a plethora of physiological
aspects [13]. Moreover, this endocrine system has also been
reported to have neuroprotective effects [14]. These lines of
evidence indicate a strong candidature of VDR in the biology of
ischemic stroke.

The chromosomal location of VDR gene is 12q13.1 [15]. The
gene spans a stretch of 75 kb containing 11 exons [16,17]. More
than sixty VDR polymorphisms have been detected so far. How-
ever, most of these, except one, are anonymous without any known
functional effect. Four RFLPs of VDR gene named Fok I, Apa I, Bsm I
and Taq I, have been thoroughly studied for their effects on various
disease outcomes like cancer, diabetes and CAD [18]. Some studies
have compared the genotypic distribution of VDR polymorphisms
across various world populations. Interestingly, the frequency
and distribution of VDR polymorphisms in India has been found
to be substantially different from other populations and ethnic
groups [19,20]. The Fok I polymorphism, associated with disrup-
tion of the restriction site in exon 2, is the only polymorphism of
the VDR with functional impact; it results in loss of a transcription
start site [21]. Bsm I and Apa I sites are located in intron 8 of the
VDR gene, whereas the synonymous Taq I site is present in its
9th exon [21].

To date no study has been reported on the genetic association
between VDR polymorphisms and ischemic stroke. Hence, we
undertook the present study to test the association of four genetic
variants of VDR with ischemic stroke in our population.
2. Materials and methods

The study was approved by institutional ethical committee and
informed consent was obtained from all study participants.
Patients aged between 23 and 85 years who presented at the neu-
rological service of the National Institute of Mental Health and
Neurosciences (NIMHANS), Bangalore, India, a tertiary care centre
for neurological disorders were recruited for the study. Diagnosis
of ischemic stroke was confirmed by neuro-imaging studies (CT/
MRI). Patients diagnosed with haemorrhagic stroke, stroke second-
ary to neuro-infection, malignancy or other terminal illnesses were
excluded. Control samples were collected from age and gender-
matched healthy subjects having no prior history of cerebrovascu-
lar disorders. Clinical and demographic data of the study
participants were recorded using the standard procedure.
Demographic and anthropometric analyses included the following
variables: age, gender, smoking status, alcohol intake, height,
weight and blood pressure levels. Body mass index (BMI) was cal-
culated as weight (kg)/height (m)2. Serum levels of total choles-
terol, high-density lipoprotein-cholesterol (HDL–C), triglycerides,
and glucose were determined using auto analyzer (Olympus
AU640, Munich, Germany). Fasting serum insulin was measured
by ELISA with commercial kits [Human Insulin specific, Calbiotech,
Inc., San Diego, 113 CA]. Plasma nitric oxide concentrations were
measured as NOx (nitrite plus nitrate). Nicotinamide adenine
dinucleotide phosphate (NADPH)-nitrate reductase (EC 1.6.6.2)-
mediated enzymatic conversion of nitrate was combined along
with addition of glucose-6-phosphate enzymatic conversion as
described by Verdon et al. [22]. Insulin resistance was assessed
using the homeostasis model assessment (HOMA-IR) originally
described by Mathew et al. [23]. HOMA-IR was calculated using
the following formula:

HOMA� IR ðmmol=L� lU=mlÞ ¼ fasting glucose ðmmol=LÞ
� fasting insulin ðlU=mlÞ=22:5
2.1. DNA isolation and PCR

Genomic DNA from human peripheral blood samples were iso-
lated by the standard phenol chloroform method [24]. DNA was
quantified by using NanoDrop 2000 (Thermo Fisher Scientific,
MA, USA).

2.2. Taq I and Bsm I multiplex PCR and restriction digestion

Sample DNA was amplified using Taq I and Bsm I multiplex PCR
(Taq I – forward primer 50-TCAGCAGTCATAGAGGGGTG-30; reverse
primer 50-AGCACAAGGGGCGTTAGCTT-30 and Bsm I – forward
primer 50 GCATCGTCTCCCCAGGTAT-30, reverse primer 50-CAG-
TTCACGCAAGAGCAGAG-30) with 2U of Taq DNA Polymerase (Solis
Biodyne, Tartu), and supplied buffer under the following conditions:
94 �C for 6 min, followed by 35 cycles of 94 �C for 30 s, 60.0 �C for
30 s, and 72 �C for 40 s, followed by a 5-min at 72 �C final extension.
PCR product for Taq I (364 bp) and Bsm I (335 bp) were then digested
with Taq I and Bsm I restriction endonucleases at 65 �C for 4 h
and were electrophoretically separated on a 2.5% agarose gel. Taq I
digestion gives restriction fragments of 364 bps for ‘TT’ genotype,
201 and 163 bps for ‘tt’ genotype and 364, 201 and 163 bps for
‘Tt’ genotype. Bsm I digestion gives products of size 335 bps for
‘BB’, 298, 37 bps for ‘bb’ and 335, 298, 37 bps for ‘Bb’ genotype.

2.3. Apa I and Fok I PCR and restriction digestion

Multiplexed PCR amplification of Fok I (rs10735810) and Apa I
(rs11168271) polymorphisms was done using the oligonucleotide
primers (Sigma Aldrich, Bangalore, India); Fok I – forward primer
50-GGCCTGCTTGCTGTTCTTAC-30, reverse primer 50-TGCTTCTTCT
CCCTCCCTTT-30 and Apa I – forward primer 50-ATAGAGAAGAAGG
CACAGGAG-30, reverse primer 50-AGGTCTGGATCCTAAATGCA-30,
using the following conditions: 94 �C for 5 min, followed by 35
cycles of 94 �C for 25 s, 58.2 �C for 25 s, and 72 �C for 25 s, followed
by a 5-min at 72 �C. PCR product for Fok I (221 bp) and Apa I
(185 bp) were analyzed in 2.0% agarose gel and documented using
Bio-Rad Gel Doc system and Quantity one software version 4.3.1
(Bio-Rad Laboratories, Inc., CA 94547 USA). Then the multiplex
PCR products were digested independently using Fok I restriction
endonucleases at 37 �C for 4 h and Apa I restriction endonucleases
at 25 �C for 4 h, and were electrophoretically separated on a 2.5%
agarose gel. Fok I digestion gives a band of 221bps for ‘FF’, and
for ‘ff’ it produces a product size of 185 and 36 bps for ‘Ff’, and
221, 185 and 36 bps for ‘Ff’ genotypes. Apa I digestion gives a prod-
uct size of 150, 35 bps for ‘aa’ genotype, 185 bps for ‘AA’ and 185,
150 and 35 bps for ‘Aa’ genotype.

2.4. Statistical analysis

Statistical analysis was performed with IBM SPSS statistics 17.0
(IBM Corporation, NY, USA) and GraphPad Prism v.5.0.1 (Graph Pad
Software, La Jolla, CA, USA). Differences in baseline characteristics
between patients and healthy controls were assessed by the chi-
squared test for categorical variables and the t-test for continuous
parameters. Genotypic frequencies of polymorphisms were tested
for Hardy–Weinberg equilibrium by Chi-squared analysis (HWE).



Ta
q

I

0)
A

a
(n

=
13

8)
aa

(n
=

54
)

P va
lu

e

* A
a

vs
.

A
A

* aa
vs

.
A

A
TT

(n
=

12
7)

Tt
(n

=
12

5)
tt

(n
=

31
)

P va
lu

e

* Tt
vs

.
TT

* tt
vs

.
TT

4.
31

48
.0

8
±

16
.5

6
48

.4
8

±
14

.6
0

0.
83

2
0.

58
3

0.
82

5
49

.3
1

±
15

.7
9

48
.6

5
±

16
.2

1
51

.3
1

±
13

.5
3

0.
57

3
0.

74
1

0.
40

7
.3

9
24

.5
9

±
1.

95
24

.9
2

±
2.

33
0.

49
4

0.
60

8
0.

21
9

24
.6

2
±

2.
46

24
.4

6
±

1.
98

24
.3

2
±

1.
84

0.
83

3
0.

57
3

0.
77

8
8.

87
13

5.
25

±
20

.6
4

13
4.

04
±

20
.3

2
0.

69
0

0.
42

3
0.

95
1

13
5.

89
±

20
.2

3
13

3.
25

±
19

.3
3

12
9.

17
±

15
.5

8
0.

33
9

0.
44

3
0.

15
1

6.
23

12
2.

13
±

67
.1

9
10

8.
20

±
52

.8
4

0.
55

5
0.

84
7

0.
40

9
11

7.
49

±
57

.9
0

11
8.

32
±

62
.6

1
11

2.
61

±
56

.0
3

0.
77

5
0.

99
6

0.
48

7

8.
47

18
1.

34
±

47
.7

9
17

3.
69

±
49

.6
1

0.
55

9
0.

73
9

0.
39

0
17

5.
75

±
51

.3
3

17
8.

45
±

39
.9

3
16

6.
78

±
43

.2
1

0.
59

2
0.

56
7

0.
57

5
52

.3
5

16
1.

91
±

81
.8

8
15

9.
54

±
99

.7
2

0.
75

5
0.

62
4

0.
81

2
15

4.
87

±
73

.4
5

15
6.

40
±

86
.4

6
21

0.
11

±
99

.7
8

0.
91

5
0.

86
2

0.
78

2
0.

35
40

.0
7

±
19

.6
5

34
.1

5
±

7.
26

0.
30

9
0.

89
3

0.
27

5
35

.7
3

±
11

.1
9

40
.9

6
±

19
.8

3
37

.1
9

±
10

.2
9

0.
38

3
0.

17
4

0.
65

3
2.

07
10

3.
72

±
41

.5
6

10
3.

25
±

47
.0

9
0.

88
1

0.
71

8
0.

59
4

10
7.

35
±

47
.1

3
98

.4
5

±
40

.4
2

10
4.

94
±

43
.2

1
0.

58
7

0.
31

3
0.

88
7

9.
73

16
.0

3
±

19
.9

0
12

.6
0

±
5.

63
0.

71
9

0.
84

7
0.

63
7

13
.7

0
±

10
.2

5
17

.3
0

±
24

.6
5

13
.4

4
±

6.
52

0.
39

3
0.

17
1

0.
58

9

.5
7

5.
19

±
7.

21
3.

37
±

2.
21

0.
60

7
0.

84
5

0.
39

5
4.

31
±

5.
88

4.
89

±
5.

95
4.

08
±

4.
22

0.
51

4
0.

36
8

0.
70

1
2.

84
30

.9
9

±
22

.9
2

30
.3

6
±

22
.3

3
0.

83
5

0.
59

0
0.

90
3

28
.3

9
±

19
.0

9
31

.9
2

±
24

.1
8

32
.5

3
±

21
.4

8
0.

58
0

0.
42

4
0.

39
6

P. Prabhakar et al. / Biochemical and Biophysical Research Communications 456 (2015) 631–636 633
The frequency distribution of the alleles and genotypes were com-
pared between patient and control groups by chi-squared test.
Logistic regression analysis was used to analyze the association
between genetic polymorphisms and ischemic stroke. P values of
<0.05 were considered to be statistically significant.

3. Results

The study group comprised of 313 patients diagnosed with
ischemic stroke (236 males and 77 females) and 244 healthy
control subjects (170 males and 74 females) (Table 1). Distribution
of age between patients (48.5 ± 15.6 years) and controls
(46.4 ± 13.4 years) was not significantly different (P = 0.109)
(Table 1). Risk factors such as smoking, alcohol use and hyperten-
sion were found to be more prevalent in stroke patients compared
to controls (Table 1). Amongst continuous variables, systolic blood
pressure (SBP), diastolic blood pressure (DBP), blood glucose, total
cholesterol and low density lipoprotein (LDL) cholesterol were
found to be elevated in patients compared to controls (Table 1).

3.1. Genotyping results for Bsm I

Bsm I polymorphism was detected in controls as well as
patients. However, the polymorphism was not found to be in
Hardy–Weinberg equilibrium in control subjects (P value = 0.008,
v2 = 7.07), hence excluded from further statistical analyses.

3.2. Genotyping results for Taq I

Taq I polymorphism was genotyped in 283 stroke patients and
231 controls, polymorphism was in Hardy–Weinberg equilibrium
in controls (P value = 0.25, v2 = 0.13) as well as patients (P
value = 0.97, v2 < 0.001). The polymorphism was not found to be
associated with any of the studied demographic or biochemical
parameters in stroke cases (Table 2). The genotypic distribution of
the polymorphism was also not found to be significantly different
between patients and controls (v2 = 1.03, P = 0.599) (Table 3).
Table 1
Clinical and demographic variables in ischemic stroke patients and controls.

Variable Controls
(n = 244)

Stroke cases
(n = 313)

P value

Age, years 46.4 ± 13.4 48.5 ± 15.6 0.109
Sex, male/female 170/74 236/77 0.132
Smoking (%) 30 (12.9) 92 (31.5) <0.0001
Alcohol consumption

(%)
37 (16.0) 73 (25) 0.013

Hypertension (%) 66 (28.6) 147 (50.4) <0.0001
Diabetes (%) 37 (16.0) 27 (9.2) 0.022
BMI (kg/m2) 24.6 ± 2.2 26.1 ± 4.1 <0.0001
SBP (mmHg) 126.1 ± 12.9 134.3 ± 20.1 <0.0001
DBP (mmHg) 83.4 ± 9.7 85.3 ± 10.6 0.047

Glucose (mg/dl) 97.8 ± 43.2 116.3 ± 59.3 <0.0001
Cholesterol (mg/dl) 178.5 ± 45.8 190.6 ± 40.9 0.004
TG (mg/dl) 152.1 ± 85.9 161.9 ± 110.9 0.354
HDL (mg/dl) 40.7 ± 8.9 38.8 ± 15.5 0.123
LDL (mg/dl) 105.2 ± 38.3 119.6 ± 38.1 0.005
VLDL (mg/dl) 32.3 ± 18.9 32.6 ± 24.3 0.952
Plasma NOx (lmol/L) 32.73 ± 22.3 30.24 ± 22.10 0.041
Insulin (lUI/ml) 14.6 ± 1.21 15.1 ± 1.06 0.721
HOMA-IR 3.4 ± 0.27 4.5 ± 0.33 0.012

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; TG, triglycerides; HDL, high density lipoprotein; LDL, low density
lipoprotein; VLDL, very low density lipoprotein; HOMA-IR, homeostatic model
assessment for insulin resistance; P value < 0.05 is statistically significant.
Continuous data were tested using two-tailed Student’s t-test/Mann–Whitney test,
and categorical data were tested using a v2 test or Fisher’s exact test for difference
between patient and control groups. Ta
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3.3. Genotyping results for Apa I

The genotypic distribution of Apa I polymorphism was found to
be in Hardy–Weinberg equilibrium in both controls (P value = 0.35,
v2 = 0.87) as well as patient samples (P value = 0.59, v2 = 0.27).
None of the biochemical covariates were found to be associated
with the polymorphism (Table 2). There was no significant varia-
tion in the genotype frequency distribution between controls
(n = 221) and cases (n = 292) for Apa I polymorphism (Table 3).
Logistic regression analysis did not indicate any association
between the polymorphism and ischemic stroke when analyzed
under various models of covariate adjustment (Table 4).

3.4. Genotyping results for Fok I

Fok I polymorphism could be genotyped in 292 ischemic stroke
patients and 219 control subjects. The genotypic distribution of the
Fok I polymorphism was in Hardy–Weinberg equilibrium in both
controls (P value = 0.12, v2 = 2.45) as well as patients (P
value = 0.38, v2 = 0.77) ff vs. FF; OR = 2.97 (95% CI = 1.16–7.63)
(Table 3). The polymorphism was found to be significantly associ-
ated with serum total cholesterol levels; mean values of cholesterol
were comparatively higher for ff carriers (203.56 ± 30.50 mg/dl) as
compared to FF carriers (177.38 ± 47.90 mg/dl) (Table 2). A signifi-
cant difference was found in distribution of genotype frequencies of
the polymorphism between patients and controls (Table 3)
(P = 0.027, v2 = 7.19). When analyzed by logistic regression ff geno-
type was found be confer 2.27-fold risk (95% CI = 1.25–4.09) of
ischemic stroke after adjustment for various covariates such as
Table 3
Genotype distribution of VDR polymorphisms and risk association with ischemic stroke.

Genotype Case
n = 313

Control
n = 244

n = 283 n = 231
Taq I Overall TT 127 (44.88) 107 (45.34)

Tt 125 (44.17) 97 (41.10)
tt 31 (10.95) 32 (13.56)

n = 213 n = 159
Males TT 95 (44.60) 66 (41.51)

Tt 97 (45.54) 71 (44.65)
tt 21 (9.86) 22 (13.84)

n = 70 n = 72
Females TT 32 (45.71) 36 (0.50)

Tt 28 (40.00) 26 (36.11)
tt 10 (14.29) 10 (13.89)

n = 292 n = 221
Apa I Overall AA 100 (34.2) 73 (33.03)

Aa 138 (47.3) 102 (46.15)
aa 54 (18.5) 46 (20.81)

n = 223 n = 150
Males AA 73 (32.73) 51 (34.00)

Aa 109 (48.89) 68 (45.33)
aa 41 (18.38) 31 (20.67)

n = 69 n = 71
Females AA 27 (39.13) 22 (30.99)

Aa 29 (42.03) 34 (47.88)
aa 13 (18.84) 15 (21.13)

n = 292 n = 219
Fok I Overall FF 148 (50.7) 132 (58.8)

Ff 124 (42.5) 81 (36.9)
ff 20 (6.8) 6 (4.3)

n = 222 n = 147
Males FF 118 (53.15) 85 (57.82)

Ff 94 (42.34) 59 (40.14)
ff 10 (4.51) 3 (2.04)

n = 70 n = 72
Females FF 30 (42.86) 47 (65.28)

Ff 30 (42.86) 22 (30.55)
ff 10 (14.28) 3 (4.17)

P < 0.05 is statistically significant.
age, sex, smoking, alcohol consumption, BMI, SBP, cholesterol and
triglyceride levels, glucose, plasma insulin, HOMA-IR and plasma
NOx levels. However, blood lipid levels (cholesterol and TG) were
found to abrogate this genetic association (Table 4) (OR = 1.68,
95% CI = 0.75–3.78, P = 0.21). When stratified by gender, females
were found to have significant difference in genotypic distribution
of the polymorphism between patients and controls (P = 0.013,
v2 = 8.73) but in males the distribution was not statistically signif-
icant (P = 0.372, v2 = 1.98). In females the presence of f allele was
associated with significant risk of ischemic stroke. On univariate
analysis, Ff genotype was found to be associated with 2.24-fold risk
(95% CI = 1.09–4.61, P = 0.029) as compared to FF genotype
(Table 3). Similarly, ff genotype conferred 2.28-fold risk 95%
CI = 1.15–4.53, P = 0.018. On adjustment of various covariates such
as age, sex, smoking, alcohol consumption, BMI, SBP, cholesterol
and triglyceride levels, glucose, plasma insulin, HOMA-IR, and
plasma NOx levels there was an increase in risk associated with ff
genotype (OR = 5.48, 95% CI = 1.33–22.49, P = 0.02) as well as the
Ff genotype (OR = 3.40, 95% CI = 0.95–12.21, P = 0.06) as compared
to FF genotype. However, these associations were abrogated on
additional adjustment with lipid metabolites (Table 4).

4. Discussion

In the present study we aimed to evaluate the association of
VDR variants with susceptibility to ischemic stroke. We found a
significant difference in genotypic distribution of Fok I polymor-
phism and ischemic stroke (v2 = 7.19, P = 0.027). Compared to FF,
ff genotype was found to confer 2.97-fold (95% CI = 1.16–7.63, p
v2 value P value (Chi-square) Odds ratio (95% CI), P

1.03 0.599 1 (ref)
0.97 (0.69–1.34), 0.89
0.93 (0.71–1.21), 0.60

1.46 0.481 1 (ref)
0.95 (0.61–1.47), 0.82
0.81 (0.51–1.14), 0.23

0.281 0.869 1 (ref)
1.21 (0.59–2.48), 0.60
1.06 (0.64–1.75), 0.82

0.436 0.804 1 (ref)
1.04 (0.72–1.49), 0.83
0.97 (0.77–1.23), 0.83

0.522 0.770 1 (ref)
1.12 (0.70–1.79), 0.64
0.92 (0.51–1.66), 0.79

1.022 0.600 1 (ref)
0.69 (0.33–1.47), 0.34
0.71 (0.28–1.79), 0.46

7.19 0.027 1 (ref)
1.36 (0.95–1.97), 0.09
2.97 (1.16–7.63), 0.02

1.98 0.372 1 (ref)
1.15 (0.75–1.76), 0.53
1.55 (0.80–3.00), 0.19

8.73 0.013 1 (ref)
2.24 (1.09–4.61), 0.03
2.28 (1.15–4.53), 0.02



Table 4
Odds ratios of genetic association of Fok I polymorphism with ischemic stroke differentially modeled by adjustment of covariates.

Model I Model II Model III Model IV Model V

Overall FF 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Ff vs. FF 1.01 (0.99–1.02), 0.09 1.52 (0.99–2.34), 0.05 1.54 (0.99–2.37), 0.05 1.69 (1.08–2.65), 0.02 1.25 (0.71–2.20), 0.44
ff vs. FF 1.89 (1.17–3.07), 0.01 1.98 (1.15–3.41), 0.01 2.05 (1.19–3.54), 0.01 2.27 (1.25–4.09), 0.01 1.68 (0.75–3.78), 0.21

Males FF 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Ff vs. FF 1.23 (0.79–1.90), 0.36 1.28 (0.79–2.07), 0.32 1.31 (0.77–2.22), 0.31 1.53 (0.89–2.66), 0.13 1.21 (0.64–2.31), 0.56
ff vs. FF 1.59 (0.81–3.10), 0.17 1.80 (0.87–3.69), 0.12 1.97 (0.93–4.20), 0.08 1.91 (0.89–4.09), 0.09 1.21 (0.47–3.08), 0.69

Females FF 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Ff vs. FF 2.50 (1.15–5.44), 0.02 4.58 (1.50–14.03), 0.01 4.29 (1.30–14.18), 0.02 3.40 (0.95–12.21), 0.06 3.45 (0.50–24.10), 0.21
ff vs. FF 3.22 (1.45–7.19), 0.004 4.18 (1.37–12.71), 0.01 3.86 (1.23–12.14), 0.02 5.48 (1.33–22.49), 0.02 4.99 (0.56–44.85), 0.15

Model I: adjusted for age and gender; Model II: further adjusted for BMI, smoking, alcohol consumption, SBP levels; Model III: additionally adjusted for blood glucose, plasma
insulin and HOMA-IR; Model IV: additionally adjusted for plasma NOx levels; Model V: additionally adjusted for lipid parameters, total cholesterol and triglycerides.
P value < 0.05 is statistically significant.
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value = 0.02) risk of ischemic stroke. We did not observe any signif-
icant association between other studied VDR polymorphisms (Taq I
and Apa I) and ischemic stroke. Our results support the previously
reported functional consequences associated with the f allele sub-
stitution of the Fok I polymorphism; presence of the allele in the
50-promoter region of the VDR leads to reduction in the potency
of the protein as a transcription activator [21]. Our results also sup-
port of role of decreased levels of vitamin D in the pathophysiology
of ischemic stroke [25–27].

Based on its expression in vascular tissue and its various vaso-
protective effects, several possible mechanisms might explain the
genetic association between VDR and ischemic stroke. For example,
in vivo deletion of VDR results in development of atherosclerotic
lesions accompanied by increase in adhesion molecules and proin-
flammatory cytokines in the aorta and cholesterol influx in macro-
phages [7]. VDR also regulates the expression of renin, the key gene
of the renin–angiotensin system (RAS) [8]. RAS plays a central role
in the regulation of blood pressure, volume and electrolyte homeo-
stasis. Inappropriate activation of the RAS may lead to hyperten-
sion which is one of the major and well-established risk factors
for stroke. Mice lacking VDR have elevated production of renin
and angiotensin II which leads to hypertension, cardiac hypertro-
phy, and increased water intake [8]. Mechanistically VDR sup-
presses renin expression by binding to the transcription factor
cAMP-response element-binding protein (CREB) [12]. VDR has also
been found to control systemic vascular tone by regulating the
expression of the key NO synthesizing enzyme, endothelial NO
synthase [8]. Decreased bioavailability of the vasodilator nitric
oxide and consequent endothelial dysfunction are salient features
for disturbed vascular homeostasis common to the pathogenesis of
ischemic stroke [28]. The available literature suggests a potential
impact of vitamin D on insulin sensitivity and glucose homeostasis
[29]. Clinical reports also indicate a possible association between
VDR polymorphisms and insulin resistance/secretion [30]. Insulin
resistance could be a major underlying mechanism for accelerated
atherosclerosis and inflammation common to stroke pathophysiol-
ogy [31]. In order to explore all these possible mechanistic links
between VDR variants and ischemic stroke pathophysiology, we
checked the impact of VDR polymorphisms on important parame-
ters like blood pressure, plasma NOx levels and insulin resistance;
however, we could not find any link. Genetic association between
Fok I polymorphism and ischemic stroke was also found to be
independent of these covariates. When adjusted for these factors,
the strength of association between Fok I polymorphism and ische-
mic stroke was not found to change significantly (OR = 2.27, 95%
CI = 1.25–4.09, P = 0.01).

Interestingly, on adjustment with lipid metabolites the
association between Fok I polymorphism and ischemic stroke
was found to attenuate. This indicates that the association of the
polymorphism with ischemic stroke could be partially mediated
by impaired lipid metabolism. Additionally, Fok I variant was also
found to be related to cholesterol levels in ischemic stroke patients.
Dyslipidemia is a well known risk factor for stroke [32]. Our results
indicate that VDR polymorphism might influence the risk of stroke
through impaired lipid metabolism. This speculation is supported
by the reported impact of VDR activation on increased expression
of human cholesterol 7a-hydroxylase which in turn leads to reduc-
tion in cholesterol levels [33].

We could also observe an influence of gender on the genetic
association between VDR polymorphism and ischemic stroke. Gen-
der stratification indicated female-specific genetic influence of VDR
Fok I polymorphism on the risk of ischemic stroke along with the
lipid-related attenuation of the association. Cross-talks between
estrogen and vitamin D endocrine system are well known. Estro-
gen has been shown to modulate VDR activity; estrogen up-regu-
lates VDR expression in the duodenal mucosa and concurrently
increases the responsiveness to endogenous 1,25(OH)2D [34].
Moreover, vasoprotective effects of estrogen including lowering
of cholesterol levels have been reported before [35]. Hence, it could
be hypothesized that the interplay between VDR polymorphisms,
estrogen levels and lipid metabolites could underlie the gender dif-
ferentiation of stroke etiology.

The present study is limited by its small sample size. However
the strength of this study is enhanced by the inclusion of important
biochemical covariates like lipid metabolites, plasma NOx levels
and indices of insulin resistance which could play an important
role in modulating the genetic association between VDR polymor-
phisms and ischemic stroke. This is the first study to evaluate and
report genetic association between VDR Fok I polymorphism and
risk of ischemic stroke, which could be partly explained by influ-
ence of this variant on cholesterol levels. Larger sample examina-
tion across various ethnic groups will further clarify the role of
VDR polymorphisms in the etiology of ischemic stroke.
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