Indian J Med Res 137, April 2013, pp 734-741

Relationship between VKORCI1 single nucleotide polymorphism
1173C>T, bone mineral density & carotid intima-media thickness

Daniela Fodor, Cosmina Bondor®, Adriana Albu, Radu Popp™, Ioan Victor Pop™
& Laura Poanta

Second Internal Medicine Clinic, "Department of Medical Informatics & Biostatistics, “"Medical Genetics,
“luliu Hatieganu” University of Medicine & Pharmacy, Cluj-Napoca, Romania

Received July 28, 2011

Background & objectives: The effects of vitamin K-dependent proteins in bone mineralization and
vascular calcification and the implication of vitamin K epoxide reductase gene (VKORC1) 1173C>T
polymorphism in warfarin sensitivity are well known. The main objective of the study was to investigate
the relationship between VKORCI 1173C>T polymorphism, bone mineral density (BMD), and
atherosclerosis (evaluated by intima-media thickness of the carotid artery and the presence of calcified
plaques) in patients suspected to have osteoporosis or osteopenia and referred for BMD determination.

Methods: VKORC1 1173C>T polymorphism was evaluated in 239 consecutive patients referred by their
physicians for BMD measurement (dual energy X-ray absorptiometry at L2-L4 lumbar spine, femoral
neck and total hip). Ultrasonography of the carotid arteries was performed, intima-media thickness
(IMT) was measured and the presence of atherosclerotic calcified plaques was recorded.

Results: In the patients with osteoporosis and osteopenia there was a higher frequency of TT genotype
of VKORCI 1173C>T (P=0.04). The TT genotype was significantly more frequent in the osteoporotic
group compared to the osteopenic group (P=0.01). The mean age and body mass index were lower in
the patients with normal BMD and TT genotype (P=0.02, P=0.03). There was no correlation between
the IMT and VKORCI 1173C>T genotype but the TT genotype had a significant association with the
presence of calcified atherosclerotic plaques (P=0.05). This finding was not correlated with normal or
pathologic BMD.

Interpretation & conclusions: VKORCI1 1173C>T polymorphism (TT genotype) was associated with
osteoporosis and calcified plaques in the carotid artery in patients referred for BMD measurement.
Different mechanisms are probably involved in these associations. TT genotype may serve as a potential
genetic marker for the risk of OP and ATS.

Key words Atherosclerotic plaque - bone mineral density - carotid intima-media thickness - gene - osteoporosis - vitamin K epoxide
reductase - VKORC1
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Osteoporosis (OP) and atherosclerosis (ATS)
have a higher prevalence in the ageing population
causing serious morbidity and mortality. The common
mechanisms in the pathogenesis of OP and vascular
calcification suggested are age-related, chronic
inflammation, cigarette smoking, diabetes mellitus,
estrogen deficiency, hypovitaminosis C, D, and K,
oxidized lipids and free radical, or renal failure'*. Many
studies have demonstrated the association between OP
and ATS: bone mineral density (BMD) and the number
of carotid and femoral atherosclerotic plaques’, BMD
and the risk for subclinical coronary atherosclerosis®,
BMD and carotid intima-media thickness (IMT)
in postmenopausal women’, BMD and coronary
calcification®, or calcification of the atherosclerotic
plaques and low BMD?*'°,

The role of vitamin K in bone metabolism
and vascular health has been demonstrated. The
characterization of vitamin K-dependent proteins has
demonstrated the implication of vitamin K not only in
the blood coagulation but also in the bone metabolism,
atherosclerosis and in inflammation, oxidative stress,
nerve signaling and even kidney stones!!. Vitamin K
acts as a cofactor for gamma-glutamyl carboxylase,
being an electron donor for the conversion of some
post-translational glutamyl residues, thus producing
the gamma-carboxyglutamate (Gla). The main
function of these Gla residues is to actively bind
calcium, which is essential for the biological activity
of the Gla containing proteins (named Gla-proteins)'2.
The mediator in the recycle process of vitamin K 2,3
epoxide to the vitamin K hydroquinone is vitamin K
epoxide reductase (VKOR). The vitamin K epoxide
reductase gene (VKORCI) is situated on human
chromosome 16p11.2 and encodes a protein of 163
amino acids with a mass of 18.2 kD'3, Numerous single
nucleotide polymorphisms (SNPs) were identified, the
VKORC1 gene being highly polymorphic. One of these
SNPs, rs 993448 or VKORC1 1173C>T was studied
especially in relation to coumarin sensitivity. D’ Andrea
et al** found that patients with TT genotype of SNP rs
9934438 (SNP 1173) require a lower dose of warfarin
for a safe anticoagulation. This is indicative for a
lower activity of the coagulation system partly due to
a lower activity of VKORCI gene which leads to a less
conversion of vitamin K epoxide to its reduced form
and so to less carboxylation of the vitamin K-dependent
proteins'®. On the same haplotype with SNP 1173C>T
is situated another SNP +2255C>T (rs 2359612) and
for this SNP the presence of C allele is associated with

almost double the risk for vascular diseases and lower
levels of undercarboxylated osteocalcin'.

Recently a significant association between AA
genotype of 9041G>A SNP and a higher mean BMD
was found!® and in VKORC -deficient mice a reduced
length of bone calcification relative to wild-type
control mice was demonstrated!”. From six VKORCI1
SNPs genotyped and compared with BMD, rs7292 was
found to be associated with OP in non-hispanic white
males'8.

It remains undecided whether there is a common
VKORCT1 SNPs that can be considered a risk factor for
both OP and ATS, and if there is a common pathway
for the intervention in this polymorphism. Thus, the
objective of the study was to evaluate the relationship
between BMD, carotid IMT and calcific atherosclerotic
plaques (as the risk factor for cardiovascular events
due to atherosclerosis)”, and the VKORCI SNPs rs
993448 (VKORCI 1173C>T) in patients referred for
BMD determination.

Material & Methods

Between September 2009 and September 2010,
239 patients were consecutively enrolled from patients
referred by their physicians for BMD measurement
in the Rheumatology Clinic of the “Iuliu Hatieganu”
University of Medicine and Pharmacy, Cluj-Napoca,
Romania. Patients with hormonal replacement therapy
or medication affecting the bone metabolism (oral
anticoagulants, corticosteroids, or anticonvulsants)
were excluded. Subjects with any condition that might
interfere with the bone metabolism, such as thyroid
disorders, malabsortion, chronic renal and liver diseases
or alcoholism were also excluded. Women were eligible
if menopause had occurred at least two years prior to
their visit. None of the subjects had diseases (fractures,
etc.) that interfered with the activities of normal daily
life. In this group 151 patients had hypertension and 60
patients had non-insulin-dependent diabetes (with 46
having both diseases).

Written, informed consent for participation was
obtained from each subject prior to enrolment. The
Ethics Committee of University approved the study
protocol (ANCS 42107/2008 PNII Grant). All the
measurements were performed in the same day.

For each patient demographic and clinical variable
were recorded: age, weight, height, body mass index
(BMI = weight/height?, kg/m?), time since menopause
had installed, smoking status. The patients’ medication
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history and associated diseases including hypertension
and diabetes were also recorded. Their blood pressure
was measured after a 10 min rest in the supine position
using a sphygmomanometer on the right arm of the
subject.

Blood samples were drawn from the antecubital vein
in the morning after the subject had fasted for 12 h. One
sample (7 ml) was used for serum concentration of total
cholesterol, triglycerides, and glucose determination
by standard laboratory techniques (Cobas Mira Plus
analyzer) on the same day. The second sample (5 ml)
was used for DNA extraction. The samples obtained
were kept frozen at -80°C until use.

BMD measurement: BMD was measured at the
lumbar spine (L2-L4) and at the femoral neck by dual
energy X-ray absorptiometry (DXA), using a Lunar
Prodigy Advance (GE Healthcare, USA) for all BMD
measurements. Results were expressed as a T-score
(standard deviation from peak adult BMD). Patients
were classified as having normal BMD, osteopenia or
lowbonemass (avalue forBMD thatwas 1-2.5 SD below
the mean value for young adults), and osteoporosis
(more than 2.5 SD below the mean value for young
adults according to the World Health Organization’s
criteria for diagnosing osteoporosis)®. Three sites for
assessment of the BMD were considered: L2-14 at
the lumbar spine, femoral neck and total hip and the
lower value of these three were used in the statistical
analysis?!. All the measurements were performed by
two operators. The inter- and intra-operator coefficient
of variation was less than 1.3 per cent.

Measurement of carotid IMT: The wall thickness of
the carotid artery was measured bilaterally with Aloka
Prosound alpha 10, Tokyo, Japan machine, using 7.5
to 13 MHz linear probe by the same examiner with the
patient in supine position. The common carotid arteries
were scanned longitudinally. The image was focused
on the posterior (far) wall. The perpendicularity
between the ultrasound beam and the far wall assured
good visualization of the IMT as two parallel echoic
lines (the lumen-intima interface and media-adventitia
interface). In all cases, three measurements of the
common carotid artery far wall were taken 10 mm
proximal to the bifurcation. For each subject the mean
value of the three measurements was considered to be
the current wall thickness of the distal carotid common
artery. The mean value taken into account for the study
was between the right and left carotid artery IMT.
The variability of ultrasonographic measurement was

assessed by performing two measurements in a 15
volunteers group over aone week period. The coefficient
of variation between the two IMT measurements was
of 10 per cent.

The calcified atherosclerotic plaque was defined
as a high echogenic focal widening of the carotid wall
with the protrusion into the lumen, associated with
posterior shadow. The plaques were recorded as present
or absent on the common, internal and external carotid
arteries walls.

DNA isolation and genotyping: DNA was obtained by
extraction and purification from 300 pl of peripheral
blood, using a comercial extraction kit (Wizard
Genomic DNA Purification Kit, Promega, USA).

VKORCI 1173C>T  polymorphism genotyping
protocol used PCR-RFLP (Restriction fragment lenght
polymorphism, based PCR), using a modified protocol
described by Kimmel et al*. Briefly, a 195 bp fragment
from the gene that encodes VKORCI1, was amplified
by PCR, following the amplification programme: initial
denaturation of 7 min at 95°C, followed by 45 cycles,
each of 40 sec denaturation at 95°C, annealing 50 sec
at 59°C and elongation 40 sec at 72°C, with a final
elongation of 7 min at 72°C. DNA primer sequences
were: Fw_5’- AAGATGAAAAGCAGGGCCTAC- 3’
and Rev 5’- CCGAGAAAGGTGATTTCCAA- 3°.
DNA samples were amplified by PCR in a final volume
of 25 ul, with: MgCl,, 1.5 mM, dNTPmix 0.2 mM
cach, BSA (Bovine serum Albumine®, Fermentas MBI,
Lituania) 2 mg/ml, 1.25 U of TrueStart DNA polymerase
(Fermentas MBI, Vilnius, Lituania), 10 pmoles of each
primers (forward and reverse), approximately 150 ng
of genomic DNA and nuclease free water up to the
final volume of 25 pl. From the obtained amplicon
12 pl was digested overnight, at 37°C with 5U of
Eco130I (Styl) (Fermentas MBI, Vilnius, Lituania)
restriction enzyme. Digested fragments were migrated
in electrophoresis gel, 3 per cent using high resolution
MetaPhor agarose (Lonza, Belgium), stained with
ethidium bromide. In the presence of T allele, the
amplicon is digested by the enzyme in two fragments
of 125 and 70 bp. The homozygous genotypes for C
allele, present a single fragment of 195 bp, resistant
to digestion. The homozygous genotypes for T allele,
present 2 fragments, one of 125 bp and the other of 70
bp.

Statistical analysis: For testing normal distribution
in the case of a continuous variable Kolmogorov-
Smirnov test or Shapiro-Wilk test (for small samples)
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was applied. If the variables were normally distributed,
the means were compared by t test (in case of two
samples) or ANOVA test followed by post-hoc Scheftfe
analysis (in the case of three samples). If the variables
were not normal distributed, the means were compared
using Mann-Whitney test (in case of two samples) or
Kruskal-Wallis test (in case of three samples) followed
by Mann-Whitney test for multiple comparisons with
Bonferroni manual adjustment. For testing proportions
Chi-square test was used. For multiple comparisons
Bonferroni manual adjustment of type 1 error were
made.

In the absence of a cut-off value for the mean IMT,
the association between mean IMT, BMD and 1173C>T
polymorphism were analysed using the ANOVA two-
way analysis. The study was made using genotype model

(TT, CT, and CC), recessive model (TT versus CT plus
CC), and dominant model (TT plus CT versus CC).
For the association between a dependent dichotomous
variable and multiplenominal or continuous independent
variables a multivariate logistic regression was used.
Multiple logistic regression analysis was performed
with BMD (normal vs. osteopenia or osteoporosis)
as a dependent variable and age, BMI, hypertension,
diabetes mellitus, the VKORCI genotype, and mean
IMT as independent variables. Statistical calculations
were performed with SPSS 13.0 (Chicago, IL, USA).

Results

The study group consisted of 204 women and
35 men. The characteristics of the study group are
summarized in Table 1.

Table I. Demographic characteristics of the study group
Normal BMD Osteopenia Osteoporosis
(n=66) (n=105) (n=68)

Age (yr) 61.08 +7.62 62.23 £9.74* 68.01 £9.71"
Female (n=204) 61.39+7.34 64.20 +9.36" 68.22 £ 9.46"
Male (n=35) 59.85 + 8.86 58.61 +10.46 64.75 +14.48
Hypertension (%) 66.7 64.8 57.4
Diabetes mellitus (%) 27.3 28.6 17.6
BMI (kg/m?) 30.71 £4.78 28.56 +£5.23™ 26.40 £ 5.58"
Mean IMT (mm) (left IMT+ right IMT)/2 0.11+£0.07 0.10+0.06 0.11 £0.08
Total cholesterol (mg %) 218.40 £57.57 215.60 +52.76 218.32 +£47.41
Triglycerides (mg %) 158.13 + 86.87 145.20 £ 94.61 126.66 + 74.48
Glucose (mg %) 116.34 +33.48 111.38 £35.33 103.12 £20.87
Lumbar spine BMD (g/cm?) 1.23+0.16 1.06 +0.14* 0.83 +£0.15"
Lumbar spine T score 0.32+1.20 -1.16 £ 1.00™ -3.07 + 1.21°
Lumbar spine Z score 1.37+1.25 -0.02 £ 1.22" -1.55+£1.39"
Femoral neck BMD (g/cm?) 1.00 +0.11 0.84 +0.09" 0.72 +£0.10"
Femoral neck T score -0.15+£0.95 -1.36 £0.78" -2.27+£0.74
Femoral neck Z score 0.94 +0.77 -0.23 £0.69™ -0.70 £ 0.69"
Total hip BMD (g/cm?) 1.09+£0.13 091 +0.11" 0.76 £0.11"
Total hip T score 0.50 £ 0.94 -0.89 £ 0.71" 224 £2.26"
Total hip Z score 1.40 £ 1.00 0.14 +£0.86"™ -0.87 £1.83"
VKORCI CC n=43 (17.9%) 13 (30.23%) 20 (46.51%) 10 (23.26%)

CT n=108 (45.1%) 29 (26.85%) 54 (50%) 25 (23.15%)

TT n=88 (36.8%) 24 (27.27%) 31(35.23) 33 (37.5%)
Values are expressed as mean =+ standard deviation
IMT, intima media thickness; BMI, body mass index; CCA, common carotid artery; n, number of patients
"P<0.001 compared to patients with normal BMD; *P<0.001 compared to patients with osteoporosis
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Analyzing the relation between BMD and 1173C>T
polymorphism, no significant differences were obtained
between normal, osteopenic, and ostoeporotic BMD
and TT, CT, or CC genotypes (Table II). No significant
statistical differences were found when the comparison
was made between TT+CT and CC genotypes
(TT+CT: 80.30% normal BMD, 80.95% osteopenic
patients, 74.36% osteoporotic patients, P=0.70) but
when the comparison was made between CC+CT and
TT genotypes, a significance was obtained (CC+CT:
63.64% normal BMD, 70.48% osteopenic patients,
53.03% osteoporotic patients, P=0.04). This came
from the significant differences obtained by comparing
osteopenic and osteoporotic groups and CC+CT and
TT genotypes (CC+CT: 70.48% osteopenic patients,
53.03% osteoporotic patients, P=0.03). The association
between osteopenic and osteoporotic groups and
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CCHCT and TT genotypes was more powerful for the
T-score of lumbar spine (P=0.002) than for the T-score
of femoral neck (P=0.01). The mean age and mean BMI
were lower in the group of patients with TT genotype
and normal BMD compared to CC+CT genotype and
normal BMD group (P=0.02 and P=0.03, t test) (Tables
IIT and IV).

The relationship between IMT and VKORCI
1173C>T genotype did not show any significance
when the analysis was made by genotype (Table V,
Kruskal-Wallis test) or associations (TT+CT P=0.15,
Mann-Whitney test, and CC+CT P=0.22, Mann-
Whitney test). As a matter of concern regarding
the presence of calcified atherosclerotic plaques, a
statistical significance was obtained only to the CC+CT
association compared to the TT genotype (P=0.05).

Table II. Distribution of patients depending on BMD and 1173 C>T genotype

n, number of patients; SD, standard deviation; CI, confidence interval

1173 Normal BMD (P=0.36) Osteopenia (P=0.69) Osteoporosis (P=0.33)
T Mean SD 95% CI n Mean  SD 95% CI n Mean SD 95% CI
Genotype S S
Lower Upper Lower Upper Lower Upper
bound bound bound bound bound bound
TT 29 040 076 -0.69 -0.11 54 -1.81 038 -1.92 -1.71 25 -330 062 -3.56 -3.04
CT 24 -037 063 -0.63 -0.10 31 -1.80 041 -195 -1.65 33 396 277 -494 298
CcC 13 -068 053 -1.00 -037 20 -1.72 049 -195 -1.49 10 -338 064 -384 -292

Table I1I. Distribution of age for the patients depending of BMD and 1173C>T genotype

n, number of patients; SD, standard deviation

1173 Normal BMD (P=0.02) Osteopenia (P=0.07) Osteoporosis (P=0.98)
8>T N Mean SD 95% CI n Mean SD 95% CI n Mean SD 95% CI
enotype
Lower  Upper Lower  Upper Lower  Upper
bound  bound bound  bound bound  bound
TT 24 58.17 9.11 54.32 62.01 31 66.06 9.99 62.40 69.73 33 67.73 8.79 64.61 70.84
CT+CC 42 62.69 6.19 60.76 64.62 74 6223 9.54 60.02 64.44 35 6829 10.63 64.64 71.94

Table IV. Distribution of BMI for the patients depending of BMD and 1173C>T genotype

n- number of patients, SD- standard deviation

1173 C>T Normal BMD (P=0.03) Osteopenia (P=0.89) Osteoporosis (P=0.53)
Genotype
n Mean SD 95%CI n Mean SD 95%CI n Mean SD 95%CI
BMI BMI BMI
Lower  Upper Lower  Upper Lower  Upper
bound bound bound bound bound bound
TT 24 2892 4.68 26.95 3090 31 2841 692 2587 3095 33 2685 6.31 24.61 29.09
CT+CC 42 31.61 457 30.18 33.03 74 28.57 436 27.56 29.58 35 2598 4.85 24.32 27.65
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Table V. Correlation between mean IMT and VKORCI 1173 C>T genotype

1173 C>T n (%) Average for mean  SD for mean IMT  95% CI for the average of mean IMT  Calcified plaques
Genotype IMT P=0.27 Lower Bound Upper Bound P=0.14 (%)
TT 88 (36.8) 0.104 0.063 0.092 0.116 55 (62.50)
CT 108 (45.1) 0.111 0.077 0.095 0.127 55(50.93)
cC 43 (17.9) 0.099 0.066 0.078 0.119 20 (46.51)

n- number of patients, SD- standard deviation, CI- confidence interval

Table VI. Multivariate logistic regression model with dependent variable - BMD (osteoporosis or osteopenic patients=1) and
independent variables - age, BMI, hypertension, diabetes mellitus, VKORC]1 genotype, and mean IMT

IMT, intima-media thickness

B SE 2 OR 95.0 % CI for OR
Lower bound Upper bound

Age 0.05 0.02 0.003 1.06 1.02 1.09
BMI -0.10 0.03 0.001 0.90 0.85 0.96
Mean IMT -0.46 2.16 0.83 0.63 0.01 43.47
Hypertension 0.18 0.35 0.61 1.20 0.61 2.37
DM -0.06 0.36 0.87 0.94 0.47 1.89
VKORCI1 0.97
VKORCI(TT) 0.10 0.42 0.82 1.10 0.48 2.52
VKORCI1(CC) 0.03 0.44 0.95 1.03 0.43 2.44
Constant 0.55 1.61 0.73 1.73

CI, confidence interval; SE, standard error; OR, odds ratio; BMI, body mass index; DM, diabetes mellitus; BMD, bone mineral density;

When analyzing the influence of BMD and
VKORCI 1173 C>T genotype on mean IMT (two-way
ANOVA, dependent variable means IMT), none of the
following factors had a significant influence on IMT:
VKORC1 P=0.81, BMD P=0.32 or the composed
factor VKORCI1 - BMD P=0.42.

The association between BMD and age, BMI,
hypertension, diabetes mellitus, the VKORC1 genotype,
mean IMT analyzed with multivariate logistic regression
(Enter method) revealed that only age (OR 1.06 95%
CI 1.02 to 1.09, P=0.003) and BMI (OR 0.90, 95%
CI 0.85 to 0.96, P=0.001) had significant influence on
BMD (Table VI).

Discussion

In this cross-sectional study we used a recessive
model (TT versus CT or CC genotype for the VKORC1
1173C>T genetic polymorphism) and showed that in
patients with osteoporosis and osteopenia there was
a more frequent TT genotype of VKORCI 1173C>T.
Further, the TT genotype was significantly more
frequently found in the osteoporotic group compared

to the osteopenic group. For the whole group of
patients no correlation could be established between
the IMT and VKORCI 1173C>T genotype but, when
we analyzed the presence of calcified atherosclerotic
plaques, there was a significant association with the
TT genotype (P=0.05). This finding was not associated
with normal or pathologic BMD.

Teichert et a/* found that the T-allele of the
VKORCI 1173C>T polymorphism was associated
with a small but significantly increased risk of aortic
calcification, explaining this situation by the dominant
effect of the T-allele. When they analyzed the presence
of 4 to 6 calcified plaques in the carotid artery, no
association with the T-allele was found. In our study
the aortic calcifications had not been recorded and so a
correlation with the carotid calcifications has not been
searched for. We took in consideration the presence
of calcified plaques in the carotid arteries, regardless
of their number. The association of calcified plaques
to VKORCI genotype was established only in the
presence of TT genotype suggesting that T allele had a
recessive effect.
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D’ Andrea et al'* stated that the TT genotype
was associated with a less carboxylation of vitamin
K-dependent proteins. Osteocalcin and matrix Gla
protein, two members of Gla-proteins family for which
vitamin K acts as a cofactor for gamma-glutamyl
carboxylase (involved in the bone turnover and the
prevention of arterial calcification)'?, should be, in
this condition, at a lower level of carboxylation. The
higher prevalence of TT genotype that was found in
the osteoporotic group could be explained by this
mechanism. Wang et al' found in subjects with TT
genotype ahigher level ofundercarboxilated osteocalcin
but they assumed that the association found between
the higher risk of vascular diseases (stroke, coronary
heart disease, and aortic dissection) and the C allele of
the +2255 locus might not be related to the effect on
the gamma-carboxilation of the vitamin K-dependent
proteins. Another yet-known function of VKORCI1
could be responsible for this association'>. Due to
the lack of association between all the three variables
(VKORC1 genotype, BMD, and IMT/calcified plaques)
the hypothesis of different mechanisms of VKORCI1
involvement in OP and ATS is suggested by our
study: TT genotype influences the BMD via vitamin
K-dependent proteins and the presence of calcified
plaques via another unknown function. The effects of
VKORC1 genetic polymorphism on hepatic expression
in patients receiving warfarin had been studied but
little is known about expression of the gene in other
tissues**. More studies are needed in this direction.

The frequency of VKORCI 1137TT genotype
was found to be significantly lower in patients with
venous thromboembolism than in matched controls®.
It was suggested that the VKORCI1 haplotype group
A (including the T allele of the VKORCI 1137C>T
polymorphism) might be associated with a lesser
procoagulant effect”. In these settings, haplotype B
carriers (including the C allele of the VKORC1 1137C>T
polymorphism) might have an elevated level of vitamin
K-dependent proteins and protein C and protein
S plasma levels would also expected to be elevated. This
hypothesis was not confirmed by the study of Kimura
et al’® raising the possibility of different mechanisms
involved in this association.

We found an association between age and BMI,
TT genotype, and normal BMD. The patients with TT
genotype and normal BMD were younger than the other
genotypes, suggesting that their BMD had become
abnormal earlier and OP had appeared at a younger
age. Also, the lower BMI of TT genotype patients
compared to other genotypes should be interpreted as

a risk factor for developing OP. The positive relation
between BMI and OP is well known?"2,

One of the limitations of the study was the absence
of the data regarding genotype distribution of VKORC1
1173C>T in the Romanian population. The interethnic
variability of VKORCI genotype was demonstrated.
The frequency of 1173TT in Asian patients is higher
than in Caucasian and African populations®*. The
frequency of TT genotype in the Caucasian population
was 17 per cent’' and 15.1 per cent* in the earlier
studies compared to 36.8 per cent in our study. In
the previously mentioned study, all the subjects were
healthy volunteers, unlike the subjects in our study who
were consecutively enrolled from patients presenting
for BMD measurement. Large populational studies are
required to establish the real proportion of VKORCI
genotype in the Romanian population. Another
limitation of the study was the low sample size that
might be responsible for the lack of statistical power.

In conclusion, VKORCI! polymorphism (TT
genotype) was associated with OP and the presence of
calcified plaques in the carotid artery. Probably different
mechanisms are involved in these associations.

Acknowledgment

Authors acknowledge the ANCS (Romanian National
Authority for Scientific Research) 42107/2008 PNII grant, for
financial support.

References

1. Beulens JW, Bots ML, Atsma F, Bartelink ML, Prokop M,
Geleijnse JM, et al. High dietary menaquinone intake is
associated with reduced coronary calcification. Atherosclerosis
2009; 203 : 489-93.

2. Mazieére C, Savitsky V, Galmiche A, Gomila C, Massy
Z, Maziére JC. Oxidized low density lipoprotein inhibits
phosphate signaling and phosphate-induced mineralization in
osteoblasts. Involvement of oxidative stress. Biochim Biophys
Acta 2010; 1802 : 1013-9.

3. Samelson EJ, Kiel DP, Broe KE, Zhang Y, Cupples LA, Hannan
MT, et al. Metacarpal cortical area and risk of coronary heart
disease: the Framingham Study. Am J Epidemiol 2004; 159 :
589-95.

4. Vermeer C, Theuwissen E. Vitamin K, osteoporosis and
degenerative diseases of ageing. Menopause Int 2011; 17 :
19-23

5. Pennisi P, Russo E, Gaudio A, Veca R, D’ Amico F, Mangiafico
RA, et al. The association between carotid or femoral
atherosclerosis and low bone mass in postmenopausal women
referred for osteoporosis screening. Does osteoprotegerin play
arole? Maturitas 2010; 67 : 358-62.

6. Celik C, Altunkan S, Yildirim MO, Akyuz M. Relationship
between decreased bone mineral density and subclinical
atherosclerosis in postmenopausal women. Climacteric 2010;
13:254-8.



10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

FODOR et al: VKORC1 1173C>T POLYMORPHISM AS THE RISK FACTOR FOR OSTEOPOROSIS & ATHEROSCLEROSIS 741

Hmamouchi I, Allali F, Khazzani H, Bennani L, E1 Mansouri
L, Ichchou L, ef al. Low bone mineral density is related to
atherosclerosis in postmenopausal Moroccan women. BMC
Public Health 2009; 9 : 388.

Choi SH, An JH, Lim S, Koo BK, Park SE, Chang HJ, et al.
Lower bone mineral density is associated with higher coronary
calcification and coronary plaque burdens by multidetector row
coronary computed tomography in pre- and postmenopausal
women. Clin Endocrinol (Oxf) 2009; 71 : 644-51.

Frost ML, Grella R, Millasseau SC, Jiang BY, Hampson
G, Fogelman I, er al. Relationship of calcification of
atherosclerotic plaque and arterial stiffness to bone mineral
density and osteoprotegerin in postmenopausal women
referred for osteoporosis screening. Calcif Tissue Int 2008; 83
: 112-20.

Jorgensen L, Joakimsen O, Mathiesen EB, Ahmed L, Berntsen
GK, Fonnebe V, et al. Carotid plaque echogenicity and risk of
nonvertebral fractures in women: a longitudinal population-
based study. Calcif Tissue Int 2006; 79 : 207-13.

Shearer MJ, Newman P. Metabolism and cell biology of
vitamin K. Thromb Haemost 2008; 100 : 530-47.

Vermeer C, Shearer MJ, Zittermann A, Bolton-Smith C, Szulc
P, Hodges S, et al. Beyond deficiency: Potential benefits of
increased intakes of vitamin K for bone and vascular health.
FEur J Nutr 2004; 43 : 325-35.

Li T, Chang CY, Jin DY, Lin PJ, Khvorova A, Stafford DW.
Identification of the gene for vitamin K epoxide reductase.
Nature 2004; 427 : 541-4.

D’Andrea G, D’Ambrosio RL, Di Perna P, Chetta PM, R.
Santacroce R, Brancaccio V, ef al. A polymorphism in the
VKORC1 gene is associated with an interindividual variability
in the dose-anticoagulant effect of warfarin. Blood 2005; 105
1 645-9.

Wang Y, Zhang W, Zhang Y, Yang Y, Sun L, Hu S, et al.
VKORCI1 haplotypes are associated with arterial vascular
diseases (stroke, coronary heart disease, and aortic dissection).
Circulation 2006; 113 : 1615-21.

Holzer G, Grasse AV, Zehetmayer S, Bencur P, Bieglmayer C,
Mannhalter C. Vitamin K epoxide reductase (VKORCI) gene
mutations in osteoporosis: A pilot study. Transl Res 2010; 156
1 37-44.

Spohn G, Kleinridders A, Wunderlich FT, Watzka M, Zaucke
F, Blumbach K, et al. VKORCI deficiency in mice causes
early postnatal lethality due to severe bleeding. Thromb
Haemost 2009; 101 : 1044-50.

Crawford DC, Brown-Gentry K, Rieder MJ. VKORCI
common variation and bone mineral density in the Third
National Health and Nutrition Examination Survey. PLoS One
2010; 5 : e15088.

Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M.
Prediction of clinical cardiovascular events with carotid
intima-media thickness: a systematic review and meta-
analysis. Circulation 2007; 115 : 459-67.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

WHO. Assessment of fracture risk and its application to
screening for postmenopausal osteoporosis. Report of a WHO
Study Group. World Health Organ Tech Rep Ser 1994; 843 :
1-129.

Kanis JA, McCloskey EV, Johansson H, Oden A, Melton LJ
3, Khaltaev N. A reference standard for the description of
osteoporosis. Bone 2008; 42 : 467-75.

Kimmel SE, Christie J, Kealey C, Chen Z, Price M, Thorn CF,
et al. Apolipoprotein E genotype and warfarin dosing among
Caucasians and African Americans. Pharmacogenomics J
2008; 8 : 53-60.

Teichert M, Visser LE, van Schaik RH, Hofman A, Uitterlinden
AG, De Smet PA, et al. Vitamin K epoxide reductase complex
subunit 1 (VKORC1) polymorphism and aortic calcification:
the Rotterdam Study. Arterioscler Thromb Vasc Biol 2008; 28
: 771-6.

Verstuyft C, Canonico M, Bouaziz E, Guiochon-Mantel
A, Scarabin PY. EStrogen and ThromboEmbolism Risk
(ESTHER) Study Group. VKORCI1 genetic polymorphism
and risk of venous thromboembolism in postmenopausal
women: new findings and meta-analysis. J Thromb Haemost
2009; 7 : 1034-6.

LacutK, Larramendy-Gozalo C, Le Gal G, DucheminJ, Mercier
B, Gourhant L, ef al. Vitamin K epoxide reductase genetic
polymorphism is associated with venous thromboembolism:
results from the EDITH Study. J Thromb Haemost 2007; 5 :
2020-4.

Kimura R, Kokubo Y, Miyashita K, Otsubo R, Nagatsuka
K, Otsuki T, et al. Polymorphisms in vitamin K-dependent
gamma-carboxylation-related genes influence interindividual
variability in plasma protein C and protein S activities in the
general population. /nt J Hematol 2006; 84 : 387-97.

Asomaning K, Bertone-Johnson Er, Nasca PC, Hooven
F, Pekow P. The association between body mass index and
osteoporosis in patients referred for a bone mineral density
examination. J Womens Health 2006; 9 : 1028-134.

Dytfeld J, Ignaszak-Szczepaniak M, Gowin E, Michalak M,
Horst-Sikorska W. Influence of lean and fat mass on bone
mineral density (BMD) in postmenopausal women with
osteoporosis. Arch Gerontol Geriatr 2011; 53 : 237-42.

Limdi NA, Wadelius M, Cavallari L, Eriksson N, Crawford
DC, Lee MT, et al. International Warfarin Pharmacogenetics
Consortium. Warfarin pharmacogenetics: a single VKORC1
polymorphism is predictive of dose across 3 racial groups.
Blood 2010; 115 : 3827-34.

Yuan HY, Chen JJ, Lee MT, Wung JC, Chen YF, Charng MJ,
et al. Anovel functional VKORC1 promoter polymorphism is
associated with inter-individual and inter-ethnic differences in
warfarin sensitivity. Hum Mol Genet 2005; 14: 1745-51

Bodin L, Verstuyft C, Tregouet DA, Robert A, Dubert L,
Funck-Brentano C, et al. Cytochrome P450 2C9 (CYP2C9)
and vitamin K epoxide reductase (VKORCI) genotypes as
determinants of acenocoumarol sensitivity. Blood 2005; 106:
135-40.

Reprint requests: Dr Laura Poanta, Nicolae Pascaly 9/16 str, 400431, Cluj Napoca, Romania

e-mail: laurapoanta@yahoo.com



