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HIGHLIGHTS

® Osteocalcin, Vitamin D level, was inversly associated with coronary atherosclerosis.
e Vitamin D level was associated with the severity of atherosclerosis.
® Deficiency of vitamin D not associated with K2 level.

ABSTRACT

Objective: The aim of this study was to assess the association between serum concentration of vitamin D, vitamin K, and osteocalcin with coronary atherosclerosis in
patients undergoing angiography.

Design: In this case-control study, 138 people who referred to Bushehr Heart Center for routine examination participated. Demographic information of the parti-
cipants was registered by using a standard questionnaire. Before undergoing the angiographic processes, venous blood samples were obtained via venipuncture from
the antecubital vein into gel and clot activator tubes and stored at — 80 °C until the analysis. After the angiography process was over, the normal participants entered
the control group and those with coronary atherosclerosis plaque placed in the case group. Finally, serum levels of vitamin K2 and Osteocalcin were measured in the
samples, by using ELISA kits and the serum level of vitamin D was measured by using HPLC.

Result: serum levels of vitamin D in the case group were significantly lower than in the control (p = 0.009) and, serum levels of osteocalcin in the case group were
significantly higher than in the control (P = 0.019). There was no difference in K2 level between the two groups (P = 0.84). By separating the three factors like age,
sex and T2DM in the two groups, a significant synergistic was found between the concentration of osteocalcin, vitamin D (just in < 20 ng/ml) and coronary
atherosclerosis (p = 0.025, p = 0.029 respectively). Further, an association was observed between vitamin D level and the severity of atherosclerosis (P = 0.041).).
Conclusion: the results of this study suggest that the increase in the level of osteocalcin and the deficiency of vitamin D is significantly associated with coronary
atherosclerosis but, not with vitamin k2. Moreover, serum vitamin D concentration is associated with severity of coronary atherosclerosis.

1. Introduction

In recent years, a number of studies have pointed to vitamin D de-
ficiency as a risk factor for cardiovascular diseases, and for the past two
decades, the prevalence of vitamin D deficiency in the general popu-
lation has been reported to be as 30-50% and, its consequences are
beyond bone health [1]. Importantly, new studies demonstrated an
association between vitamin D deficiency (< 20 ng/ml) and the meta-
bolic syndrome, including hypertension, type2 diabetes and coronary
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artery disease (CAD) [2-4]. Osteocalcin (OC) is a non-collagenous
protein containing Gama-carboxy glutamic acid expressed by osteo-
blasts [5-7]. Recent studies have suggested a synergistic between OC
and atherosclerosis markers in humans but, there is inconsistency in the
results [8,9]. A higher percentage of EPCs expresses OC in patients with
coronary atherosclerosis as compared with the subjects having a normal
endothelial function [10]. The data from other investigation showed
that serum osteocalcin level was associated with decreased risk of CAD
in Chinese adults [11]. Furthermore, observational studies have shown
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Abbreviations

MGP Matrix gla protein

IL-6 Interleukin 6

TNF- a Tumor necrosis factor - alpha
CRP C-reactive protein

EPCs Endothelial progenitor cells

CVD Cardiovascular disease

HPLC High Performance liquid Chromatography
ELISA  Enzyme Link Immunosorbent Assay

CAD Coronary Artery Disease

T2DM  Type2 Diabetes Mellitus

BMI Body mass Index

baPWV  Brachial-ankle pulse wave velocity

an inverse association between the intake of vitamin k2 and cardio-
vascular disease [12-14]. Further, vitamin k2 has a role in post-trans-
lational modifications of osteocalcin [15-17] and being a fat-soluble
vitamin, it acts as a cofactor for y-carboxylation of Matrix Gla family of
Proteins (MGP). These proteins are identified to be related to coronary
heart disease [14,18,and19]] and, play a role in the inhibition of cor-
onary calcification [20,21]. Moreover, recent clinical research has
shown that high dietary menaquinone (K2) intake are associated with
reduced coronary calcification [14]. Interestingly, the results of one
study suggested that vitamin D and K have a protective role in im-
proving arterial stiffness and elastic properties of arteries, however, the
benefits of supplementation of both the vitamins have not been vali-
dated in a randomized controlled trial [22]. Importantly, vitamin D
induces the synthesis of osteocalcin by promoting the transcription of
its gene [16]. Since, vitamin D, vitamin K, and osteocalcin in a different
way have been related to coronary artery disease, therefore, we decided
to investigate their synergistic involvement in affecting coronary
atherosclerosis.

2. Methods and materials
2.1. Subjects and study design

In this case-control study, out of 143 participants who referred to
Bushehr Heart Center for routine examination 138 were eligible for the
study. By considering the confidence level as 90% and effect size of 0.5
based on the mean and SD of Vitamin D level in the control group as
65 * 43 mmol/l and in the case group as 45 * 35 mol/l (¥), 64
participants were calculated for each group. Finally by considering %10
drop out, the sample size for each group considered to be as 70 and
therefore the total samples will be 140 (recruitment detailed in Fig. 1).
All the patients underwent routine examination including electro-
cardiography, echocardiography and angiography, therefore, those
who found to be completely healthy entered the control group and
those with coronary atherosclerosis plaque (> 30%) were placed in the
case group. The study protocol was approved by human ethics com-
mittee of Bushehr University of Medical Sciences, Iran, (No: IR.b-
pums.rec.1395.13). The inclusion criteria were age between 30 and 70
years and nonsmokers, and the exclusion criteria were liver and bone
diseases, kidney failure, and history of malignancy, consumption of
warfarin, antibiotics, vitamin D and vitamin k2. A written informed
consent was obtained from all the participants. Demographic and

[ Enrollment ]

Assessed for eligibility (n=143)

Excluded (n= 5)

+ Not meeting inclusion criteria (n= 2)
+ Declined to participate (n= 1)

+ Other reasons (n= 2)

A 4

[ Participation ]

Assessed for the final study
(n=138)

Allocated to case group (n=68), (those having
coronary atherosclerotic plaque (> 30%))

A 4

Allocated to control group (n= 70)
(Those not having any atherosclerotic plaque)

[ Analysis ]

Analysed (n= 68)
+ Excluded from analysis (n=0)

Analysed (n=70)
+ Excluded from analysis (n=0)

Fig. 1. The flow diagram of the recruitment and progression of subjects under the study.
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hemodynamic properties including height and weight were measured
according to standard procedures. Body mass index (BMI) was calcu-
lated as weight in kilograms divided by the square of height in meters
using Global Database on BMI (World Health Organization, 2006).
Blood pressure (BP) was measured two times in a 15-min interval using
automated blood pressure device (Sazgan Gostar company model
Vista). Ejection fraction was obtained from echocardiography records.

2.2. Angiography procedure

The participants were prepared to undergo angiography, local an-
esthesia was induced by using 1% Lidocaine (1 cc), followed by punc-
turing the radial artery and placing the arterial sheet into it. The radio-
contrast agent (visipaque, 50 cc;) was directed into the left and right
coronary arteries by diagnostic catheters and at the same time using X-
rays at different angles to get the images. Finally, the angiographic
films obtained were assessed to identify the number of plaques formed,
for the next plan, which is the treatment. The angiographic instrument
used was from the Siemens Company [model 3800005, axiom artist.

2.3. Biochemical analysis

All the blood samples were collected in gel and clot activator tubes
in a fasted state, the serums were separated and stored at — 80 °C until
the analysis. Vitamin D (25(0OH), vitamin k2 and osteocalcin con-
centrations were measured in the samples.

2.3.1. Measurement of serum vitamin D

Vitamin D (25-hydroxy) was measured in ng/ml by using high-
performance liquid chromatography (Knauer platin blue c18 reversed
column, the internal standard was from Sigma company and low & high
controls were purchased from RECIPE Chemicals + Instruments GmbH.
Since, sun exposure/dermal synthesis, season would have an influence
on Vitamin D status, we chose the winter months to have less effect of
these factors. Moreover, in the society under study, women and men
were highly clothed; therefore, this could help us to reduce the en-
vironmental effect. Further, the detection limit of vitamin D was 2 ng/
ml and the inter-assay variation coefficient was approximately < 5%.

2.3.2. Measurement of serum osteocalcin and vitamin k2

Serum osteocalcin and vitamin k2 were measured by using the
method based on biotin double antibody sandwich technology (ELISA
kit, Zell bio.Gmbh). The intro and interassay coefficient of variations
(CV) were < 10% and 12%, respectively. The sensitivity of measuring
osteocalcin and vitamin k2 were 0.1 and 2.5 ng/ml, respectively.
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2.4. Statistical analyses

Descriptive statistics including mean and standard deviation,
median and frequency were used to express continuous and categorical
variables. Chi-square, Fisher's exact and independent t-tests were used
for comparing categorical and continuous variables between the two
groups, respectively. Kolmogorov-Smirnov test, as well as the ratio of
skewness to its standard error, was used to check the normality of the
distribution of serum levels of osteocalcin, vitamin K2 and vitamin D. In
cases where the distribution was not normal, the logarithmic transfor-
mation of variables or Mann-Whitney test was applied. The in-
dependent t-test was used to check the differences in the serum levels of
vitamin D, vitamin K2 and osteocalcin between the two groups. Logistic
regression was used to check the association of vitamin D, vitamin K2
and osteocalcin with coronary artery disease adjusting for age, sex and
diabetes that were significantly different between the two groups. The
significance level was considered to be as 0.05, and SPSS 18 was used
for the data analysis.

3. Results
3.1. Baseline characteristics of the participants

The baseline characteristics of the patients are shown in Table 1.
Subjects in the case group had significantly, lower levels of 25(0H) D as
compared with the control (p = 0.009). Mean Serum levels of osteo-
calcin were significantly higher in the case group as compared with the
control (p = 0.019). There was no difference in mean serum levels of
vitamin K2 between the two groups (p = 0.84) Table 1.

3.2. Association of 25(0OH) D, vitamin K2 and osteocalcin with coronary
artery atherosclerosis

By applying the logistic-regression analysis and after adjusting for
age, sex and type 2 diabetes it was found that the deficiency of 25(0OH)
D (< 20ng/ml) and the increase in the level of osteocalcin were sig-
nificantly associated with coronary artery atherosclerosis (p = 0.025,
p = 0.029, respectively), however, there was no association between
vitamin K2 and atherosclerosis (p = 0.88) Table 2.

3.3. Association of 25(0OH) D, vitamin K2 and osteocalcin with the severity
of the atherosclerotic lesions

The results of this study showed that the serum levels of osteocalcin
and vitamin K2 were not associated with the severity of atherosclerotic
lesion (p = 0.09, p = 0.46, respectively). However, a significant

Table 1
Baseline characteristics of the participants.
Variable Group x? p-value
Control Number (%) Case Number (%)
Sex Male 22 (31.4) 36 (52.9) 6.55 0.01
Female 48 (68.8) 32 (47.1)
Hypertension yes 37 (54.4) 36 (51.4) 0.12 0.72
no 31 (45.6) 34 (48.6)
Hyperlipidemia yes 26 (38.2) 21 (30) 1.04 0.27
no 42 (68.8) 49 (70)
Type 2 diabetes yes 10 (14.3) 25 (36.2) 9.20 0.002
no 60 (84.2) 44 (63.8)
Systolic BP* (mmHg)) 126.69 + 14.36 129.03 + 8.12 -0.87 0.38
Diastolic BP? (mmHg) 78.51 = 9.11 81.81 + 11.31 -1.88 0.61
Heart rate” (bbm) 74.26 £ 9.42 75.12 £ 11.93 3.73 0.63
EF" (percent) 52.29 + 7.45 47.29 + 8.23 3.73 < 0.001
Age” (years) 52.46 = 10.5 56.07 * 9.73 -29 0.038
BMI” (kg/mz) 27.56 + 5.02 27.08 + 4.83 0.56 0.57

# Mean =+ SD, the significance level was considered to be as 0.05.
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Table 2
Association of 25(0H) D, vitamin K2 and osteocalcin with coronary artery
atherosclerosis.

Variables B OR 95% CI p-value
25(0H) D (ng/ml) <20 0.94 2.55 1.09-5.96 0.029
20-30 1.16 3.07 0.99-9.54 0.052
=30 - 1 - -
Vitamin K2 (ng/ml) —0.001 0.99 0.98-1.01 0.88
Osteocalcin (ng/ml) 0.09 1.1 1.01-1.19 0.025

The significance level was considered to be as 0.05.

association was found between 25(OH) D and the severity of athero-
sclerotic lesion (p = 0.041) Fig. 2.

3.4. The concurrent association of 25(0H) D and osteocalcin with coronary
atherosclerosis

The concurrent effect of serum level of 25(OH) D and osteocalcin on
coronary atherosclerosis was assessed by performing logistic regression
analysis and after adjusting for age, sex and type2 diabetes. The results
showed that the odds of coronary atherosclerosis in people with the
serum level of 25(0H) D below 30ng/ml was 2.44 times more than
those with 25(OH) D above 30 ng/ml (CI 95% = 1.1-5.4, p = 0.027).

4. Discussion

To our knowledge, this is the first study to show the synergistic
association between vitamin D, K2 and osteocalcin status with coronary
artery atherosclerosis. The result of this study showed an association
between serum 25 (OH) D concentrations and coronary atherosclerosis,
independently of standard cardiovascular risk factors. This is in line
with the reports suggesting that vitamin D status is inversely associated
with coronary artery disease after adjustment for cardiovascular risk
factors [23-26]. Recent evidence suggested that vitamin D deficiency is
related to many systemic diseases, including cardiovascular, cancers
and immunologic disorders. Because, it is known that vitamin D re-
ceptors are involved in the expression of several human genes [1,27].
There are different mechanisms proposed to explain the involvement of
vitamin D deficiency in the development of coronary atherosclerosis:
Vitamin D receptors have been found in the vascular smooth muscle
cells, macrophages, endothelium [28,29], and it is inversely associated
with the expression of genes or activity of some white cells that are
involved in atherosclerotic plaque formation (29). In addition, low le-
vels of 25(0OH) D is inversely related to the increase in the cytokines
including 11-6, TNF-a and CRP, showing the formation of athero-
sclerotic plaques [28,30]. Further, vitamin D reduces uptake of cho-
lesterol by macrophages, and suppresses the formation of foam cells
[31]. Evidence indicates that 25(0OH) D stimulates the production of
prostacyclin by vascular smooth muscle cells which finally leads to the
prevention of thrombus formation, cell adhesion and smooth muscle
proliferation [32]. Furthermore, low levels of 25(0OH) D is inversely
associated with the increase in arterial stiffness and endothelial dys-
function [24].

Osteocalcin is secreted mostly by osteoblasts and has an important
role in the body's metabolic regulation and bone-building, by nature
[33]. Interestingly, the present study revealed a significant direct as-
sociation between serum osteocalcin levels and coronary athero-
sclerosis, after adjusting for cardiovascular risk factors. The reports
showing the association between osteocalcin levels and cardiovascular
diseases are inconsistent: Reyes-Garcia has reported that coronary heart
disease was associated with higher levels of osteoclcin in male and fe-
male patients [9] and, Holvick showed a direct association between
serum osteocalcin levels and cardiovascular diseases in older-old
women (R). However, the result from other studies has found an inverse
association between osteocalcin levels and cardiovascular disease (R).
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Moreover, Holvick showed that serum osteocalcin concentration was
inversely associated with cardiovascular diseases in old men [7]. Fur-
ther, Bao reported that osteocalcin level was significantly lower in
patients with coronary artery diseases [6]. In fact there are studies
showing no association between osteocalcin levels and CADs [7]. The
controversies over the results may be because of different population or
ethnic groups under study, or the different in isoforms of osteocalcin.
There is no specific mechanism available to show the synergistic be-
tween osteocalcin and CADs. However, several hypotheses have been
proposed, in which osteocalcin is involved in glucose metabolism,
therefore, it can be associated with type 2 diabetes which is considered
to be a risk factor for CADs (8). Importantly, there are reports showing
an association between low serum osteocalcin concentration and the
increase in the level of CRP and LDL-C [34].

To our knowledge, this is the first study to investigate the associa-
tion between serum vitamin k2 and coronary atherosclerosis. The po-
tential role of vitamin K2 in cardiovascular health is mediated through
carboxylation of the two proteins, osteocalcin and MGP which are
known to be vitamin k-dependent proteins that act as arterial calcifi-
cation inhibitors [35]. Also, studies have demonstrated a link between
vitamin D deficiency and severity of atherothrombosis and vascular
calcification [32,33].

The present study found no association between serum vitamin k2
concentration and coronary atherosclerosis. Importantly, our results are
not consistent with the studies demonstrating the association of intake
of vitamin k2 with the lower incidence of coronary heart disease
[14,19and36]. In these studies vitamin k2 has been assessed by a
standard Food Frequency Questionnaire (FFQ), as compared to our
study in which K2 was measured in the serum samples of the partici-
pants. In fact, in the present study all the participants had normal range
of vitamin K2 and this may be the reason why no association was found
between serum K2 level and coronary atherosclerosis. Moreover, Ikari
has reported that consumption of high dose supplementation of K2 may
not protect against coronary artery calcification [33], however, it has
been shown that Brachial-ankle pulse wave velocity (baPWV) for the
measurement of arterial stiffness was not changed (33). There were
some limitations in this study.

4.1. Limitations and strengths

The strength of this study is that, to our knowledge it is the first
worldwide research to assess the synergistic association between
serums 25(0OH) D, vitamin K2 and osteocalcin concentration and cor-
onary artery atherosclerosis. Further, this study might be the first one to
measure the serum K2 and to assess its association with coronary

o
34
=
S °
=) .
= .
= .
£
>
=
[a] -
>
Q
['o}
——
o

<70% >=70%

Severity of atherosclerosis

Fig. 2. Comparison of 25 (OH) D levels in patients (case group) with different
level of atherosclerotic lesion.
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atherosclerosis. Moreover, this study showed an inverse association of
osteocalcin with coronary atherosclerosis. There were also few limita-
tions. First, the study was single center with less number of participants.
Second, since it was based on an observational study; therefore, some
confounder factors may have been missed. Third, we measured the total
OC; while there are two types: carboxylated and uncarboxylated; the
high level of OC has been shown to be associated with the high risk of
CAD [13]. On the other hand, serum carboxylated OC has been reported
to have protective role. Fourth, the optimal cut-off point for vitamin D
deficiency level in the Iranian population is still controversial and not
fully understood. One more limitation was the lack of data on back-
ground diet.

To our knowledge, this is the first study to show the synergistic asso-
ciation between vitamin D, K2 and osteocalcin status with coronary artery
atherosclerosis. The result of this study showed an association between
serum 25 (OH) D concentrations and coronary atherosclerosis, in-
dependently of standard cardiovascular risk factors. This is in line with the
reports suggesting that vitamin D status is inversely associated with cor-
onary artery disease after adjustment for cardiovascular risk factors
[23-26]. Recent evidence suggested that vitamin D deficiency is related to
many systemic diseases, including cardiovascular, cancers and immunologic
disorders. Because, it is known that vitamin D receptors are involved in the
expression of several human genes [1,27]. There are different mechanisms
proposed to explain the involvement of vitamin D deficiency in the devel-
opment of coronary atherosclerosis: Vitamin D receptors have been found in
the vascular smooth muscle cells, macrophages, endothelium [28,29], and it
is inversely associated with the expression of genes or activity of some white
cells that are involved in atherosclerotic plaque formation (29). In addition,
low levels of 25(0H) D is inversely related to the increase in the cytokines
including 1I-6, TNF-a, and CRP, showing the formation of atherosclerotic
plaques (28, 30). Further, vitamin D reduces the uptake of cholesterol by
macrophages and suppresses the formation of foam cells [31]. Evidence
indicates that 25(0OH) D stimulates the production of prostacyclin by vas-
cular smooth muscle cells which finally leads to the prevention of thrombus
formation, cell adhesion and smooth muscle proliferation [32]. Further-
more, a low level of 25(0H) D is inversely associated with the increase in
arterial stiffness and endothelial dysfunction [24].

Osteocalcin is secreted mostly by osteoblasts and has an important role
in the body's metabolic regulation and bone-building, by nature [33]. In-
terestingly, the present study revealed a significant direct association be-
tween serum osteocalcin levels and coronary atherosclerosis, after adjusting
for cardiovascular risk factors. The reports showing the association between
osteocalcin levels and cardiovascular diseases are inconsistent: Reyes-Garcia
has reported that coronary heart disease was associated with higher levels of
osteocalcin in both male and female patients [9] and, Holvick showed a
direct association between serum osteocalcin levels and cardiovascular
diseases in older-old women (R). However, the result from other studies has
found an inverse association between osteocalcin levels and cardiovascular
disease (R). Moreover, Holvick showed that serum osteocalcin concentra-
tion was inversely associated with cardiovascular diseases in old men [7].
Further, Bao reported that osteocalcin level was significantly lower in pa-
tients with coronary artery diseases [6]. In fact, there are studies showing no
association between osteocalcin levels and CADs [7]. The controversies over
the results may be because of the different population or ethnic groups
under study, or the differences in isoforms of osteocalcin. There is no spe-
cific mechanism available to show the synergistic between osteocalcin and
CADs. However, several hypotheses have been proposed, in which osteo-
calcin is involved in glucose metabolism, therefore, it can be associated with
type 2 diabetes which is considered to be a risk factor for CADs (8). Im-
portantly, there are reports showing an association between low serum
osteocalcin concentration and the increase in the level of CRP and LDL-C
[34].

To our knowledge, this is the first study to investigate the association
between serum vitamin k2 and coronary atherosclerosis. The potential role
of vitamin K2 in cardiovascular health is mediated through carboxylation of
the two proteins, osteocalcin, and MGP which are known to be vitamin k-
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dependent proteins that act as arterial calcification inhibitors [35]. Also,
studies have demonstrated a link between vitamin D deficiency and the
severity of atherothrombosis and vascular calcification [32,33].

The present study found no association between serum vitamin k2
concentration and coronary atherosclerosis. Importantly, our results are
not consistent with the studies demonstrating the association of intake
of vitamin k2 with the lower incidence of coronary heart disease
[14,19and36]. In these studies, vitamin k2 has been assessed by a
standard Food Frequency Questionnaire (FFQ), as compared to our
study in which K2 was measured in the serum samples of the partici-
pants. In fact, in the present study, all the participants had a normal
range of vitamin K2 and this may be the reason why no association was
found between serum K2 level and coronary atherosclerosis. Moreover,
Ikari has reported that consumption of high dose supplementation of K2
may not protect against coronary artery calcification [33], however, it
has been shown that Brachial-ankle pulse wave velocity (baPWV) for
the measurement of arterial stiffness was not changed [33]. There were
some limitations to this study.

4.1.1. Limitations and strengths

The strength of this study is that to our knowledge it is the first
worldwide research to assess the synergistic association between
serums 25(0OH) D, vitamin K2 and osteocalcin concentration and cor-
onary artery atherosclerosis. Further, this study might be the first one to
measure the serum K2 and to assess its association with coronary
atherosclerosis. Moreover, this study showed an inverse association of
osteocalcin with coronary atherosclerosis. There were also few limita-
tions. First, the study was a single center with less number of partici-
pants. Second, since it was based on an observational study; therefore,
some confounder factors may have been missed. Third, we measured
the total OC; while there are two types: carboxylated and un-
carboxylated; the high level of OC has been shown to be associated with
the high risk of CAD [13]. On the other hand, serum carboxylated OC
has been reported to have a protective role. Fourth, the optimal cut-off
point for vitamin D deficiency level in the Iranian population is still
controversial and not fully understood. One more limitation was the
lack of data on background diet.

5. Conclusion

We conclude that the increase in the level of osteocalcin and the
deficiency of vitamin D is significantly associated with coronary
atherosclerosis. In addition, no relation was found between vitamin k2
and coronary atherosclerosis. The important finding in this study was to
show an association between vitamin D and coronary atherosclerosis
which depends on osteocalcin concentration. Further, serum vitamin D
concentration is significantly associated with severity of coronary
atherosclerosis.

Conflict of interest

No conflict of interest relevant to this article was reported.
CRediT authorship contribution statement

Zahra Elyaspour: Conceptualization, Writing - review & editing.
Daryoush Iranpour: Data curation, Writing - review & editing.
Niloofar Motemed: Formal analysis. Ali Movahed: Investigation,
Conceptualization, Data curation, Writing - review & editing.
Acknowledgment

Ali Movahed received a grant (No: IR.bpums.rec.1395.13) from
Research Deputy of Bushehr University of Medical Sciences, Iran, to

support this study. The authors wish to thank the personals of Bushehr
Heart Center for coordinating the collection of samples.



Z. Elyaspour, et al.

References

[1]

[2]

[3]

[4

=

[5]

[6

—

[7

—

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

J.L. Vacek, S.R. Vanga, M. Good, S.M. Lai, D. Lakkireddy, P.A. Howard, Vitamin D
deficiency and supplementation and relation to cardiovascular health, Am. J.
Cardiol. 109 (3) (2012) 359-363.

Shah S, Wilson DM, Bachrach LK. Large doses of vitamin D fail to increase 25-
hydroxyvitamin D levels or to alter cardiovascular risk factors in obese adolescents:
a pilot study. J. Adolesc. Health.57(1):19-23.

S. Lim, H. Shin, M.J. Kim, H.Y. Ahn, S.M. Kang, J.W. Yoon, et al., Vitamin D in-
adequacy is associated with significant coronary artery stenosis in a community-
based elderly cohort: the Korean Longitudinal Study on Health and Aging, J. Clin.
Endocrinol. Metabol. 97 (1) (2012) 169-178.

Anderson JL, May HT, Horne BD, Bair TL, Hall NL, Carlquist JF, et al. Relation of
vitamin D deficiency to cardiovascular risk factors, disease status, and incident
events in a general healthcare population. Am. J. Cardiol..106(7):963-968.

B.H. Choi, N.S. Joo, M.J. Kim, K.M. Kim, K.C. Park, Y.S. Kim, Coronary artery
calcification is associated with high serum concentration of undercarboxylated
osteocalcin in asymptomatic Korean men, Clin. Endocrinol. 83 (3) (2015) 320-326.
Y. Bao, M. Zhou, Z. Lu, H. Li, Y. Wang, L. Sun, et al., Serum levels of osteocalcin are
inversely associated with the metabolic syndrome and the severity of coronary
artery disease in Chinese men, Clin. Endocrinol. 75 (2) (2011) 196-201.

K. Holvik, N.M. van Schoor, E.M. Eekhoff, M. den Heijer, D.J. Deeg, P. Lips, et al.,
Plasma osteocalcin levels as a predictor of cardiovascular disease in older men and
women: a population-based cohort study, Eur. J. Endocrinol. 171 (2) (2014)
161-170.

Y. Luo, X. Ma, Y. Hao, Q. Xiong, Y. Xu, X. Pan, et al., Synergistic between serum
osteocalcin level and carotid intima-media thickness in a metabolically healthy
Chinese population, Cardiovasc. Diabetol. 14 (2015) 82.

R. Reyes-Garcia, P. Rozas-Moreno, J.J. Jimenez-Moleon, M.J. Villoslada,

J.A. Garcia-Salcedo, S. Santana-Morales, et al., Synergistic between serum levels of
osteocalcin and atherosclerotic disease in type 2 diabetes, Diabetes Metab. 38 (1)
(2012) 76-81.

M. Gossl, U.I. Modder, E.J. Atkinson, A. Lerman, S. Khosla, Osteocalcin expression
by circulating endothelial progenitor cells in patients with coronary atherosclerosis,
J. Am. Coll. Cardiol. 52 (16) (2008) 1314-1325.

Y. Zhang, L. Qi, W. Gu, Q. Yan, M. Dai, J. Shi, et al., Relation of serum osteocalcin
level to risk of coronary heart disease in Chinese adults, Am. J. Cardiol. 106 (10)
(2010) 1461-1465.

J.M. Geleijnse, C. Vermeer, D.E. Grobbee, L.J. Schurgers, M.H.J. Knapen, I.M. van
der Meer, et al., Dietary intake of menaquinone is associated with a reduced risk of
coronary heart disease: the rotterdam study, J. Nutr. 134 (11) (2004) 3100-3105.
G.C.M. Gast, N.M. de Roos, 1. Sluijs, M.L. Bots, J.W.J. Beulens, J.M. Geleijnse, et al.,
A high menaquinone intake reduces the incidence of coronary heart disease, Nutr.
Metabol. Cardiovasc. Dis. 19 (7) (2009) 504-510.

J.W. Beulens, M.L. Bots, F. Atsma, M.L. Bartelink, M. Prokop, J.M. Geleijnse, et al.,
High dietary menaquinone intake is associated with reduced coronary calcification,
Atherosclerosis 203 (2) (2009) 489-493.

E. O'Connor, C. Molgaard, K.F. Michaelsen, J. Jakobsen, K.D. Cashman, Vitamin D-
vitamin K interaction: effect of vitamin D supplementation on serum percentage
undercarboxylated osteocalcin, a sensitive measure of vitamin K status, in Danish
girls, Br. J. Nutr. 104 (8) (2010) 1091-1095.

K.M. Kim, S. Lim, J.H. Moon, H. Jin, K.Y. Jung, C.S. Shin, et al., Lower un-
carboxylated osteocalcin and higher sclerostin levels are significantly associated
with coronary artery disease, Bone 83 (2016) 178-183.

A. Diaz-Lopez, M. Bullo, M. Juanola-Falgarona, M.A. Martinez-Gonzalez,

R. Estruch, M.I. Covas, et al., Reduced serum concentrations of carboxylated and
undercarboxylated osteocalcin are associated with risk of developing type 2 dia-
betes mellitus in a high cardiovascular risk population: a nested case-control study,
J. Clin. Endocrinol. Metabol. 98 (11) (2013) 4524-4531.

Heuvel EGHMvd, van Schoor NM, Lips P, Magdeleyns EJP, Deeg DJH, Vermeer C,

83

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Journal of Nutrition & Intermediary Metabolism 15 (2019) 78-83

et al. Circulating uncarboxylated matrix Gla protein, a marker of vitamin K status,
as a risk factor of cardiovascular disease. Maturitas.77(2):137-141.

J.M. Geleijnse, C. Vermeer, D.E. Grobbee, L.J. Schurgers, M.H. Knapen, I.M. van der
Meer, et al., Dietary intake of menaquinone is associated with a reduced risk of
coronary heart disease: the Rotterdam Study, J. Nutr. 134 (11) (2004) 3100-3105.
C.M. Shanahan, D. Proudfoot, A. Farzaneh-Far, P.L. Weissberg, The role of Gla
proteins in vascular calcification, Crit. Rev. Eukaryot. Gene Expr. 8 (3-4) (1998)
357-375.

G.W. Dalmeijer, Y.T. van der Schouw, E. Magdeleyns, N. Ahmed, C. Vermeer,
J.W.J. Beulens, The effect of menaquinone-7 supplementation on circulating species
of matrix Gla protein, Atherosclerosis 225 (2) (2012) 397-402.

N. Tsugawa, Cardiovascular diseases and fat soluble vitamins: vitamin D and vi-
tamin K, J. Nutr. Sci. Vitaminol. 61 (Suppl) (2015) S170-S172.

S. Pilz, W. Marz, B. Wellnitz, U. Seelhorst, A. Fahrleitner-Pammer, H.P. Dimai,

et al., Association of vitamin D deficiency with heart failure and sudden cardiac
death in a large cross-sectional study of patients referred for coronary angiography,
J. Clin. Endocrinol. Metabol. 93 (10) (2008) 3927-3935.

1. Al Mheid, R. Patel, J. Murrow, A. Morris, A. Rahman, L. Fike, et al., Vitamin D
status is associated with arterial stiffness and vascular dysfunction in healthy hu-
mans, J. Am. Coll. Cardiol. 58 (2) (2011) 186-192.

F. Gondim, A. Caribe, K.F. Vasconcelos, A.D. Segundo, F. Bandeira, Vitamin D de-
ficiency is associated with severity of acute coronary syndrome in patients with type
2 diabetes and high rates of sun exposure, Clin. Med. Insights Endocrinol. Diabetes
9 (2016) 37-41.

E.A. Dziedzic, J.S. Gasior, M. Pawtowski, et al., Association of vitamin D deficiency
and degree of coronary artery disease in cardiac patients with type 2 diabetes, J.
Diabetes Res. 2017 (2017) 11.

H. Lai, E.K. Fishman, G. Gerstenblith, J.A. Brinker, W. Tong, S. Bhatia, et al.,
Vitamin D deficiency is associated with significant coronary stenoses in asympto-
matic African American chronic cocaine users, Int. J. Cardiol. 158 (2) (2012)
211-216.

S. Satilmis, O. Celik, I. Biyik, D. Ozturk, K. Celik, F. Akin, et al., Association between
serum vitamin D levels and subclinical coronary atherosclerosis and plaque burden/
composition in young adult population, Bosn. J. Basic Med. Sci. 15 (1) (2015)
67-72.

M. Willheim, R. Thien, K. Schrattbauer, E. Bajna, M. Holub, R. Gruber, et al.,
Regulatory effects of 1alpha,25-dihydroxyvitamin D3 on the cytokine production of
human peripheral blood lymphocytes, J. Clin. Endocrinol. Metabol. 84 (10) (1999)
3739-3744.

C.A. Peterson, M.E. Heffernan, Serum tumor necrosis factor-alpha concentrations
are negatively correlated with serum 25(OH)D concentrations in healthy women, J.
Inflamm. (London, England) 5 (2008) 10.

J. Oh, S. Weng, S.K. Felton, S. Bhandare, A. Riek, B. Butler, et al., 1,25(0H)2 vi-
tamin d inhibits foam cell formation and suppresses macrophage cholesterol uptake
in patients with type 2 diabetes mellitus, Circulation 120 (8) (2009) 687-698.

M. Wakasugi, T. Noguchi, M. Inoue, Y. Kazama, M. Tawata, Y. Kanemaru, et al.,
Vitamin D3 stimulates the production of prostacyclin by vascular smooth muscle
cells, Prostaglandins 42 (2) (1991) 127-136.

N.K. Lee, H. Sowa, E. Hinoi, M. Ferron, J.D. Ahn, C. Confavreux, et al., Endocrine
regulation of energy metabolism by the skeleton, Cell 130 (3) (2007) 456-469.

L. Chen, Q. Li, Z. Yang, Z. Ye, Y. Huang, M. He, et al., Osteocalcin, glucose meta-
bolism, lipid profile and chronic low-grade inflammation in middle-aged and el-
derly Chinese, Diabet. Med. : J. Br. Diabet. Assoc. 30 (3) (2013) 309-317.

Y. Ikari, S. Torii, A. Shioi, T. Okano, Impact of menaquinone-4 supplementation on
coronary artery calcification and arterial stiffness: an open label single arm study,
Nutr. J. 15 (1) (2016) 53.

Gast GCM, de Roos NM, Sluijs I, Bots ML, Beulens JWJ, Geleijnse JM, et al. A high
menaquinone intake reduces the incidence of coronary heart disease. Nutr.
Metabol. Cardiovasc. Dis..19(7):504-510.


http://refhub.elsevier.com/S2352-3859(18)30062-8/sref1
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref1
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref1
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref3
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref3
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref3
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref3
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref5
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref5
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref5
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref6
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref6
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref6
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref7
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref7
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref7
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref7
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref8
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref8
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref8
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref9
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref9
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref9
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref9
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref10
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref10
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref10
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref11
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref11
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref11
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref12
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref12
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref12
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref13
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref13
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref13
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref14
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref14
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref14
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref15
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref15
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref15
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref15
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref16
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref16
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref16
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref17
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref17
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref17
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref17
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref17
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref19
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref19
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref19
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref20
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref20
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref20
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref21
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref21
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref21
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref22
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref22
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref23
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref23
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref23
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref23
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref24
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref24
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref24
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref25
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref25
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref25
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref25
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref26
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref26
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref26
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref27
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref27
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref27
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref27
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref28
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref28
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref28
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref28
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref29
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref29
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref29
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref29
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref30
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref30
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref30
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref31
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref31
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref31
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref32
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref32
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref32
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref33
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref33
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref34
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref34
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref34
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref35
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref35
http://refhub.elsevier.com/S2352-3859(18)30062-8/sref35

	Assessment of the synergistic association of serum concentration of vitamin D, vitamin K and osteocalcin with coronary atherosclerosis in patients undergoing angiography
	Introduction
	Methods and materials
	Subjects and study design
	Angiography procedure
	Biochemical analysis
	Measurement of serum vitamin D
	Measurement of serum osteocalcin and vitamin k2

	Statistical analyses

	Results
	Baseline characteristics of the participants
	Association of 25(OH) D, vitamin K2 and osteocalcin with coronary artery atherosclerosis
	Association of 25(OH) D, vitamin K2 and osteocalcin with the severity of the atherosclerotic lesions
	The concurrent association of 25(OH) D and osteocalcin with coronary atherosclerosis

	Discussion
	Limitations and strengths
	Limitations and strengths


	Conclusion
	Conflict of interest
	mk:H1_19
	Acknowledgment
	References




