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Background and Aims. Coronary artery disease (CAD) is a common form of vascular dis-
ease and is associated with high mortality and morbidity globally. It has been suggested
that serum osteopontin (OPN) may be a useful biomarker of atherosclerosis and vascular
calcification. The aim of this study was to assess the association between serum OPN
levels and severity of CAD.

Methods. Three hundred and four subjects were studied, 111 with clinically significant
angiographically defined CAD (CADþ) (O50% stenosis), 96 with negative angiography
(CAD-) (!50% stenosis) and 97 healthy controls. Fasting blood samples were collected
from all patients before coronary angiography and serum OPN levels were determined
using ELISA.

Results. Serum concentrations of OPN were significantly higher in both CADþ (72.99
[51.05e103.64]) and CAD- (11.11 [8.11e18.23]) ( p 5 0.001) groups compared with
the control group (5.99 [4.26e7.91]) ( p 5 0.001). CADþ subjects also had higher serum
OPN levels compared with CAD-subjects ( p 5 0.001). However, OPN levels were com-
parable between subgroups of CADþ subjects stratified according to the number of nar-
rowed vessels in angiography.

Conclusions. The present results suggest a positive association between circulating OPN
concentrations and the presence but not the extent of CAD. � 2015 IMSS. Published by
Elsevier Inc.

Key Words: Coronary artery disease, Atherosclerosis, Osteopontin.
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Introduction

According to updated statistics, cardiovascular disease is
the first cause of death both in the U.S. (source: American
Heart Association, 2013) and worldwide (data from the
World Health Organization, 2013). Cardiovascular disor-
ders represent the foremost cause of preventable death
worldwide (1). Coronary artery disease (CAD) is the most
prevalent form of cardiovascular disease with high
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mortality and morbidity rates. Calcification of the arterial
wall has been shown to be associated with an elevated risk
of cardiovascular events, although the causality of this asso-
ciation remains elusive (2,3). Osteopontin (OPN) is a
glycoprotein secreted by macrophages, vascular smooth
muscle cells, and endothelial cells and has been demon-
strated to promote macrophage chemotaxis (4,5). Expres-
sion of OPN has been shown in the neointima of injured
vessels, calcified atheromatous plaque (6,7), and macro-
phages at the site of inflammation where it is thought to
mediate monocyte adhesion (8), migration (9) differentia-
tion (10), and phagocytosis (11). Serum OPN has also been
reported to be increased in patients with atherosclerosis,
valvular stenosis and myocardial infarction (12e14). Circu-
lating OPN levels are associated with increased aortic pulse
-2-2015 19-34-55
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wave velocity in patients with rheumatoid arthritis (15) and
with increased intima-media thickness and mean systolic
and diastolic flow velocities in patients with essential hy-
pertension (16). It is known that oxidative stress plays an
important role in the pathogenesis of atherosclerosis and
that an association exists between OPN and atherosclerosis.
Previous studies have shown an association between OPN
and malondialdehyde (MDA) levels in patients with
CAD, suggesting potential involvement of oxidative stress
in the regulation of OPN expression (17). In light of the
aforementioned observations, the present study aimed to
assess the association between serum OPN concentrations
and severity of CAD in a group of patients undergoing cor-
onary angiography.
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Methods

Study Population

The study was performed on a total of 304 patients. Of
these (111 þ 96), 207 underwent angiography. Of the 207
patients, 111 were CADþ and 96 were CAD-. The remain-
ing enrolled persons (n 5 97) were healthy controls who
did not undergo coronary angiography. The study subjects
were selected from those subjects who underwent coronary
angiography in the Ghaem Hospital (Mashhad, Iran). Writ-
ten informed consent was obtained from all participants us-
ing protocols approved by the Ethics Committee of the
Mashhad University of Medical Science and a standardized
questionnaire was used to collect demographic information.

Coronary Angiography

Angiography was indicated principally for stable angina in
patients who were positive for at least one objective test of
myocardial ischemia including exercise stress test, dobut-
amine stress echocardiography, and thallium SPECT (sin-
gle photon emission computed tomography). Exclusion
criteria were as follows: oral contraceptives or hormone
replacement therapy, pregnancy, prior history of coronary
angioplasty or coronary artery bypass graft, and having
overt clinical features of infection or chronic inflammatory
disease. All subjects were negative for viral markers of hep-
atitis and anti-HIV antibody. Moreover, patients with
myocardial infarction within the previous 3 months or with
renal, hepatic or malignant diseases were excluded. Sub-
jects who were candidates for emergency percutaneous cor-
onary intervention were also excluded from the study.
Coronary angiograms were performed using routine proce-
dures. Analysis of the angiograms was performed offline by
a specialist cardiologist. The presence of one or more steno-
ses $50% in diameter of at least one major coronary artery
(left main, right coronary artery, left anterior descending,
circumflex) was considered evidence of significant CAD
(18). Patients with significant CAD were further stratified
ARCMED1994_proof ■ 2
according to the number of narrowed vessels into those with
one (SVD), two (2VD), or three-vessel disease (3VD) de-
pending on the number of coronary arteries involved. A
$50% narrowing of the left main coronary artery was
considered as two-vessel disease. Eighty-three age- and
sex-matched healthy volunteers were also recruited as a
normal control group. These individuals had no personal
or family history of cardiovascular disease or diabetes. In-
formation on smoking, drug use and family history of CAD
was obtained via a questionnaire. The study protocol was
approved by the ethics committee of Mashhad University
of Medical Sciences and written informed consent was
obtained from each participant.

Laboratory Evaluation

Blood samples were collected from all patients before cor-
onary angiography and after an overnight fast. Serum OPN
levels were determined using a commercially available
ELISA kit (D0ST00; R&D Systems, Italy) according to
the manufacturer’s instructions. Sensitivity of the assay
method was 3.33 ng/mL with an intra- and inter-assay
CV of !5 and !10%, respectively. OPN was measured
with a sandwich enzyme-linked immunosorbent assay us-
ing a commercially available kit (D0ST00; R&D Systems).
In brief, 1:2 diluted testing samples were incubated in the
N-terminal OPN antibody pre-coated wells at 37�C for
1 h. Following washing, 100 mL of labeled OPN antibody
solution was added to each well and incubated for 30 min
at 4�C. After washing, tetramethylbenzidine was added
and the absorbance at 450 nm was measured with an auto-
matic ELISA reader (Bio-Rad, Segrate, Italy).

Statistical Analysis

Statistical analyses were performed using the SPSS soft-
ware v.16.0 (Chicago, IL). Data were expressed as
mean � SD (for normally distributed variables) or median
(interquartile range) (for non-normally distributed vari-
ables). Comparison of serum OPN levels among study
groups was made using one-way ANOVA (for normally
distributed data) or Kruskal-Wallis (for non-normally
distributed data) tests. Pearson or Spearman correlation
coefficients were used to determine the association between
OPN levels and clinical and biochemical factors. The
impact of confounding parameters including age, gender,
smoking status, diabetes mellitus and BMI on the associa-
tion between serum OPN levels and CAD was assessed
using binary logistic regression. In all analyses, a two-
sided p value of #0.05 was considered as statistically
significant.
Results

There were a total of 304 participants, of which 111 were
CADþ, 96 CAD-, and 97 apparently healthy control
7-2-2015 19-34-55
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subjects. CADþ subjects were stratified according to the
number of narrowed vessels into SVD (n 5 43, 36.44%),
2VD (n 5 29, 26.13%) and 3VD (n 5 46, 41.44%).

Demographic Characteristics

BMI, waist circumference, and hip circumference in the
control group were higher than for the CADþ and CAD-
groups ( p O 0.05). Mean systolic blood pressure and fast-
ing blood glucose (FBG) were higher in the CADþ and
CAD- groups compared with the control group
( p ! 0.05). The control group had higher mean diastolic
blood pressure compared to the CAD� group ( p O 0.05)
and CADþ group ( p O 0.05). No significant difference
in lipid profile (HDL-C, LDL-C, and triglycerides) was
observed among the three groups ( p O 0.05, Table 1),
which may be partially because of statin treatment in both
CADþ and CAD- groups. In regard to the subgroups of
CADþ patients with different numbers of stenosed vessels
(single-vessel disease [SVD], double-vessel disease [2VD],
and triple-vessel disease [3VD]), no significant difference
in demographic parameters was observed between different
subgroups ( p O 0.05, Table 2). Demographic characteris-
tics of study subjects are summarized in Tables 1 and 2.

OPN Values Among Different Groups

Mean OPN levels were significantly higher in both CADþ
(72.99 [51.05e103.64]) and CAD- (11.11 [8.11e18.23])
groups compared with control group (5.99 [4.26e7.91])
ARCMED1994_proof ■ 27

Table 1. Demographic and clinical characteristics of the study groups

CADD

Number 96

Gender (F/M) 45/50

Smoking or addiction (%) 36.4a*

Hypertension (%) 51.2

Hyperlipidemia (%) 43.1

TG (mg/dL) 146 (105e172.50)

Age (year) 54.93 � 9.55

FBG (mg/dL) 106.68 � 39.23a*

BMI (kg/m2) 27.54 � 6.63

WHR 0.93 � 0.11

WC (cm) 91.81 � 14.55

HC (cm) 98.27 � 12.87

LDL-C (mg/dL) 94.72 � 43.70

HDL-C (mg/dL) 43.31 � 11.66

SBP (mm Hg) 144.37 � 30.59a*

DBP (mm Hg) 77.03 � 14.04a*

TC (mg/dL) 165.59 � 61.14

WHR category (%) 93.87

hsCRP (mg/L) 3.99 (13.25e1.34)a***

FBG, fasting blood glucose; BMI, body mass index; WHR, waist-hip ratio; WC, w

low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol;

sure; Cadþ, CAD-, compared with the control group.

Values are presented as mean � SD.
a*p ! 0.05, a**p ! 0.01, a***p ! 0.001, CADþ compared with the CAD-group
b*p ! 0.05, b**p ! 0.01, b***p ! 0.001.
( p ! 0.001) (Figure 1). This association remained signifi-
cant after adjustment for age, gender, BMI, smoking status
and diabetes in the regression model ( p! 0.001). Compar-
ison of OPN levels between CADþ and CAD- groups re-
vealed a significant elevation in the former group
( p! 0.001). However, serum OPN levels were comparable
among SVD (72.99 [23.86e108.41]), 2VD (68.75
[55.35e102.10]) and 3VD (71.11 [43.75e87.90]) sub-
groups of CADþ subjects ( p O 0.05) (Figure 2). Binary
logistic regression analysis did not indicate any association
between serum OPN concentrations and severe CAD
(defined as 3VD) ( p 5 0.458).

Associations Between Plasma OPN Levels and Coronary
Risk Factors

In the CAD-group, serum OPN levels were higher in the
hypertensive vs. non-hypertensive group ( p ! 0.05). In
CADþ group: serum OPN levels were higher in current
smokers in comparison to non-smokers ( p ! 0.05).
Plasma OPN levels were not associated with other risk
factors including gender, dyslipidemia and anthropometric
parameters ( p O 0.05) (Table 3).

Associations Between Plasma OPN and Hs-CRP
Concentrations

Bivariate association between plasma levels of OPN and
hs-CRP was evaluated using Spearman’s correlation coeffi-
cient. A significant correlation between these parameters
-2-2015 19-34-55
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CAD- CAD-controls

111 97

67/46 23/74

38.3 19.2

45.7 30.0

26.8 22.2
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Table 2. Demographic and clinical characteristics of different subgroups of CAD patients according to the number of stenosed vessels

SVD 2VD 3VD

Number 43 29 46

Gender (F/M) 22/21 18/11 18/28

Smoking (%) 38.10a* 37.94 34.78

Hypertension (%) 46.84 44.82 46.66

Hyperlipidemia (%) 28.20 35.71 28.88

Age (years) 72.32 � 44.95 56.52 � 9.39 56.24 � 9.80

TG (mg/dL) 114 (83e175.5) 129 (88e167) 129 (103e187)

Waist/hip category (%) 89.47 100 95

Age risk (%) 53.48 79.31 69.56

FBG (mg/dL) 102.76 � 31.04 97.87 � 34.82 98.18 � 29

BMI (kg/m2) 28.43 � 8.36 27.37 � 5.53 27.23 � 5.35

WHR 0.92 � 0.14 0.92 � 0.07 0.963 � 0.96

WC (cm) 92 � 17.32 89.20 � 13.09 93 � 13.22

HC (cm) 99.57 � 10.62 96.40 � 13.74 97.40 � 13.96

LDL-C (mg/dL) 97.01 � 33.99 100.77 � 41.72 104.56 � 42.10

HDL-C (mg/dL) 46.35 � 12.27 42.26 � 11.20 41.63 � 11.15

SBP (mm Hg) 123.90 � 41.40a* 143.04 � 23.93a* 135.28 � 22.96

DBP (mm Hg) 73.57 � 13a* 80.89 � 12.02a* 79.48 � 11.04

hsCRP (mg/L) 3.99 (13.25e1.34)b*** 2.86 (9.30e0.99)b*** 2.07 (4.83e1.25)a***

FBS, fasting blood glucose; BMI body mass index; WHR, waist-hip ratio; WC, waist circumference; HC, hip circumference; LDL-C low-density lipoprotein

cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; SBP, systolic blood pressure; DBP, diastolic blood pressure; CADþ, CAD-,

compared with the control group.

Values are presented as mean � SD.
a*p ! 0.05, a**p ! 0.01, a***p ! 0.001, CADþ compared with the CAD-group.
b*p ! 0.05, b**p ! 0.01, b***p ! 0.001.
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Discussion

In this case-control study, mean plasma OPN levels were
found to be significantly higher in subjects with angio-
graphically defined CAD. Elevation of OPN levels in
CAD-subjects implies an association between this protein
and cardiovascular risk, because CAD-group consisted of
subjects with degrees of coronary atherosclerosis who were
ARCMED1994_proof ■ 2

Figure 1. Comparison of osteopontin (OPN) levels among the study

groups.
indicated for angiography due to suspicious CAD. Our re-
sults did not show any difference in OPN levels among
CADþ subgroups with different number of narrowed ves-
sels. This latter finding does not violate our main results
on the association between OPN levels and coronary risk
because number of narrowed vessels does not necessarily
reflect the severity of mycocardial ischemia or extent of
coronary atherosclerosis. Several reports illustrated that
OPN was increased after vascular injury such as atheroscle-
rosis and restenosis following angioplasty. The increase in
7-2-2015 19-34-55

Figure 2. Comparison of OPN levels between subgroups of

CADþ patients with different number of stenosed vessels (single-vessel

disease [SVD], double-vessel disease [2VD], and triple-vessel disease

[3VD]).
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Table 3. Evaluation of plasma OPN levels in relation to coronary risk

factors

CADD CAD- Control

Gender

Male 80.68 � 39.01 15.80 � 20.98 14.13 � 22.90

Female 72.97 � 39.74 23.00 � 28.05 8.23 � 13.84

p 0.299 0.097 0.221

Dyslipid

Yes 81.39 � 34.42 24.48 � 25.07 22.69 � 31.43

No 74.68 � 42.48 19.07 � 26.88 10.84 � 18.28

p 0.494 0.455 0.358

Hypertension

Yes 73.46 � 38.45 22.32 � 20.45 17.86 � 26.59

No 80.04 � 41.04 19.46 � 29.34 12.14 � 20.59

p 0.412 0.036 0.55

Smoking

Yes 74.70 � 42.34 22.32 � 20.45 22.27 � 28.15

No 77.92 � 37.98 19.46 � 29.34 9.63 � 18.48

p 0.772 0.047 0.05

BMI

!25 74.45 � 43.10 20.30 � 26.94 8.30 � 12.75

25 ! 25 !30 86.93 � 35.02 21.78 � 28.73 18.15 � 28.16

O30 70.14 � 38.88 18.18 � 17.98 9.30 � 13.92

p 1 1 1
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OPN levels after percutaneous coronary interventions (PCI)
suggests that vascular injury due to PCI is responsible for
this phenomenon. Mazzone et al. reported an association
between inflammatory status and accelerated atheroscle-
rosis in patients with CAD undergoing PCI. The baseline
and persistent rise of OPN is an expression of its contribu-
tion to the accelerated plaque advancement; hence, OPN
may be a useful prognostic biomarker. OPN is an
integrin-binding ligand, N-linked glycoprotein, which was
identified as an important factor in the atherosclerotic in-
flammatory environment (19). Several reports have recog-
nized OPN as a single peptide, and their results are
mostly attributed to the full-length protein. As well, current
evidence suggests that this view might be incomplete,
ignoring the full extent of the bio-effects of the OPN family
of proteins. Thrombin cleavage of OPN results in formation
of OPN N-terminal fragment with a higher pro-
inflammatory potential than the full length protein or the
OPN C-terminal fragment (6,20,21). Higher plasma
thrombin cleaved OPN was illustrated to associate with ev-
idence of symptomatic cerebrovascular disease (22,23).
Therefore, the OPN N-terminal fragment was measured,
owing to its stronger association with increased carotid pla-
que inflammation (22). Chen et al. reported that plasma
OPN levels are correlated with the severity of coronary ar-
tery lesions (24). In another study, Yan et al. reported that
there is an independent association between plasma levels
of OPN, but not thrombin-cleaved (N-half) OPN, and the
presence and severity of nephropathy and CAD in diabetic
subjects (25). Increased OPN levels have been previously
reported in atherosclerotic vessels but not in normal vessels
ARCMED1994_proof ■ 27
(26). These elevated concentrations of OPN can facilitate
macrophage adhesion to endothelium via integrin receptors
followed by subsequent penetration into subendothelial
space and formation of foam cells. Also, there is evidence
regarding induction of leukocyte chemotaxis, vascular
smooth muscle cell proliferation and migration (27,28),
whereas repression of nitric oxide production in macro-
phages and endothelial cells is shown by OPN (29). These
findings suggest possible involvement of OPN in the path-
ophysiology of atherosclerosis. On the other hand, coronary
calcification occurs in the majority of patients with CAD,
and its presence is related to lesion vulnerability and the
overall burden of atherosclerotic disease (30). Plasma
OPN has been found to be positively correlated with coro-
nary artery calcification in patients with stable angina (31)
and diabetes (32). In the present study, the impact of tradi-
tional cardiovascular risk factors on serum levels of OPN
was determined. It was found that in CAD-group, serum
OPN levels were higher in the hypertensive vs. non-
hypertensive group. Furthermore, serum OPN levels were
higher in current smokers in comparison with non-
smokers in the CADþ group. Plasma OPN levels were
not significantly associated with other risk factors in any
of the study groups. Arnlov et al. investigated the relation-
ship between cardiovascular risk factors and plasma OPN
level. OPN level was not associated with blood pressure,
the ratio of total to high-density lipoprotein cholesterol,
smoking, diabetes, body mass index, and heart rate (33).
Nevertheless, contradictory findings also exist where mean
plasma OPN levels were found to be positively associated
with diabetes, age and hypertension (17). In another study,
diabetes, age, female gender, smoking and CAD were re-
ported as significant determinants of plasma OPN levels
(34). In another clinical study in patients with coronary ar-
tery disease, plasma OPN levels showed a positive relation-
ship with plasma hs-CRP and lipid profile indices (35).
Taken together, in addition to its role in coronary artery
calcification, the majority of clinical findings indicate that
OPN may be a significant contributor to several cardiome-
tabolic comorbidities that accompany CAD as this protein
has been shown to serve as a link among obesity, adipose
tissue inflammation and insulin resistance (36).
Limitation

There were some limitations in this study. This study was
conducted on a pilot scale and the results need to be
confirmed in larger populations, although the significant
difference observed in this study may itself reflect sufficient
statistical power. As another limitation, in this study we had
a single measurement of serum OPN, whereas repeated
measurements are recommended to improve the reliability
of findings. Finally, future studies are warranted to assess
the association between serum OPN levels and Framing-
ham risk score as well as cardiovascular events before
-2-2015 19-34-56
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further consideration of OPN as a cardiovascular biomarker
or risk factor.

In conclusion, this study showed that serum OPN levels
are increased in patients with coronary artery stenosis
O50% compared with those having !50% stenosis or
healthy subjects. Therefore, serum OPN concentrations
might serve as a risk marker for CAD. However, future
research is required to assess the causality of association
between CAD and raised serum OPN concentrations and
also the association of serum OPN levels with other surro-
gate markers of atherosclerosis, i.e., carotid intima-media
thickness, pulse-wave velocity and flow-mediated dilation.
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