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Original Article

Aim: Osteoglycin is one of proteoglycans that are biologically active components of vascular extracellular matrix. 
However, the role of osteoglycin in atherosclerosis remains unclear.

Methods: We investigated plasma osteoglycin levels and the presence, severity, and lesion morphology of coro-
nary artery disease (CAD) in 462 patients undergoing elective coronary angiography.

Results: Of 462 patients, 245 had CAD. Osteoglycin levels were higher in patients with CAD than without 
CAD (median 29.7 vs. 25.0 ng/mL, P＜0.05). However, osteoglycin levels did not differ among patients with 
one-vessel, two-vessel, or three-vessel disease (30.8, 30.6, and 29.4 ng/mL, respectively) and did not correlate 
with the number of stenotic segments. Among 245 CAD patients, 41 had complex coronary lesions, and 70 had 
total occlusion, of whom 67 had good collateralization. Between 70 patients with occlusion and 175 without 
occlusion, osteoglycin levels did not differ (30.4 vs. 29.5 ng/mL). Notably, osteoglycin levels were lower in 41 
patients with complex lesions than in 204 without such lesions (24.2 vs. 31.6 ng/mL, P＜0.02). In multivariate 
analysis, osteoglycin levels were an independent factor for complex lesion but not for CAD. Odds ratio for com-
plex lesion was 0.80 (95%CI=0.67–0.96) for each 10 ng/mL increase in osteoglycin levels (P＜0.02).

Conclusion: Although plasma osteoglycin levels were high in patients with CAD, they did not correlate with 
the severity of CAD and were not an independent factor for CAD. Notably, osteoglycin levels were low in 
patients with complex lesions and were a factor for complex lesions, suggesting that osteoglycin plays a role in 
coronary plaque stabilization.

osteoglycin in atherosclerosis remains unclear. In rab-
bit atherosclerotic plaques, osteoglycin mRNA was 
down-regulated in media and up-regulated in acti-
vated endothelium and neointima2). In human coro-
nary atherosclerotic plaques, osteoglycin mRNA was 
down-regulated in media and intimal smooth muscle 
cells (SMCs)7). Decreased expression of osteoglycin 
was also shown in aortic aneurysm8). Notably, in 
carotid endarterectomy samples, osteoglycin was 
shown to be down-regulated in hemorrhagic plaques 
compared with fibrotic plaques9). The down-regula-

Introduction

The structure and composition of vascular extra-
cellular matrix (ECM) plays an important role in ath-
erosclerosis1). Osteoglycin, also known as mimecan, is 
one of small leucine-rich proteoglycans that are bio-
logically active components of ECM and are involved 
in a wide range of biological processes such as inflam-
mation, fibrosis, and cell proliferation2-4). Although 
the main function of osteoglycin in ECM is recog-
nized to regulate collagen fibrillonegesis5, 6), the role of 
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the plasma was stored at －80℃. Plasma osteoglycin 
levels were measured by an enzyme-linked immuno-
sorbent assay (ELISA) using a commercially available 
kit (Human OGN ELISA Kit; Elabscience Biotech-
nology, Houston, USA) at Ochanomizu University 
according to manufacturer’s instructions. This kit was 
developed for the measurement of osteoglycin levels in 
both serum and plasma. The minimum level detected 
by this assay was 0.75 ng/mL. The intra-assay and 
inter-assay coefficients of variation were 9.9% and 
9.9%, respectively.

Coronary Angiography
Coronary angiograms were recorded on a cinean-

giogram system (Philips Electronics Japan, Tokyo). 
CAD was defined as at least one coronary artery hav-
ing ＞50% luminal diameter stenosis. The severity of 
coronary atherosclerosis was represented as the num-
ber of >50% stenotic vessels and the numbers of ＞
50% and ＞25% stenotic segments. According to 
Ambrose’s classification17), coronary stenotic lesions 
were classified as complex if they had sharp overhang-
ing edges, irregular borders, or intraluminal lucency. 
Collaterals to total occlusion were classified as poor 
(grades 0 and 1) and good (2 and 3) collateralization 
by the Rentrop scoring system18). Furthermore, coro-
nary artery segments were defined as 29 segments by 
the CASS classification. All angiograms were evaluated 
by a single cardiologist (Y.M.), blinded to clinical and 
laboratory data.

Statistical Analysis
Differences between two groups were evaluated 

by unpaired t-test for parametric variables, by Mann–
Whitney U test for nonparametric variables, and by 
chi-squared test for categorical variables. Differences 
among more than or equal to three groups were evalu-
ated by analysis of variance with Scheffe’s test for para-
metric variables, by Kruskal–Wallis test with Steel–
Dwass test for nonparametric variables, and by the 
chi-squared test for categorical variables. Correlations 
between osteoglycin levels and the severity of CAD 
were evaluated by Spearman’s rank correlation test. A 
multiple logistic regression analysis was used to eluci-
date independent associations between osteoglycin 
levels and CAD or complex lesions. A P-value of ＜
0.05 was considered to be statistically significant. 
Results are presented as the mean±SD or the median 
value.

Results

Of 462 study patients, CAD was found in 245 
(one-vessel [1-VD], n=102; two-vessel [2-VD], 

tion of osteoglycin may lead to plaque instability. 
However, Zhang et al.10) reported conflicting findings 
that overexpression of osteoglycin inhibits aortic SMC 
proliferation and enhances apoptosis. Furthermore, in 
a rabbit femoral artery ligation model, down-regula-
tion of osteoglycin was required for the development 
of collateral arteries11). Fergandez et al.12) reported that 
apoE-osteoglycin double knockout mice developed 
severe atherosclerosis with aneurysm, medial degenera-
tion, inflammation, and leukocyte extravasation, 
whereas Moncayo et al.13) showed that they did not 
have severe atherosclerotic lesions. The role of osteo-
glycin in the process of atherosclerosis therefore 
remains controversial.

Regarding blood osteoglycin levels, few studies 
have investigated the association between blood osteo-
glycin levels and coronary artery disease (CAD). One 
study14) reported serum osteoglycin levels to be high 
in 78 patients with CAD. Another study15) showed 
that serum osteoglycin levels were lower in CAD 
patients with total occlusion and good collateraliza-
tion than in those with poor collateralization. We 
examined the associations between plasma osteoglycin 
levels and the presence, severity, and lesion morphol-
ogy of CAD in 462 patients undergoing elective coro-
nary angiography.

Methods

Study Patients
We measured plasma osteoglycin levels in 462 

consecutive patients undergoing elective coronary 
angiography for suspected CAD at Tokyo Medical 
Center from July 2008 to March 2016. Any patients 
with acute myocardial infarction or class III unstable 
angina by Braunwald’s classification16), or those with a 
history of percutaneous coronary intervention or car-
diac surgery, were excluded. Hypertension was defined 
as blood pressures of ≥ 140/90 mmHg or on drugs, 
and 277 (60%) patients were taking relevant drugs. 
Hyperlipidemia was defined as a low-density lipopro-
tein (LDL)-cholesterol level of ＞140 mg/dL or on 
drugs, and 175 (38%) were taking statins. Diabetes 
mellitus (a fasting plasma glucose level of ≥ 126 mg/
dL or on treatment) was present in 124 (27%), and 
167 (36%) were smokers (≥ 10 pack-years). Our study 
was approved by the institutional ethics committee. 
After written informed consent was obtained, over-
night fasting blood samples were taken on the morn-
ing of the day of coronary angiography.

Measurement of Plasma Osteoglycin Levels
Blood samples were collected in ethylenediami-

netetraacetic acid (EDTA)-containing tubes, and only 
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(Table 1, Fig.2). However, osteoglycin levels tended 
to be lower in patients with complex lesions than in 
patients without CAD, but this difference did not 
reach statistical significance. Osteoglycin levels were 
higher in CAD patients without such lesions than in 
patients without CAD (P＜0.02) (Fig.2). In multi-
variate analysis of the 245 CAD patients, osteoglycin 
levels were an independent factor associated with 
complex lesions. The odds ratio for complex lesion 
was 0.80 (95%CI=0.67–0.96) for a 10 ng/mL 
increase in osteoglycin levels (P＜0.02). However, 
among the 462 study patients, osteoglycin levels were 
not a significant factor for the presence of complex 
lesions.

Although patients with class III unstable angina 
were excluded, 17 and 24 of the 245 CAD patients 
were classes I and II unstable angina, respectively. 
However, there was no significant difference in osteo-
glycin levels between 41 patients with class I or II 
unstable angina and 204 patients with stable CAD 
(31.9 vs. 29.5 ng/mL, P=0.32).

Discussion

In our study, plasma osteoglycin levels were high 
in patients with CAD. However, they did not corre-
late with the severity of CAD and were not an inde-
pendent factor for CAD. Notably, osteoglycin levels 
were low in patients with complex coronary lesions 

n=69; three-vessel disease [3-VD], n=74). Compared 
with 217 patients without CAD, 245 with CAD were 
older and had a male predominance and higher preva-
lence of hypertension, diabetes, hyperlipidemia, and 
smoking (Table 1). Plasma osteoglycin levels were 
higher in patients with CAD than in those without 
CAD (median 29.7 vs. 25.0 ng/mL, P＜0.05). How-
ever, there was no marked difference in osteoglycin 
levels among the 1-VD, 2-VD, and 3-VD groups 
(30.8, 30.6, and 29.4 ng/mL, respectively; P=0.94) 
(Fig.1). Furthermore, no correlation was found 
between osteoglycin levels and the numbers of ＞50% 
and ＞25% stenotic segments. To elucidate indepen-
dent association between osteoglycin levels and CAD, 
variables (age, gender, hypertension, hyperlipidemia, 
statin use, diabetes, smoking, and osteoglycin levels) 
were entered into a multiple logistic regression model. 
However, osteoglycin levels were not a significant fac-
tor for CAD independent of atherosclerotic risk fac-
tors.

Among 245 patients with CAD, 41 (17%) had 
complex coronary lesions, and 70 (29%) had total 
occlusion, of whom 67 (96%) had good collateraliza-
tion. Between 70 CAD patients with total occlusion 
and 175 without occlusion, osteoglycin levels did not 
differ (30.4 vs. 29.5 ng/mL, P=0.85) (Fig.2). Nota-
bly, osteoglycin levels in 41 CAD patients with com-
plex lesions were lower than in 204 CAD patients 
without such lesions (24.2 vs. 31.6 ng/mL, P＜0.02)

Table 1. Clinical characteristics and plasma osteoglycin levels

CAD(－)
(n =217) P value

CAD(－) 
vs. CAD

CAD
(n =245) Complex lesion (＋) 

(n =41) Complex lesion 
(＋) vs. (－)

Complex lesion (－) 
(n =204)

Age (years)
Gender (male)
Hypertension
SBP (mmHg)
Diabetes mellitus
Smoking
Hyperlipidemia
Statin
LDL-C (mg/dL)
HDL-C (mg/dL)
Osteoglycin (ng/mL)
1-VD
2-VD
3-VD

65±12
138 (64%)
134 (62%)
131±21
31 (14%)
65 (30%)
87 (40%)
55 (25%)
111±28

58±15
25 [13.2, 41.3]

＜0.001
＜0.05
＜0.001

0.14
＜0.001
＜0.025
＜0.001
＜0.001

0.06
＜0.001
＜0.05

70±10
183 (75%)
196 (80%)
133±22
93 (38%)

102 (42%)
150 (61%)
120 (49%)
115±33

51±13
29.7 [15.7, 46.3]

102 (42%)
69 (28%)
74 (30%)

69±10
32 (78%)
31 (76%)
134±21
15 (37%)
59 (40%)
24 (59%)
16 (39%)
127±28

52±12
24.2 [12.5, 35.8]

12 (29%)
11 (27%)
18 (44%)

0.63
0.80
0.60
0.35
0.50
0.60
0.90
0.30

＜0.05
0.39

＜0.02
0.20
0.99
0.10

70±10
151 (74%)
165 (81%)
133±22
87 (43%)
11 (37%)

126 (62%)
104 (51%)
113±34

51±13
31.6 [17.7, 49.9]

90 (44%)
58 (28%)
56 (27%)

Data are presented as the mean±SD or the number (%) of patients, except for osteoglycin levels, which are presented as the median value and 
interquartile range (IQR). 
SBP indicates systolic blood pressure; LDL-C, LDL-cholesterol; and HDL-C, HDL-cholesterol.
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found between osteoglycin levels and the number of 
＞50% stenotic coronary vessels or the numbers of ＞
50% and ＞25% stenotic segments. Furthermore, 
osteoglycin levels were not a significant factor for 
CAD independent of atherosclerotic risk factors. As 
shown in Fig.1, there were some overlaps in osteogly-
cin levels between patients with and without CAD. 
Plasma osteoglycin levels may reflect not only coro-
nary atherosclerosis but also atherosclerosis in other 
vascular beds. Hence, plasma osteoglycin levels are 
high in patients with CAD, but they are unlikely to be 
a good biomarker reflecting the presence or severity of 
CAD.

Cheng et al.19) investigated plasma osteoglycin 
levels in 88 patients with major adverse cardiovascular 
events (MACE) among 768 patients undergoing coro-
nary angiography, of whom 52% had angiography for 
acute coronary syndromes. They documented osteo-
glycin levels to be high in patients with MACE. How-
ever, the same group had previously reported that 
osteoglycin was down-regulated in hemorrhagic 
plaques, so-called unstable plaques, than fibrotic 
plaques in carotid endarterectomy samples9). In apoE-
osteoglycin double-knockout mice, severe atheroscle-

and were an independent factor associated with com-
plex lesions. Osteoglycin may play a role in coronary 
plaque stabilization.

Regarding blood osteoglycin levels in patients 
with CAD, Hu et al.14) measured serum osteoglycin 
levels in 158 patients undergoing coronary angiogra-
phy. They reported osteoglycin levels to be higher in 
78 patients with CAD than in 80 without CAD and 
to correlate with Gensini score (r=0.79). However, 
patients with diabetes or hypertension were excluded 
from that study, suggesting that their patients were 
highly selected among patients undergoing angiogra-
phy. In human coronary atherosclerotic lesions, osteo-
glycin mRNA was down-regulated in the medial and 
intimal SMCs7). In contrast, overexpression of osteo-
glycin was shown to inhibit SMC proliferation and to 
enhance apoptosis8). Therefore, high levels of serum 
osteoglycin in patients with CAD may represent an 
adaptive mechanism aimed at preventing the progres-
sion of coronary atherosclerosis. We investigated 
plasma osteoglycin levels in 462 patients undergoing 
coronary angiography. We also found that osteoglycin 
levels were higher in 245 patients with CAD than in 
217 without CAD. However, no correlation was 

Fig.1. Plasma osteoglycin levels and the presence and severity of CAD

Plasma osteoglycin levels were higher in patients with CAD than in those without CAD (P＜0.05), but there 
was no marked difference in osteoglycin levels among the 1-VD, 2-VD, and 3-VD groups (P=0.94). The cen-
tral line represents the median, and the box represents the 25th to 75th percentiles. The whiskers represent the 
lowest and highest value in the 25th percentile minus 1.5 interquartile range (IQR) and 75th percentile plus 1.5 
IQR, respectively.
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osteoglycin may be a therapeutic target in coronary 
plaque instability and may be used to treat patients 
with complex lesions to stabilize coronary plaques.

In rabbits, down-regulation of osteoglycin was 
associated with the development of collateral arter-
ies11). Shen et al.15) investigated serum osteoglycin lev-
els and coronary collateralization in 559 CAD patients 
with chronic total occlusion. They reported that 
osteoglycin levels were lower in 350 patients with 
good collateralization than in 209 with poor collater-
alization. In our study, 70 (29%) of the 245 CAD 
patients had total occlusion, but 67 (96%) of 70 
patients with total occlusion had good collateraliza-
tion. Between 70 patients with total occlusion and 
175 CAD patients without occlusion, no marked dif-
ference was found in osteoglycin levels.

Our study has several limitations. First, in our 
study, angiography was used to evaluate coronary ath-
erosclerosis. Coronary angiography cannot visualize 
plaques and only shows the severity and morphology 
of stenotic lesions. In our study, IVUS or OCT, which 
can visualize coronary plaques, were not always per-
formed. Moreover, because CAD was defined as at 

rosis with medial degeneration and inflammation was 
also reported12). These findings suggest that the down-
regulation of osteoglycin may lead to plaque instabil-
ity. In our study, 41 (17%) of the 245 patients with 
CAD had complex coronary lesions, which are known 
to be associated with plaque instability and to be pre-
dictive of coronary events17, 20). Notably, we found 
that plasma osteoglycin levels were lower in patients 
with complex coronary lesions than in CAD patients 
without complex lesions and that low levels of osteo-
glycin were an independent factor associated with 
complex lesions among CAD patients. Our results 
thus suggest that low levels of plasma osteoglycin may 
play a role in coronary plaque instability, such as com-
plex coronary lesions. Furthermore, plasma osteogly-
cin levels were higher in CAD patients without com-
plex lesions than in CAD patients with complex 
lesions and patients without CAD. High osteoglycin 
levels in CAD patients without complex lesions may 
have been aimed at coronary plaque stabilization as 
well as preventing the progression of coronary athero-
sclerosis. Moreover, because CAD patients with com-
plex lesions had low levels of osteoglycin in plasma, 

Fig.2. Plasma osteoglycin levels and the presence of total occlusion and complex lesions

Plasma osteoglycin levels did not differ between CAD patients with and without total occlusion (P=0.85) (left). 
Notably, osteoglycin levels were significantly lower in CAD patients with complex lesions than in those without 
such lesions (P＜0.02). However, osteoglycin levels in patients with complex lesions were not different from 
those in patients without CAD (P=0.38) (right). The central line represents the median, and the box represents 
the 25th to 75th percentiles. The whiskers represent the lowest and highest value in the 25th percentile minus 
1.5 IQR and 75th percentile plus 1.5 IQR, respectively.
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