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Abstract: Background: The characteristics of high-risk coronary atherosclerosis evaluated using optical coherence 
tomography (OCT) can have a prognostic role. Inflammatory biomarkers may be related to the severity of coronary ar-
tery disease. This study investigated the association of high-risk morphological features of coronary plaques on OCT 
with circulating levels of inflammatory biomarkers and target lesion revascularization (TLR). Materials and Methods: 
We prospectively analyzed the data of 30 consecutive patients with chronic coronary syndrome who underwent 
percutaneous coronary intervention (PCI) using OCT. The levels of interleukin-6, tumor necrosis factor-alpha, high-
sensitivity C-reactive protein, pentraxin 3, vascular endothelial growth factor, and monocyte chemoattractant pro-
tein-1 (MCP-1) were measured in plasma samples. Coronary plaque characteristics were scored quantitatively in 
the form of coronary plaque risk score (CPRS). The estimated high-risk plaque characteristics for TLR were plaque 
rupture, plaque erosion, calcified nodule, lipid-rich plaque, thin-cap fibroatheroma, cholesterol crystals, macrophage 
infiltration, microchannels, calcification angle >90°, and microcalcifications. Each high-risk feature carries 1 point. 
Patients were defined as having a low CPRS (CPRS ≤3) or a high CPRS (CPRS ≥4). Results: The primary outcome was 
TLR. TLR occurred in 6 (20%) patients within 15 months of PCI. High CPRS on OCT was directly correlated with TLR 
(P=0.029). In logistic regression analysis, CPRS was associated with TLR (odds ratio, 10.0; 95% confidence inter- 
val, 1.34-74.5). Serum MCP-1 level was significantly correlated with the CPRS (P=0.020). Conclusions: In patients 
with chronic coronary syndrome, CPRS may be a surrogate predictor of TLR. Serum MCP-1 may aid in the detection 
of high-risk coronary atherosclerosis.
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Introduction

In many developed countries, coronary artery 
disease (CAD) is one of the most common 
causes of death, and chronic coronary syn-
drome (CCS) is the most common initial symp-
tom. Despite the contemporary evolution of 
percutaneous coronary intervention (PCI) us- 
ing drug-eluting stenting and a drug-coated  
balloon, restenosis and repeat revasculariza-

tion remain major concerns and limit the effi-
cacy of PCI in patients with CCS [1, 2].

Optical coherence tomography (OCT) is a useful 
intravascular imaging modality that uses the 
reflection of near-infrared light to create imag-
es. Recently, several OCT studies have identi-
fied the characteristics of high-risk coronary 
plaques and evaluated the risks of adverse  
cardiovascular events [3-5]. Lipid-rich plaques 

http://www.AJCD.us


Association of plaque morphology with biomarkers & TLR in CCS

310 Am J Cardiovasc Dis 2023;13(5):309-319

Figure 1. Flow diagram of the study. CCS, chronic coronary syndrome; PCI, 
percutaneous coronary intervention; OCT, optical coherence tomography.

identified using OCT in the non-culprit segment 
of the target vessel have been demonstrated  
to be associated with a higher incidence of a 
composite of cardiac death, acute myocardial 
infarction, and repeated revascularization [5]. 
Thin-cap fibroatheroma (TCFA) could be an indi-
cator of adverse cardiac events in patients with 
diabetes mellitus (DM) [4]. Macrophage infiltra-
tion is more abundant in the coronary arteries 
in patients with DM and acute coronary syn-
drome than in those without DM [6]. Conse- 
quently, several plaque characteristics iden- 
tify high-risk plaques that are prone to future 
events. Therefore, it is clinically useful to evalu-
ate and comprehensively quantify the mor- 
phological characteristics of high-risk coronary 
plaques - which may be associated with future 
cardiovascular events - using the coronary 
plaque risk score (CPRS) based on OCT.

Previous studies have demonstrated that in- 
flammatory cells, cytokines, and reactions play 
an important role in the progression of athero-
mas, plaque instability, and restenosis after 
revascularization [7-9]. Inflammatory biomark-
ers, such as interleukin (IL)-1, IL-6, tumor ne- 
crosis factor-alpha (TNF-α), monocyte che-
moattractant protein-1 (MCP-1), high-sensitivi-
ty C-reactive protein (hs-CRP), vascular endo-

thelial growth factor (VEGF), 
and pentraxin 3 have been 
reported to predict future car-
diovascular events [8, 9]. Al- 
though the relationship bet- 
ween inflammatory biomark-
ers and clinical cardiovascular 
events has been elucidated, 
gaps in the knowledge of their 
correlation remain.

The aim of this study was to 
investigate whether CPRS ba- 
sed on OCT is associated with 
TLR and identify the inflamma-
tory biomarkers that can help 
detect high-risk coronary pla- 
ques in patients with CCS.

Methods

Study design

Data from patients with CCS 
who underwent PCI using OCT 

at the Hokkaido University Hospital between 
April 2020 and November 2020 were pros- 
pectively analyzed. The study protocol was 
approved by the ethics committee of the 
Hokkaido University Hospital (approval no.: 
019-0152). The patients provided informed 
consent to participate in this study.

Study population

Of 32 consecutive patients with CCS who 
underwent PCI using OCT, two patients with 
poor OCT image quality were excluded due to 
artifact. Consequently, 30 patients were exam-
ined in this study (Figure 1).

OCT and analysis

An OCT catheter (Dragon Fly; Abbott, Santa 
Clara, CA, USA) was proceeded using a 0.014-
inch guidewire with the support of a 6- or 7-Fr 
guiding catheter. The imaging core was placed 
at the distal site of the lesion. OCT images were 
obtained using a continuous flush of contrast 
agent or low-molecular-weight dextran, and the 
OCT wire was pulled back at a rate of 18 mm/s. 
Although the OCT images were obtained with-
out dilatation using a balloon, the lesion was 
dilated using a small balloon when the OCT 
catheter could not advance to the lesion 
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Figure 2. Representative optical coherence tomography (OCT) images of coronary artery plaques. A. Plaque rupture 
(white arrow); B. Calcified nodule (white arrowhead); C. Lipid-rich plaque; LC, lipid core; D. Cholesterol crystals (yel-
low arrows) and microchannels; E. Macrophage infiltration (yellow arrowheads); F. Calcification.

because of severe calcification or stenosis. The 
morphology of target lesions was analyzed. 
After identifying the most stenotic lesion, imag-
es of 5 mm of proximal and distal lesions (total 
length, 10 mm) were retained for further exami-
nation. Cross-sectional OCT images were ana-
lyzed at every 1 mm for plaque characteristics.

OCT definitions

According to the consensus standards for 
acquisition and measurement of intravascular 
optical coherence tomography studies, the cor-
onary plaque characteristics were defined as 
follows [10]. Plaque rupture was defined as the 
presence of a fibrous cap discontinuity result-
ing in a cavity in the plaque (Figure 2A) [10]. 
Plaque erosion was defined as an intraluminal 
thrombus on an intact intima without plaque 
rupture [11]. Calcified nodules were defined as 
the disruption of a fibrous cap identified over a 
calcific plaque characterized by the protrusion 
of calcification or superficial calcium near sub-
stantive calcium proximal and/or distal to the 

lesion (Figure 2B) [11]. Lipid-rich plaques were 
defined as plaques with a maximal lipid arc 
>180° (Figure 2C) [10]. TCFA was defined as 
the presence of a thin fibrous cap (<65 μm) 
overlying a lipid-rich plaque [10]. Cholesterol 
crystals (CCs) were defined as thin and linear 
structures of high signal intensity within the 
lipid-rich plaque without attenuation (Figure 
2D) [10]. Macrophage infiltration was defined 
as a region with high luminance near or within 
the fibrous cap accompanied by heterogene- 
ous backward shadowing (Figure 2E) [10]. 
Microchannels were defined as small black 
holes with diameters of 50-300 μm within a 
plaque (Figure 2D) [10]. Calcification was 
defined as a well-delineated heterogeneous 
region with a low backscattering signal (Figure 
2F) [10]. Microcalcifications were defined as 
calcium regions with angle <22.5° and length 
<1 mm [12]. Coronary plaque characteristics 
were scored quantitatively in the form of CPRS. 
The following were the high-risk plaque charac-
teristics for TLR: plaque rupture, plaque ero-
sion, calcified nodule, lipid-rich plaque, TCFA, 
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Statistical analyses

Normally distributed data are expressed as 
mean ± standard deviation, and non-normally 
distributed data are expressed as median and 
interquartile range. Patients were divided into 
the low CPRS or high CPRS groups based on 
their CPRS. Comparisons of differences bet- 
ween the two groups were performed using 
Student t-tests or Mann-Whitney U tests for 
continuous variables and Pearson chi-square 
tests or Fisher’s exact tests for categorical  
variables. A multivariable linear regression 
analysis was performed for variables with 
P<0.10 in the univariable linear regression 
analysis to explore the strongest determinants 
of CPRS. The relationship between the vari-
ables and TLR was evaluated using univariable 
logistic regression analysis. All tests were two-
tailed, and a P-value <0.05 was considered  
statistically significant. All analyses were per-
formed using Stata IC version 16 (StataCorp, 
College Station, TX, USA).

Results

Baseline characteristics

Morphological features of coronary plaques 
detected using OCT revealed that the median 
CPRS was 3 (2-4) (Table 1). Patients were divid-
ed into the low CPRS (CPRS ≤3) and high CPRS 
(CPRS ≥4) groups based on the median value  
of CPRS. The clinical characteristics of the 
patients are summarized in Table 2. Patients 
with a high CPRS were more likely to be female 
and have a higher serum IL-6 level than those 
with a low CPRS. There were no significant dif-
ferences in age, comorbid chronic kidney dis-
ease, cholesterol profile, and hemoglobin A1c 
levels between the groups.

Relationship between coronary plaque mor-
phology and inflammatory biomarkers

Multivariable linear regression analyses dem-
onstrated that serum MCP-1 level was indepen-
dently associated with CPRS (P=0.020) (Table 
3). Associations between some biomarkers and 
morphological features of plaques were also 
observed. IL-6 level was associated with calci-
fied nodule, calcification, and microcalcifica-
tions (P=0.049, P=0.033, and P=0.017, res- 

Table 1. Coronary plaque morphologies de-
tected by OCT
Variable Overall (n=30)
Plaque rupture, n (%) 3 (10)
Plaque erosion, n (%) 0
Calcified nodule, n (%) 3 (10)
Lipid-rich plaque, n (%) 17 (57)
Thin-cap fibroatheroma, n (%) 1 (3)
Macrophage infiltration, n (%) 26 (87)
Cholesterol crystals, n (%) 5 (17)
Microchannels, n (%) 20 (67)
Calcification >90°, n (%) 8 (27)
Microcalcification, n (%) 9 (30)
CPRS 3 (2-4)
Continuous variables are presented as mean ± standard 
deviation if normally distributed and median (inter-
quartile range) if not normally distributed. Categorical 
variables are presented as number of patients (%). OCT, 
optical coherence tomography; CPRS, coronary plaque 
risk score.

CCs, macrophage infiltration, microchannels, 
calcification angle >90°, and microcalcifica-
tions. Each high-risk feature carries 1 point. 
Therefore, the possible range of the CPRS was 
0-10 and is a sum of the number of high-risk 
plaque characteristics.

Blood tests and PCI

On admission, venous blood samples were col-
lected to estimate routine laboratory parame-
ters and inflammatory biomarkers including 
IL-6, TNF-α, hs-CRP, pentraxin 3, VEGF, and 
MCP-1. PCI was performed using standard pro-
cedures. Pre-dilatation was performed using a 
balloon, and post-dilatation was performed at 
the discretion of each operator.

Clinical outcomes

The primary clinical outcome was the rate of 
TLR within 15 months of follow-up. TLR was 
defined as any repeated PCI or coronary artery 
bypass grafting of the target lesion related to 
either: 1) ischemic symptoms and/or myocar-
dial ischemia demonstrated by functional test 
and ≥50% diameter stenosis by quantitative 
angiographic assessment; or 2) any revascular-
ization of a ≥70% diameter stenosis by quanti-
tative angiographic assessment [13, 14].
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Table 2. Baseline characteristics according to the CPRS
Variable Overall (n=30) Low CPRS (n=22) High CPRS (n=8) P-value
Age, years 69.8±8.8 69.8±8.7 69.8±9.8 1.0
Male, n (%) 20 (67) 17 (77) 3 (38) 0.041
Diabetes mellitus, n (%) 14 (47) 9 (41) 5 (63) 0.42
Hypertension, n (%) 29 (97) 21 (95) 8 (100) 1.0
Dyslipidemia, n (%) 28 (93) 21 (95) 7 (88) 0.47
Chronic kidney disease, n (%) 16 (53) 11 (50) 5 (63) 0.69
Current smoker, n (%) 5 (17) 3 (14) 2 (25) 0.59
Family history of coronary artery disease, n (%) 5 (17) 4 (18) 1 (13) 1.0
History of PCI or CABG, n (%) 18 (60) 14 (64) 4 (50) 0.68
History of CI or carotid artery stenosis, n (%) 12 (40) 10 (45) 2 (25) 0.42
Oral medication on admission, n (%)
    Prior aspirin use 30 (100) 22 (100) 8 (100) -
    Prior clopidogrel use 25 (83) 18 (82) 7 (88) 1.0
    Prior prasugrel use 4 (13) 3 (14) 1 (13) 1.0
    Prior beta blocker use 16 (53) 11 (50) 5 (63) 0.69
    Prior ACEI or ARB 19 (63) 14 (64) 5 (63) 1.0
    Prior statin use 26 (87) 20 (91) 6 (75) 0.28
Laboratory tests
    Hemoglobin, g/dL 12.8±1.6 13.1±1.5 11.9±1.6 0.072
    White blood cell count, /μL 6,100 (5,000-7,000) 6,100 (5,300-7,000) 5,300 (4,150-6,750) 0.35
    CRP, mg/dL 0.12 (0.04-0.17) 0.09 (0.04-0.15) 0.12 (0.07-1.06) 0.37
    Total protein, g/dL 7.1 (6.7-7.4) 7.0 (6.7-7.4) 7.1 (6.7-7.4) 0.94
    Albumin, g/dL 4.2 (4.0-4.4) 4.2 (4.0-4.4) 4.2 (3.6-4.4) 0.56
    Creatinine, mg/dL 0.95 (0.84-1.11) 0.97 (0.84-1.07) 0.86 (0.78-4.70) 0.87
    eGFR, mL/min 50.8±22.3 54.7±19.6 40.1±27.2 0.114
    Calcium, mg/dL 9.3±0.4 9.2±0.4 9.5±0.4 0.144
    LDL-C, mg/dL 80 (63-96) 80 (62-96) 80 (71-100) 0.45
    Triglyceride, mg/dL 111 (78-171) 113 (78-175) 92 (77-124) 0.40
    Glucose, mg/dL 118 (108-132) 120 (107-132) 114 (110-127) 0.71
    HbA1c, % 6.2 (5.8-6.9) 6.1 (5.8-6.8) 6.8 (5.6-7.3) 0.45
    IL-6, pg/mL 3.0 (1.6-5.1) 2.4 (1.3-3.6) 4.6 (3.0-13.7) 0.033
    TNF-α, pg/mL 1.24 (0.90-1.56) 1.14 (0.79-1.51) 1.37 (0.97-2.07) 0.34
    hs-CRP, ng/mL 668 (375-1460) 550 (279-1,390) 920 (616-6,500) 0.140
    Pentraxin 3, ng/mL 1.96 (1.37-2.62) 1.80 (1.31-2.25) 2.63 (1.76-3.66) 0.116
    VEGF >20 pg/mL, n (%) 7 (23) 6 (27) 1 (13) 0.40
    MCP-1, pg/mL 188 (155-230) 187 (153-211) 234 (178-289) 0.075
Target lesion, n (%) 0.46
    Left anterior descending artery 19 (63) 14 (64) 5 (63)
    Left circumflex artery 3 (10) 3 (14) 0
    Right coronary artery 8 (27) 5 (23) 3 (38)
Balloon angioplasty, n (%) 30 (100) 22 (100) 8 (100) -
Stent implantation, n (%) 17 (57) 14 (64) 3 (38) 0.20
Drug-coated balloon, n (%) 13 (43) 8 (36) 5 (63) 0.20
Continuous variables are presented as mean ± standard deviation if normally distributed and as median (interquartile range) if not normally 
distributed. Categorical variables are presented as the number of patients (%). CPRS, coronary plaque risk score; PCI, percutaneous coronary 
intervention; CABG, coronary artery bypass grafting; CI, cerebral infarction; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II re-
ceptor blocker; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; LDL-C, low-density lipoprotein cholesterol; HbA1c, hemoglobin 
A1c; IL-6, Interleukin-6; TNF-α, tumor necrosis factor-alpha; hs-CRP, high-sensitivity C-reactive protein; VEGF, vascular endothelial growth factor; 
MCP-1, monocyte chemoattractant protein-1.

pectively, Table 4); hs-CRP level was associat-
ed with lipid-rich plaque (P=0.014, Table 4); 

pentraxin 3 level was associated with microcal-
cifications (P=0.025, Table 4); and MCP-1 level 
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Table 3. Linear regression analyses of the coronary plaque 
risk score

Variables
Univariable Multivariable

β coefficient P-value β coefficient P-value
Hemoglobin -1.77 0.29 Not selected -
Log WBC -0.09 0.55 Not selected -
CRP 0.42 0.165 Not selected -
Log eGFR -0.67 0.040 -1.14 0.74
IL-6 0.08 0.058 0.01 0.86
TNF-α 0.48 0.25 Not selected -
Log hs-CRP 0.31 0.109 Not selected -
Pentraxin 3 0.25 0.188 Not selected -
Log MCP-1 2.31 0.001 2.04 0.020
WBC, white blood cell count; CRP, C-reactive protein; eGFR, estimated 
glomerular filtration rate; IL-6, Interleukin-6; TNF-α, tumor necrosis 
factor-alpha; hs-CRP, high-sensitivity C-reactive protein; MCP-1, monocyte 
chemoattractant protein-1.

was associated with calcified nodule, lipid- 
rich plaque, and microcalcifications (P=0.035, 
P=0.033, and P=0.019, respectively, Table 4). 
No other association between inflammatory 
biomarkers and plaque rupture, macrophage 
infiltration, CCs, and microchannels was ob- 
served. Univariate linear regression analyses 
revealed that serum levels of CRP, IL-6, TNF-α, 
and hs-CRP were correlated with MCP-1 levels 
(P=0.039, P=0.001, P=0.001, and P=0.024, 
respectively, Table 5).

CPRS and the primary outcome

At the 15-month follow-up, TLR was noted in 6 
(20%) patients. The incidence of TLR at 15 
months was significantly higher in the high 
CPRS group than in the low CPRS group  
(50.0% vs. 9.1%, P=0.029, Figure 3). In univari-
ate logistic regression analyses, CPRS was 
associated with TLR (odds ratio, 10.0; 95%  
confidence interval, 1.34-74.5, P=0.025, Table 
6); however, the inflammatory biomarkers did 
not achieve a statistically significant associa- 
tion.

Discussion

In the current study, we found that a high CPRS 
was associated with a high incidence of TLR, 
and several inflammatory biomarkers, including 
MCP-1, were related to the morphological fea-
tures of high-risk coronary plaques. Our find-
ings highlight the significance of comprehen-

indicated that fibroatheroma with a large lipid-
rich plaque represents one of the high-risk 
characteristics for adverse coronary events 
[16]. Several types of matrix metalloproteinas-
es produced by macrophages digest the colla-
gen of fibrous tissue, thus causing the pla- 
que’s mechanical instability [17]. Microchannel 
proliferation in atheromatous coronary plaques 
plays a pivotal role in atherosclerotic progres-
sion by increasing the blood flow in the plaque 
and, consequently, causing the infiltration of 
inflammatory cells including foam cells and 
cytokines [18]. When CCs are generated in a 
fibrous cap of the intima, the circumferential 
stress of the intimal plaque could substantially 
rise and increase the risk of fibrous cap disrup-
tion [19]. When microcalcifications are clus-
tered along the tensile axis of the cap in the 
coronary arteries, they may increase the local 
structural stress by over five times, thus lead-
ing to plaque instability [20]. Second, a calcifi-
cation angle >90°, which is considered a high 
degree of calcification, and a calcified nodule 
may cause inadequate lesion preparation and 
subsequent incomplete asymmetrical stent ex- 
pansion, thus leading to restenosis after PCI 
[21]. The CPRS is a useful parameter that is 
related to both plaque instability and subopti-
mal stent expansion. A recent study showed 
the non-inferiority of a robotic-assisted PCI sys-
tem versus a traditional PCI regarding radiation 
exposure to the assistant, fluoroscopy time, 
procedural time, and contrast volume in select-
ed patients [22]. Artificial intelligence systems 

sive assessments of the morphology 
of high-risk coronary plaques using 
OCT for further risk stratification in 
patients with CCS.

Several factors might explain the hi- 
gher CPRS in patients with TLR than 
in those without TLR. First, among  
the 10 coronary plaque characteris-
tics used for CPRS quantification, 
plaque rupture, plaque erosion, cal- 
cified nodule, lipid-rich plaque, mac-
rophage infiltration, TCFA, CCs, mi- 
crochannels, and microcalcifications 
were associated with coronary plaque 
instability. Lesions with plaque rup-
ture, plaque erosion, or a calcified 
nodule have been reported to be 
common causes of acute coronary 
syndrome [15]. Previous studies have 
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Table 4. Association of inflammatory biomarkers with calcified nodules, lipid-rich plaque, calcification, and microcalcification
Inflammatory 
marker

Calcified nodule P-val-
ue

Lipid-rich plaque P-val-
ue

Calcification P-val-
ue

Microcalcification P-val-
ueAbsent (n=27) Present (n=3) Absent (n=13) Present (n=17) Absent (n=17) Present (n=13) Absent (n=21) Present (n=9)

IL-6, pg/mL 2.5 (1.4-4.1) 5.3 (3.8-28.4) 0.049 3.1 (1.6-4.1) 2.5 (1.8-5.3) 0.92 2.2 (1.3-3.1) 3.8 (3.0-7.2) 0.033 2.4 (1.6-3.1) 5.3 (3.8-8.5) 0.017

TNF-α, pg/mL 1.22 (0.79-1.51) 1.56 (1.01-2.58) 0.20 0.97 (0.75-1.33) 1.43 (0.99-1.58) 0.14 1.05 (0.90-1.50) 1.32 (0.93-1.83) 0.25 0.99 (0.79-1.50) 1.48 (1.26-2.44) 0.054

hs-CRP, ng/mL 638 (279-1,460) 697 (534-30,800) 0.39 456 (235-638) 1220 (534-3810) 0.014 710 (456-1390) 534 (279-2300) 0.98 603 (375-1220) 1130 (534-4600) 0.21

Pentraxin 3, ng/mL 1.85 (1.31-2.31) 2.63 (2.62-3.39) 0.078 1.85 (1.30-2.04) 2.17 (1.66-3.39) 0.107 1.96 (1.47-2.17) 2.31 (1.31-3.39) 0.60 1.74 (1.31-2.10) 2.63 (2.31-3.76) 0.025

VEGF >20 pg/mL, n (%) 7 (26) 0 1.0 1 (8) 6 (35) 0.104 4 (24) 3 (23) 1.0 4 (19) 3 (33) 0.64

MCP-1, pg/mL 186 (153-214) 287 (223-291) 0.035 178 (145-187) 214 (174-275) 0.033 174 (125-214) 195 (181-245) 0.079 178 (145-198) 223 (195-287) 0.019
Continuous variables are presented as median (interquartile range). Categorical variables are presented as number of patients (%). IL-6, interleukin-6; TNF-α, tumor necrosis factor alpha; hs-CRP, high-sensitivity C-reactive protein; VEGF, vascu-
lar endothelial growth factor; MCP-1, monocyte chemoattractant protein-1.



Association of plaque morphology with biomarkers & TLR in CCS

316 Am J Cardiovasc Dis 2023;13(5):309-319

Table 5. Linear regression analyses for fac-
tors associated with log MCP-1

Variables
Univariable

β coefficient P-value
Log WBC 0.01 0.86
CRP 0.15 0.039
IL-6 7.45 0.001
TNF-α 0.31 0.001
Log hs-CRP 0.10 0.024
Pentraxin-3 0.06 0.21
IL-6, interleukin-6; CRP, C-reactive protein; TNF-α, tumor 
necrosis factor alpha; hs-CRP, high-sensitivity C-reactive 
protein; WBC, white blood cells.

Figure 3. Comparison of TLR at 15 months between 
patients with CPRS ≤3 and patients with CPRS ≥4. 
TLR, target lesion revascularization; CPRS, coronary 
plaque risk score.

using CPRS by OCT may also be useful for 
increasing the effect of a prediction model of 
TLR. 

Inflammation plays an important role in the  
formation of atherosclerotic plaques. Several 
inflammatory biomarkers have been extensive-
ly studied and have been found to predict CAD 
development. Remarkably, hs-CRP is one of the 
most important inflammatory biomarkers that 
indicate an increased risk of CAD [23]. How- 
ever, there is no direct relationship between  
hs-CRP levels and CPRS or TLR (Tables 3 and 
6). Interestingly, MCP-1 level was significantly 
associated with CRPS in the present study. As 
shown in Table 5, IL-6 level was correlated with 
MCP-1 level, which is in accordance with a pre-
vious study showing that IL-6 level increases 
plaque instability by activating macrophages to 
secrete MCP-1 [24]. Furthermore, TNF recep-
tor-1 activity increases MCP-1 expression in 
both pre-atherosclerotic and advanced athero-
matous lesions [25]. Therefore, MCP-1 might 
be useful in detecting high-risk coronary pla- 
ques that are associated with future coronary 
events in patients with CCS, even when OCT is 
not available for PCI.

Limitations

This study has some limitations. First, the  
current prospective, observational study per-
formed at a single university hospital included 
a small sample size, thereby limiting the gener-
alizability of the findings and the statistical 
power for detecting differences. Therefore, 
large-scale multicenter prospective studies are 
warranted to confirm the associations of CPRS 

with inflammatory biomarkers and clinical out-
comes. Second, there is an inherent discrep-
ancy between plaque characteristics evaluat- 
ed using OCT and histopathological findings 
[26]. For example, in this study, we were unable 
to perform adequate assessments of calcifica-
tion because the near-infrared signal from the 
OCT transducer cannot pass through a lipid-
rich plaque and cannot help visualize calcifica-
tion outside the lipid-rich plaque. Third, patients 
with chronic total occlusion (CTO), who poten-
tially have more severe atherosclerotic le- 
sions, were not included in the current study 
because PCI for CTO using OCT may be techni-
cally difficult.

Conclusions

High CPRS was associated with TLR at 15 
months after PCI in patients with CCS and a 
high MCP-1 level. Our findings suggest the 
potential value of evaluating CPRS for further 
risk stratification in the aforementioned type of 
patients.

Acknowledgements

The authors are grateful for the contributions  
of all investigators, laboratory technicians, and 
clinical research coordinators involved in this 
study. This study was supported by a Grant-in-
Aid for Research Activity Start-up (Japan So- 
ciety for the Promotion of Science KAKENHI, 
19K23931 T.K.) and the research grant from 



Association of plaque morphology with biomarkers & TLR in CCS

317 Am J Cardiovasc Dis 2023;13(5):309-319

Table 6. Logistic regression analyses for target lesion revascularization at 15 months

Variable
Target lesion revascularization at 15 months

Absent (n=24) Present (n=6) OR (crude) (95% CI) P-value
Age, years 69.2±9.2 72.0±7.5 1.04 (0.93-1.16) 0.49

Male, n (%) 17 (71) 3 (50) 0.41 (0.07-2.56) 0.34

Diabetes mellitus, n (%) 10 (42) 4 (67) 2.80 (0.43-18.4) 0.28

Hypertension, n (%) 23 (96) 6 (100) - -

Dyslipidemia, n (%) 23 (96) 5 (83) 0.22 (0.01-4.09) 0.31

Chronic kidney disease, n (%) 12 (50) 4 (67) 2.00 (0.31-13.1) 0.47

Current smoker, n (%) 3 (13) 2 (33) 3.50 (0.44-28.1) 0.24

Family history of coronary artery disease, n (%) 5 (21) 0 - -

History of PCI or CABG, n (%) 14 (58) 4 (67) 1.43 (0.22-9.38) 0.71

History of cerebral infarction or carotid artery stenosis, n (%) 9 (38) 3 (50) 1.67 (0.28-10.1) 0.58

Oral medication on admission, n (%)

    Prior aspirin use 24 (100) 6 (100) - -

    Prior clopidogrel use 21 (88) 4 (66) 0.29 (0.04-2.30) 0.24

    Prior prasugrel use 2 (8) 2 (33) 5.50 (0.59-51.2) 0.134

    Prior beta blocker use 14 (58) 2 (33) 0.36 (0.05-2.34) 0.28

    Prior ACEI or ARB 16 (67) 3 (50) 0.50 (0.08-3.06) 0.45

    Prior statin use 21 (88) 5 (83) 0.71 (0.06-8.40) 0.79

Laboratory tests

    Hemoglobin, g/dL 12.9±1.5 12.1±1.7 0.70 (0.39-1.25) 0.23

    White blood cell count, /μL 6,100 (5,150-7,250) 5,600 (4,200-6,300) 1.00 (1.00-1.00) 0.58

    CRP, mg/dL 0.10 (0.04-0.16) 0.14 (0.03-0.29) 1.11 (0.43-2.87) 0.83

    Total protein, g/dL 7.1 (6.7-7.4) 7.0 (6.8-7.1) 0.34 (0.05-2.26) 0.26

    Albumin, g/dL 4.2 (4.0-4.4) 4.3 (4.1-4.4) 0.63 (0.12-3.45) 0.60

    Creatinine, mg/dL 0.95 (0.83-1.09) 0.93 (0.85-4.38) 1.10 (0.74-1.63) 0.65

    eGFR, mL/min 53.0±21.4 42.2±25.9 0.98 (0.94-1.02) 0.29

    Uric acid, mg/dL 5.2±1.3 4.5±1.6 0.67 (0.32-1.40) 0.28

    Calcium, mg/dL 9.3±0.5 9.4±0.4 2.45 (0.34-17.9) 0.38

    LDL-C, mg/dL 78 (62-94) 87 (75-110) 1.02 (0.98-1.06) 0.28

    Triglyceride, mg/dL 113 (78-173) 91 (76-118) 0.99 (0.97-1.00) 0.36

    Glucose, mg/dL 119 (109-132) 113 (108-142) 1.02 (0.99-1.04) 0.26

    HbA1c, % 6.1 (5.8-6.8) 6.7 (5.5-7.2) 1.88 (0.64-5.57) 0.25

    IL-6, pg/mL 3.0 (1.9-4.6) 2.6 (1.3-5.3) 1.03 (0.90-1.18) 0.69

    TNF-α, pg/mL 1.14 (0.85-1.55) 1.38 (1.01-1.56) 1.75 (0.46-6.74) 0.41

    hs-CRP, ng/mL 623 (327-1340) 1044 (534-2300) 1.00 (1.00-1.00) 0.92

    Pentraxin 3, ng/mL 1.91 (1.31-2.41) 2.47 (1.67-2.63) 1.12 (0.61-2.05) 0.37

    VEGF >20 pg/mL, n (%) 5 (21) 2 (33) 1.90 (0.27-13.5) 0.52

    MCP-1, pg/mL 182 (149-206) 227 (211-287) 1.02 (1.00-1.03) 0.061

Target lesion, n (%)

    Left anterior descending artery 14 (58) 5 (83) 3.57 (0.36-35.5) 0.28

    Left circumflex artery 3 (13) 0 - -

    Right coronary artery 7 (29) 1 (17) 0.49 (0.05-4.94) 0.54

Balloon angioplasty, n (%) 24 (100) 6 (100) - -

Stent implantation, n (%) 14 (58) 3 (50) 0.71 (0.12-4.30) 0.71

Drug-coated balloon, n (%) 10 (42) 3 (50) 1.40 (0.23-8.42) 0.71

Coronary plaque risk score ≥4 4 (17) 4 (67) 10.0 (1.34-74.5) 0.025
Continuous variables are presented as mean ± standard deviation if normally distributed and median (interquartile range) if not normally distributed. Categorical vari-
ables are presented as number of patients (%). CI, confidence interval; OR, odds ratio. PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; 
CI, cerebral infarction; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CRP, C-reactive protein; eGFR, estimated glomerular filtration 
rate; LDL-C, low-density lipoprotein cholesterol; HbA1c, hemoglobin A1c; IL-6, Interleukin-6; TNF-α, tumor necrosis factor-alpha; hs-CRP, high-sensitivity C-reactive protein; 
VEGF, vascular endothelial growth factor; MCP-1, monocyte chemoattractant protein-1.
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