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Background: Independent risk factors for major adverse cardiovascular events (MACEs) in patients with
mild coronary stenosis are uncertain. This study aims to investigate predictive biomarkers for MACEs in
patients with mild coronary stenosis.

Methods: Totally 381 patients with mild coronary stenosis were included and MACE incidences were
recorded through a 24-month follow-up and 91 patients with unfavorable plaques characteristic are detected
by CCTA. One unfavorable characteristic was recorded for 1 point and they were divided into three
groups: high-risk group (HR, score =0), intermediate-risk group (IR, score =1) and low-risk group (LR,
score/2). Specific blood biomarker measurements of high-sensitivity C-reactive protein (hs-CRP), matrix
metallopeptidase 9 (MMP-9), and myeloperoxidase (MPO) were taken simultaneously.

Results: The mean age, hs-CRP and MPO levels in the HR and IR group were significantly higher than
that in the LR group. A considerably higher level of MMP-9 showed in the HR group compared to the LR
group. The incidence rates of MACE were remarkably higher in HR group than LR group and IR group.
Kaplan-Meier survival analysis demonstrated that the cumulative event—free survival rate of HR was
significantly higher than that in LR and IR group and there was no significant difference between LR and
IR group. The univariate COX regression analysis indicated that the age, hs-CRP, MPO, and unfavorable
plaque scores >2 were independent risk factors for MACEs.

Conclusions: High MPO levels were strongly correlated with MACEs in patients with mild coronary
stenosis. Although confirmation is needed from larger trials, MPO could be a promising clinical tool
to improve the risk stratification in patients with mild coronary stenosis and suggest strategies for the

individualized prevention programs.
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Introduction population older than 35 years in western countries (1-3).

In China, the mortality rate caused by CHD was around
Cardiovascular diseases (CVDs) are leading causes of death 106 per 100,000 according to the China Health and Family
and dlsablhty 311 over the WOrld in Wthh the Coronary Planning Commission’s Statistical Yearbook_zols (4)

heart disease (CHD) induces one-third of all deaths in the Clinical examination of patients with coronary heart disease
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still mainly focuses on morphological characteristics, e.g.,
luminal stenosis, currently. In general, mild coronary
stenosis is often reckoned with a slight risk without the
consideration of intervention, but studies have shown
that even in patients without coronary stenosis, 25% of
whom will develop the acute coronary syndrome. Previous
angiographic studies demonstrated that the majority
of myocardial infarctions occur due to the occlusion of
arteries that previously did not present angiographically
significant (>50%) stenosis. This indicates that the isolated
morphological assessment of the degree of the coronary
stenosis is unable to accurately predict the occurrence
of MACE events. Especially for mild coronary stenosis,
the precise evaluation of risk factors for MACE events
could help physicians to devise a more patient-suitable
revascularization strategy and aid in the prediction of future
ischemic events.

Detailed recognition of coronary plaque components
has been investigated intensively in recent years, which is
more promising in the prediction of MACE events (5-7).
Coronary computed tomographic angiography (CCTA)
has been extended to the identification of morphology and
properties of plaques indicating the stability. Moreover,
the unfavorable characteristics of plaques detected by
CCTA were capable of predicting the occurrence of acute
coronary syndromes (ACS), independently of age and
gender, etc. (8-10). However, related trials revealed that
the uncertainty on management decisions for patients
with significant CVDs after CTA examination because
the positive predictive value of CTA for significant
CVDs remains moderate (11), indicating that anatomic
characteristics of plaques provided by CCTA alone may not
be reliable. In addition, the hemodynamic environment of
impaired arteries plays a vital role in the disease progression
and management reportedly and thus computational
dynamic simulations were extensively employed to
investigate the stability of coronary plaques (12,13). It
is worth to note that the fractional flow reserve (FFR)
was proposed to quantify the functional performance
of stenosed coronary arteries, and it has been accepted
its effectiveness and importance in guiding treatment
strategies (14). Unfortunately, due to its invasive feature and
high-technique requirement, also with the consideration
of high cost from the patients perspective, it has not been
widely used in clinical practice (15).

Besides, previous studies have shown that blood
biomarkers such as high-sensitivity C-reactive protein
(hs-CRP), matrix metallopeptidase 9 (MMP-9) and
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myeloperoxidase (MPO) are also related to plaque stability
and risk of cardiovascular disease (16,17), which indicated
the potential ability of these three biomarkers in the
prediction of MACEs. For instance, a great number of
studies have demonstrated that hs-CRP helped predict
cardiovascular outcomes and it could be a useful marker for
predicting coronary angiographic severity progression with
acute coronary syndromes. Thus, a better understanding of
anatomic characteristics and functional properties (blood
biomarkers) of coronary atherosclerotic plaque can help to
evaluate risk factors and further forecast MACE events in
patients with mild coronary stenosis.

In this study, varies risk levels of plaques were identified
by CCTA images and the levels of hs-CRP, MMP-
9 and MPO were measured simultaneously for patients
who have mild coronary stenosis with chest pain. Thus,
this study created a diversified pool mixed with plaques
characteristics assessed through angiography images and the
above-mentioned blood biomarkers, aiming to investigate
independent risk factors associated with MACEs.

Methods

This protocol has been approved by the Tianjin Chest
Hospital Ethics Committee. Before undergoing any study-
related procedures, all patients agreeing to participate in the
trial must sign a written informed consent.

Study population

Totally 381 patients were detected having mild coronary
stenosis after the CCTA examination, who went to our
hospital due to chest pain from January 2015 to December
2016 (Figure 1). All these patients agreed to donate a
blood sample for research purposes and signed the written
informed consent forms.

Inclusion criteria: (I) patients with chest pain; (II) no
obvious abnormalities in electrocardiogram (ECG) and
treadmill exercise test; (III) no increase in myocardial
enzymes-creatine kinase, creatine kinase-MB and
trinitrotoluene; (IV) belong to a high-risk group for CHD:
having two or more coronary heart disease risk factors.
Exclusion criteria: patients with coronary stenosis of a
luminal narrowing >50%, acute myocardial infarction,
pulmonary embolism, aortic dissection, severe arrhythmia,
cardiac insufficiency, NYHA Class III/1V, renal insufficiency
and hyperthyroidism, or patients have allergic reactions to
the contrast medium.
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Figure 1 Flow chart of patients with mild coronary stenosis. CCTA, coronary computed tomography angiogram; hs-CRP, high-sensitivity
C-reactive protein; MMP-9, matrix metallopeptidase 9; MPO, myeloperoxidase; LR, low-risk group; IR, intermediate-risk group; HR, high-
risk group.

CCTA examinations General Electric Pharmaceuticals) was injected through

elbow veins using the double barrel syringes with a high
Dual-source CT (DSCT) scanner (SOMATOM

DEFINITION CT, Siemens Healthcare, Forchheim,
Germany) consists two sets of data acquisition systems

pressure, at a flow rate of 3.5-4.5 mLs according to the
patient's weight. Scanning for coronary artery calcification
was performed firstly and the scan range was set from the

which equipped with two X-ray tubes and corresponding plane of 10-15 mm below the tracheal branch to the heart
detectors, with which we could obtain 64 overlapped slices diaphragmatic surface, with a tube voltage of 120 kV; a tube
with a thickness of 0.6 mm. The significant advantage of current of 100 mA, and the scan time was 6-10 s. Then, the
this DSCT scan for CHD detection is the highly improved coronary enhancement scan was performed and the images
temporal resolution. During the examination, contrast were processed with multi-layer reconstruction, surface
agent Uvita (370 mgl/100 mL, Bayer HealthCare Co., reconstruction, maximum density projection, volume
Ltd. Guangzhou Branch) or iohexol (350 mgl/100 mL, rendering procedures and cardiovascular optimization
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Figure 2 Characteristics of high-risk plaques (white arrow). (A) Spotty calcification; (B) low attenuation; (C) positive remodeling;

(D) Napkin ring sign.

analysis software, selecting the optimal CT images to
perform the assessment the coronary vascular plaque.
Mild, moderate and severe stenosis induced by plaques in
coronary arteries is defined as the luminal narrowing in the
rage of <50%, 50-69%, >70%, respectively. Unfavorable
plaque is defined as having at least one CT performance
among the following items (18) shown in Figure 2:

(I) Positive remodeling: remodeling index (RI) equals
the cross-sectional area of the largest stenosis
divided by the average cross-sectional area of the
proximal and distal reference segments. These
two segments refer to the largest cross-sectional
area from the stenosis site to proximal and distal
direction with a maximum distance of 10mm
in the same artery with no major branches,
respectively. According to this RI value, the
patients were divided into positive remodeling
(RI >1.1), negative remodeling (RI <0.95) and no
remodeling (RI =0.95-1.10).

(II) Low CT attenuation: in the non-calcified plaque
lesions, select three regions of interest randomly
(0.5-1.0 mm?) for CT value measurement.
The resulting average CT value of less than 30

© Journal of Thoracic Disease. All rights reserved.

Hounsfield units is regarded as low CT attenuation.

(III) Napkin-ring sign (NRS): a central low-CT
attenuated lesion that is connected to the lumen,
surrounded by slightly high-attenuated plaque
tissue.

(IV) Spotty calcification: a piece of small calcified
substance with a diameter less than 3 mm under
the CCTA view, the length and the width do not
exceed 1.5 times and 2/3 of the lumen diameter,
respectively.

According to the scoring role, one unfavorable plaque
characteristic was recorded for 1 point, the patients could
be divided into low-risk group (no unfavorable plaque
characteristic, 0 points, LR), intermediate-risk group (one
unfavorable plaque characteristic, 1 point, IR), high-risk
group (two or more unfavorable plaque characteristics, >2
points, HR).

Blood biomarker detection

Five milliliters of the venous blood sample was collected
from each patient. Allow the sample to stand at room
temperature and centrifuge at 3,000 rpm for 10 minutes,
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Table 1 Baseline characteristics
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Intermediate risk (n=42) High risk (n=49)

Variable Low risk (n=290)
Gender (men:women) 135:155
Age (years) 61.63+4.00
History of smoking (%) 139/47.93
Hypertension (%) 159/54.83
History of diabetes (%) 56/19.31
Family history of coronary disease (%) 60/20.69
LDLc (mmol/L) 3.44+0.94

Uric acid (umol/L) 294.39+71.31

Homocysteine (umol/L) 15.56+6.73
hs-CRP (mg/L) 4.82+2.34
MMP9 (ng/mL) 24.36+9.89

MPO (ng/mL) 264.99+87.07

25:17 18:31

64.38+5.37™ 64.61+4.71™

24/57.14 30/61.22
31/73.81 29/59.18
10/23.81 10/20.41

11/26.19 12/24.49
3.49+0.99 3.70+1.15

308.69+84.02 312.67+68.62

15.68+5.50 15.97+4.81
7.12+2.76* 7.34+3.09
27.45+13.67 29.33+11.60*

321.48+103.07** 325.96+123.41™

**, significant difference compared with group A, P<0.01; *, significant difference compared with group A, P<0.05.

after which the isolated serum was stored in a centrifuge
tube at -80 °C immediately for testing. Then left the thawed
specimen at room temperature (18-25 °C) for at least 30
minutes and gradually configured the reagents for use
according to the instructions. The hs-CRP and MMP-9 kits
were purchased from Wuhan Huamei Bioengineering Co.,
Ltd., and the MPO kit was purchased from Tianjin Kanger
Biotechnology Co., Ltd.

Follow-up

Follow-up was based on outpatient clinic visits at 1, 3, 6, 12,
18, and 24 months including telephone interviews. MACE
events were recorded including cardiac death, nonfatal
myocardial infarction and unstable angina requiring
rehospitalization or revascularization.

Statistical methods

Statistical Package for Social Science (SPSS, v20.0) was
employed for all statistical analyses and the measurement
data were expressed as mean * standard deviation. The t-test
was used to investigate between-group differences while the
count data were analyzed by y’ test. The event-free survival
rates of patients were compared through the Kaplan-Meier
survival curve. The way to evaluate the predictive ability
of medical scanning and biomarkers for adverse events in
patients is COX regression method. Calculate the odds
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ratio (OR) and 95% CI. A P value of <0.05 was deemed to

indicate significance.

Results
Baseline data comparison

The results of coronary enhancement scan and component
analysis of plaques showed that 91 patients were diagnosed
having unfavorable plaque characteristics: positive
remodeling, n=48; low CT attenuation plaque, n=51; spotty
calcium n=16; and NRS, n=25 (Figure I). Consequently,
the number of patients allocated in the LR group, IR group
and HR group were 290, 42 and 49 respectively. All the
variables presented in 7ible 1 were considered for both the
univariate and stepwise analyses.

Follow-up results

There were 178 males and 203 females aged between 35
to 88 years old with an average age of 62.32+4.42 years. In
the end, 34 out of 381 patients occurred MACE (follow-
up rate: 91%). One patient had cardiac death, and the acute
myocardial infarction occurred in 10 cases, unstable angina
occurred in 25 cases, and 21 patients underwent coronary
revascularization. The incidence rates of unstable angina
hospitalization and overall MACEs was much higher in the
HR group than that in the LR group and the IR group.
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Intermediate risk (n=42) High risk (n=49)

Variable Low risk (n=290)
Acute myocardial infarction (%) 5/1.72
Unstable angina requiring 8/2.76
rehospitalization (%)

Revascularization (%) 12/4.14
Cardiac death (%) 0/0

Total MACE (%) 13/4.48

2/4.76 3/6.12
3/7.14 12/24.49"
3/7.14 6/12.24
0/0 1/2.04
5/11.90 16/32.65*

**significant difference compared with the group A, P<0.01; “, was significantly different from the group B, P<0.05. MACE, major adverse

cardiovascular event.

There were no significant differences in acute myocardial
infarction, revascularization, and cardiac death between
groups, as shown in Table 2.

Kaplan-Meier survival analysis

Kaplan-Meier survival curves showed that the event-free
survival rates of LR, IR and HR were 95.5%, 88.1%, and
67.3%, respectively. LR group was significantly higher
than high-risk group (P<0.01), while IR group was higher
than HR group (P<0.05), and it is no statistical difference
(P>0.05) between LR and IR group, as shown in Figure 3.

COX regression analysis

Factors related to MACE events includes gender, age,
smoking, hypertension, diabetes, family history, low-density
lipoprotein cholesterol (LDLc), uric acid, homocysteine,
hs-CRP, MMP-9, MPO, positive remodeling, low-CT
attenuation, spotty calcification, napkin-ring sign and
unfavorable plaque score >2 points were included for
univariate analysis. Results suggest that age, hs-CRP,
MMP-9, MPO, positive remodeling, low-CT attenuation,
spotty calcification, NRS and unfavorable plaque score
>2 points all have an effect on MACE events (P<0.05).
On the contrary, gender, smoking, hypertension, diabetes,
family history, LDLc, uric acid and homocysteine have no
impact on MACE events (P>0.05), as shown in 7able 3.
Multivariate COX regression analysis of above factors
associated to the MACE events revealed that the age
(OR =1.071, P=0.038), hs-CRP (OR =1.155, P=0.047),
MPO (OR =1.005, P=0.006) and unfavorable plaque score
>2 points (OR =9.533, P=0.045) are the significant factors
to induce the occurrence of MACE events. However,
MMP-9, positive remodeling, low-CT attenuation, spotty

© Journal of Thoracic Disease. All rights reserved.

calcification and NRS have no obvious impact on clinical
outcomes, as shown in Tiable 4.

Discussion

The unfavorable plaques detected by CCTA have specific
features: positive remodeling, low-CT attenuation, spotty
calcification or NRS. The lesions with positive remodeling
have a larger volume with more areas of necrotic
centers; lipid-rich plaques present low-CT attenuation
characteristic; the spotty calcification is a high-density small
calcification material surrounded by non-calcified plaque
tissue; the NRS shows a central low-CT attenuation lesion
connected to the cavity, with a slightly high attenuation
around the ring. These are comparative analyses between
the large necrotic center (low attenuation in the center)
and the fibrous plaque tissue (slightly higher attenuation in
the ring). A plaque with these characteristics is extremely
unstable and prone to result in plaque rupture. The
formation of unfavorable plaques is accompanied by a series
of inflammatory factors. Kohei ez a/. detected one patient
has a thin fiber cap with vulnerable plaque characteristics by
optical coherence tomography (OCT) and found that there
was a remarkable increase of hs-CRP in the circulating
blood (19). Silvello et 4l. found that expression level of
MMP-9 increased significantly in patients with thinner
fibrous caps or the acute intraplaque hemorrhage (IPH)
occurred recently, suggesting that MMP-9 is associated with
the formation of vulnerable plaques (20). MPO can enhance
the instability of atherosclerotic plaque and even lead to
plaque rupture. Fong et a/. showed that hs-CRP, MPO and
the soluble ligand CD40 were higher in patients with ACS
compared with stable angina (21).

Levels of hs-CRP and MPO of patients in the IR group
and the HR group were significantly higher than that in the
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LR group. Patients at high risk have higher MMP-9 level
than those patients in the low-risk group, which revealed
that the formation of unfavorable plaque is related to the
biomarkers hs-CRP, MMP-9 and MPO.

It has been proved that plaques with unfavorable
characteristics can predict a high risk of cardiovascular

1.0y ———, LR
> IR

o ;\—,
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gI: . 0.84 —+LR-censored
+ % : ~+IR-censored
%@ 0.64 HRcensored
°g
E ; 0.4
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Figure 3 Kaplan-Meier curves of patients with mild coronary
stenosis in three groups. LR, low-risk group; IR, intermediate-risk

group; HR, high-risk group.

Table 3 Univariate analysis of factors influencing MACE events

205

events independent of the stenosis degree (22,23). And low-
CT attenuated plaques and their volume are important
predictors of coronary events (24). Moreover, intravascular
ultrasound studies found that heavily calcified plaques are
clinically inactive, while spotty calcification has a tendency
to worsen the stable angina condition (25). Otsuka ez a/.
carried out a prospective study of 895 patients and they
found that the NRS was an independent predictor of ACS.
Blood biomarkers are also associated with cardiovascular
disease risk (26). CRP can serve as a predictor of
cardiovascular adverse events in both healthy population
and patients with stable angina or acute coronary
syndromes. Therefore, the American Heart Association
(AHA) and the Centers for Disease Control and Prevention
(CDC) recommend physicians to test the CRP level routinely
to predict risk events of atherosclerosis (26). In another
prospective study (27), ACS patients with elevated MPO
level (>350 g/L) had a typically higher risk of myocardial
infarction or death within 72 hours, 30 days, and 6 months.
Furthermore, the MPO level was independent of troponin,
CRP, and soluble CD ligand, suggesting that MPO level

Variable Beta S.E. Wald OR 95% ClI P
Gender 0.151 0.345 0.192 1.163 0591-2.289 0.661
Age 0.117 0.028 16.987 1.124 1.063-1.188 0.000**
Smoking 0.121 0.344 0.125 1.129 0.576-2.214 0.724
Hypertension 0.049 0.348 0.020 1.050 0.530-2.079 0.888
Diabetes 0.173 0.404 0.183 1.189 0.538-2.626 0.669
Family history 0.553 0.367 2.272 1.738 0.847-3.565 0.132
LDLc 0.209 0.169 1.521 1.232 0.884-1.717 0.217
Uric acid 0.001 0.002 0.090 1.001 0.996-1.005 0.765
Homocysteine -0.007 0.029 0.063 0.993 0.939-1.050 0.802
hs-CRP 0.280 0.054 26.833 1.323 1.190-1.472 0.000**
MMP9 0.028 0.012 5.049 1.028 1.004-1.053 0.025*
MPO 0.006 0.001 19.172 1.006 1.004-1.009 0.000**
Positive remodeling 1.394 0.359 15.085 4.031 1.995-8.146 0.000**
Low-CT attenuation 1.559 0.349 20.003 4.754 2.401-9.415 0.000**
Spotty calcification 1.178 0.532 4.894 3.247 1.144-9.220 0.027*
Nnapkin-ring sign 1.402 0.424 10.928 4.064 1.770-9.334 0.001*
High-risk score =2 1.899 0.344 30.496 6.677 3.403-13.099 0.000**

**, significant difference, P<0.01; *, significant difference, P<0.05. MACE, major adverse cardiovascular event.
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Table 4 Multivariate analysis of factors influencing MACE events
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Variable Beta S.E. Wald OR 95% ClI P
Age 0.068 0.033 4.310 1.071 1.004-1.142 0.038*
hs-CRP 0.144 0.072 3.958 1.155 1.002-1.330 0.047*
MMP9 0.008 0.016 0.249 1.008 0.977-1.040 0.617
MPO 0.005 0.002 7.410 1.005 1.001-1.009 0.006**
Positive remodeling -1.406 0.886 2.517 0.245 0.043-1.392 0.113
Low-CT attenuation 0.354 0.603 0.344 1.424 0.437-4.646 0.558
Spotty calcification -0.736 0.827 0.792 0.479 0.095-2.422 0.374
Napkin-ring sign 0.346 0.675 0.263 1.413 0.377-5.304 0.608
High-risk score =2 2.255 1.124 4.028 9.533 1.054-86.213 0.045*

**, significant difference, P<0.01; *, significant difference, P<0.05. MACE, major adverse cardiovascular event.

can provide different prognostic information compared to
other biomarkers.

This study enrolled patients for a 24-month follow-
up and major adverse cardiac events were recorded. Four
specific features of unfavorable plaques involved in the
Univariate COX analysis found that positive remodeling,
low-CT attenuation, spotty calcification, and NRS have a
significant difference to the occurrence of MACE events
but not shown in the multivariate COX analysis. However,
the unfavorable plaque score >2 points, hs-CRP and MPO
levels were independent predictors for MACE events.

In addition, this study also found that the mean age of
patients in the IR group and HR group was significantly
higher than LR group, indicating that the volume and
quantity of unfavorable coronary atherosclerotic plaques
increased with age. In the multivariate COX analysis, age
was correlated with prognosis, which was an independent
risk factor for MACE events in patients who have mild
coronary artery stenosis with chest pain.

Patients with unfavorable plaque characteristics of mild
coronary stenosis are prone to serious cardiac adverse events
if they were not treated in a timely and regular manner (28),
which indicated that well-timed and effective individualized
treatment was necessary to further reduce the occurrence
rate of adverse cardiovascular events.

The limitation of this study is that the relationship
between individual unfavorable plaque characteristic and
prognosis has not been clearly clarified, which may be
related to the co-existence of these unfavorable plaque
features in majority cases. Recruiting a larger scale of
the dataset, in order to find more subjects with a single

© Journal of Thoracic Disease. All rights reserved.

characteristic of unfavorable plaque, would contribute to
the analysis of the results.

Conclusions

At present, unfavorable plaques are primarily limited to
the morphological investigation, and there is no data
analysis combined this with the functional analysis. In
recent years, coronary artery models, reconstructed
through CT imaging data analyzed with computed fluid
dynamics, have been simulated to obtain non-invasive
FFR distribution. Hence, combining plaque morphology
and the functional analysis can help to further identify
unfavorable plaques more accurately using non-invasive
methods for the early diagnosis of potentially acute
clinical cardiovascular events (29). This study investigated
a better characterization of plaques using both non-
invasive imaging and biomarkers to identify patients at
risk, suggesting that age, hs-CRP and MPO levels, and
unfavorable plaque scores >2 were independent risk factors
for MACEs, especially MPO level. This is a promising
method to provide a more comprehensive evaluation and
prediction tool in clinical practice. In the future, we will
focus on the research relating to the combination of plaque
morphological and functional study in more detail.
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