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Abstract

Inflammation contributes to the initiation and progression of coronary atherosclerosis. A highly
sensitive C-reactive protein (hs-CRP) can be used a predictor of future coronary events in
healthy populations and in patients with angina. Havever, the relationship between hs-CRP and
coronary lesion characteristics as well as their asciations with clinical outcomes in Chinese
patients with coronary artery diseases has not beemvell described. This study aimed to
investigate the prognostic value of coronary lesiorcharacteristics and hs-CRP in Chinese
patients with coronary artery disease. Coronary leésn characteristics were characterized by
intravascular ultrasound. Serum hs-CRP and pro-matix metalloproteinase-1 (ProMMP-1)
concentrations were measured by sandwich enzyme-ked immunosorbent assay in 184 patients.
Among these patients, 101 suffered from acute corary syndrome (ACS) and 83 suffered from
stable angina (SA). These patients were followed Upr one year to monitor subsequent major
adverse cardiac events (MACE). Patients with ACS éxbited an increased external elastic
membrane cross-sectional area, plaque burden, lipigpool burden, and remodeling index
compared with the patients with SA P < 0.05). Rupture and vulnerable plaques were more
frequently observed in patients with ACS than in p#éients with SA (40.59% vs. 1.20% and
42.57% vs. 3.61%, respectivelyP < 0.001). Serum hs-CRP and proMMP-1 concentrationgere
higher in patients with ACS (18.17 [6.32, 22.10] nily vs. 3.75 [1.86, 4.32] mg/LP < 0.001 and
1.56 [0.72, 1.82] ng/ml vs. 1.14 [0.75, 1.14] ng/ml = 0.012]. Strong associations were found
between hs-CRP, proMMP-1 and plaque type. Univarig analysis found that ACS, Troponin |
and hs-CRP were associated with MACE, while multivaate logistic regression found that only
hs-CRP was independently associated with MACE for e year. An increase in hs-CRP is
correlated with rupture and vulnerable plaques. hs€RP but not plague morphology is
associated with poor prognosis in Chinese patientgith coronary artery disease.
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Introduction promoting plaque rupture [13]. Plaque charactegstuch
as severe calcification, erosion, and severe stgereamn be
Inflammation contributes to the initiation and pregsion  used to predict death, heart failure, and myodardaction
of coronary atherosclerosis; this condition mayoals [14-18]. However, no consensus has been reached bas
trigger plaque rupture and thrombosis, which are ththe opposite results of the prognostic value oCR$? in
common mechanisms of acute coronary syndrome (ACSpronary artery disease (CAD) [19-22], so it nefenither
[1-4]. In systemic inflammation, C-reactive prot¢®RP) study to gain a common view on Chineses CAD pajent
functions as a non-specific marker; CRP also actatesi especially [23]). Therefore, we studied the relstiop
in plagues, impairs endothelial function, and preso between hs-CRP, pro-matrix metalloproteinase-1MRiB-
smooth muscle cell proliferation and migration [5-8 1), and graphical characteristics of coronary wrterprit
highly sensitive CRP (hs-CRP) is used as a predifto lesion as well as their associations with major easty
future coronary events in healthy populations and icardiac events (MACE) of coronary artery diseases i
patients with angina [9-12], which may occur by Chinese patients for one year.
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Subjects and Methods nitroglycerin, IVUS examinations (with a 3.2 F, BHz
mechanical transducer, Boston Scientific Galaxpd &,
Patients USA) were performed immediately. The culprit vessle

A total of 101 patients with ACS and 83 patientgshwi €xamined by IVUS was determined by operators
stable angina (SA) were recruited consecutivelymfro according to the manisfestion of glectrokardlogratress
inpatients that underwent coronary arteriographyl an€lectrokardiogram test and angiography. The 3 \®sse
intravascular ultrasound (IVUS). Among the patieith gxamlned only wh_en_requested for more evidence. VU
ACS, 78 (77.23%) suffered from non-ST elevationtacu /mages were qualitatively and quantitatively anatyy
myocardial infarction (NSTEMI) and 23 (22.77%) WO independent experienced physicians who were
suffered from unstable angina. NSTEMI defined bg th Plinded from angiographic and clinical data [24heT
presence of symptoms consistent with cardiac iszhemfollowing parameters ‘were measur_e(_j: external elasti
within 24 hours of hospital presentation and trapoin membrane cross-sectional area; minimal I.umen Cross-
levels above the 99th percentile but not includp (aS€ctional area; plaque area; plaque burden; lipad area;
persistent ST segment elevaton ®L mm in two liPid pool burden; and remodeling index.

contiguous electrocardiographic leads or (b) thesg@nce

of a new or presumably new left bundle branch hlockremodeling index > 1.05 was classified as positive
Unstable angina was classified as new onset angif@modeling and remodeling index < 0.95 was classiéis
within the previous one month before admissionnegative remodeling. Plaque morphology was classifi
accelerated pattern of angina, angina at rest, Br Sinto three types: ruptured, vulnerable, and stapltague.
segment depression with normal cardiac biomarkefs. Ruptured plaque was defined as follows: 1) lesiwith
was defined as no change in frequency, duration, Gfssure/dissection or 2) lesions without fissuregdiction;
intensity of symptoms and normal cardiac biomark&lis  contrast medium injection was performed to dematsstr
SA patients were of classified grade Canadianhe communication between plaque and coronaryyarter

Cardiovascular ~ Society IlI-IV or positive stress |ymen. Plaque with lipid pool burden >20% was dedin
electrokardiogram test. Exclusion criteria includé#®  as vulnerable plaque [25, 26].

following: ST elevation acute myocardial infarctjon

previous percutaneous coronary intervention; preyio . .

coronary artery bypass grafting; chronic occlusionPatient follow-up period _

stenosis of left main arterg50%: New York Heart All o_f th_e patients were treated on the_ basis ahd;grd
Association Class IIl; theumatic heart disease; infective Medications  (aspirin - andfor ~ clopidogrel,  nitrate,
endocarditis; concomitant systemic inflammatory or@ngiotensin-converting enzyme inhibitor or angisien
autoimmune disease; major operation or externairynj receptor blocker3-receptor blocker, and statins). Patients
within three months; gastrointestinal hemorrhagthiwi  Were followed up for one year and recommended for
two weeks: or concomitant cancer or bleeding diseasSUPsequent MACE after coronary angiography. Adverse
This study was conducted in accordance with th&VEnts were characterized by death, myocardiaidtite,

declaration of Helsinki. This study was conducteithw 2nd revascularization.
approval from the Ethics Committee of Hangzhou MNo.
Municipal Hospital. Written informed consent was Statistical analysis

obtained from all participants. The distribution of continuous data was determined
using the 1-sample Kolmogorov- Smirnov test.
Assessment of hs-CRP and ProMMP-1 Normally distributed data (presented as mean =

Blood samples were collected from the femoral srterstandard deviation [SD]), and non-parametric das (
before coronary angiography was performed and themedian and inter-quartile range [IQR]) were comgare
stored at -80 °C until assay. Sandwich enzyme-inkeusing the Student's test and Mann-Whitney U test,
immunosorbent assay was performed to determine thespectively. Categorical variables were expressed
following: hs-CRP, with a minimum detectable dode ofrequency percentages and by chi-square statistics.
1.60 ng/mL (DSL-10-42100Us CRP ELISA Kit, Relationships between hs-CRP, ProMMP-1, and
Diagnostic Systems Laboratories, Inc., Webster, JJSAintravascular ultrasound parameters were analyzed b
and ProMMP-1, with a minimum detectable dose 020.0 Pearson  correlation  tests. Baseline  patient
ng/mL (Quantikine human pro-MMP-1, Research &characteristics, intravascular ultrasound paramsetes-
Diagnostics Systems, Inc., Minneapolis, MinnesotaCRP, and ProMMP-1 were considered for univariate

USA). analysis for MACE first, and then the associatedkein
was considered for multivariate logistic regression
IVUSimaging and analysis MACE. Statistical analysis was performed using SPSS

Coronary angiography was performed using the feimorarersion 15.0 (SPSS Inc., Chicago, lllinois, USR)<
approach. After intracoronary administering 0.2 ofy 0.05 was considered statistically significant.
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Results bution of culprit vessels. These patients alsoesaff from
adverse diseases, including hypertension, hypéeeipia,
and diabetes. The culprit lesion or vessel wasrahéted
according to the manifestation of electrokardiogram
angiography and IVUS results, stents were implanted
according the operator’'s choice. In both groupsntst
were implanted in approximately 90% of the patients

Subject characteristics

Our study population consisted of 101 patients WeS

and 83 patients with SA. The clinical charactersstare
presented in Table 1. Patients with ACS and SAletdd

similar age, gender, current smoking status, astkidi

Table 1. Clinical characteristics of ACS and SA groups

Parameters ACS Group (n=101) SA Group (n = 83) Ralue
Age (years) 68.28 + 7.46 67.65 +7.15 0.6627
Male, n (%) 74 (73.27%) 58 (69.88%) 0.625
Hypertension, n (%) 40 (39.60%) 27 (32.53%) 358.
Diabetes, n (%) 19 (18.81%) 14 (16.87%) 0.847
Current Smoker, n (%) 32 (31.68%) 24 (28.92%) 0.748
Triglyceride (mmol/L) 150.71 + 60.57 157.04 £50.57 0.441
Total cholesterol (mmol/L) 171.44 + 40.38 170.689%:64 0.895
low-density lipoprotein (mmol/L) 86.93 £ 27.53 93.2 27.87 0.126
high-density lipoprotein (mmol/L) 47.30 £13.32 B0+ 15.37 0.108
Urate (mmol/L) 262.21 +77.55 259.31 +75.91 0.800
Troponin |, n (%) <0.0001
Negative 23 (22.77%) 83 (100%)
Mild elevation 56 (55.45%) 0 (0%)
Significant elevation 22 (21.78%) 0 (0%)
Culprit vessel, n (%) 0.890
Left anterior descending artery 40 (39.60%) 2513%)
Left circumflex artery 32 (31.68%) 28 (33.73%)
Right artery 29 (28.72%) 25 (30.20%)
Stent patients, n (%) 93 (92.08%) 74 (89.16%) 0.611
Data are mean £SD. ACS (acute coronary syndror88)(stable angina).

Table 2. IVUS Parameters, hs-CRP and MACE in ACS and SApgrou
Parameters ACS Group (n=101) SA Group (n = 83) Yalue

Reference EEM CSA (mth 15.31 +6.61 15.24 £5.15 0.936
Lesion EEM CSA (mr) 15.60 +7.02 13.32 +3.63 0.005
Lesion ML CSA (mrf) 3.47£2.70 3.98+1.72 0.134
Lesion Plaque burden (%) 77.08 £9.18 69.92 #480. <0.001
Lipid pool burden (%) 36.37£17.34 23.00 £ 14.82 0.001
Remodeling index 1.05+0.30 0.92 £0.22 <0.001
Positive remodeling (%) 46.53 21.69 <0.001
Thrombosis (%) 29.70 3.61 <0.001
Ruptured plaque (%) 40.59 1.20 <0.001
Vulnerable plaque (%) 42.57 3.61 <0.001
Stable plaque (%) 16.84 95.19 <0.001
hs-CRP (mg/L) median [IQR] 18.17 [6.32, 22.10] 3[I%6, 4.32] <0.001
ProMMP-1(ng/ml) median [IQR] 1.56 [0.72, 1.82] 1475, 1.14] 0.012
MACE (n) 0.002
Death 6 1
Myocardial infarction 4 1
Revascularization 13 3

Data are mean = SD. IVUS (intravascular ultrasountls-CRP (high sensitive c-reactive protein); MAQRajor
adverse cardiac events); ACS (acute coronary syndjp SA (stable angina). EEM CSA (external elast&@nbrane
cross-sectional area); ML CSA (minimal lumen cresstional area); ProMMP-1 (Pro-matrix metalloprateise-1).

Biomed Res- India 2015 Volume 26 Issue 1

105



Zhang/Yang/Wang/Ye/Zhou/Tong/Pan/Xu

IVUS Findings Relationship between hs-CRP and 1VUS parameters

The IVUS parameters are shown in Table 2. Ruptur@he results of hs-CRP and proMMP-1 are shown ifeTab
plaques were observed more frequently in the ACS. hs-CRP concentration in the ACS group was fivies
group than in the SA group (40.59% vs. 1.200x  higher than that in the SA group (18.17 [6.32, @P.1
0.001). Similar results were found in vulnerablaqple mg/L vs. 3.75 [1.86, 4.32] mg/LP < 0.001). Similar
(42.57% vs. 3.61%P < 0.001); by comparison, stable results were found in ProMMP-1 (1.56 [0.72, 1.8@]mL
plaques were observed more frequently in the SAgro vs. 1.14 [0.75, 1.14] ng/mLP = 0.012). Correlation
(16.84% vs. 95.19%P < 0.001). The external elastic analysis results showed that hs-CRP was strongly
membrane cross-sectional area [15.60 + 7.0Z wsn  associated with plaque type (r = 0.569< 0.001). hs-
13.32 + 3.63 mM P = 0.005] and lipid pool burden CRP was also correlated with the external elastic
[36.37 £ 17.34% vs. 23.00 + 14.82%,< 0.001] were membrane cross-sectional area, lipid pool plaque, a
increased in the ACS group compared with the SAlaque burden (r = 0.22P,= 0.002; r = 0.23& = 0.001;
group. Positive remodeling (46.53% vs. 21.699%% and r = 0.217P = 0.003, respectively). No significant
0.001) and thrombus (29.70% vs. 3.61P< 0.001) association was observed between ProMMP-1 and
were more frequently observed in the ACS group thamtravascular ultrasound parameters except plagpe (r

in the SA group. = 0.255,P < 0.001). (Table 3).

Table 3. Relationship between hs-CRP, ProMMP-1 and IVU&up&ters

Parameters EEMCSA MLCSA Lipid pool Plague Remodeling Plaque type
burden burden index
hs-CRP (r) 0.227 -0.055 0.236 0.217 0.047 0.509
P-value 0.002 0.460 0.001 0.003 0.530 <0.001
ProMMP-1 (r) 0.022 -0.001 0.057 0.084 0.011 0.255
P-value 0.764 0.994 0.443 0.257 0.886 <0.001

Data are mean = SD. hs-CRP (high sensitive c-r@acprotein); ProMMP-1 (pro-matrix metalloproteinage IVUS,
intravascular ultrasound); EEM CSA (external elagtiembrane cross-sectional area); ML CSA (minimaldn cross-
sectional area).

Patient outcomes or angiotensin receptor blocke;receptor blocker, and
Major adverse cardiac events (MACE) were obseme2Bi  statins). This standard medication was similar hat t
patients (15.22%), including 7 death cases, 5 mmg@a administered in patients without MACE. Patients’
infarction cases and 16 revascularization caselslgT2). characteristics, IVUS parameters, hs-CRP, and prBMM
Patients with ACS revealed higher frequencies of O#A were used in the univariate analysis for MACE aowhtl
compared with the patients with SA (22.77% vs. &R =  that ACS, Troponin | and hs-CRP were associateth wit
0.002). All of the patients suffering from MACE wer MACE (Table 4), while multivariate logistic regress
treated on the basis of standard medication (asaitd/or found that only hs-CRP was independently associattd
clopidogrel, nitrate, angiotensin-converting enzynigbitor =~ MACE for one year (Table 5).

Table 4: Univariate analysis for MACE

Chi-Square P value
Hs-CRP 19.155 <0.001
Troponin | 5.331 0.022
ACS 10.355 0.002

MACE (major adverse cardiac events); hs-CRP (higtsgive c-reactive protein); ACS (acute coronamgdsome).

Table 5: Multivariate logistic regression for MACE

95% C.I. for EXP (B)

B S.E, Wals Pvalue Exp (B)

Lower (95% CI) Upper (95% CI)
Hs-CRP 0.034 0.014 6.443 0.011 .966 1.008 1.059
Troponin | 0.248 0.389  0.407 0.523 1.282 0.598 2.749
ACS 1.207 0.645 3.498 0.061 3.342 0.944 11.835

MACE (major adverse cardiac events); hs-CRP (higtsgive c-reactive protein); ACS (acute coronamdsome).
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Discussion atherosclerotic plaque, particularly in the vascudéima,
where CRP is co-localized with monocytes, monocyte-
This study found that rupture and vulnerable plaguere derived macrophages, and lipoproteins; this co-
more frequently observed in patients with ACS tlmn localization allows a direct contribution to the
patients with SA. Serum hs-CRP and proMMP-1 wereatherosclerotic process [35, 36]. CRP may alsoritie
higher in patients with ACS than in patients with.S to the development of atherosclerosis via complémen
Strong associations were found between hs-CRRctivation; as a result, several processes, suchets
proMMP-1, and plaque type. hs-CRP but not plaguadhesion and recruitment, thrombosis, regulatory
morphology was independently associated with MACEcytokines, and vascular cell apoptosis, are protddeir
for one year. study found that hs-CPR in ACS was five times highe
than that in SA. hs-CRP was positively related he t
Some studies found that hs-CRP could predict coyonaexternal elastic membrane cross-sectional ared, piqol
events in coronary artery disease and even in Healt plaque, and plaque vulnerability; this result ingietent
populations [9-12], however the controversy abdwg t with that in other studies.
prognostic value of hs-CRP still remains [19-22hda
because of different inclusion criteria of diffetetudies, Studies have shown the following characteristics of
none of the conclusions was credited as univelatt ~ Vulnerable plaque [25, 26]: 1) lipid pool area >mfr,
previous studies focused on the plaque charadtesisti lipid pool burden > 20%; 2) fibrous caps < 0.7 nand 3)
troponin concentration [14-18, 27, 28], whetherré¢tee strong inflammation reaction at the plaque cap. The
any predictive value of inflammatory markers aslvagl thickness and collagen content of the fibrous cep a
plaque indexes of IVUS independent on troponin iema important to ensure the stability of a plaque. Béaq
unclear. In this study, the relationship betweerCR$  rupture occurs most frequently at a point whereofis
and IVUS findings with MACE was determined and hascap is the thinnest and most heavily infiltrated by

given an affirmative answer, which was based om&é macrophage foam cells. Matrix metalloproteinase )M
CAD patients. system is critical to determine the thickness effibrous

cap and collagen of plaque; MMPs can also degrade

Though no further benefit was obtained in SA invirtually all of the components of the extraceltutaatrix
COURAGE trial by stenting plus ideal medication[37, 38]. These substances are secreted in a latent
therapy compared with ideal medication therapy@ldgn Zymogen form requiring extracellular activation.v&ml
is definitely clear that it would be of benefit patients ~ Studies have identified MMPs in human coronary péeq
with extensive ischemia and of high risk. All thé& S For instance, Brawn et al. [39] found that the
patients enrolled in the study were of classifieddg Macrophages and smooth muscle cells of plaque expre
Canadian Cardiovascular Society IlI-IV or positsteess an increased MMP-9 concentration in ACS; MMP
electrokardiogram test, so most have stent implianta ~ concentrations in atherosclerotic plaque is higtiem
those in the normal artery wall. MMPs are also egped
The disruption of vulnerable plaques is a commonn all parts of plaque, particularly in the lipico@ and
pathophysiology leading to ACS [29, 30]. Our studyfupture-prone part [40, 41]. MMP concentration and
found that rupture and vulnerable plaques were mor@ctivity are increased in vulnerable plaques. &sitiave
frequently found in patients with ACS than in pate also found that MMPs in plague can be activatetiaut
with SA. This result is similar to that in a prewibstudy any reactivators and degrade collagen IV and geiati
[31]. Patients with ACS also showed an increasednflammation factors influencing ACS can also prdeno
remodeling index, plaque area, lipid pool, and itvas  the secretion of MMPs. This study found that Pro-FHY
compared with patients with SA. was higher in the ACS group than in the SA group- P
MMP-1 was positively associated with plaque
Recent advances showed that atherosclerosis meght b vulnerability. This result indicated that the imiate of
chronic inflammatory process; a pivotal role ofthe MMP system might promote plaque rupture.
inflammation is evident from initiation through
progression and complication of atherosclerosisPG@R Several factors influence the prognosis of coronary
considered as a major acute phase reactant in lsythasy  heart disease. The results of ultivariate analyeis
protein is mainly synthesized and secreted by loegtts. MACE revealed that ACS, hs-CRP, and troponin | were
A 1000-fold increase in plasma CRP level occursdigp associated with MACE, while multivariate logistic
in response to inflammatory stimuli. Epidemiologica regression revealed that only hs-CRP could be ased
studies have shown that hs-CRP plasma level imagst a predictor of MACE. This result could be attribaitie
independent predictor of the risk of future cardissular coronary artery atherosclerosis as the mechanism of
disease events even in healthy individuals. hs-@R&  chronic inflammation; hence, inflammation may occur
is also associated with thin-capped atheromas @ptdine  not only in one artery or one part of the artery inuall
plaque [32-34]. CRP is one of the substances présen coronary arteries. Considering that IVUS was

Biomed Res- India 2015 Volume 26 Issue 1 107



Zhang/Yang/Wang/Ye/Zhou/Tong/Pan/Xu

conducted only in one artery, we did not find anyCompeting interests

rupture or vulnerable plaque, but this result dmt n

indicate the absence of such plagues in other @yon The authors declare that they have no competiegests.

arteries. Although the culprit lesion was treateihw
stents in the study, other vulnerable or ruptuiegpes
may remain untreated with stents. In vivo or inrait
factors, such as increased blood pressure, arpagns,
and anxiety, may promote the rupture of vulnerable
plaques and lead to acute cardiac events. Severfll
vulnerable and rupture plagues may form in one or’
several vessels [34]. Although IVUS is considerscha
strong examination tool used to detect vulnerabie a
rupture plaque, this technique is not as powerfl a™
other detection methods. Previous studies havedfoun
that troponin concentration, reflecting the degoééhe
death and damage of myocardial cell, has prognostiC
value in coronary heart disease [14-18], which was
observed in our study and might limited to studzesi
Hence, studies should be conducted in which a high
number of patients should be enrolled. Plague”
morphology in all coronary arteries should be
examined by optical coherence tomography to evaluat
the prognostic value of plague further. This stadyo
indicated that a stronger drug therapy is necestary
treat lesions in addition to the culprit lesion ated
with stent to avoid MACE. Indexes, such as hs-CRP
indicated that inflammation in all of the coronary
arteries and not local plague morphology exhibiged -
prognostic value. '

In conclusion, our results indicated that the iaseein hs-
CRP concentration is correlated with rupture and
vulnerable plaques. Furthermore, hs-CRP and najupla
morphology is associated with poor prognosis oboary
artery disease in Chinese patients.

Study limitations

Our study also showed some limitations. For inganc
IVUS is a reasonable but not an ideal tool that ban 1q
used to detect rupture and vulnerable plague becaus
IVUS cannot measure the thickness of a fabric esg |
than 100 um. This parameter is very essential fimidg

the type of plaque.
(four to five years) period is possibly more acteirthan

the follow-up period considered in this study. Ewats

with ACS and stable patients should be grouped
separately to improve prognosis. 12
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