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Adiponectin is an adipocyte-specific protein abundantly present in
human plasma, and has been proposed to play an important role

in the development of atherosclerosis (1-4). Low adiponectin has

been linked to the presence of coronary artery disease (CAD) (5) and

has been shown to be a risk factor for cardiovascular events (6,7). Low

adiponectin levels are also independently associated with the progres-
sion of coronary artery calcification (8). Reports have shown that the

antiatherogenic effect of adiponectin is mediated through its binding

ability to collagen, which accumulates in damaged arteries (9).
It is generally accepted that matrix metalloproteinases (MMPs)

and tissue inhibitors of metalloproteinases (TIMPs) play a crucial role

in arteriosclerosis and plaque disruption (10). The balance between

MMPs and TIMPs determines actual metalloproteinase activities and

controls extracellular matrix degradation. MMP and TIMP plasma lev-

els in premature CAD are linked to clinical presentation and markers

of inflammation and metabolic disorders (11), and play a crucial role
in the breakdown of the fibrous cap of plaque and subsequent rupture

in the pathogenesis of acute coronary syndrome (ACS) (10,12). The

MMP family has been identified in the shoulder regions of human ath-
erosclerotic plaque (13) and is more frequently expressed in the coro-

nary plaque of patients with ACS than with stable angina pectoris

(14). TIMP-1 is also involved in plaque formation (15), and MMP-9 is

mainly released into the coronary circulation from the culprit coronary

artery plaque in patients with acute myocardial infarction (AMI) (16).
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OBJECTIVES: Adiponectin, an adipocyte-specific protein, matrix metal-
loproteinases (MMPs) and tissue inhibitors of metalloproteinases (TIMPs)
play a crucial role in arteriosclerosis and plaque disruption. The present
study was designed to elucidate the relationship of adiponectin and the
ratio of MMP-9/TIMP-1 and their effects on the stability of plaque in

acute coronary syndrome (ACS).

METHODS: The concentrations of adiponectin, MMP-9, TIMP-1 and

interleukin-10 were analyzed using ELISA in 56 consecutive unselected

patients divided into two groups, stable angina (n=13) and ACS (n=43),

and were compared with 19 healthy control subjects. The 56 patients were

also angiographically studied and divided into two groups, simple lesion

(n=22) and complex lesion (n=34), based on coronary plaque morphology.

RESULTS: The ratio of MMP-9/TIMP-1 showed significantly higher val-

ues in the ACS group compared with the control group (0.22±0.10 versus

0.11±0.03; P<0.001). Adiponectin was negatively correlated with the ratio

of MMP-9/TIMP-1 (r=–0.332; P=0.008) and positively correlated with

interleukin-10 (r=0.651; P=0.001). Multivariate logistic regression analysis

showed that adiponectin (P=0.046) and MMP-9/TIMP-1 (P=0.044) are

independent predictors for ACS, and MMP-9/TIMP-1 (P=0.013) is an

independent predictor for complex lesion morphology plaques.

CONCLUSION: In the present study, it was found that adiponectin has

a negative relationship with the ratio of MMP-9/TIMP-1 in patients with

ACS, and that the ratio of MMP-9/TIMP-1 is an independent predictor of

the stability of atherosclerotic plaque and the severity of coronary athero-

sclerosis.
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La relation de l’adiponectine et du ratio de la
métalloprotéinase-9 matricielle et de l’inhibiteur
tissulaire de métalloprotéinase-1 avec la
morphologie de la plaque coronaire chez les
patients atteints d’un syndrome coronarien aigu

OBJECTIFS : L’adiponectine, une protéine sécrétée par les adipocytes, les
métalloprotéinases matricielles (MMP) et les inhibiteurs tissulaires des
métalloprotéinases (ITMP) jouent un rôle crucial dans l’artériosclérose et
la rupture de plaque. La présente étude était conçue pour déterminer la

relation de l’adiponectine avec le ratio de MMP-9/TIMP-1 et leurs effets

sur la stabilité de la plaque en cas de syndrome coronarien aigu (SCA).

MÉTHODOLOGIE : Les auteurs ont analysé la concentration

d’adiponectine, de MMP-9, de TIMP-1et d’interleukine-10 à l’aide du test

ELISA chez 56 patients consécutifs non sélectionnés divisés en deux

groupes : l’angine stable (n=13) et le SCA (n=43), et l’ont comparée à celle

de 19 sujets témoins en santé. Les 56 patients ont également subi une étude

angiographique et ont été divisés en deux groupes : lésion simple (n=22) et

lésion complexe (n=34), d’après la morphologie de la plaque coronaire.

RÉSULTATS : Le ratio de MMP-9/TIMP-1 a révélé des valeurs beaucoup

plus élevées dans le groupe de SCA que dans le groupe témoin (0,22±0,10

par rapport à 0,11±0,03; P<0,001). L’adiponectine était inversement

proportionnelle au ratio de MMP-9/TIMP-1 (r=–0,332; P=0,008) et

directement proportionnelle à l’interleukine-10 (r=0,651; P=0,001).

L’analyse de régression logistique multivariée a révélé que l’adiponectine

(P=0,046) et les MMP-9/TIMP-1 (P=0,044) sont des prédicteurs

indépendants de SCA, et que les MMP-9/TIMP-1 (P=0,013) sont des

prédicteurs indépendants de plaques morphologiques de lésion complexe.

CONCLUSION : La présente étude a établi que l’adiponectine est

inversement proportionnelle au ratio de MMP-9/TIMP-1 chez les patients

atteints de SCA et que les MMP-9/TIMP-1 sont des prédicteurs

indépendant de la stabilité de la plaque artérioscléreuse et de la gravité de
l’artériosclérose coronaire.

10474_cheng.qxd  24/04/2008  2:53 PM  Page 385



Cheng et al

Can J Cardiol Vol 24 No 5 May 2008386

The decisive role played by MMPs and their inhibiting factors,

TIMPs, in ACS is not yet fully understood, and the causes of the

abrupt change of a stable plaque to a vulnerable plaque also remain

unknown. Previous studies (13-16) have suggested that adiponectin

has anti-inflammatory properties and that it may regulate inflamma-

tory responses at atherosclerotic lesions, in which MMPs and TIMPs

are abundantly present. Thus, the present study was designed to eluci-

date the effects of adiponectin and the MMP-9/TIMP-1 ratio on the

stability of plaques in ACS and the relationship between them.

METHODS
Study population
A total of 75 consecutive unselected subjects (56 men, 19 women)

were divided into three groups: stable angina (n=13), ACS (n=43)

and controls (n=19). Patients who had any evidence of concomitant

systemic inflammatory process (eg, infections and autoimmune disor-

ders) or diabetes mellitus, and those taking peroxisome proliferator-

activated receptor agonists were excluded from the study. Patients

who had less than 50% diameter stenosis, as visible on coronary

angiography, were also not included. The diagnosis of CAD was con-

firmed in all patients by coronary angiography showing at least single-

vessel disease (50% narrowing of luminal diameter or more). ACS

patients included unstable angina patients and AMI patients. The for-

mer were defined as having ischemic chest pain at rest within the pre-

ceding 48 h or within the past month (Braunwald classes II and III),

with transient ST-T segment depression and/or T wave inversion.

AMI patients included ST segment elevation and non-ST segment

elevation MI patients with typical chest pain persisting for at least

30 min, ST segment elevation greater than 0.2 mV in at least two con-

tiguous leads and increase in serum troponin I (greater than 0.3 μg/L).

All patients with stable CAD had stable effort angina of more than six

months’ duration. The control group included 19 age- and sex-

matched subjects (14 men, five women) who had no evidence of

CAD, or any other cardiac or systemic inflammatory processes on

examination.

Laboratory immunoassays
Venous blood samples of all 56 patients were obtained in a fasting state

on the morning (between 06:30 and 07:30) following the admission

day. Thus, the time interval between symptom onset and blood sam-

pling was less than 48 h in all cases (median 29 h). The samples were

collected into collection tubes containing EDTA, and the plasma

obtained after centrifugation was stored at –80°C for subsequent

cytokine analysis. Blood of the 19 control subjects was drawn after an
overnight fast, and was collected and stored in a similar way to that

mentioned above for cytokine analysis. The concentrations of
adiponectin, interleukin (IL)-10, MMP-9 and TIMP-1 were deter-

mined using commercially available, solid-phase sandwich ELISA kits
(Shanghai Senxiong Biotech Industry/Biosource International, USA).

The range of detection was 7.8 pg/mL to 500 pg/mL for IL-10; the min-

imum detectable level of adiponectin is typically 10–3 μg/mL. The
respective inter- and intra-assay variation coefficients were 4.7% or

less and 6.9% or less for adiponectin, 5.5% or less and 4.8% or less for

IL-10, 4.5% or less and 5.3% or less for MMP-9, and 4.4% or less and

4.7% or less for TIMP-1. All laboratory procedures were conducted

according to manufacturers’ instructions by an experienced technician
who had no knowledge of the clinical status or the angiographic find-

ings of the subjects. Informed, written consent was obtained from all

the subjects.

Angiographic analysis
All catheterizations were performed in the catheterization laboratory

at Union Hospital, Wuhan (China). A femoral approach was applied

using the Seldinger technique. At least five views of the left coronary
artery system and two views of the right coronary artery system were

obtained, with the stenotic lesions visualized in two orthogonal views.

Lesions with a visual diameter stenosis of 50% or greater were

included. The identification of the culprit vessel (ischemia-related

artery) was made taking into account the coronary anatomy and/or

the localization of the electrocardiographic changes. In cases of single-

vessel involvement with multiple lesions, the lesion showing the most

severe degree of stenosis or the lesion showing a complex morpholog-

ical pattern was taken as the culprit lesion. In multivessel involve-

ment, the lesion having the most severe stenosis or that showing

complex morphology in the vessel related to the ischemic area as

defined by the electrocardiographic changes was regarded as the cul-

prit lesion. When the electrocardiographic changes were not present,

the lesion having the most severe degree of stenosis or that showing

complex features was considered to be the culprit lesion. All stenotic

lesions in the coronary arteries were classified qualitatively into simple

or complex lesions, according to the criteria proposed by Ambrose

et al (17). Complex lesions included mostly eccentric lesions with

overhanging edges, ulcerations or irregular borders, and those having

multiple irregularities. Lesions with subtotal occlusion (Thrombolysis

In Myocardial Infarction [TIMI] grade 1 flow) or total occlusion were

also taken to be complex lesions. The remaining lesions showing con-

centric or eccentric stenosis with smooth borders and broad bases were

classified as simple lesions. All angiographic analyses were independ-

ently verified by an experienced cardiologist who had no knowledge of

the clinical status or immunological patient parameters.

Statistical analysis
All data showing a normal distribution are expressed as mean ± SD.

Normality was tested using the Kolmogorov-Smirnov test. The differ-

ences among three groups of the normally distributed continuous vari-

ables were analyzed by one-way ANOVA. An unpaired t test was used

for comparison between two groups. Spearman’s correlation was used

to test correlation between two continuous variables. Univariate and

multivariate logistic regression analyses were performed to assess the

independent predictors for unstable CAD and complex plaque groups.

All categorical and continuous variables were included in the univari-

ate analysis, and variables showing a trend with P<0.20 were included

in the multivariate model. In all the tests, P<0.05 was considered to be

statistically significant. All data analyses were performed using SPSS

13.0 software (SPSS Inc, USA).

RESULTS
Clinical characteristics of the study groups
The clinical characteristics of each group are listed in Table 1. The

prevalence of age, sex, body mass index, smoking history and hyper-

tension were not significantly different in the ACS group compared

with the stable angina group and the controls. Also, no difference was

observed between the complex and simple lesion groups. Prevalence of

low-density lipoprotein cholesterol in the ACS group was significantly

higher than in the control group, but the difference between the com-

plex lesion group and the simple lesion group was not significant.

The study further showed significantly higher triglyceride values in
the stable angina group, the ACS group and the simple and complex

lesion groups compared with the controls. The study also showed signif-

icantly lower high-density lipoprotein values in the stable angina, ACS
and the simple and complex lesion groups compared with controls.

Serum levels of various markers in ACS
Table 2 shows the plasma levels of various markers in the different

patient groups. Plasma levels of adiponectin in ACS patients (n=43)
(6.26±2.20 μg/mL; P<0.001) were significantly lower than in stable

angina patients (n=13) (8.74±2.80 μg/mL) and significantly lower in

ACS patients than controls (n=19) (9.64±1.97 μg/mL). Plasma levels
of adiponectin were also analyzed in 13 patients with stable angina;

although the values were lower in this group (8.74±2.80 μg/mL), the

difference was not statistically significant compared with the control

group.

n
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The plasma level of MMP-9 was considerably increased in ACS

patients compared with stable angina patients and controls

(63.22±28.34 ng/mL versus 30.98±17.5 ng/mL; P<0.001, and

63.22±28.34 ng/mL versus 25.47±12.70 ng/mL; P<0.001, respec-

tively). MMP-9 was also increased in stable angina
(30.98±17.5 ng/mL; P>0.05), but the difference was not statistically

significant. Plasma levels of TIMP-1 were elevated in ACS patients

(316.63±169.95 ng/mL; P<0.05) compared with controls
(226.38±51.55 ng/mL). The stable angina group also showed

increased levels (240.49±69.39 ng/mL; P>0.05) compared with the

controls, and decreased levels compared with the ACS group, but the

differences were not significant. The MMP-9/TIMP-1 ratio was signif-

icantly higher in the ACS group (0.22±0.10 versus 0.11±0.03;
P<0.001) than the control group. There was no significant difference

observed between the ACS and the stable angina groups, or between

the stable angina and control groups.
The anti-inflammatory IL-10 was significantly decreased in ACS

patients (6.28±3.19 pg/mL versus 8.51±2.32 pg/mL; P<0.05, and

6.28±3.19 pg/mL versus 9.14±2.55 pg/mL; P<0.001) compared with

stable angina patients and controls.

Correlations among the various markers
Table 3 shows the correlations of adiponectin with MMP-9, TIMP-1,

MMP-9/TIMP-1 and IL-10. There were no significant relationships

between adiponectin and MMP-9 or TIMP-1. However, adiponectin

was negatively correlated with the MMP-9/TIMP-1 ratio (r=–0.332;
P=0.008) (Figure 1) and positively correlated with IL-10 (r=0.651;

P=0.001).

Univariate and multivariate logistic regression analysis
Univariate logistic regression analysis was performed for all the cate-
gorical and continuous variables included in the study. A multivariate

logistic regression analysis was performed using a model in which vari-

ables were included that showed a trend (P<0.20) toward an associa-

tion with unstable CAD in the univariate logistic regression analysis.

The variables included were adiponectin, MMP-9, TIMP-1, MMP-9/
TIMP-1 ratio, IL-10, high-density lipoprotein cholesterol and triglyc-

erides. After multivariate logistic regression analysis, it was found that

adiponectin (P=0.046) and the MMP-9/TIMP-1 ratio (P=0.044)
remained the independent predictors for ACS, and the MMP-9/

TIMP-1 ratio (P=0.013), TIMP-1 (P=0.026) and triglycerides

Adiponectin and MMP-9/TIMP-1 in patients with ACS
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TABLE 1
Clinical characteristics

Control Stable angina Acute coronary syndrome Simple lesions Complex lesions
Clinical parameter (n=19) (n=13) (n=43) (n=22) (n=34)

Age, years (mean ± SD) 53.21±8.68 56±11.38 59.3±13.37 57.95±12.3 58.91±13.46

Sex, n (female/male) (% male) 5/14 (73.68) 3/10 (76.92) 11/32 (74.42) 6/16 (72.72) 10/24 (70.59)

BMI, kg/m2 (mean ± SD) 23.5±3.0 22±2.8 24.7±3.1 24.3±5.0 24.8±3.7

Hypertension, n (%) 5 (26.31) 4 (30.77) 12 (27.91) 12 (54.55) 20 (58.82)

Smoking, n (%) 6 (31.57) 5 (38.46) 12 (27.91) 10 (45.45) 17 (50)

Total cholesterol, mmol/L 4.49±0.76 4.12±0.75 4.22±0.73 4.21±0.84 4.23±0.74

Triglycerides, mmol/L 1.29±0.48 1.80±0.60 2.08±1.13 1.87±0.78 2.10±1.18

(P<0.05*) (P<0.01*) (P<0.01*) (P<0.01*)

Low-density lipoprotein 2.91±0.66 3.22±0.86 3.37±0.86 3.15±0.89 3.45±0.82

cholesterol, mmol/L (P<0.05*) (P<0.05*)

High-density lipoprotein 1.33±0.35 1.05±0.15 1.09±0.24 1.033±0.147 1.041±0.175

cholesterol, mmol/L (P<0.05*) (P<0.05*) (P<0.05*) (P<0.05*)

*P calculated for group versus control. BMI Body mass index

TABLE 2
Plasma levels of various markers

Control Stable angina Acute coronary syndrome Simple lesions Complex lesions
Marker (n=19) (n=13) (n=43) (n=22) (n=34)

Adiponectin, μg/mL 9.64±1.97 8.74±2.80 6.26±2.20 7.28±2.88 6.55±2.32 

(P<0.001*) (P<0.05*) (P<0.001*)

MMP-9, ng/mL 25.47±12.70 30.98±17.5 63.22±28.34 33.91±29.82 69.86±18.96

(P<0.001*) (P<0.05*)

(P<0.001†) (P<0.001‡)

MMP-9/TIMP-1 ratio 0.11±0.03 0.14±0.11 0.22±0.10 0.11±0.04 0.26±0.09

(P<0.001*) (P<0.001*)

(P<0.001‡)

TIMP-1, ng/mL 226.38±51.55 240.49±69.39 316.63±169.95 294.97±172.54 301.54±145.95

(P<0.05*) (P<0.05*)

Interleukin-10, pg/mL 9.14±2.55 8.51±2.32 6.28±3.19 7.17±3.00 6.57±3.25

(P<0.001*) (P<0.05*) (P<0.05*)

(P<0.05†) (P<0.05‡)

Values are presented as mean ± SD. *P calculated for group versus control; †P calculated for stable angina versus acute coronary syndrome groups; ‡P calculated
for simple lesion versus complex lesion groups. MMP-9 Matrix metalloproteinase-9; TIMP-1 Tissue inhibitor of metalloproteinase-1
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(P=0.02) for complex lesions. The results of the multivariate logistic
regression analysis are shown in Tables 4 and 5.

Culprit lesions and qualitative morphology as visible during
coronary angiography
Of the 56 patients included in the stable angina and ACS groups,

34 (60%) had culprit lesions showing complex morphological features;

these patients were labelled as the complex lesion group. The remain-

ing 22 patients (39%) had simple lesions and were labelled as the sim-
ple lesion group. Only one patient had a culprit lesion in the left main

artery, two in the left anterior descending artery, 10 in the left circum-

flex branch, 15 in the right coronary artery, and the remaining six had
the lesion in the other branches of the left coronary artery system.

Various markers and complex lesion morphology
In Table 2, the levels of adiponectin in the complex lesion group

(n=34) and the simple lesion group (n=22) were significantly lower

compared with the control group (n=19) (6.55±2.32 μg/mL versus

9.64±1.97 μg/mL; P<0.001, and 7.28±2.88 μg/mL versus
9.64±1.97 μg/mL; P<0.05, respectively); however, no statistically

significant difference was observed between the complex and simple
lesion groups (Figure 2).

MMP-9 and the MMP-9/TIMP-1 ratio values in the complex
lesion group (69.86±18.96 ng/mL and 0.26±0.09 ng/mL, respectively)

were significantly higher than in the simple lesion group

(33.91±29.82 ng/mL and 0.11±0.04 ng/mL, respectively; P<0.001 for
both) and the control group (25.47±12.70 ng/mL; P<0.05, and

0.11±0.03 ng/mL; P<0.001, respectively) (Figure 3). No significant

difference was, however, seen between the simple lesion and control

groups. The level of TIMP-1 in the complex lesion group

(301.54±145.95 ng/mL) was significantly higher than in the control
group (226.38±51.55 ng/mL) (P<0.05). No significant difference was

seen in the simple lesion group with the control group and the com-

plex group. 
The levels of IL-10 were significantly lower in the complex lesion

group (6.57±3.25 pg/mL) and in the simple lesion group

(7.17±3.00 pg/mL) than in the control group (9.14±2.55 pg/mL)

(P<0.05 for all). The levels of IL-10 in the complex lesion group also

tended to be significantly lower than those in the simple lesion group
(P<0.05).
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TABLE 3
Correlation of adiponectin with various markers

MMP-9 TIMP-1 MMP-9/TIMP-1 Interleukin-10

Adiponectin –0.188 –0.036 –0.332* 0.651*

(P=0.008) (P=0.001)

Correlation coefficient values are shown. *P was calculated for correlation
coefficient. MMP-9 Matrix metalloproteinase-9; TIMP-1 Tissue inhibitor of
metalloproteinase-1

TABLE 4
Multivariate logistic regression analysis with univariate
predictive variables in acute coronary syndromes

Variable OR (95% CI) P

Adiponectin 0.402 (0.210–0.771) 0.046

MMP-9 0.851 (0.675–1.073) 0.172

TIMP-1 1.037 (0.997–1.078) 0.067

MMP-9/TIMP-1 8E+029 (6.97–9.926E+058) 0.044

Interleukin-10 1.010 (0.67–1.524) 0.96

Triglycerides 11.14 (1.14–109.01) 0.08

High-density lipoprotein cholesterol 14.022 (0.086–2293.65) 0.310

Adiponectin (P=0.046) and the ratio of matrix metalloproteinase-9 (MMP-9) to
tissue inhibitor of metalloproteinase-1 (TIMP-1) (P=0.044) seem to be inde-
pendent predictors for acute coronary syndrome patients

TABLE 5
Multivariate logistic regression analysis with univariate
predictive variables in the complex lesion group

Variable OR (95% CI) P

Adiponectin 0.649 (0.306–1.372) 0.257

MMP-9 0.75 (0.56–1.004) 0.053

TIMP-1 1.055 (1.006–1.107) 0.026

MMP-9/TIMP-1 2E+057 (1.257E+012–2.784E+102) 0.013

Interleukin-10 1.081 (0.634–1.844) 0.774

Triglycerides 4.572 (1.272–16.427) 0.02

High-density lipoprotein cholesterol 0.238 (0.03~1.906) 0.176

Tissue inhibitor of metalloproteinase-1 (TIMP-1) (P=0.026), the ratio of matrix
metalloproteinase-9 (MMP-9) to TIMP-1 (P=0.013) and triglycerides (P=0.02)
seem to be independent predictors for complex lesion patients
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Figure 1) Relationship of adiponectin to the ratio of matrix metallopro-

teinase-9 to tissue inhibitor of metalloproteinase-1. ACS Acute coronary

syndrome; N Control; SA Stable angina

P<0.05

N

16

14

12

10

8

6

4

2

SL CL

P<0.001
P>0.05

Groups

A
d

ip
o

n
ec

ti
n

 (
µ

g
/m

L
)

Figure 2) Comparison of adiponectin values among different plaque mor-

phology groups. CL Complex lesion; N Control; SL Simple lesion
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DISCUSSION
ACS has a pathophysiological basis of thrombus formation over the

disrupted vulnerable atherosclerotic plaques (18). In the present study,

a negative correlation was found between adiponectin and the MMP-9/

TIMP-1 ratio in ACS, for the first time. This may give an insight to

the understanding of pathological change of coronary plaques.

Adiponectin, with its antiatherogenic and anti-inflammatory

properties, was observed to be significantly lower in patients with

CAD than in age- and body mass index-adjusted control subjects (19).

Adiponectin interferes with many monocyte and macrophage func-

tions, including their transition to foam cells (19,20). Adiponectin

suppresses the proliferation of vascular smooth muscle cells (4) and

suppresses neointimal thickening (21,22). It is related more to the sta-

bility of atherosclerotic plaque than to atherosclerotic burden,

although a role for adiponectin in the development of atherosclerosis

is also likely (23). Reports have shown that the antiatherogenic effect

of adiponectin is mediated through its binding ability to collagen,

which accumulates in damaged arteries (9). The accumulation of

macrophage-derived foam cells in atherosclerotic plaque engenders

the local release of MMPs. The activity of MMPs is controlled by

TIMPs (24). Furthermore, adiponectin selectively increased TIMP-1

expression in human monocyte-derived macrophages through IL-10

induction. TIMP-1 messenger RNA levels started to increase at 24 h

of incubation with adiponectin, suggesting that adiponectin-

stimulated TIMP-1 induction is an indirect effect; in addition, IL-10

increases TIMP-1 expression without changing MMP-9 expression in

human macrophages (25). Taken together, adiponectin is tightly con-

nected with MMPs and TIMPs. Our results provide the evidence that

adiponectin is negatively correlated with MMP-9/TIMP-1, suggesting

that the effects of adiponectin on the stability of plaque may be due to

the change in the balance of MMP-9/TIMP-1.

Experimental studies using knockout mouse models have demon-

strated the importance of the MMP/TIMP balance in atherosclerotic

lesion progression (26). The balance between MMPs and TIMPs

determines the actual metalloproteinase activities and controls the

extracellular matrix degradation; it also plays a crucial role in the

breakdown of the fibrous cap of plaque and subsequent rupture in the

pathogenesis of ACS (10,12).

Enhancement of the synthesis and secretion of MMPs and/or

TIMPs involve potent stimuli of cell activation, which are present in

atherosclerotic plaque (27). In some studies, there is a gradient of

plasma MMP levels with higher mean values in patients with ACS

and the highest levels in patients with AMI compared with those with

stable CAD (28,29). TIMP levels may constitute a marker of the local

atherosclerotic process occurring in the vascular tree, which is inde-

pendent of classic inflammatory markers of hepatic origin (30).

Together, MMPs and TIMPs play a crucial role in arteriosclerosis and

plaque disruption (12). Our results also proved that the MMP-9/

TIMP-1 ratio is higher in patients with ACS. Multivariate logistic

regression analysis showed that the MMP-9/TIMP-1 ratio is an inde-

pendent predictor of ACS, and this increased MMP-9/TIMP-1 ratio

was an independent predictor of the stability of coronary plaque as a
whole, which is characteristic of ACS.

In the present study, we also divided our samples into complex

lesion and simple lesion groups, based on coronary angiography
results. The MMP-9/TIMP-1 ratio was significantly higher in the

complex lesion group than in the simple lesion group. Multivariate

logistic regression analysis showed that the MMP-9/TIMP-1 ratio was

an independent predictor of complex lesions. This indicates that the

MMP-9/TIMP-1 balance affects the stability of the plaque in ACS

and reflects the severity of the coronary atherosclerosis.

Our study also found that the levels of anti-inflammatory markers

in plasma, adiponectin and IL-10, are significantly decreased in

patients with ACS compared with stable angina patients and controls,

as well as in complex lesion and simple lesion coronary plaques.

Multivariate logistic regression analysis showed that, after adjusting

for other factors, adiponectin is an independent predictor of ACS,

which has already been proven by previous studies (5,7,19,31). Our

study, however, found no significant difference between the stable

angina and control groups in terms of various markers.

CONCLUSION
In the present study, we found that adiponectin has a negative relation-

ship with the MMP-9/TIMP-1 ratio in patients with ACS, and that the

MMP-9/TIMP-1 ratio is an independent predictor of the stability of

atherosclerotic plaque and the severity of coronary atherosclerosis.

Our study has many limitations. We measured serum levels of

adiponectin, which were not different among the complex and simple

lesion group patients. This result may be due to the small study popula-

tion or the limited ability of coronary angiography to evaluate plaque

morphology. Further studies are needed with a larger study population to

clarify this issue. Intravascular ultrasound can be used to study the

plaque morphology in greater detail. Also, adiponectin expression needs

to be measured locally at the site of coronary plaques; only then the

results can be confirmed of whether adiponectin plays an anti-
inflammatory role locally at the site of coronary atherosclerotic plaques.
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