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ABSTRACT

The progression of atherosclerosis in acute coronary syndrome (ACS) may depend on balance
of inflammatory and anti-inflammatory cytokines. Aim of this study was to investigate association
between low IL-10 plasma levels, high MMP-9, IL-6 / IL-10 plasma ratio and risk of cardiovascular
events (CVE) in ACS patients. A prospective cohort study was conducted in Intensive Cardiac Care
Unit of Sanglah Hospital in Denpasar. Seventy three ACS were selected consecutively, consisting
of patients: 12 (16.4%) UAP patients, 11 (15.1%) NSTEMI patients and 50 (68.5%) STEMI patients.
During the 6 months follow-up period, 14 (19.2%) patients had CVE; 10 (13.7%) patients with vascular
deaths, 3 (4.1%) patients with IMA and 1 (1.4%) with recurrent cardiac ischemia. In Kaplan-Meier
survival curve, showed that group with high plasma MMP-9 (median e” 23.4 pg/ml), high ratio of
IL-6/IL-10 plasma levels (median e” 0.95) and low plasma IL-10 (median < 14.11 pg/ml) showed
lower cumulative survival than controls. Patients with high plasmaMMP-9 hasa shortersurvival by
almost1month(27 days) than controls.Cox proportional model showed that high of plasma MMP-
9(median e” 23.4 pg/ml) had significant association with CVE (RR = 6.6; p<0.05), meanwhile,
dyslipidemia and hypertension also hadsignificantassociation with CVE (RR 0.2 and 4.1; p-value
< 0.001 and 0.04, consecutively). Using path analysis, it was found that effect of IL-10 to CVE is
through MMP-9. High MMP-9 may an independent risk factor of CVE in ACS.

Keywords: Acute Coronary Syndrome, Inflammatory forces, Cardiovascular events.

INTRODUCTION
5-10%, and AMI is 10-20%.24®
Acute Coronary Syndrome (ACS) is a
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decade it was reported that mortality rate of UA is

clinical manifestation of coronary atherosclerosis
and plaques rupture, followed by thrombus formation
in coronary arteries.® ACS includes unstable
angina (UA), non-ST elevation myocardial infarction
(NSTEMI), STelevation myocardial infarction
(STEMI). Despite changes in lifestyle and the use
of new pharmacologic approaches, cardiovascular
disease continues to be the principal cause of death
in the US, Europe and much of Asia. During last

Inflammation is a significant component
both in progression of atherosclerosis and in the
acute thrombotic event in ACS. Recent attention
has been focused on the potential role of circulating
biomarkers of inflammation such as IL-6 (pro-
inflammatory cytokines), IL-10 (anti-inflammatory
cytokines), MMP-9 (endopeptidases enzymes)
which are shown as predictors or prognostic factors.
Vascular risk in ACS leads to cardiovascular events
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which can be predicted by the balance between
pro-inflammatory and anti-inflammatory cytokines
or the balance between pro-inflammatory and
anti-inflammatory forces. IL-6 is a pro-inflammatory
cytokine in ACS. The ratio of pro-inflammatory
cytokine (IL-6) to anti-inflammatory cytokine (IL-10)
may reflect the intensity of occult plaque inflammation
& the vulnerability to rupture. Pro-inflammatory to
anti-inflammatory cytokine ratios also acts as a
signal of balance between pro-inflammatory and
anti-inflammatory forces, and may predict vascular
risk in ACS.357°

Matrix metalloproteinases (MMPs) are a
group of endopeptidases with capacity to cleave
components of extracellular matrix (collagen &
elastin).®"°. Xu et al. (2004) has conducted a study
in 40 patients with ACS (including 17 with AMI, 23
with UAP)". It was reported that MMP-9 level are
significantly higher in AMI than in UAP. Funayama et
al. (2004) has conducted a similar study which recruit
36 myocardial infarction patients. It was reported
thatplasma IL-6 concentrations and MMP-9 in the
peripheral vein, ascending aorta and infarct-related
coronary artery were all significantly greater than
in the control subjects'. Malarstig et al. (2008) has
reported that IL-10 reflects a pro-inflammatory state
in patients with ACS. This findings are in contrast
result with some previous reports which revealed
IL-10 as an anti-inflammatory °.

The aim of this study was to answer
question whether low plasma levels of IL-10, high
ratio of IL-6/IL-10 plasma levels and high plasma
levels of matrix metalloproteinase-9 (MMP-9) is
associated with high cardiovascular events in ACS.

Patients and methods
Patients

This study was performed during January
2012 to January 2013among 73 ACS patients
consisted 59 men, 14 women, aged 57.38 (SD 10.95)
years included 12 (16.4%) UAP patients, 11 (15.1%)
NSTEMI patients and 50 (68.5%) STEMI patients.
All of the patients were admitted in the Intensive
Cardiac Care Unit of Sanglah Hospital of Denpasar.
The ACS diagnostic criteria is based on American
Heart Association (AHA), American College of
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Cardiology (ACC), 2007 ACC/AHA 2007. Exclusion
criteria were; the patients with CABG and/or history
of cardiac intervention, rheumatic heart diseases,
acute and chronic hepatitis, chronic kidney disease
defined as creatinine clearance using Cockroft Gault
formula less than 60 ml/1.73 m2/minutes), infectious
diseases, and malignancy.Patients were classified
based on positivity of prognostic factor (low IL-10,
high IL-6/IL-10 ratio and high MMP-9 plasma levels)
and negativity of prognostic factor (high IL-10, low
IL-6/IL-10 ratio and low MMP-9 plasma levels using
median values as cut-off values.

Follow up

The patients were follow-up for the end
point during the 6 months. The primary end point
of the study is cardiovascular events (CVE) which
were defined as combination of vascular death, AMI,
stroke and recurrent cardiac ischemia. All of the
patients were treated with the standard treatment
using AHA guidelines. The study was approved by
the Ethics committee of Medical Faculty of Udayana
University / Sanglah Hospital, and all patients have
given written informed consent to participate.

Statistical analysis

Descriptive test was performed to describe
the data of patients characteristics. Kolmogorov-
Smirnov test was used to test the data distribution.
Non parametric test was used to determine the
median values of dependent variables. Bivariate
analysis was used to determine the corelation
between dependent variables (low IL-10 plasma
levels, high MMP-9 and IL-6/IL-10 ratio) and CVE
in ACS. Kaplan-Meier survival curve and log rank
test to describe the time to event between the group
with prognostic factors (IL-10, IL-6/IL-10 ratio and
MMP-9) plasma level e” median and < median
values to cardiovascular events. Cox proportional
model to determine odds Ratio (OR) low IL-10
plasma levels, high IL-6 / IL-10 plasma ratio and
high MMP-9 plasma levels to cardiovascular events
were used. Path analysis was sued to determine the
role of MMP-9 variable to the independent variable
(IL-6, IL-10) to outcome. Significant level was set
on probability (p-value) less than 5%. Statistical
software package SPSS 15.0was used for statistical
analysis.
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RESULTS

Table 1 showed baseline characteristics
of the demographic data, the classical risk
factors, cardiac biochemical markers, ACS clinical
manifestation and cardiovascular events.

Distribution of outcome during 6 months of
follow-up among patients with ACS (UAP, NSTEMI
and STEMI) in this study was presented in Table 2.
It was found that the incidence CV during 6 months
period was 14 (19.2%).

Based on Kolmogorov-Smirnov normality
test, the data were not normally distributed, so that
cut-off point was determinedusing median values of
each variable,which were presented inthe following
(Table 3)
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The relationship between dependent
variables including low plasma IL-10 levels (lower
than median), high MMP-9 (higher than median)
and high IL-6/IL-10 ratio (high than median) and
CVE in ACS can be seen in Table 4. It was shown
that there were no significant relationship between
those variables in total population (UAP- NSTEMI-
STEMI) also others sub-group (UAP-NSTEMI,
NSTEMI-STEMI), however, there was significant
relationship between MMP-9 and CVE in ACS in
sub-group (UAP-STEMI).

Kaplan-Meier survival curve of ACS
patients with low IL-10 plasma and high IL-10 to
CVE and time event was shown in Figure 1. It was
revealed that patients with low IL-10 plasma levels
tend to have lower mean survival than those with
high IL-10, although no significant difference found

Table 1: Characteristic of demographic, traditional risk
factors, and cardiac biomarkers, ACS manifestations and
cardiovascular events

Variable

Mean = SD or N (%)

Age (years)
Male / Female (%)
Hypertension (%)
Dyslipidemia (%)
LDL-cholesterol (mg/dl)
Total Cholesterol (mg/dl)
Trigliceride (mg/dl)
HDL-cholesterol (mg/dl)
Diabetes Mellitus(%)
Smoking (%)
Obesity (%)
CK-MB
Troponin
IL-6
IL-10
MMP-9
IL-6/IL-10 ratio
Clinical Features of ACS :

2. NSTEMI

3. STEMI
Cardiovascular Event (CVE)
1. Vascular detah
2. IMA
3.Reccurent Cardiac Ischemia

1. UAP

57,38 + 10,95
59 (80,8%) / 14 (19,2%)
40 (54,8%)
65 (89,0%)
131,6 + 44,8
196,8 + 48,8
140,5 + 82,0
39,8 + 10,1
12 (16,4%)
38 (52,1%)
40 (54,8%)
18,07 = 16,48
650,63 = 806,36
50,2 + 95,1
29,2 + 50,5
221+4,9
1,927
12 (16,4 %)
11 (15,1 %)
50 (68,5%)
14 (19,2%)
10 (13,7%)

3 (4,1%)
1(1,4%)
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(142,2+111,14 days vs 162.03+8,53 day; p log-rank
=0,11)

It was also found that cummulative survival
of ACS patients with high MMP-9 plasma tend
to be lower than those with low MMP-9 plasma
to CVE and time event(138.68+111.73 days vs
165.11+7.57days; p log-rank = 0.09), see Figure 2.

It was also found that Survival of ACS
patients with high IL-6/IL-10 plasma tend to have
lower survival time than those with low IL-6/IL-10
plasma to CVE and time event (147.70+ 10.72 days
vs 155.83 + 9.51 days); p log-rank = 0.59), which
can be seen in Figure 3.
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Cox proportional model was used to assess
multivariate relationship between independent
variable (IL-10, IL-6 / IL-10 ratio and MMP-9) and
the high CVE, controlling by traditional risk factors
(age, dyslipidemia, diabetes, hypertension, obesity
and smoking). There was a trend toward a strong
relationship between low IL-10 plasma levels and
CVE after controlling for traditional risk factors (OR
0.3, 95%CI 0.08 to 1.07;p=0.06), however, there
was a strong relationshipbetween high MMP-9
plasma levels and CVE (OR 6.6; 95% CIl 1.66
to 25.95;p=0.00). On the other hand, there was
a strong relationship between hypertension and
dyslipidemia on CVE (OR 4.1; 95%CI 1.05t0 16.32),

Tabel 2: Clinical manifestations of ACS and cardiovascular events

Clinical manifestations

Total number

Distribution of CVE

of ACS of CVE (%)

UAP 1(1.4%) Reccurent cardiac ischemia 1(1.4%)
NSTEMI 0 None

STEMI 13 (17.8 %) Vascular death

10 (13.7 %);
AMI 3 (4.1%)

Table 3: Median values of
independent variables

Variables Median
IL-10 (pg/ml) 14.1
MMP-9 (pg/ml) 23.4
IL-6/IL-10 ratio 0.95

p=0.04; OR 0.2; 95%CI 0,04-0, 60; p = 0.00 for
hypertension and dyslipidemia, consecutively).

DISCUSSION
Basic pathomechanisms of acute coronary

syndrome is an inflammation, which continues to
imbalance between O, supply and demand causing

Table 4: Relationship between independent variables (IL-10, MMP-9, IL-6/IL-10
Ratio) and dependent variable (cardiovascular events) in Sub-group (UAP and

STEMI)
Independent variables Outcome RR CI95% p
CVE(-) CVE(+)

IL-10 < 14,10 (pg/ml) 24 4 0,4 0,11-1,45 0,15
IL-10 €” 14,10 (pg/ml) 24 10

MMP-9 e” 23,40 (pg/ml) 19 10 3,8 1,04-13,94 0,03
MMP-9 < 23,40 (pg/ml) 29 4

IL-6/IL-10 €” 0,95 25 8 1,2 0,37-4.08 0.74
IL-6/IL-10 < 0,95 23 6
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chest pain. Anatomical changes that occur between
the three different clinical features: at UAP coronary
vasospasm occurs (dynamic and progressive
mechanic obstruction) and can also be followed by
the formation of thrombus. While the IMA (NSTEMI
and STEMI) occurring is partial obstruction in
NSTEMI and STEMI total obstruction. Inflammatory
markers in ACS is IL-6, IL-10 and MMP-9. 4813
The effect of classical risk factors to CVE in acute
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coronary syndrome can be confounded by levels
of IL-10, IL-6 / IL-10 ratio and MMP-9. ACS may
be caused by coronary vasospasm, atheromatous
plaque rupture with various inflammatory mediators.
Previous study has reported an increase in pro-
inflammatory cytokines (IL-6, IL-14, TNF-a, MMP-9)
and decreased of anti-inflammatory cytokines (IL-
10) in ACS. The inflammatory forces (the balance
between pro-inflammatory and anti-inflammatory

IL-10 median 14,10 (pgfmi
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Fig. 1: Kaplan-Meier survival curve. ACS patients with low IL-10 plasma and high IL-10
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Fig. 2: Kaplan-Meier survival curve of ACSpatients with high MMP-9 plasma and those with low
MMP-9 plasma
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cytokines) may reflect the vulnerability to rupture
and may predict vascular risk in ACS."*

The classical risk factors play a role in the
pathogenesis of atherosclerosis as an initiator of
endothelial dysfunction. Endothelial dysfunction is a
precursor of the inflammatory processes underlying
atherosclerosis. Progression of atherosclerosis,
coronary vasospasm, plaque rupture and acute
thrombotic event depends on the forces and the
inflammatory activity of the enzyme degradation
(MMP-9). Inflammatory forces constitute ratio of
pro - inflammatory cytokines (IL-6, MMP-9) with
anti-inflammatory cytokines (IL-10).5 Malarstig et al
(2008) has reported different finding which showed

1234

that IL-10 acts as a pro-inflammatory cytokine in the
ACS 9,14-17

In this study, in both the total population
and sub-groups it was found that the low plasma
levels of IL-10 did not prove to be an independent risk
factor for CVE in ACS, but in ACS patients with CVE,
IL-10 plasma below the median value and in patients
who did not experience events ACS it was found
that IL-10 plasma levels were above the median
value. While previous study (Heeschenet al, 2003);
reported that IL-10 levels more than 2.5 pg/ml are
associated with a lower risk of cardiac observation
for 6 months (HR: 0.38; 95% Cl = 0.19 10 0.83 p =
0.00). A different report has shown by Malarstig et

Table 5: Multivariate analysis of independent and traditional risk
factors, and cardiovascular events

Sig. OR Cl1 95.0% Exp (B)
Under Above
Age 0.28 0.5 0.12 1.83
Hypertension 0.04 41 1.05 16.32
Dyslipidemia 0.00 0.2 0.04 0.60
Diabetes 0.08 3.6 0.85 15.58
Obese 0.23 2.1 0.61 7.23
Smoking 0.49 0.6 0.18 2.29
Low plasma IL 10 0.06 0.3 0.08 1.07
High plasma MMP 9 0.00 6.6 1.66 25.95
IL-6/IL-10 ratio 0.70 1.3 0.30 5.62
1,10 REJHAD Tﬁ%ﬂ.-!ﬁ
—— .. ]
~ 1.00
t DG e D
e t 1 OD-censoned

£

é .81 1

=

B

5 0. T

688 38.68 166,08 155,50 205,60

Time of event (Days)

0.00 = Ratio of low levels of IL-8/IL-10 {Median = 0,.95)
1.00 = Ratio af high levels of IL-6/IL-10 (Median = 0,95)

Fig. 3: Kaplan-Meier survival curve of ACS patients with high IL-6/IL-10 plasma
and with low IL-6/IL-10 plasma
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al (2008) that in a 12-month cohort study involving
3179 patients and 393 volunteers which showed
that median values of IL-10: 0.8 (0,5-1,0) pg / ml in
volunteers and 1.1 (0, 7 to 1.9) pg / mlin patients (p
<0.001), consecutively. Patients with elevated levels
of plasma IL-10 predicts increased risk of death and/
or myocardial infarction with the highest risk in the
4th quartile with adjusted odds ratio 1.7 (95% CI
1.2 to 2.3). 4781820

Activity of MMP-9 in the progression of
atherosclerosis in ACS is to facilitate the migration
of vascular smooth muscle cells into the intima
vascular wall, limit the volume of plaque to degrade
the extracellular matrix in the intima. The ability of
MMPs to degrade the extracellular matrix and fibrous
cup plaque rupture is a predisposing factor.581921
This study showed thatamong sub-groups with
APTS and STEMI it was found that the high levels
of MMP-9 associated with significantly increased
risk for CVE in ACS (P <0.05). While Brown et al.
(1995) reported that MMP-9 is generally found in
atherotomy specimens from patients with coronary
plaque rupture. Likewise Kai et al, 1998 which has
reported that the levels of plasma MMP-9 increased
significantly in the coronary circulation of patients
with AMI and UAP. 02125

New concept is now developed to explain
balance between pro-inflammatory and anti-
inflammatory cytokines. This balance can describe
the intensity of inflammation in plaque atheromatous,
ruptured plaque vulnerability, the vascular risk (the
risk of vasospasm and ruptured) on progression
of ACS.®% Data relating to the role of long-term
prognostic factor of the ratio of pro-inflammatory
cytokines with anti-inflammatory cytokines in ACS
is still limited. In this study, observation of 6 months
does not prove high IL-6 / IL-10 plasma ratio as
a risk factors of CVE in ACS. However, previous
studyshowed that high IL-6 / IL-10 as a risk factor for
CVE in ACS after 6 months observation (p = 0.01)
and the 1-year observation (p = 0.007).5:2628

To illustrate relationship of the prognostic
factors with CVE in ACS using Kaplan-Meier survival
curves. Figure 1. shows that the cumulative survival
rate was lower in the group with low IL-10 plasma
levels than the group of high IL-10 plasma levels
(73.7% vs 88.6%) with a mean survival between
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the two groups was not significant (142.2 + 11.14
vs 162.03 + 8.53 days) log rank p =0.11. While Kilic
T et al (2006), reported that the group of patients
with ACS (NSTEMI) who experienced CVE tend to
have lower IL-10 plasma levels compared with ACS
(NSTEMI) patients who did not experience the CVE
have higher IL-10 plasma levels ( 5.6vs 8.7pg/ml, p
=0.08). It was thought that IL-10 is atheroprotective
/ anti-inflammatory.

Figure 2. shows that the cumulative
survival rate was lower in the group with high MMP-
9 plasma levels than the group with lower MMP-9
plasma levels (73.0% vs 88.9%) with similar survival
between the two groups was not significant (138.68
+11.73 vs 165.11 + 7.57 days, log rank p = 0.09).
While previous study Blankenberg S et al, 2003
reported that: MMP-9 plasma levels of CHD patients
who experienced fatal CVE / vascular death was
significantly higher than CHD patients who did not
experience fatal CVE / vascular death (62.2 vs 47.8
pg / ml, p <0.0001).8.1026-29

Figure 3. shows that the cumulative survival
rate was lower in the group with high IL-6 / IL-10
plasma levels ratio than the group of low IL-6/IL-10
plasma levels ratio (78.4% vs 83.3%) with similar
survival rate between the two groups (147.70 =
10.72 vs 155.83 + 9.51 days, log rank p = 0.59).
How ever Kilic T et al. (2006), reported that the ACS
(NSTEMI) patients who had CVE has a higher IL-6 /
IL-10 ratio(1.44vs0.75, p=0.01) than ACS (NSTEMI)
patients groups who did not experience CVE.

Cox proportional hazard model showed
that after adjusted by control variables, such as age,
hypertension, dyslipidemia, diabetes, obesity and
smoking, it was shown that low IL-10 plasma levels
tend to associate with lower risk of CVE risk in ACS
patients (RR: 0.3; 95%Cl: 0.08 to 1.07; p = 0.06).
Another study by Kilic et al (2006) also found similar
results, that IL-10 plasma levels in ACS patients
(NSTEMI) did not differ significantly between the
group with and without experiencing CVE(p = 0.08).
Also, after adjusted by the same control variables, it
was found that high MMP-9 plasma levels associated
with higher CVE risk factor in ACS patients (RR: 6.6;
95%Cl: 1.66 t0 25.95, p=0,00). Another study by Kai
etal., 1998; found that levels of MMP-9 and MMP-2 in
circulation increased significantly in patients with AMI
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and UAP. Inokubo et al., 2001; reported that MMP-9
plasma levels in patients with ACS increased 2-3
fold compared to the normal subjects. While, after
adjusted by the same control variables, it was found
that high of IL-6 / IL-10 plasma ratio did not revealed
to be a CVE risk factor in patients with ACS (p =
0.70). While Kilic et al (2006), reported that during
6 months observations, IL-6/IL-10 plasma ratio was
significantly higher in patients with ACS (NSTEMI)
who are CVE compared with ACS patients (NSTEMI)
who are not experiencing CVE (p = 0.01) and after
1-year observation with a (p =0.007).

This is a study includes all types of ACS
clinical features (UAP, NSTEMI and STEMI) which
may explain that in ACS patients with CVE, MMP-
9 plasma levels were high. MMP-9 collagenase
activity degrades the collagen component of plaques
atheromatous and basal endothelial membrane that
results in plaque rupture atheromatus. Atheromatus
plaque rupture is the basic of CVE pathogenesis.
Thus meanhigh MMP-9 plasma levels is a strong risk
factor for the occurrence of CVE in ACS patients.

On the other hand also found that the group
with low IL-10 plasma levels, high MMP-9 and IL-6/
IL-10 plasma ratio indicates cumulative survival is
shorter compared to the high IL-10 plasma levels,
low MMP- 9 and IL-6 / IL-10 plasma ratio. Thus,
subgroups of patients with ACS who undergo CVE
(UAP and STEMI) showed inflammatory picture with
proinflammatory activities force greater than the ACS
sub-group who did not experience CVE.

Limitation of the study is that up to now,
there is no standard cut-off point of inflammatory
markers of IL-10, IL-6 and MMP-9. In this study,
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because the data are not normally distributed the
cut-off point areset by median value. While other
researchers such as Heeschen, et al (2003) in a
cohort study set a cut-off point of IL-10 levels are set
based on ROC analysis. Kilic et al (2006) on the 6
months cohort observational to 1 year in 80 patients
with NSTEMI, the cut-off point, was also defined by
ROC analysis. Alwi et al (2007) in a cross-sectional
study in RSCM Jakarta, Persahabatan Hospital,
MMC Hospital and Medistra Hospital involving 62
patients with CHD (out patients) and 84 patients
with ACS, the cut-off point of IL-6 levels were set
based on the average. Malarstig et al (2008) at 1-year
cohort study involving 3.179 patients with ACS and
39 volunteers, cut off point IL-10 plasma levels are
set based on the median value.

CONCLUSIONS

High MMP-9 plasma levels was associated
with almost 7 times increased risk of CVE in ACS
patients. ACS patients with CVE risk factors (low
IL-10 plasma levels or high MMP-9 or high IL-6/
IL-10 plasma ratio) showed shorter survival rate
than the ACS group without CVE risk factors (high
IL-10 plasma levels or low MMP-9 or low IL-6/IL-10
plasma ratio). The high MMP-9 plasma levels has
a shorter survival rate, almost 1 month (27 days)
compared with low MMP-9 plasma levels. In addition,
hypertension and dyslipidemia are also shown to
be a CVE risk factor in ACS patients.
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