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Acute coronary syndrome (ACS) is a 
term used for the clinical presentation 
of unstable angina pectoris, ST-
elevation myocardial infarction, and 

non-ST elevation myocardial infarction caused due 
to myocardial ischemia because of disruption of 
atherosclerotic plaque linked with thrombotic vessel 
occlusion.1 The data from preclinical and clinical 
studies indicate that an inflammatory response is 
involved in all stages of atherosclerosis and it is 
considered a vital factor that plays a significant role in 
the subsequent onset of ACS, plaque instability, and 
further disease progression.2–4 Conventional methods 
to predict cardiac disease are limited to known risk 
factors such as age, hypertension, hyperlipidemia, 
diabetes, and tobacco and alcohol consumption, 

but a more comprehensive understanding of the 
mechanism can result in better risk stratification 
and targeted therapeutic therapy for coronary artery 
disease.5 During the past few decades, different 
pathways of inflammatory biomarkers, including the 
role of pro-inflammatory cytokines interleukin (IL)-
1, IL-6, and IL-18 in patients with cardiovascular 
diseases (CVD) had been studied that can be useful 
for the early detection of the disease.6 Members of 
the IL-1 family such as IL-1 and IL-18, are well-
known pro-inflammatory cytokines, and they 
contribute to the atherosclerotic process and onset 
of ACS.7 Research data from animal studies have 
revealed that IL-1β is critically involved in overall 
pro-atherogenic actions.8 However, IL-10 is an 
anti-inflammatory cytokine that exerts a protective 
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A B S T R AC T
Objectives: Inflammatory pathways play a significant role in atherosclerosis that 
leads to acute coronary syndrome (ACS). The initial stages of atherosclerosis are 
often asymptomatic; when atherosclerotic plaques become unstable it leads to ACS. 
Therefore, early detection, diagnosis, and treatment of atherosclerosis must be sought. 
These circumstances underpin the need for diagnostic values of inflammatory markers, 
warranting their routine clinical application to develop anti-atherosclerotic therapeutic 
approaches. The aim of this case-control observational study was to evaluate the 
plasma levels of interleukin (IL)-6, IL-18, IL-1β, and IL-10. Methods: The research 
was conducted at Hasan Sadikin Hospital from September to December 2021. 
Patients were recruited based on the typical clinical history of ACS (non-ST-elevation 
myocardial infarction, ST-elevation myocardial infarction, and unstable angina) and 
electrocardiographic and cardiac enzyme data. Healthy subjects having no more than 
one cardiovascular disease risk factor at admission were included. A total of 43 subjects 
were included in the study, of which 23 subjects were patients diagnosed with ACS and 
20 were healthy controls. Results: The results showed that the mean plasma levels of 
IL-6 (298.6±432.9 pg/mL) in ACS patients were significantly higher than the mean 
concentration of IL-6 (33.7±96.6 pg/mL) in the control group (p < 0.05). Similarly, 
the mean plasma level of IL-18 (181.4±81.4 pg/mL) in ACS patients was significantly 
higher compared to the mean concentration (125.0±29.8 pg/mL) in the control group 
(p < 0.05), suggesting that both IL-6 and IL-18 were associated with ACS. However, 
there is no statistically significant difference between IL-1β and IL-10 levels. A Pearson’s 
correlation analysis showed that a positive correlation exists between IL-6 and IL-
18. Conclusions: Both IL-6 and IL-18 are associated with ACS.
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action by reducing excessive inflammatory reactions. 
IL-10 is produced by various inflammatory cells 
including macrophages and it inhibits the synthesis 
of inflammatory cytokines.9 An imbalance between 
these anti-inflammatory and pro-inflammatory 
cytokines leads to CVD.10

Studies measuring serum levels of these ILs 
in patients with ACSs have generated conflicting 
results. A Mendelian randomization study found 
no association between IL-1β and IL-18 levels and 
the risk of CVD.11 On the contrary,1 it has been 
demonstrated that plasma IL-18 levels are associated 
with ACS due to significantly higher levels in ACS 
patients compared to healthy controls.

The primary objective of this study was to 
strengthen the concept that IL cytokines might 
reflect the status of systemic inflammation 
associated with ACS and potentially contribute to 
myocardial damage through the local release of pro-
inflammatory molecules. The secondary endpoint is 
to determine the correlation of these inflammatory 
biomarkers with each other and the risk factors.

M ET H O D S
The research was designed as a case-control 
observational study to provide the accurate values of 
plasma biomarkers IL-6, IL-18, IL-1β, and IL-10 in 
the interventional group (ACS patients) and control 
group (healthy individuals) along with the correlation 
of these biomarkers with each other. The study was 
conducted at Hassan Sadikin Hospital, Bandung, 
Indonesia from September to December 2021. 
The clinical research study protocol was approved 
by the Research ethics Committee universitas 
Padjadjaran Bandung (Protocol number: 668/ 
uN6.KeP/eC/2021). All subjects gave informed 
consent, both verbal and written, for participation in  
the study. 

A total of 43 participants from both genders 
over the age of 18 years were enrolled by purposive 
sampling technique. Subjects were divided into two 
groups: group I, ACS patients (n = 23), and group 
II, control group (n = 20). The blood samples were 
collected as soon as the patient was brought to the 
intensive care unit. Once a patient was diagnosed 
with ACS based on the typical clinical history 
of ACS (unstable angina pectoris, ST-elevation 
myocardial infarction, and non-ST elevation 
myocardial infarction), plus electrocardiographic 

data and cardiac enzymes at admission, the sample 
was included in the study. The selection was made 
sequentially, according to the inclusion criteria. The 
exclusion criteria for group I was if patients had a 
previous history of ACS, autoimmune disease, 
liver or end-stage kidney disease with an estimated 
glomerular filtration rate of ≤ 30 mL/min/1.73 m2, 
terminal illness, and those who did not sign the 
informed consent. However, healthy controls were 
included in group II if they had no more than one 
risk factor of CVD (i.e., smoking, alcohol use, 
hypertension, hyperlipidemia, diabetes, and obesity).

An 8 mL blood sample was taken from the vein 
of each participant in two sample collection tubes 
(4 mL) filled with heparin. Sample collection tubes 
were then labeled with the participant’s name. 
The blood was immediately centrifuged at room 
temperature within 30 minutes at 1500 rpm for 15 
minutes. After centrifugation, two 1 mL aliquots of 
plasma were removed and stored at -80 °C.

Plasma levels of ILs were measured by 
quantitative sandwich enzyme immunoassay 
technique using a commercially available enzyme-
linked immunosorbent assay kit (Sigma Aldrich): 
cytokines IL-6, IL-18, IL-1β, and IL-10, with 
sensitivities of 3 pg/mL, 0.5 pg/mL, 1 pg/mL, and 
0.3 pg/mL, respectively.

The data were analyzed using the SPSS (IBM 
Corp. Released 2019. IBM SPSS Statistics for 
Windows, Version 26.0. Armonk, Ny: IBM Corp). 
Discrete variables are expressed as counts (number and 
percentage) and continuous variables are expressed 
as mean±SD and compared using the independent 
sample t-test. Spearman’s correlation test was done to 
check the correlation between variables. A p-value of 
<0.05 was considered statistically significant and the 
confidence level was 95%.

R E SU LTS
The demographic characteristics of the patients  
are summarized in Table 1.

Clinical characteristics and laborator y 
measurements of the patients are summarized in 
Table 2. There was a significant difference in mean 
values of age, systolic blood pressure, diastolic blood 
pressure, and body mass index in the ACS and control 
group (p < 0.05). The other parameters showed no 
significant difference between the two groups (i.e., 
total cholesterol and fasting blood sugar).
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The mean concentration of IL-6 (298.6±432.9 
pg/mL) in ACS patients was significantly higher 
compared to the mean concentration of IL-6 
(33.7±96.6 pg/mL) in the control group (p = 
0.010). Moreover, the mean concentration of 
IL-18 (181.4±81.4 pg/mL) in ACS patients 
was significantly higher compared to the mean 
concentration (125.0±29.8 pg/mL) in the control 
group (p = 0.004), suggesting that both IL-6 and IL-
18 were associated with ACS. However, there was 
no significant difference in the mean plasma levels 
of IL-1β (2.2±10.3 pg/mL) in the control group 
and ACS patients (0.1±5.5 pg/mL), and there was 
no significant difference in the mean plasma levels 
of IL-10 in the control group (1.6±5.2 ug/mL) and 
ACS patients (2.2±4.3 ug/mL) as shown in Table 3 
and Figure 1.

Pearson’s correlation analysis revealed a positive 
correlation between IL-6 and IL-18 (R = 0.2290, 
p = 0.001) [Figure 2]. However, the correlation is 
not statistically significant between IL-10 and IL-
18 (R = 0.0200, p = 0.360), and IL-6 and IL-1β 
(R = 0.0115, p = 0.490). Furthermore, a negative 
correlation exists between IL-18 and IL-1β (R = 
0.0434, p = 0.180).

D I S C U S S I O N
Many research studies have proposed the clinical 
utilization of pro-inflammatory cardiac biomarkers. 
Higher IL-6, IL-18, and IL-1β levels and lower IL-
10 levels are associated with ACS. The main findings 
of the present study were: (1) ACS patients showed 
higher IL-6 and IL-18 plasma levels compared to 
controls; (2) circulating levels of IL-1β and IL-10 
showed no significant difference in both groups; and 
(3) IL-6 is positively correlated with IL-18 and IL-
10 levels. IL-6 and IL-18 levels in plasma conform 
to previously conducted research. A previous 
study found that the concentration of IL-6 was 

Table 2: Clinical characteristics of the control 
group and acute coronary syndrome (ACS) patients.

Variables Group 1
healthy 
controls

Group 2
ACS 

patients

Participants, n 20 23
Sex,n

Males 10 17
Females 10 6

Age, years 26.7 ± 6.0 52.7 ± 11.6
Weight, kg 60.3 ± 11.8 65.8 ± 8.2
Height, cm 163.0 ± 8.3 163.5 ± 7.1
Medical history, n (%)

Average BMI, kg/m2 22.5 ± 3.4 24.6 ± 3.3
Family history of CVD 0 (0.0) 5 (21.7)
Smoking 0 (0.0) 10 (43.5)
Hypertension 0 (0.0) 13 (56.5)
Drinking 0 (0.0) 0 (0.0)

Diagnostic history, mean ± SD
FBS 91.2 ± 15.4 139.6 ± 56.3
SBP, mm Hg 110.3 ± 10.0 134.4 ± 22.2
DBP, mm Hg 68.3 ± 7.5 87.0 ± 15.8
Total cholesterol, mmol/L 191.7 ± 38.7 174.0 ± 54.9
HDL, mmol/L - 35.9 ± 8.4
LDL, mmol/L - 109.3 ± 48.6
TG, mmol/L - 145.0 ± 114.8

BMI: body mass index; CVD: cardiovascular disease; FBS: fasting blood 
glucose; SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL: 
high-density lipoprotein; LDL: low-density lipoprotein; TG: total triglycerides.

Table 3: Plasma biomarker levels in each group.

Variables Controls (n = 20) ACS (n = 23) p-value 95% CI

Mean ± SD Median SEM Mean ± SD Median SEM LL UL

IL-6 33.7 ± 96.6 19.40 21.6 298.6 ± 432.9 86.71 90.272 0.010 73.54 456.28
IL-18 125.0 ± 29.8 120.00 6.7 181.4 ± 81.4 165.10 16.98 0.004 18.99 93.77
IL-1β 2.2 ± 10.3 -1.34 2.3 0.1 ± 5.5 -1.36 1.15 0.410 -7.05 2.95
IL-10 1.6 ± 5.2 0.32 1.1 2.2 ± 4.3 0.31 0.90 0.770 -3.54 2.36

ACS: acute coronary syndrome; SEM: standard error of the median; LL: lower limit; UL: uper limit; IL: interleukin.

Table 1: Frequency (F) and percentage of 
participants (N = 43).

Variables Group 1
Healthy controls

Group 2
ACS patients

F % F %

Gender
Male 10 50.0 17 73.9
Female 10 50.0 6 26.1

Age, years
15–24 6 30.0 0 0.0
25–64 14 70.0 19 82.6
> 64 0 0.0 4 17.4
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significantly higher in ACS patients compared to 
healthy individuals,12 which is similar to our study. 

Moreover, an experimental study demonstrated 
that IL-18 enhances atherosclerosis by inducing 
expression of IL-6 in the vascular endothelial and 
smooth muscle cells,13 which is also endorsed by our 
study because a positive correlation exists between 
IL-6 and IL-18. Although research studies have 
revealed that pro-inflammatory cytokine IL-1β plays 
an important role in the pathogenesis of ACS and 
its inhibition has proven cardiovascular benefits, 
our study shows contrasting results that there is no 
significant difference between plasma IL-1β levels in 
ACS and control groups. On the contrary, a research 

study done by Parisi et al,14 showed that circulating 
levels of IL-1β were significantly higher in ACS 
patients compared to a control group. Another 
study revealed that IL-1β is known to drive the IL-6 
signaling pathway,15 but our study showed a positive 
but non-significant correlation between IL-6 and IL-
1β. However, the Canakinumab Anti-inflammatory 
Thrombosis Outcome Study proved the potential 
implication of IL-1β in conditioning the clinical 
course of patients after ACS.16 Admittedly, the 
technical difficulties in detecting IL-1β can result 
from the significant amount of pro-IL-l β that 
remains inside the cells and binds to large proteins.17 
Therefore, the expected higher levels of IL-1β levels 
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Figure 1: The plasma levels of interleukin (IL)-6, IL-18, IL-1β, and IL-10 in each group. (a) The plasma IL-6 
levels in patients with acute coronary syndrome (ACS) were significantly higher than those of the control 
group; (b) the plasma IL-18 levels in patients with ACS were significantly higher than those of the control 
group; (c) no significant difference between plasma IL-1β levels in patients with ACS and control groups; (d) 
no significant difference between plasma IL-10 levels in patients with ACS and control group.
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Figure 2: Pearson’s correlation between biomarkers. (a) Pearson’s correlation between interleukin (IL)-10 
and IL-6 (R = 0.1816, p = 0.004); (b) Pearson’s correlation between IL-10 and IL-18 (R = 0.0200, p = 0.360); 
(c) Pearson’s correlation between IL-10 and IL-1β (R = 0.2600, p < 0.001); (d) Pearson’s correlation between 
IL-6 and IL-18 (R = 0.2291, p = 0.001); (e) Pearson’s correlation between IL-6 and IL-1β (R = 0.0115, p = 0.490); 
(f ) Pearson's correlation between IL-18 and IL-1β (R = 0.0434, p = 0.180).
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in ACS patients might have been masked. It is 
also possible that researchers are often less likely to 
report negative results for publication. Therefore, 
further research is required to validate the results. 
In ACS patients, low expression IL-10 in serum 
samples has been associated with an increased risk 
of cardiovascular events, and high IL-10 expression 
levels have been associated with a decreased risk.18,19 
The level of IL-10 is lower in ACS patients compared 
to controls, but the difference is not statistically 
significant. This might be due to the small sample 
size. However, the elevated levels of IL-10 in ACS 
patients were positively correlated with IL-6 and 
IL-1β, which may be related to thrombosis, plaque 
rupture, and cardiac damage.

Our study is limited by its small sample size and 
there was a significant difference between the ages of 
the control group and ACS patients, which may have 
impacted the results. The strength of the study is that 
it is the first multimarker study that has evaluated 
IL-6, IL-18, IL-1β, and IL-10 levels together in ACS 
patients and all possible confounding factors 
were eliminated by careful consideration of the 
study design.

C O N C LU S I O N
Levels of novel pro-inflammatory cytokines 
IL-6 and IL-18 were significantly increased in 
ACS patients, which supports the role of these 
biomarkers in ACS. Therefore, IL-6 and IL-18 can 
be considered potential targets for future therapeutic 
strategies using selective inhibitors for rationale and 
individualized therapy. However, a multimarker 
study that best assigns the cut-off values of these 
inflammatory cardiac biomarkers is needed for early 
diagnosis of ACS and to use them as therapeutic 
targets for individualized treatment of patients 
with ACS. A better understanding of the molecular 
biology of IL-6 and IL-18 should be considered  
to allow the successful development of their 
inhibitors. The clinical utility of these therapies 
should be considered a breakthrough in the 
management of ACS.
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