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Abstract
 
 Introduction: Cardiovascular diseases remain the leading cause of mortality and morbidity globally. A quarter of 
all mortality is attributable to CVD. In spite of guideline-directed treatment for patients with coronary artery diseases (CAD) 
that includes but not limited to the treatment of diabetes, hypertension and aggressive LDL lowering. In spite of all of this 
therapy, 10% of individuals had major adverse coronary events. We intended to study the role of cytokines in patients with 
acute coronary syndrome so as to pave a new frontier in the diagnosis and treatment of such patients.

 Objectives: To determine serum cytokines levels (IL-6, IL-10, IL-18, and TNF-alpha) and their significance in pa-
tients with acute coronary syndrome (ACS).

 Methods: The study population included 120 patients with acute coronary syndrome (ACS) and 60 
healthy controls. These patients were divided into two groups based on electrocardiographic evidence of ST-el-
evation: 60 patients in  Non-ST elevation MI (NSTEMI) (Group-1) and 60 patients in ST-elevation MI (STEMI) 
group(Group-2). Serial measurements of cytokines were done in 55 patients in group-1 and 59 in group -2. Se-
rum levels of IL-6, IL-10, IL-18, and TNF-alpha, were measured by enzyme-linked immunosorbent assay (ELISA). 
  
 Results: Serum IL-6, IL18, and TNF-alpha were significantly higher in ACS groups (STEMI and NSTEMI) when 
compared to the control group. There was no significant difference in serum level of IL-10 between STEMI, NSTEMI group 
and controls. In both, the groups, serum level of IL-10 was significantly higher and IL-18 was significantly lower after 3 days 
of followup. There was no correlation between serum creatinine kinase, creatinine kinase-MB, troponin I and serum cyto-
kine level in both ACS groups. There was no correlation found between serum levels of these cytokines and the site of MI 
(Anterior/ Inferior / Posterolateral).

 Conclusion: Serum levels of cytokines (IL-6, IL-18 and TNF-alpha) were elevated in Indian patients with ACS as 
compared to healthy controls. Diagnostic and therapeutic role of such cytokines needs to be determined in future studies.

 Keywords: Acute coronary syndrome; cytokines; Interleukins; TNF-alpha; inflammation.
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Introduction

 Cardiovascular diseases remain the leading cause of 
mortality and morbidity globally [1]. A quarter of all mortality is 
attributable to CVD. In spite of aggressive LDL lowering, 10% of 
individuals had major adverse coronary events over 2 years fol-
low up [2]. There exists a lot of scopes to improve the care of prog-
nosis of such patients if we understand the pathogenesis of acute 
coronary syndrome completely. Though it was clear that it is the 
macrophage that gets converted to foam cell after engulfing lipid 
underscoring the role of the immune system in the pathogenesis 
of atherosclerosis since Virchow’s time [3], the primordial role of 
the immune system and inflammation in atherosclerosis gained 
its importance only for last 3 decades [4]. Role of inflammation 
as an active process rather a passive process was conceived only 
after the characterization of macrophage-derived cytokines [5]. 
Lots of available robust evidence confirms the involvement of in-
flammation not only in the process of plaque vulnerability but 
also in the stages of recruitment of monocytes that later become 
foam cells in the process of plaque formation and progression 
[5-7]. Hence acute coronary syndrome is an inflammatory state. 
Understanding the function and role of the immune system in 
the progression of atherosclerosis into a full-blown state acute 
coronary syndrome may pave a new frontier in the treatment of 
acute coronary syndrome. Though many western literatures are 
available assessing cytokines in patients with acute coronary syn-
drome, the same is not available from India. Hence, we intended 
to study the role of cytokines in the diagnosis of acute coronary 
syndrome and the role of such cytokines in prognosticating pa-
tients with acute coronary syndrome. 

Methods

 Patients aged >18 years admitted in the department 
of Cardiology were studied. Appropriate age and sex-matched 
healthy participants without any prior history of CAD were in-
cluded as controls. We intended to study 120 patients with se-
vere acute chest pain and suspected of acute coronary syndromes 
(ACS). Patients were divided into two groups Non-STEMI 
(Group-1) and STEMI (Group-2) of acute coronary syndrome 
[8]. The diagnosis was based on positive ECG changes or enzyme 
elevations and angiography studies. Patients with characteristic 
symptoms and ST elevation ≥2 mm in V1-V3 or ≥1 mm in other 
leads (in at least 2 continuous leads), ST depression consistent 
with posterior MI, new LBBB, established MI (old or recent): Q 
≥0.04 s in V1-V6 or II, aVL, aV or elevation of cardiac enzymes; 
at least two of the above criteria needed for inclusion of STEMI 
into the study. The Inclusion criteria of Non-STEMI had two of 

the following criteria, 1. Characteristic chest pain 2. ST depres-
sion > 1 mm 3. T wave inversion. 4. Positive troponin. Patients 
with known collagen vascular disease, advanced liver disease, 
renal failure, malignant disease, septicemia or other infectious 
disease were excluded from this study. The study was approved 
by the institutional Ethics Committee, and each patient gave in-
formed consent. Care of the patients was not interfered by any 
means of this study. Other than basic investigations that were 
done for the clinical management of the patients, we took two 
additional blood samples. The first sample collected immediately 
after admission from antecubital veins in supine position into 
silicon tubes with 1: 9 ratio, 9ml EDTA blood. The other sam-
ples collected in a similar manner 3 days later. Collected blood 
samples were immediately centrifuged at 4°C for 15 minutes at 
3000 rpm. Divided plasma was stored at –80 °C until assayed. 
Estimation of cytokines (IL 6, TNF α, IL10 and IL18 ) were done 
by the Enzyme-Linked Immunosorbent Assay(ELISA) method. 
The study was funded by Indian Council of Medical Research 
(ICMR)

 Principle of measurement of cytokines: A 5 mL of 
venous blood was collected on day 0 and on day 3 from each 
patient preferably in the morning time before 8 AM. Sample was 
centrifuged for 10minutes and the supernatant of the centrifuged 
sample was collected. Levels of IL- 6, IL-18, tumor necrosis fac-
tor-alpha (TNF-a) and IL-10 were measured in strict accordance 
with the instructions provided. 

 IL 18 was measured using Human IL 18 ELISA kit by 
sandwich ELISA method. The assay used two monoclonal anti-
bodies against two different epitopes of human IL 18. In the wells 
coated with antihuman IL18 monoclonal antibody samples to be 
measured or standards were incubated. After washing, a perox-
idase-conjugated anti-human IL 18 monoclonal antibody was 
added into the microwell and incubated. After another washing, 
the peroxidase substrate was mixed with the chromogen and 
allowed to incubate for an additional period of time. An acid 
solution was then added to each well to terminate the enzyme 
reaction and to stabilize the developed color. The optical density 
(OD) of each well was measured at 450 nm using a microplate 
reader. The concentration of human IL 18 was calibrated from a 
dose-response curve based on reference standards. Similar ELI-
SA methods with the same principle were used for the other cy-
tokines also.
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Statistical analysis

 Data was recorded on designed proforma and managed 
on excel spreadsheet. Descriptive statistics for each of the param-
eters at various time points in the three groups were computed. 
One way analysis of variance / kruskal wallis test was applied 
to compare mean / median of various parameters in the three 
groups. The relationship between post-treatment changes in 
various cytokines as determined from peripheral blood and the 
treatment response was assessed using repeated measures analy-
ses. STAT 9.0 statistical software was used for statistical analysis.

Results

 One hundred and twenty patients with acute coronary 
syndrome were studied. They were divided into two groups. 
Group 1 had NSTEMI and Group 2 had STEMI (Table.1). Each 

group had 60 patients. In NSTEMI group (Group-1), total of 
60 patients were included (11female) with mean age 55 (35-95 
years). Sixty patients (16 female) in group 2 (STEMI group) with 
mean age of 54.5 years (26-82). 60 individuals (17 female) were 
included as controls. There was no statistical difference between 
group 1 and group 2 with regard to risk factors for coronary 
artery disease. Diabetes and hypertension were present in 25% 
and 50 % of individuals respectively. Two-third of patients were 
in Killip<3 class. Anterior wall remained the leading site of in-
farction in 55% of the patient population. Similar to risk fac-
tors, we did not find any difference in the Killip class, BP status, 
troponin elevation and site of infarction between group 1 and 
group 2. Patients in group 1 had a significant history sugges-
tive of alcohol consumption than group2. Similarly, patients in 
group 1 had elevated ESR and raised CK as compared to patients 
with group 2.

GROUP-1

NSTEMI

n(%)

GROUP-2

STEMI

n(%)

p-VALUE

AGE
>50 15 (25 ) 24(40)   

0.07
<50 45(75)   36(60)   

SEX

MALE 49(64.83)   44(73.33)   
0.172

FEMALE 11(35.17)   16(26.67)   

SMOKING
NON SMOKER 22(36.66)   28(46.66)

0.465
SMOKER 28(63.34)   32(53.34)

ALCOHOL NON -ALCOHOL 48(80)   38(73.65) 0.043
ALCOHOL 12(20)   22(26.35)

PHYSICAL ACTIVITY
REGULAR 15(25)   11(18.33)

0.375
INTERMITTENT 45(75)   49(81.66)

WEIGHT (kgs)
<50 13(21.66)   11(18.33)

>50 47(78.33)   49(51.04)

Diabetus mellitus(DM)
NO 45(75.00) 45(75.00)

1.000
YES 15(25.0) 15(25.0)

Blood pressure (BP)
90- 130 30(50.0)   36(60.0)

0.197>130 30(50.0)   22(36.6)
<90 0(0.00)   1(1.66)

Killip class

NO CLASS 1(1.66)   2(3.33)

0.275
CLASS 1 28(46.6)   39(65.0)
CLASS 2 14(23.3)   8(13.33)
CLASS 3 8(13.33)   5(8.33)
CLASS 4 9(15.0 ) 6(1.0)

Congestive heart Failure 
(CHF)

NO 41(68.33)   43(71.66)
0.690

YES 19(31.66)   17(28.33)

Table: 1. Baseline of physical, clinical and laboratory characteristics of Study participants
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Hemoglobin (gm/dl)
>9 57(95.0)   60(100.0)

0.122
<9 3(5.00) 0(0.00)

Hematocrit (%)
41-53 18(30.0)   22(36.66)

0.439
1>53 42(70.0)   38(63.33)

Platelet count (Lakh/mi-
croliter)

<1.5 48(80.00)   52(86.66) 0.327
>4.5 12(20.00)   8(13.33)

Total leucocyte count 
(cells/cumm)

10000 48(80.0)   42(70)

0.386>10000 10(16.66)   17(28.33)

<4000 2(3.33)   1(1.66)

ESR  (mm/hr)

MALE<17, 

FEMALE<25
16(26.66)   35(58.33)

0.000
MALE>17,

FEMALE>25
44(73.33)   25(41.66)

Glucose (mg/dL)
UPTO 140 51(85.0)   50(83.33)

0.636
>140 9(15)   10(16.66)

Dyslipidemia
NO 36(60)   35(58.33)

0.853YES 24(40)   25(41.66)

CRP (µg/ml)
UPTO 3 28(46.66)      31(51.66)

0.584>3 32(53.33)   29(48.33)

Troponin-I
NEGATIVE 39(65.0)   34(56.66)

0.453
POSITIVE 21(35.0)   25(43.33)

Creatinine Kinase  (CK) 
(U/L)

43(71.66)   26(43.33)
0.00217(28.33)   34(56.66)

Creatinine Kinase-MB (U/L) 8.5(0.1-267) 8(0.8-414) 0.637

Coagulopathy
NO 58(96.66)   52(86.66)

0.047
YES 2(3.33)   8(13.33)

Site of infarction  

ANTERIOR 33(55.0)   33(55.00)

1.000Coagulopathy 26(43.33)   25(41.66)

POSTERIOR 1(1.66)   2(3.33)

We measured TNF-alpha, IL-6, IL-10, and IL-18 on 
day 0 and day 3 in both groups. We intended to compare the 
cytokines levels measured on day 0 and day 3 amongst the par-
ticipants in both groups, and also between the two groups. As 
compared to controls, both group 1 and group 2 had signifi-
cantly elevated levels of all measured cytokines but IL-10.

In group 1(NSTEMI group), median IL-6 was 5.16ng/
mL (range-0-304.48) at day 0and increased to 8.26 ng/mL (0-
324.05) on day 3 (P=NS); in addition, IL-10 increased from 
1.87 ng/mL (0-143.05) at day 0 to 2.96ng/mL (0-143.57) at day3 
(P=0.000).IL-18 was434.95ng/ml (23.93-4805.13) at day 0 and 
decreased to 123.73(0-1935.11) at day 3 (P=0.000). TNF-alfa 

was 33.48ng/ml (0-98.89) at day 0 to 33.48(9.41-216.43) at day 
3(P-NS) (Table.2 and Figure.1&2). In group 2(STEMI group), 
median IL-6 was 1.07ng/ml (0-261.87) at day0 increased to 1.14 
ng/mL (0-412.46) at day 3 (P-NS). IL-10 increased from the 
day0 value of 1.84 ng/mL (0-243.80) to 2.18 ng/mL (0- 64.70) at 
day3 (P-NS). IL-18 decreased from 263.08(0-4872.10) at day 0 to 
108.40(0-3763.62) at day 3(p=0.002). TNF-alpha decreased from 
60.68ng/ml (0-634.43) to 43.53(6.61-412.46) at day 3(p=0.008) 
(Table.2 and Figure.1&2).

Comparison between group 1 and group 2 showed sig-
nificantly lower levels of IL-6 on day 0 and day3 in group 2 (Ta-
ble.2 and Figure.1&2). In contrast, patients in group 2 had higher 
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Table.2. Correlation of cytokines IL6, IL10, IL18 and TNF alpha among groups of STEMI, NSTEMI and controls on day 0 
and day 3 of admission

CYTOKINE

GROUP 1`

STEMI

Median

(Min-Max)

GROUP 2

NSTEMI

Median

(Min-Max)

GROUP 3

CONTROLS

Median

(Min-Max)

P –VALUE 
OVERALL

 1 VS 2   1 VS 3 2VS3

IL 6 -day 0
5.16

(0- 304.48)

1.07

(0 - 261.87 )

0.30

(0 -10.83)    
0.0001 0.0026 0.0000 0.0145

IL 6- day 3
8.26 

(0-324.05)

1.14

(0 -412.46)

0.30

(0 -10.83)
0.0001 0.0005 0.0000 0.0152

P VALUE 0.123 0.513 --- --- --- --- ---

IL 10 -day 0
1.87

(0- 143.05)

1.84

(0 -243.80)   

1.42

(0 -189.16)       
0.8157 ---- --- ---

IL10 –day 3
2.96

(0 -143.57)

2.18

(0 -64.70)  

1.42

(0 -189.16)       
0.1032 --- --- ---

P VALUE 0.000 0.485 --- --- --- --- ---

IL 18 –day 0

434.95

( 2 3 . 9 3 
-4805.13)

263.08

(0 - 4872.10)

46.51

( 0 - 495.81)
0.0001 0.8604 0.0000 0.0000

IL 18- day 3
123.73

(0-1935.11) 

108.40

(0-3763.62) 

46.51

( 0 - 495.81)
0.0005 0.1538 0.0025 0.0005

P VALUE 0.000 0.002 --- ---- ---- ---- ----

TNF alpha 
-day 0

33.48

( 0 - 98.89 )

60.68

(0 - 634.43)

6.37

( 0 -866.86)     
 0.0001 0.0000 0.0000 0.0000

TNF al-
pha-day 3

33.48

(9.41 - 
216.43 )

43.53 (6.61 - 
412.46)

6.37

(0 -866.86)     
0.0001 0.0212 0.0000 0.0000

P VALUE 0.6540 0.0088 ----- ---- ----- ---- ----

levels of TNF- alpha both on day 0 and day 3. No difference in 
IL10 and IL-18 was observed between the groups. There was no 
correlation found between serum levels of these cytokines and 
the site of MI (Anterior/ Inferior /Posterior). Other parameters 
which were also investigated were the relationship between the 
cytokine levels and creatinine kinase, creatinine kinase-MB and 
Troponin I levels. The influence of drug therapy thrombolyt-

ics-streptokinase, glycoprotein IIa –IIIb inhibitors, and inotro-
pic agents on levels of cytokines were also studied. Patients in 
Group 2 patients had an influence of drug therapy (Thrombolyt-
ics-streptokinase, Glycoprotein IIa –IIIb inhibitors, clopidogrel 
and Inotropics) only on the level of TNF-alfa and the difference 
was significant (p=0.007).



Figure 1 

Figure 2 
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Discussion

 We found significantly elevated levels of pro-inflamma-
tory cytokines (IL-6, TNF-alpha and IL-18) in patients with acute 
coronary syndrome without any difference in anti-inflammatory 
cytokine (IL-10) level. This confirms the theory of immunoin-
flammatory disease in acute coronary syndrome [5]. Dominance 
of T-helper-1 cells was indirectly shown by elevated levels of 
pro-inflammatory cytokines like IL-6, IL-12and IL-18 with re-
duced levels of IL-10 [9]. Few studies have previously document-
ed similar findings that inflammatory cytokines are increased 
in patients with ACS as compared to healthy controls [9-11]. In 
contrary to our findings that suggested no significant difference 
in the levels of IL-10 between cases and controls, Ashraf et al 
found increased levels of IL-10 in patients with cardiovascu-
lar diseases as compared to controls [10] while Yamashita et al 
found a reduced level in patients with CAD that included both 
patients with unstable angina and stable CAD [9]. Hence the IL-
10 levels may be variable in patients with the acute coronary syn-
drome. In addition to these studies, Chalikias et al proposed that 
it is the ratio of IL-18/IL-10 b [11] and not the individual levels 
that were found to be an independent predictor of adverse events 
[12]. IL – 6 has been shown to be more sensitive and specific as 
compared to CRP in vascular inflammation and elevated IL -6 
levels correlated with increased risk of future MI. It has been pro-
posed that IL-6 cause plaque instability by modifying TNF-alpha 
and monocyte chemoattractant protein-1(MCP-1) [13] Ridker et 
al showed that healthy individuals with higher interleukins had 
a higher chance to have future MI [14]. This again supports the 
role of cytokines in the initial stages of atherosclerosis. They also 
found IL – 6 to be an effective independent index of increased 
mortality in unstable CAD and is helpful in segregating patients 
who will be more benefitted by an invasive strategy. Similarly, 
IL6R signaling was shown to have a causal role in the pathogen-
esis and progression of coronary heart disease. SOLID TIMI-52 
[15] study revealed that patients with elevated interleukin-6 had 
poor outcomes independent of other risk factors and biomark-
ers. They also proposed that targeting IL-6 by novel therapeutic 
agents may create a paradigm shift in the management of pa-
tients with acute coronary syndrome. In CARE study; effects of 
elevated TNF-alpha after many months post MI were studied. 
They found that patients who are clinically stable but with ele-
vated TNF-alpha levels had recurrent coronary events indicating 
a role of the persistence of inflammatory in stability in such pa-
tients [16]. 

There has been scarce data comparing biomarkers levels 
between Non STEMI and STEMI patients. There was no difference 
in the level of CRP between group 1 and group 2patients. Though 
plaque rupture is proposed as the major mechanism responsible 
for acute coronary syndrome both in STEMI and NSTEMI, the 
inflammatory cytokines released in these disease processes may 
not be the same. Among patients with ACS, patients with STEMI 
had significantly elevated TNF- alpha levels and reduced levels 
of IL-6 as compared to patients with NSTEMI. No difference in 
the levels of IL-10 or IL-18 was observed. Similarly, the course of 
serum levels of such cytokines in patients with ACS is not stud-
ied in Indian patients. The median IL-6 levels were significantly 
higher in the non-STEMI group as compared to the STEMI ACS 
group and in healthy control. Previously IL-6 has been shown to 
have a strong association with MACE and clinical outcomes in of 
patients with AHF and/or ACS. The difference in IL-6 between 
patients with NSTEMI and STEMI might be attributed to si-
multaneous multiple plaque ruptures leading to many culprit le-
sions that have been described more commonly in patients with 
NSTEMI as compared to STEMI. Similar statistically significant 
variations between NSTEMI and STEMI groups were not seen in 
IL-18 levels; There was no significant difference in serum IL 18 
levels amongst Non-STEMI and STEMI patient which supports 
the study done by Mallat, Henry, Fressonnet et al. [11]. IL-18 de-
creased significantly over three days in both group 1 and group 
2. Though there was no difference in the levels of IL-10 between 
NSTEMI and STEMI patients, patients with NSTEMI showed a 
significant increase in the levels of IL-10 on day 3 as compared 
to day0. Studies have shown that IL-10 is capable of down-regu-
lating numerous inflammatory pathways that play an important 
role in the progression and stability of atherosclerotic plaque. We 
hypothesize that multiple simultaneous plaque rupture in such 
patients might have contributed to the stimulation of more re-
quirement of anti-inflammatory cytokine involvement. TNFα 
levels were found to be higher in patients with STEMI as com-
pared to NSTEMI. It decreased in STEMI patients while it did 
not show any change in patients with NSTEMI. This underlines 
the fact that patients with NSTEMI might have slow indolent on-
going inflammation as compared to patients with STEMI where 
anti-inflammation tries to overtake inflammatory cytokines. 
Previously, Heinisch et al showed persistently elevated TNF after 
15 days in patients with ACS as compared to stable angina and 
healthy controls [17]. They also found elevated CRP and IL-6 in 
patients with ACS as compared to stable angina and healthy con-
trols. Hence CAD may not be an inflammatory disease entirely 
but the pathogenesis of ACS revolves around inflammation. 
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NSTEMI and STEMI may follow different inflammato-
ry pathway as patients with STEMI had higher levels of TNF and 
lower levels of IL-6 as compared to NSTEMI. Our study supports 
the previous literature that IL-6, IL-18, and TNF –α might be 
used as markers in patients with acute coronary events in diag-
nosing them. Though it is very premature to conclude, a larger 
prospective study with sufficient sample size will be useful in 
the diagnosis and prognostication of such patients. It might also 
answer the finer difference between the pathogenesis between 
NSTEMI and STEMI.

Limitations of the study

  Limitations of our study include a small sample size. 
We did not study coexisting or prior viral infections, unidenti-
fied autoimmune diseases and other minor infections [18] that 
might affect the circulating cytokines level. We studied only a 
few cytokines but all of them are very important as compared 
to others. Recently IL-37 [18] has been found to be elevated in 
patients with ACS with poor prognosis. We have not attempted 
to compare different ratios amongst the participants. Effects of 
drugs like statin on such inflammatory cytokines has not been 
assessed. High dose statin therapy has been shown to decrease 
the level of inflammatory cytokines [19].

Conclusions 

 Our results suggest that ACS is associated with signif-
icant elevation of IL-6, IL-18, and TNF-alpha. This observation 
indicates that different patterns of inflammatory reactions are 
implicated in the pathophysiology of two clinical conditions 
(STEMI and NON-STEMI group). Serum levels of certain cy-
tokine might have some diagnostic value for ACS and can be a 
useful marker reflecting disease status.
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