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Introduction

Inflammation plays a key role in atherosclerosis, which leads to 
acute coronary syndrome (ACS) (1-3). The pro-inflammatory markers 
interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α) along 
with anti-inflammatory marker interleukin-10 (IL-10) are described 
as part of the inflammatory process in atherosclerosis (4). IL-2 and 
interleukin-2 receptor (IL-2R), which is expressed on the surface of 
lymphocytes, have key roles in the beginning of inflammation via 
their direct effects on T cells (5). Various studies have shown that the 
diffuseness of atherosclerosis and then the probability of coronary 

artery disease (CAD) can be predicted by studying the levels of in-
flammatory markers in healthy individuals (6, 7).

A series of studies have reported that infectious agents of low 
virulence, such as Chlamydia pneumoniae (CP), Helicobacter pylori 
(HP), and Cytomegalovirus (CMV), may play a role in the pathogenesis 
of atherosclerosis by affecting the coronary artery walls. These stud-
ies have claimed that these agents may directly induce inflammation 
in the arterial walls by mechanisms such as innate immunity, molec-
ular imitation, and autoimmunity (8-11).

The purpose of this prospective study was to assess the associ-
ation of inflammatory markers and the positivity of CP, HP, and CMV 
with the severity of atherosclerosis in patients with ACS.

The study was presented partially on 1st International Emergency Medicine Symposium, 13-15 April 2012, Baku, Azerbaijan. 
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Abstract
Aim: Inflammation and some infectious agents play a key role in acute coronary syndrome (ACS) caused by atherosclerosis. The purpose of this study was 
to assess the effects of inflammatory markers and the positivity of Chlamydia pneumoniae (CP), Helicobacter pylori (HP), and Cytomegalovirus (CMV) on the 
level of atherosclerosis in patients with ACS. 

Materials and Methods: Patients (57) that were referred to the emergency unit with classic angina symptoms or angina equivalent symptoms and were 
determined to have critical lesions in the coronary angiography (>70% stenosis, coronary artery disease (CAD) severity assessed by the Gensini score) were 
compared with 27 ACS patients who had no critical lesions in terms of procalcitonin (PCT), tumor necrosis factor-alpha (TNF-α), interleukin-2 receptor (IL-
2r), interleukin-6 (IL-6), and interleukin-10 (IL-10) levels and positivity of CP, HP, and CMV. Also, the two groups of ACS patients were compared in terms of 
cytokine levels measured at hours 0 and 48. 

Results: No significant association was found between the degree of the coronary lesion and the inflammatory and infectious agents. However, in patients 
with critical coronary lesions, as markers of inflammatory agents, the levels of IL-6 were significantly lower and levels of IL-10 were significantly higher 
(p<0.001 and p=0.030, respectively) at hour 48 than originally found at hour 0. 

Conclusion: There is no association between the severity of coronary lesions and cytokine levels and positivity of infectious agents in ACS since the levels of 
proinflammatory cytokines in ACS are higher than those in atherosclerosis. The changes in cytokine levels at hour 48 were found to be significant.
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Materials and Methods

Study population
The study included patients referring with angina symptoms 

and angina equivalent symptoms to the emergency department of 
a university hospital in the 6 month period between July 2011 and 
January 2012. The patients who had clinical, electrocardiographic 
(ECG) (concordant ST elevation >1 mm in leads with a positive QRS 
complex, concordant ST depression >1 mm in V1-V3, excessively dis-
cordant ST elevation >5 mm in leads with a negative QRS complex; 
Sgarbossa criteria), and echocardiographic (ECHO) findings (wall 
motion disorder), changes in cardiac markers, and critical lesions de-
termined by coronary angiography comprised the test group; and 
patients with no critical lesions found in coronary angiography com-
prised the control group.

Exclusion criteria
The cases with the following disorders, which might affect the 

obtained data (related to the infection and inflammation process), 
were excluded from the study: chronic renal insufficiency, hepatic in-
sufficiency, advanced cardiac failure, respiratory insufficiency, rheu-
matic disease, sepsis, and cancer or undergoing cancer therapy.

Study protocol
The following features of the patients were noted: age, sex, pulse 

rate, respiratory rate, average blood pressure, body temperature, histo-
ry of alcohol consumption and smoking, hyperlipidemia (HL), diabetes 
mellitus (DM), hypertension (HT); presence of CAD, cerebrovascular 
event (CVE) or coronary artery bypass graft operation (CABGO) surgery 
in the anamnesis; and presence of unstable angina pectoris (USAP) or 
acute myocardial infarction (AMI) at the time of referral. At the time of 
patients’ referral to the emergency unit, the following were tested and 
their levels were noted: white blood cells (WBC), creatine-kinase-MB 
fraction (CK-MB), troponin-I (TnI), procalcitonin (PCT), TNF-α, IL-2R, IL-6, 
IL-10, triglyceride (TG), cholesterol, low density lipoprotein (LDL), high 
density lipoprotein (HDL), international normalized ratio (INR), activat-
ed partial thromboplastin time (aPTT), CMV, HP, and CP. Likewise, after 
48 hours, the following were tested and their levels were noted: WBC, 
CK-MB, troponin-I, TNF-α, IL-2R, IL-6, and IL-10.

The criteria for HT was a blood pressure over 140/90 mm Hg after 
resting for at least 10 minutes or the presence of HT or history of anti-
hypertensive agent use; for DM, fasting blood glucose level over 126 
mg/dL or use of antidiabetic agents; and for HL, lipoprotein level over 
130 mg/dL or TG level over 200 mg/dL or use of hypolipidemic agents.

Venous blood specimens of 10 cc were taken from each patient 
at the time of referral and also after 48 hours. Complete blood count 
and cardiac marker tests were performed immediately after samples 
were taken; blood specimens to be tested for inflammatory markers 
were centrifuged and then kept at −80°C until the time of testing. All 
patients included in the study were informed about the investiga-
tion, and their consents were obtained. The study was begun after 
obtaining approval from the local ethics committee of Meram Medi-
cal Faculty (approval date and no: 24.02.2011 - 056).

Angiographic assessment of coronary artery disease severity
The anatomic severity was determined with a high-quality cine-

angiogram. The severity of the lesions in the arteries was measured 
and noted. A critical lesion was defined as 70% stenosis in at least 

one artery. The number of lesions and severity and anatomic local-
ization of the obstruction were assessed by the Gensini score (12). 
The angiographic examinations of the patients were performed by 
cardiologists who did not take part in the study.

Markers of inflammation
The inflammatory and cytokine profiles of the patients were de-

termined by laboratory staff who did not know of the patients’ an-
giograms. The presence of CMV-DNA (Artus™, GmbH, Hamburg, Ger-
many), HP-DNA (Artus™, GmbH, Hamburg, Germany), and CP-DNA 
(Artus™, GmbH, Hamburg, Germany) in the sera of both the test and 
control patients were assessed using the real-time polymerase chain 
reaction (PCR) method. The DNA material in the sera was extract-
ed with an automated DNA extraction device (EZ1 Advanced-XL™, 
Qiagen Instruments, Hombrechitkon, Switzerland) using DNA ex-
traction kits for C. pneumoniae and H. pylori (EZ1™ Bacteria Mini 
Kit V2.0, Qiagen GmbH, Hilden, Germany) and for CMV (EZ1™ Virus 
Mini Kit V2.0, Qiagen GmbH, Hilden, Germany). The DNAs were de-
termined with real-time PCR using a Rotor-Gene Q™ cycler (Qiagen, 
Hilden, Germany).

The assays for IL-2, IL-6, IL-10, and TNF-α (Seimens Healthcare Di-
agnostics Products Ltd., Lianberis, Gwynedd, UK) levels were carried 
out with the chemiluminescence method (Immulite1000™ Immuno-
assay System, Siemens Healthcare Diagnostics Ltd., NJ, USA). The pro-
calcitonin assays (Procalcitonin, Siemens Healthcare Diagnostics Inc., 
Tarrytown, NY, USA) were also performed with the chemilumines-
cence method (AdviaCentaur XP™ immunoassay System, Siemens 
Healthcare Diagnostics Inc., Tarrytown, NY, USA).

Statistical analysis
For statistical analysis, the Statistical Package for the Social Sci-

ences™ version 15.0 (SPSS Inc.; Chicago, IL, USA) software package 
was used. The quantitative variables were expressed as mean ± stan-
dard deviation and categoric variables as number of cases (%). All 
data were subjected to normality analysis. For the comparison of the 
test group with the control group, quantitative variables with normal 
distribution were compared with a Student’s t-test and quantitative 
variables with non-normal distribution with a Mann-Whitney U test. 
The categoric variables of the two groups were compared with the 
chi-square test and Fisher’s exact test. The patients’ variables depen-
dent on the change of markers with time were evaluated with t-tests 
(paired samples t-test).

Results

The study included 57 test and 27 control patients, a total of 84 
patients. Of the test and control patients, 46 (80.7%) and 11 (40.7%) 
were males, respectively. Male patients were significantly higher in 
the test group (p=0.006). The respective mean ages of the test and 
control groups were 64.67±11.63 and 61.04±13.44 and there was no 
significant difference (p=0.208). The demographic data of the test 
and control groups and the vital findings determined on referral are 
shown in Table 1. The rates of the presence of DM and HL and past 
CABGO were significantly higher in the test group than in the control 
group (p=0.012, p=0.006, and p=0.020, respectively).

The diagnostic distribution of all patients included in the study 
is shown in Table 2. The angiographic examination of the 84 patients 
showed the presence of stenosis varying between 20% and 70% in 
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the 27 cases that were not accepted as critical. The distribution of 
artery pathologies in the 57 patients that were found to have critical 
lesions in the angiography is also shown in Table 2.

The results of the biochemical and inflammatory markers of the 
test and control groups measured at the time of referral to the emer-
gency department are shown in Table 3. The CK-MB and Tn-I levels 
were statistically higher in the test group than those in the control 
group (p<0.001 and p=0.001, respectively). There was no significant 

difference between the test group and control group in terms of WBC 
and PCT values and lipid profile. 

When the two groups were compared, no statistically significant 
correlation was found between the levels of inflammatory markers 
IL-6, TNF-α and IL-2R and the level of anti-inflammatory marker IL-10. 
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Table 1. Demographic data and vital findings were compared in the 
test and control groups

  Control (n:27) Test (n:57) p

Age (y) 61.04±13.44 64.67±11.63 0.208

Sex M/F (n) 14/13 46/11 0.006* 

Demographic Data   

 CAD (%) 25.9 35.1 0.401

 DM (%) 3.7 31.6 0.012*

 HT (%) 40.7 59.6 0.105

 HL (%) 3.7 29.8 0.006*

 Smoke (%) 40.7 43.9 0.787

 Alcohol (%) 0 1.8 0.489

 Surgery (%) 0 17.5 0.020*

 CVE (%) 0 5.3 0.225

mAP (mm/Hg) 84.93±11.56 96.30±18.36 0.040*

Pulse (beats/min) 77.93±17.37 80.09±19.58 0.626

Fever (C°) 36.70±0.24 36.62±0.17 0.828

Respiratory rate  14.19±1.38 15.44±3.95 0.114 
(respiratory/min) 

CAD: coronary artery disease; DM: diabetes mellitus; HT: hypertension; HL: hyperlipi-
demia, CVE: cerebrovascular event, mAP: mean arterial pressure
*p<0.05 

Table 3. Markers of cardiac, inflammatory, and infection were com-
pared in the test and control groups

  Reference  Control Test 
  Values (n:27) (n:57) p

WBC (×109/L) 4-10 8.15±2.78 12.79±12.28 0.067

CK-MB (ng/mL) <5.5 2.00±1.52 52.20±88.25  <0.001*

Tn-I (ng/mL) <0.04 0.04±0.05 13.27±27.34  0.001*

PCT (ng/mL) <0.1 0.10±0.09 0.10±0.10 0.974

TNF-α (pg/mL) <8.1 1.92±9.13 3.23±9.98 0.676

IL-2r (IU/mL) 158-623 919±1711 704±549 0.523

IL-6 (pg/mL) 3.4-5.9 9117±16707 12847±18514 0.409

IL-10 (pg/mL) 1.5-9.1 61.08±154.45 25.59±7.66 0.239

TG (nmol/L) 35-160 185.88±160.92 161.60±138.32 0.490

Cholesterol (nmol/L) 140-200 183.88±52.41 177.98±47.10 0.617

LDL (nmol/L) 60-130 111.84±33.85 109.14±34.09 0.743

HDL (nmol/L) 30-80 35.84±12.20 35.57±9.12 0.913

INR 0.8-1.2 1.09±0.08 1.15±0.23 0.466

APTT (s) 23-35 25.48±4.51 29.47±5.98 0.138

CMV (%)  7.4 8.7 0.530

HP (%)  11.1 10.5 0.642

CP (%)  3.7 3.5 0.704

WBC: white blood cell; CK-MB: creatine-kinase-MB fraction; TnI: troponin I; PCT: procalci-
tonin; TNF-α: Tumor necrosis factor-α; IL-2r: interleukin-2 receptor; IL-6: interleukin-6; IL-10: 
interleukin-10; TG: triglyceride; LDL: low density lipoprotein; HDL: high density lipoprotein; 
INR: international normalized ratio; APTT: activated partial thromboplastin time; CMV: cyto-
megalovirus; HP: helicobacter pylori; CP: chlamydia pneumoniae 
*p<0.05 

Table 4. Comparison of inflammatory and cardiac markers of the pa-
tient group on referral to the emergency department and after 48 hours

  initial 48 hours  
  values later values p

IL-6 (pg/mL) 12847±18514 61±198 <0.001*

TNF-α (pg/mL) 3.23±9.98 4.29±13.88 0.667

IL-2r (IU/mL) 704±549 792±704 0.361

IL-10 (pg/mL) 25.59±7.66 32.72±15.02 0.030*

WBC (×109/L) 12.79±12.28 11.9±3.63  0.740

CK-MB (ng/mL)  52.20±88.25 14.17±16.19 0.041*

Tn-I (ng/mL) 13.27±27.34 21.31±22.41 0.047*

IL-6: interleukin-6; TNF-α: tumor necrosis factor-α; IL-2r: interleukin-2 receptor; 
IL-10: interleukin-10; WBC: white blood cell; CK-MB: creatine-kinase-MB fraction; TnI: 
troponin I
*p<0.05 

Table 2. Diagnostic distribution of the test and control groups, and 
coronary lesion severity distribution according to the coronary angi-
ographic evaluation

  n:84

Diagnosis

 -USAP (control) 27

 -USAP (test group) 6

 -NSTEMI 16

 -STEMI 35

Vessel Lesions < % 70 27

Vessel Lesions > % 70

 -single vessel 25

 -two vessels 17

 -three vessels 15

USAP: unstable angina pectoris; NSTEMI: non ST elevation myocard infarction; STEMI: 
ST elevation myocard infarction



Also, there was no statistically significant difference between the two 
groups in terms of serological positivity of CMV, HP, and CP. 

Comparison of inflammatory and cardiac markers of the patient 
group on referral to the emergency department and 48 hours later 
are shown in Table 4. In the patient group, the IL-6 levels measured 
at hour 48 were statistically lower than those measured at the time 
of referral, whereas the levels of IL-10 were found statistically higher 
(p<0.001 and p=0.030, respectively). There was no statistically signif-
icant change in the levels of IL-2R and TNF-α in terms of initial and 
hour 48 measurements.

Discussion

It has been shown that various inflammatory markers used to de-
termine cardiovascular risk are useful in the classification of risks, and 
can also be used in the determination of patients to benefit from in-
terventional therapy (13). Moreover, it has been found that the signif-
icant rise in the levels of inflammatory markers in ACS helps in predic-
tion of future cardiovascular risk (14). For instance, it has been claimed 
that monocyte procoagulant activity stimulated by IL-6 can cause an 
association between inflammation and thrombosis in patients with 
CAD (15). But in our study, we did not find such an association when 
we assessed the infection seropositivity and acute inflammatory re-
sponse in the acute stages in patients referring with suspected ACS. 
Also, we found no significant difference between patients with critical 
artery lesions and patients with no critical artery lesions in terms of 
inflammatory cytokine levels (IL-2R, IL-6, IL-10, and TNF-α).

Sukhija et al. (16), in their study of 249 ACS patients referring 
with chest pain and undergoing angiography, found no significant 
differences between the levels of IL-6 and TNF-α and the severity of 
atherosclerosis. 

Gotsman et al. (4), in their study of 119 patients undergoing 
angiography in a consecutive order, determined a significant asso-
ciation between the markers IL-6 and TNF-α and the severity of CAD. 
They observed that, with increasing severity of the arterial lesion, the 
levels of IL-6 and TNF-α show a significant rise. The authors deter-
mined a strong association between high cytokine levels and the de-
gree of atherosclerosis in the subgroup of patients with a stabile cor-
onary; but in the ACS subgroup, a weak association between TNF-α 
and atherosclerosis was found with no association between IL-6 and 
atherosclerosis. This situation is caused by the rise in proinflammato-
ry cytokine levels during acute coronary events, which leads to the 
rise in cytokine levels; and for this reason, an association between 
cytokine levels and severity of CAD cannot be established (4).

Heinisch et al. (17) compared 20 ACS patients (AMI and USAP) 
with 20 stabile angina pectoris (SAP) patients in terms of IL-6 and 
TNF-α levels and determined a significant rise in IL-6 and TNF-α lev-
els in the ACS group. Although they observed the IL-6 levels in ACS 
patients to be indeterminable after 15 to 30 days, they found a signif-
icant rise in the TNF-α levels of ACS patients after 30 days (17). When 
this situation was interpreted in light of former studies (7), it was 
claimed that TNF-α levels rise in the months following AMI and this 
rise increases the risk of coronary event recurrances (17).

In their study, Sakamoto et al. (18) divided 286 patients angio-
graphically assessed into two groups based on arterial lesions as the 
CAD group and a healthy control group. They found significantly 
higher levels of IL-2R in the CAD group than in the control group. 
Nijm et al. (19) compared a total of 65 CAD patients, which included 

20 patients diagnosed with ACS upon their referral and 45 patients 
of SAP determined to have significant stenosis in the angiography 
performed at the time of referral, with 45 healthy controls in terms 
of IL-2R and IL-10 levels and found no significant difference between 
the two groups. Hu and Hwang (20), in their study of AMI, USAP, 
SAP, and control groups (20 subjects in each), found significantly 
high levels of IL-6 and IL-10 only in the AMI group when compared 
with the control group. They determined no significant difference 
in TNF-α levels between AMI, USAP, and SAP groups, but significant 
levels of TNF-α in all these groups when compared with the control 
group. After one week, they found a significant decrease in IL-6 levels 
in the AMI group, but no changes in the levels of IL-10 and TNF-α 
(20). In our study, after 48 hours, we found a statistically significant 
decrease in IL-6 and significant increase IL-10 levels, but an insignif-
icant increase in TNF-α level. In the literature, heterogeneity among 
the compared groups, the difference in test repetition times, small 
study populations, the fact that they are single-centered studies, and 
inconsistency between the results obtained are insufficient to make 
concrete claims in this respect. Whenever possible, there is a need for 
multicentered studies with large populations among homogenous 
groups.

The non-specific and non-infectious stimulation of PCT is far 
lower when compared with the other markers of inflammatory re-
sponse. In local and systemic inflammation, successive monocytic 
activation is a prerequisite for PCT production (21-24). PCT serves as 
a chemo-attractant. Primarily, it is produced in coherent monocytes, 
but for more production, in the case of inflammation, it is produced 
by parenchymal cells in the inflammatory tissues. Peripheral blood 
mononuclear cells express PCT both on mRNA and protein levels. 
Lipopolysaccharides and various proinflammatory cytokines, such 
as IL-1β, IL-2, IL-6 and TNF-α, directly play an important role and in-
directly have pronounced stimulatory effects on the expression of 
PCT mRNA (24-27). In our study, we found no significant association 
between PCT levels and the severity of ACS. Likewise, Sinning et al. 
(28) reported a significant difference in PCT between patients with 
AMI and USAP and patients with SAP, but no such difference between 
AMI and USAP.

In our study, we assessed the test group and control group in 
terms of HP, CMV, and CP antibodies, but found no difference be-
tween the two groups. Likewise, Padmavati et al. (29) compared a 
group of CAD patients with the control group in terms of HP, CMV, 
and CP antibodies, and found no difference between the two groups. 
In a similar study, Mundkur et al. (30) found no difference between 
the CAD group and control group in terms of HP and CP antibodies, 
but a significant increase in CMV antibodies in the patient group. In 
a recent study, Nikitskaya et al. (31) showed that the amount of CMV 
viral DNA copies in the plasma of patients with ACS was higher than 
in healthy volunteers. Tabata et al. (32) found that HP-seropositivity 
and interleukin-1 polymorphisms were associated with higher levels 
of high-sensitivity C-reactive protein and elevated ST-segment eleva-
tion myocardial infarction risk.

When summarized, in the comparison of ACS patients with sta-
ble patients or healthy controls, there was a significant difference 
in terms of inflammatory markers, but no difference when AMI and 
USAP were compared. In the comparison of blood parameters deter-
mined after 48 hours, there was no apparent difference in the stable 
patients whereas there were important changes in the parameters of 
the ACS patients. Although the results of our study are compatible 
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with some of the other studies, we think that the number of patients 
in our study groups, the characteristics of the patients; no distinct 
separation in AMI, USAP, SAP, and healthy controls or uniting the 
mentioned disorder groups to form heterogeneous groups for com-
parison; and regional differences caused difficulty in drawing definite 
conclusions from the results obtained. 

Study limitations
This study included a limited number of patients. For this reason, 

the data obtained cannot be generalized. Also, since the test patients 
and control patients in the study were consecutive patients refer-
ring to our emergency department, there were differences between 
these two groups in terms of anamnesis and sex. How this situation 
affected the results is unknown.

Conclusion

The concept of inflammation in atherosclerosis has been increas-
ingly accepted and the proven role of inflammation in atherogenesis 
has attracted a lot of interest from investigators. At present, it is clear 
that the inflammatory process plays a key role, not only at the begin-
ning and progression of atherosclerosis, but also in the stabilization of 
the atherosclerotic plaque. Defining the cellular and molecular path-
ways of inflammatory cytokines in the formation of atherosclerosis 
has now become the main aim of studies for preventing atherosclero-
sis in cardiovascular diseases and developing strategies for its rever-
sal. Although our knowledge of vascular biology and clinical results of 
atherosclerosis has increased much in the last few years, the roles of 
inflammatory cytokines and the load of infectious pathogens in de-
termining the severity of coronary disease in acute coronary events 
have not been fully clarified due to different results obtained in vari-
ous studies. An association could not be established between the se-
verity of the coronary lesion and the cytokine levels because of the 
rise in inflammatory cytokine levels, independent of atherosclerosis in 
acute coronary events. On the other hand, in stable patients who were 
not in acute stress due to angina, an association between the cytokine 
level and severity of coronary lesion could not be determined. To de-
termine the association between control cytokine levels and coronary 
risk, further investigations with control coronary angiography and as-
sessment of cytokine levels performed over a long period of time after 
acute coronary syndrome are recommended.
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