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Introduction: Inflammation has been implicated in the development of atherosclerosis in 

patients with acute coronary syndrome. C-reactive protein is an established nonspecific prognostic 

inflammatory biomarker for patients with acute coronary syndrome in the medical literature. 

This has led to a concerted effort to identify circulating inflammatory biomarkers to facilitate 

predicting the risk for and diagnosing coronary artery disease in at-risk subjects. The objective 

of this study was to search after novel inflammatory biomarkers reported as useful for diagnos-

ing coronary artery disease.

Methods: The PubMed database was searched for reports published from January 1, 2000 

to June 30, 2012 of novel circulating biomarkers for coronary artery disease in addition to 

the established biomarker, C-reactive protein. The search terms used were “infarction”, 

“biomarkers”, and “markers”, and only original articles describing clinical trials that were 

written in English were included. All published articles were separately examined carefully 

after novel inflammatory markers for acute coronary syndrome. All irrelevant publications 

without content pertaining to inflammatory biomarkers for acute coronary syndrome were 

excluded from this study. Our results reflect all articles concerning biomarkers in humans.

Results: The PubMed search yielded 4,415 research articles. After further analysis, all relevant 

published original articles examining 53 biomarkers were included in this review, which identi-

fied 46 inflammation biomarkers useful for detecting coronary artery disease.

Conclusion: The emergence of diverse novel biomarkers for coronary artery disease has pro-

vided insight into the varied pathophysiology of this disease. Inflammatory biomarkers have 

tremendous potential in aiding the prediction of acute coronary syndrome and recurrent ischemic 

episodes, and will eventually help improve patient care and management.

Keywords: arteriosclerosis, biomarkers, coronary artery disease, myocardial infarction, 

inflammation, markers

Introduction
Motivated by the challenge of assessing risk in a heterogeneous population, and 

guided by advances in our understanding of the pathophysiology of atherosclerosis, 

investigators and clinicians remain interested in the development and application of 

novel biomarkers for risk stratification of patients with ST-segment elevation myo-

cardial infarction (STEMI), non-ST elevation myocardial infarction (NSTEMI), and 

unstable angina (UA).1

Coronary angiography must be performed as quickly as possible in patients 

at high risk, such as those with acute coronary syndrome (ACS). Clinical results 

can be optimized by combining coronary revascularization with aggressive medi-

cal therapy including antiplatelet agents, anticoagulants, and lipid-lowering drugs. 
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Although several large-scale randomized controlled trials 

have rapidly improved the evidence-based guidelines for the 

management of ACS, doctors often have difficulty determin-

ing which of the recommended therapeutic strategies to use 

in a particular case. These limitations have led investigators 

to search for circulating biomarkers that can accurately 

establish a diagnosis of coronary artery disease and thereby 

speed appropriate triage.2,3

The success and usefulness of biomarkers has inspired 

intense research in this field, resulting in the emergence of 

several novel, clinically useful biomarkers for ACS and, 

in turn, a search for circulating markers that will improve 

the early triage of patients with coronary artery disease and 

identify those most susceptible to ACS.2 Comparative evalu-

ation of newer biomarkers is necessary to determine which 

are most suitable for integration into present strategies.1

In addition, the weak associations of several newer 

markers with recurrent myocardial infarction (MI) indicate 

an urgent need for proper assessment of these relationships. 

Strategies that combine multiple biomarkers and thus reflect 

the contributions of diverse pathological effectors of ACS 

may be especially useful for enhancing risk assessment and 

more effectively targeting therapy.4

Several markers of acute MI (AMI) have been identified, 

but these markers have not been able to improve treatment 

outcomes because lack of adequate studies with positive 

results.5 Many of these inflammatory markers were not con-

sidered for routine use of risk evaluation for coronary artery 

disease because of a lack of measurement standardization, 

missing regularity in epidemiological results from prospective 

studies with endpoints, and failure of evidence that the novel 

biomarker adds to risk prediction over and above that already 

achievable through the use of traditional risk factors.6

Two strategies for improving the prognosis for ACS 

patients are currently under investigation: the evaluation of 

new families of compounds and the use of combinations of 

multiple biomarkers. Thus, a search for novel biomarkers 

for acute coronary heart syndrome was performed in order 

to evaluate the role of biomarkers in risk stratification of 

patients. Inflammatory mediators have emerged as promising 

predictors of the risk for ACS, and vascular inflammation 

reportedly plays a critical role in the pathogenesis of coronary 

artery disease.

This review is the first comprehensive survey of all 

inflammatory mediators reported to predict single or repeti-

tive ischemic episodes and their potential for contributing to 

defined biomarker profiles for assessing the risk for coronary 

artery disease.

Pathophysiology of coronary  
artery disease
A brief overview of the pathophysiology of coronary 

artery disease is necessary to explain the classification of 

inflammatory biomarkers (Figure  1). Understanding the 

pathophysiology of atherosclerosis and the molecular events 

implicated in the progression from subclinical to overt disease 

has facilitated the development of cardiovascular disease 

biomarkers.7,8

Arteriosclerotic lesions in the coronary vessels contain 

abundant macrophages that secrete lytic enzymes such as 

metalloproteinases. These macrophages are also associated 

with a reduction in smooth muscle thickness in coronary ves-

sels, low-grade stenosis, and thin fibrous cap. Plaque rupture 

releases soluble CD40 ligand (sCD40L), placental growth fac-

tor (PlGF), pregnancy-associated plasma protein A (PAPP-A), 

and adhesion molecules. The circulating levels of D-dimers, 

plasminogen activator inhibitor-1, and von Willebrand factor 

increase with thrombus formation. Albumin is released after a 

few hours after thrombus formation, but before the initiation 

of coronary ischemia. Myocardial necrosis is associated with 

the time-dependent release of myocyte components such as 

troponin, myoglobin, and creatine kinase–MB (CK-MB).9 

Both myocyte necrosis and intracoronary thrombus or distal 

microembolization of platelet microaggregates contribute to 

the level of troponin.10

Acute-phase response proteins
Coronary plaque disruption with consequent platelet aggre-

gation and thrombosis is the most important mechanism 

by which atherosclerosis leads to the acute ischemic syn-

dromes of UA, AMI, and sudden death.11 Inflammation is 

essential to the initiation, development, and progression of 

atherosclerosis. The association of increased serum levels of 

acute-phase proteins with the progression of atherosclerosis 

and occurrence of atherosclerosis-related adverse events, 

such as coronary artery disease and MI, has been well 

documented epidemiologically.12–31 These acute-phase protein 

markers include serum C-reactive protein (CRP), pentraxin 3 

(PTX3), amyloid A, homocysteine, and fibrinogen.12–45

C-reactive protein
Elevated concentrations of the acute-phase protein CRP 

have been reported in association with both UA and 

AMI.12–15 Liuzzo et al15 showed that CRP and serum amy-

loid A concentrations increase independently of myocardial 

cell injury in patients with UA. CRP has been shown to 

predict risk in a wide variety of clinical settings and has 
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incremental value over standard lipid screening for primary 

prevention.16–18 A recent analysis by Chew et  al19 showed 

that the CRP level predicts the risk for death or MI within 

30 days among patients undergoing percutaneous coronary 

intervention (PCI).20–22 CRP has been suggested to indicate 

generalized inflammation and participates directly and 

actively in both atherogenesis and atheromatous plaque 

disruption (Table 1).23–25 However, there is no strong evidence 

for the direct involvement of CRP in ACS.

Pentraxin 3
PTX3, an inflammatory biomarker involved in acute-phase 

responses in the blood, is believed to be more specific for vas-

cular inflammation than CRP. It is currently unclear whether 

Macrophages secrete metalloproteinases

Thin fibrous cap
Reduction in smooth

muscle thickness 
Low grade stenosis

Placental growth factor

Generation of plaque

Plaque rupture

sCD40 ligand

Pregnancy associated plasma protein A

Adhesion molecules

Thrombus formation

Thrombus formation

Final stage of coronary ischemia

Coronary artery

Albumin is released before initiation 
of coronary ischemia

D-dimers
Plasminogen activator inhibitor-1
von Willebrand factor

Figure 1 Pathophysiology of coronary artery disease.
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the association of PTX3 with adverse events in individuals 

with stable coronary artery disease is independent of kidney 

dysfunction. In subjects with stable coronary artery disease, 

higher PTX3 concentrations were associated independently 

of systemic inflammation with increased risk for all-cause 

mortality, cardiovascular events, and incident heart failure. 

Adjustment for the estimated glomerular filtration rate mod-

estly attenuated these associations, suggesting that future stud-

ies of PTX3 should adjust for kidney function (Table 1).33–36

Homocysteine
A recently published study evaluated the association between 

elevated serum homocysteine levels and elevated serum 

troponin I (TnI) levels as an alternative biomarker for myo-

cardial injury.37 In this cross-sectional study of patients with 

AMI, high serum homocysteine concentrations were associ-

ated with a high frequency of thrombosis; more significantly, 

an elevated plasma homocysteine level was positively associ-

ated with an elevated plasma TnI level. Therefore, the plasma 

level of homocysteine was related to the degree of myocardial 

injury as assessed by the plasma TnI level.37

Heart failure is an important determinant of the clinical 

outcome after AMI. The plasma homocysteine level was 

evaluated as a predictor of heart failure in patients with AMI 

in a series of patients with AMI without renal failure. The 

authors of this study noted that the serum homocysteine level 

may be related to the progression of heart failure in patients 

with AMI.38

Recent studies have shown elevated plasma homocysteine 

concentrations to be associated with higher risk for more 

Table 1 Acute-phase response proteins

Acute-phase response proteins

C-reactive protein Pentraxin 3 Homocysteine Amyloid A Fibrinogen

Origin Protein 
Liver

Protein 
Several cell types:  
mononuclear phagocytes,  
dendritic cells, fibroblasts,  
endothelial cells

Nonprotein amino acid 
Metabolic origin in the  
blood

Apolipoprotein 
Liver

Plasma glycoprotein 
Liver

Normal serum 
concentration

,5 mg/L 5–10 μmol/L ,15 μmol/L ,325 μg/L 180–400 mg/dL

Mean cut-off value .3.0 mg/L 1.71 ± 1.88 ng/mL; 
P = 0.001

20.2 ± 14.3 μmol/L; 
P , 0.001

.325 μg/L .450 mg/dL

Predicts Atherogenesis,  
atherosclerosis,  
unstable angina, acute  
myocardial infarction,  
death, recurrence of  
cardiovascular events

Vascular inflammation,  
STEMI, NSTEMI, angina  
pectoris, death, heart  
failure

Thrombosis, myocardial  
injury, heart failure,  
cardiovascular disease

ACS, NSTEMI,  
ventricular systolic  
dysfunction, death

Myocardial  
infarction, mortality

Clinical relevance Screening for primary  
prevention, diagnostic  
marker for CAD,  
prognostic marker  
for CAD

Vascular inflammation,  
diagnostic marker for  
CAD, prognostic marker  
for CAD

Cardiovascular risk NSTEMI in coronary  
artery disease,  
diagnostic marker  
for CAD, prognostic  
marker for CAD

Recurrence  
of myocardial  
infarction,  
prognostic marker  
for CAD

Statistical 
association between  
biomarker and 
myocardial infarction

OR = 3.68, 
95% CI = 1.51–8.99, 
P = 0.004

HR = 0.96, 
95% CI = 0.81–1.21

OR = 1.95, P = 0.038

Statistical association  
between biomarker  
and angina

HR = 1.09, 
95% CI = 0.98–1.20

OR = 1.86, P = 0.044

Statistical association  
between biomarker  
and CAD

OR = 2.05, 
95% CI = 1.56–2.54, 
P , 0.005

r = 0.213, P , 0.05

Statistical association  
between biomarker  
and death

RR = 1.9, 95%  
CI = 1.2–3.1

HR = 1.11, 
95% CI = 1.02–1.21

RR = 5.8, 
95% CI = 1.3–27.7

References 12–25 30–36 37–39 40–42 43–45

Abbreviations: STEMI, ST-segment elevation myocardial infarction; NSTEMI, non-ST-elevation myocardial infarction; ACS, acute coronary syndrome; CAD, coronary 
artery disease; OR, odds ratio; CI, confidence interval; HR, hazard ratio; RR, risk ratio; r, Pearson correlation coefficient.
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severe vascular disease. Furthermore, an elevated serum level 

of homocysteine has been shown to be a major predictor of 

cardiovascular disease. These results indicated a positive 

association between the serum level of homocysteine and the 

degree of coronary injury, and the results further suggested 

a role for homocysteine in the evaluation of cardiovascular 

risk in clinical practice (Table 1).39

Amyloid A
Elevated serum levels of CRP are believed to indicate higher 

risk for cardiovascular events in patients with ACS. However, 

amyloid A may be an important inflammatory biomarker for 

the detection of coronary artery disease, as well as a prog-

nostic factor. To elucidate this connection between amyloid 

A and CRP, Kosuge et  al40 examined patients with ACS. 

Elevation of the level of amyloid A was associated with 

cardiovascular events within 30 days after ACS regardless 

of the level of CRP. Therefore, amyloid A was a more useful 

predictor than CRP in these patients with ACS (Table 1).

This association between the plasma level of amyloid A 

and AMI was also examined in another study. The left ven-

tricular ejection fraction (LVEF) measured during follow-up 

was significantly lower in the high serum amyloid A group 

than in the low serum amyloid A group. Many complica-

tions such as cardiac rupture, carcinogenic shock, subacute 

thrombosis, and cardiac death occurred at significantly higher 

rates in the high serum amyloid A group than in the low 

serum amyloid group.41

The results showed that the amyloid A and high-sensitivity 

CRP (hs-CRP) levels were linked with a large number of car-

diovascular risk factors. In comparison with the other risk 

factors, the level of amyloid A was relatively well associated 

with coronary artery disease and was highly predictive of the 

risk for cardiovascular events within 3 years, while the level of 

hs-CRP was not associated with cardiovascular heart disease. 

In addition, the amyloid A level was a powerful predictor of 

adverse cardiovascular events.42

Fibrinogen
Fibrinogen plays a key function in platelet aggregation via 

the formation of fibrin and is a major determinant of plasma 

viscosity and erythrocyte aggregation. Both constitutively 

expressed and inducible fibrinogen are present during the 

acute-phase response. Some studies have found associations 

between elevated plasma fibrinogen levels and increased 

risk for coronary artery disease and MI.43,44 Although no 

agents specifically reduce fibrinogen levels, some agents 

that decrease the level of cholesterol or inflammation also 

decrease the level of fibrinogen. Polymorphisms in the 

human fibrinogen gene associated with elevated fibrinogen 

levels do not increase the risk for MI. These findings led to 

the discovery that fibrinogen is a biomarker for coronary 

artery disease.43,44

While several studies have found fibrinogen to be an 

independent risk factor for coronary artery disease,43,44 the 

significance of the fibrinogen level assessed during AMI 

for future fatal or nonfatal cardiovascular events remains 

controversial. To address this question, age, body mass 

index (BMI), systolic blood pressure, smoking history, 

ejection fraction, plasma levels of total cholesterol, triglyc-

erides, fibrinogen, and glucose, as well as white blood cell 

parameters were assessed in male patients with MI. The 

plasma fibrinogen level was the only independent predic-

tor of mortality and MI in this study. Moreover, both these 

results and other observations from recent studies suggest 

that evaluation of the fibrinogen level during MI could be 

useful for identifying patients at higher risk for future acute 

cardiovascular events (Table 1).45

Blood cells
Erythrocyte sedimentation rate
A very recent study examined the potential usefulness of the 

erythrocyte sedimentation rate as a supplemental marker for 

coronary artery disease. Patients with angina pectoris or MI 

who underwent coronary angiography were enrolled in the 

study, while patients without coronary artery disease served 

as a control group. The sensitivity and specificity of the eryth-

rocyte sedimentation rate for coronary artery disease were 

67.65% and 70.59%, respectively. Therefore, the erythrocyte 

sedimentation rate may be a helpful supplemental diagnostic 

test for coronary artery disease.46

Of the factors examined in another study, only eleva-

tion of the erythrocyte sedimentation rate was associated 

with higher rates of noncoronary artery disease death and 

nonfatal MI. Therefore, the erythrocyte sedimentation rate 

was a potent predictor of coronary artery disease mortality. 

The erythrocyte sedimentation rate may provide considerable 

information on the risk of death from coronary artery disease 

beyond that conveyed by the fibrinogen level (Table 2).47,48

Monocytes
The value of a coordinated inflammatory response in patients 

with STEMI has been neglected for years. Monocytes per-

form important functions in the inflammatory process in these 

patients; therefore, the relationship between the inflammatory 

roles of monocytes and MI was recently studied.49 This study 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Vascular Health and Risk Management 2013:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

440

Yayan

showed an association of a proinflammatory monocyte 

response characterized by high levels of classical monocytes 

with severe myocardial injury and poor functional outcome 

after STEMI. Further studies are required to investigate the 

biologic nature and therapeutic implications of this associa-

tion (Table 2).

Soluble CD40 ligand
The binding of the CD40 ligand (CD40L) to CD40 induces 

inflammatory processes that permit the secretion of proin-

flammatory cytokines. Elevated levels of CD40L have been 

found in patients with hypercholesterolemia and ACS. New 

data show that high levels of sCD40L predict cardiovascular 

disease (Table 2). Recent research into the possible influence 

of genetic variability on the regulation of CD40L and the 

inflammatory process in coronary artery disease is of great 

interest.50 Furthermore, various pharmaceutical experiments 

with statins, antihypertensive drugs, and antiplatelet agents 

have shown that modulation of the serum level of CD40L 

in patients with ACS is associated with positive outcomes. 

Further studies are required to elucidate the role of the 

CD40/CD40L system in the pathogenesis of coronary artery 

disease.

The blood CD40L levels of all patients were measured 

using an enzyme-linked immunosorbent assay. The serum 

concentration of CD40L was examined with respect to events 

such as recurrent MI, acute cardiac insufficiency, carcino-

genic shock, and death.51 However, elevated levels of CD40L 

in patients with ACS were not associated with a significantly 

increased risk for an in-hospital adverse event.

The serum level of CD40L was found to be higher 

in smokers, negatively associated with lung function, 

Table 2 Blood cells

Blood cells
Erythrocyte  
sedimentation rate

Monocytes Leukocytes Soluble CD40 ligand Neutrophils

Origin Red blood cells Stem cells in the 
bone marrow

Multipotent cells 
in the bone marrow

Platelets Stem cells in the  
bone marrow

Normal serum value ,10 mm in the 1st  
hour 
,20 mm in the 2nd  
hour

,0.8 × 109/L 
(2%–10% of white  
blood cells)

,5.9 × 109/L ,7,107 pg/mL 2.7–7.5 × 109/L

Mean cut-off value .10 mm in the 1st  
hour 
.20 mm in the 2nd  
hour

.0.8 × 109/L 
(2%–10% of white  
blood cells)

.8.2 × 109/L .7,107 pg/mL 6.7 × 109/L

Predicts CAD STEMI, left  
ventricular ejection  
fraction, infarct size,  
microvascular  
obstruction, poor  
functional outcome

Myocardial infarction,  
ischemic stroke

Cardiovascular disease,  
adverse events during  
the hospital stay,  
recurrence of  
myocardial infarction,  
ACS

Myocardial  
infarction, mortality, 
unstable angina

Clinical relevance CAD, diagnostic 
marker for CAD

Myocardial injury,  
diagnostic marker  
for CAD

Ischemic disease,  
diagnostic marker  
for CAD

Diagnostic marker  
for CAD, prognostic  
marker for CAD

Diagnostic marker  
for CAD, prognostic 
marker for CAD

Statistical association  
between biomarker  
and myocardial infarction

HR = 0.96, 
95% CI = 0.81–1.21

RR = 1.56, P , 0.001 OR = 1.66,  
95% CI = 0.56–4.87

Statistical association  
between biomarker  
and angina

HR = 1.09, 
95% CI = 0.98–1.20

Statistical association  
between biomarker 
and CAD

95% CI = 42.34–59.14 
67.65% sensitivity;  
70.59% specificity

95% 
CI = 42.34%–59.14%

Statistical association  
between biomarker  
and death

OR = 3.3; P , 0.01 HR = 1.11, 95%  
CI = 1.02–1.21

RR = 1.51, P , 0.001 HR = 2.47,  
95% CI = 1.63–3.72

References 46–48 49 53–56 50–52 57–59

Abbreviations: STEMI, ST-segment elevation myocardial infarction; ACS, acute coronary syndrome; CAD, coronary artery disease; HR, hazard ratio; CI, confidence 
interval; RR, risk ratio; OR, odds ratio.
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and positively associated with both total cholesterol and 

biomarkers of inflammation, but not with other common 

cardiovascular risk factors. In addition, the geometrical mean 

levels of CD40L were similar between the control group and 

patients with MI. Therefore, CD40L was related to various 

inflammatory biomarkers and was not an independent bio-

marker for the risk of MI.52

Leukocytes
Leukocytosis is often caused by infection or inflammation, 

while diseases of the bone marrow are much rarer but more 

problematic causes. The bone marrow responds to inflam-

mation or infection by releasing leukocytes; physical and 

psychological stress can also cause leukocyte release, as can 

corticosteroids, lithium, and beta agonists. Allergic reactions 

specifically increase eosinophil or basophil counts. Marrow 

diseases should be considered first in cases of leukocytosis. 

Weight loss; hemorrhage; hematomas; liver, spleen, or 

lymph node enlargement; and immunosuppression increase 

the index of suspicion for a marrow disorder. The majority 

of bone marrow diseases are classified as acute leukemia, 

chronic leukemia, or myeloproliferative disease. While acute 

leukemia is usually diagnosed in the acute phase, chronic 

leukemia is often discovered only incidentally (Table 2).53

Leukocytes were examined as a marker for coronary 

artery disease in patients with ischemic stroke, MI, or periph-

eral arterial disease. The patients were randomized to receive 

aspirin or clopidogrel, and their incidence rates of ischemic 

stroke, MI, and vascular death were compared. The number of 

neutrophils was the greatest contributor to the increased risk. 

Treatment with aspirin versus clopidogrel did not influence 

the predictive value of the leukocyte count. The number of 

leukocytes became elevated significantly over the upper limit 

of the reference range 1 week before the recurrent event.54 

This study found that the levels of leukocytes and especially 

neutrophils were independently associated with ischemic 

circulatory disorders in this high-risk patient population, and 

that an elevated leukocyte count indicated increased risk for 

an ischemic event for the following 1 week.

The relationship between leukocytes and N-terminal 

pro-brain natriuretic peptide (NT-proBNP) and its prognostic 

significance was studied in patients with ACS. Statistical 

analysis showed no statistically significant association between 

the leukocyte count and ACS, although high leukocyte counts 

were often found in patients with elevated NT-proBNP levels. 

Further studies are required to clarify this issue.55

Human leukocyte antigens (HLAs) are located on the 

surface of leukocytes. HLAs serve for presentation of antigen. 

The association between HLA type and cardiovascular 

disease was examined in large cohorts of patients with AMI 

and healthy controls. This study showed that associations 

between HLA-DRB1 and DQA1 loci and coronary artery 

disease exists. The HLA-DRB1 and DQA1 were detected 

with an increased risk for AMI.56

Neutrophils
Neutrophils are involved in thrombus formation. Specific 

features of neutrophil activation were compared among 

patients with ACS, stable angina, and systemic inflammatory 

diseases. Neutrophils are rapidly released into the circula-

tion during periods of acute stress, such as trauma or AMI. 

Increased neutrophil counts have been hypothesized to add 

incremental value to the early diagnosis of and stratification 

of risk for AMI. A prospective, observational, multicenter 

study investigated the diagnostic accuracy of a combination 

of the neutrophil count and level of TnT in patients with 

symptoms suggestive of AMI. It was noted that the neutrophil 

count does not improve the rate of early diagnosis of AMI in 

patients presenting with chest pain, but does identify patients 

at increased risk for death.57

The myeloperoxidase (MPO) content of circulating neu-

trophils was determined by flow cytometry in patients with 

ACS, chronic stable angina, and inflammation due to either 

noninfectious, infectious, or autoimmune disease. A complete 

MPO depletion was observed during the first 4 hours after 

the onset of symptoms in neutrophils in patients with STEMI 

and of those with NSTEMI, respectively – a phenotype not 

observed in any other group of patients. MPO depletion was 

associated with platelet activation, as indicated by P-selectin 

expression, activation, and transactivation of leukocyte 

β2-integrins, and the formation of platelet–neutrophil and 

platelet–monocyte aggregates. ACS, like other systemic 

inflammatory syndromes, is characterized by intense neu-

trophil activation. In the very early phase of AMI, only a 

subpopulation of neutrophils is massively activated, possibly 

via platelet-P selectin interactions. This paroxysmal activa-

tion could contribute to occlusive thrombosis.58

The role of inflammation was investigated by measuring 

the activation of circulating platelets and neutrophils by inflam-

matory processes, as indicated by expression of P-selectin in 

platelets and CD11b in neutrophils, and by the formation of 

neutrophil–platelet aggregates, by flow cytometry, in antico-

agulated peripheral venous blood from patients with UA and 

stable angina. The authors59 found that the circulating levels 

of activated platelets and neutrophils were elevated in patients 

with UA, especially during the acute phase. These findings 
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also suggest the known fact that thrombus formation occurs 

after the rupture of atherosclerotic plaques and the subsequent 

induction of inflammation (Table 2).59

Biomarkers of plaque instability
AMI is caused by plaque erosion and rupture. Markers of 

plaque instability may be useful in the early diagnosis of 

AMI and the risk stratification of patients. Four biomarkers 

of plaque instability – MPO, myeloid-related protein 8/14 

(MRP-8/14), PAPP-A, and CRP – were examined in consecu-

tive patients who presented with acute chest pain, and their 

levels were compared with those of healthy subjects and sub-

jects with high-sensitivity cTnT (hs-cTnT). Interestingly, the 

concentrations of all biomarkers were significantly increased 

in patients with AMI in this study; however, these concen-

trations were smaller than hs-cTnT. The concentrations of 

MPO, MRP-8/14, and CRP were increased in the deceased. 

Therefore, biomarkers of plaque instability predicted all-

cause mortality with moderate precision in this study.60

Myeloperoxidase
Activation of neutrophils leads to the release of MPO, which 

is regarded as a marker for plaque vulnerability in patients 

with ACS. The association between MPO and ACS has been 

clarified in several published studies.60–62

The level of MPO in patients with STEMI treated by 

PCI has not yet been established as a prognostic factor for 

coronary artery disease. Therefore, a study was conducted in 

patients with STEMI who had undergone primary PCI. The 

plasma MPO level independently predicts in-hospital mortal-

ity in patients with STEMI treated by PCI (Table 3).63

Myeloid-related protein 8/14
Elevation of the concentration of MRP-8/14  in apparently 

healthy individuals is associated with higher risk for future 

cardiovascular events, but this parameter has not been assessed 

for prognostic significance in patients with ACS. A nested 

case-control study examined the risk of cardiovascular death 

or MI in relation to the level of MRP-8/14 measured 30 days 

after an episode of ACS. MRP-8/14 was found to be a useful 

biomarker of platelet and inflammatory disease activity asso-

ciated with atherothrombosis, and it may also be a promising 

novel target for therapeutic intervention (Table 3).64

PAPP-A
PAPP-A is a high-molecular-weight zinc-binding metal-

loproteinase. Bonaca et al65 investigated the usefulness of 

Table 3 Biomarkers of plaque instability

Biomarkers of plaque instability

Myeloperoxidase Myeloid-related  
protein 8/14

Pregnancy- 
associated plasma  
protein A

Soluble lectin-like  
oxidized low-density  
lipoprotein receptor-1

Origin Hemoprotein stored in 
neurophil granules

Protein produced in  
myeloid cells

Metalloproteinase of  
placental origin

Cell-surface receptor in  
vascular endothelial cells

Normal serum concentration ,840 pmol/L 1.9–2.8 mg/L ,6.0 μIU/mL ,91.0 pg/mL
Mean cutoff value .840 pmol/L .5.6 mg/L .6.0 μIU/mL .91.0 pg/mL
Predicts STEMI, in-hospital mortality Recurrence of  

cardiovascular events,  
myocardial infarction, death

ACS, NSTEMI, death STEMI, NSTEMI, ACS

Clinical relevance In-hospital mortality, 
diagnostic marker for CAD,  
prognostic marker for CAD

Recurrence of myocardial  
infarction, prognostic  
marker for CAD

Recurrence of NSTEMI,  
prognostic marker  
for CAD

STEMI, NSTEMI, 
diagnostic marker  
for CAD

Statistical association  
between biomarker and  
myocardial infarction

P = 0.020 HR = 1.82, 
95% CI = 1.22–2.71,  
P = 0.003

P , 0.0001 
89.6% sensitivity, 
82.4% specificity

Statistical association between  
biomarker and angina

HR = 1.94,  
95% CI = 1.07–3.52,  
P = 0.027

Statistical association between  
biomarker and CAD
Statistical association between  
biomarker and death

OR = 3.88,  
95% CI = 1.13–13.34,  
P = 0.031

OR = 2.1, 
95% CI = 1.2–3.8

HR = 2.01,  
95% CI = 1.43–2.82,  
P , 0.001

References 60–63 64 65,66 68,69

Abbreviations: STEMI, ST-segment elevation myocardial infarction; ACS, acute coronary syndrome; NSTEMI, non-ST-elevation myocardial infarction; CAD, coronary 
artery disease; HR, hazard ratio; CI, confidence interval; OR, odds ratio.
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PAPP-A for assessing the risk for subsequent cardiovascular 

events in patients with ACS. PAPP-A was independently 

associated with recurrent cardiovascular events in patients 

with ACS. This finding supported the potential usefulness of 

PAPP-A as a biomarker in patients with ACS. Another study 

has suggested PAPP-A to be a predictor of mortality or MI 

in patients with ACS.66

While biomarkers of plaque instability did not appear 

useful for the early diagnosis of AMI, they may provide 

some incremental value in the risk stratification of patients 

with acute chest pain (Table 3).60

hs-cTnT with MPO and PAPP-A
Khan et al67 compared the accuracies for the early diagno-

sis of AMI of the levels of hs-cTnT, MPO, and PAPP-A 

measured at the time of presentation to the emergency 

department. The level of hs-cTnT performed better than 

those of MPO and PAPP-A for the early triage and diag-

nosis of AMI among patients with coronary artery disease 

presenting with ACS.

Soluble lectin-like oxidized low-density  
lipoprotein receptor-1, sLOX-1
Measurement of the typical cardiospecific cardiac enzymes 

for the diagnosis of MI is often not very informative due 

to lack of secretion of these enzymes. The known cardiac 

enzymes include CK-MB, troponins, myoglobin, and 

heart-type fatty acid-binding protein (H-FABP). A new 

marker of plaque vulnerability, soluble lectin-like oxidized 

low-density lipoprotein receptor-1 (sLOX-1), was recently 

analyzed in comparison with other markers during the early 

stages of STEMI. The serum level of sLOX-1 predicted 

early STEMI more precisely than the levels of H-FABP, 

myoglobin, TnT, and CK-MB.68

Biomarkers of cardiac injury, such as TnT, are used 

to diagnose acute ACS. However, biomarkers for plaque 

instability may be more useful for diagnosing ACS in 

the early stages of MI. sLOX-1 seems to be essential 

to the pathogenesis of atherosclerotic plaque rupture 

and the onset of ACS. sLOX-1 is liberated by proteolytic 

cleavage. The serum level of sLOX-1 was significantly 

higher in patients with ACS than in the control subjects 

and was associated with ACS according to multivariable 

logistic regression analysis. The sLOX-1 level could also 

differentiate patients with ACS without ST elevation or 

abnormal Q waves and those with ACS without TnT eleva-

tion, from patients without ACS, with 91% sensitivity and 

83% specificity. In patients with ACS, sLOX-1 identified 

coronary artery disease earlier than did TnT. These results 

suggest that sLOX-1 is a useful biomarker for coronary 

artery disease (Table 3).69

Substances involved in lipid 
metabolism
Lipoprotein-associated phospholipase A2
Lipoprotein-associated phospholipase A (Lp-PLA)2 (also 

known as platelet-activating factor acetylhydrolase) is an 

enzyme that is secreted into the bloodstream by inflamma-

tory cells. Most circulating Lp-PLA2 is bound to low-density 

lipoprotein (LDL) and hydrolyzes oxidized phospholipids 

therein. This enzyme is also known to be atherogenic. 

Accordingly, a clinical study of patients with ACS showed 

that coronary angioplasty to remove coronary artery stenosis 

was associated with reduction in the plasma Lp-PLA2 level, 

suggesting that Lp-PLA2 could be a marker for ACS.70 

Lp-PLA2 is a vascular-specific inflammatory enzyme, and 

elevated Lp-PLA2 activity is associated with cardiovascular 

events. One study of patients with ACS who had undergone 

successful PCI precisely determined the plaque volume in 

non-culprit sites of PCI for lesions by grayscale intravascular 

ultrasound both at the time of onset and after 6 months. The 

associations among plaque volume, lipid profiles, and Lp-

PLA2 levels were subsequently analyzed.70

The relationship between Lp-PLA2 and endothelial 

dysfunction, an early manifestation of atherosclerosis, 

was examined in another cohort study that enrolled sub-

jects without known clinical cardiovascular disease. In 

summary, Lp-PLA2 was not associated with endothelial 

dysfunction, suggesting that its role in the development 

of atherosclerosis is primarily related to other, unspeci-

fied factors.71

The association between circulating Lp-PLA2 and 

vascular disease is independent of other risk factors. The 

Lp-PLA2 activity and mass, lipid content, and additional 

characteristics were measured at baseline and during follow-

up of 5 years in a randomized trial of subjects at high risk 

for developing vascular disease who were treated with sim-

vastatin. In summary, the association between Lp-PLA2 and 

occlusive coronary events depended considerably upon lipid 

levels, whereas those between Lp-PLA2 and other cardiac 

events appeared to reflect confounding variables associated 

with cardiovascular medication and prior vascular disease 

(Table 4).72

Many studies have been published on the role of Lp-

PLA2  in atherosclerosis.71,72 Mallat et  al73 also reported a 

positive association between high plasma levels of Lp-PLA2 
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Table 4 Substances involved in lipid metabolism

Substances involved in lipid metabolism
Lipoprotein-associated  
phospholipase A2

Lysophosphatidylcholine Galectin-3

Origin Inflammatory enzyme expressed  
in atherosclerotic plaques

Proinflammatory biomarker released  
by lipoprotein-associated phospholipase  
A2, variants 16:0, 18:0, 18:1

Macrophages, vascular 
endothelium

Normal serum concentration ,235 ng/mL 1.6–10 mg/mL 
2:1

,2.6 ng/mL

Mean cutoff value .235 ng/mL .10 mg/mL 27.75 ng/mL
Predicts Atherosclerosis, ACS,  

cardiovascular disease, ischemic  
stroke

Atherosclerosis, cardiovascular disease Atherosclerosis, coronary  
artery disease, heart failure; 
associated with the number 
of affected coronary vessels

Clinical relevance Atherosclerosis, diagnostic  
marker for CAD

Prevention of cardiovascular disease,  
diagnostic marker for CAD, prognostic  
marker for CAD

CAD, diagnostic marker  
for CAD, predicting  
severity of CAD

Statistical association  
between biomarker and  
myocardial infarction

HR = 1.11, 95% CI = 1.04–1.18

Statistical association between  
biomarker and angina

P , 0.001

Statistical association between  
biomarker and CAD
Statistical association between  
biomarker and death

HR = 1.01, 95% CI = 0.94–1.09

References 70–73 74 75

Abbreviations: ACS, acute coronary syndrome; CAD, coronary artery disease; HR, hazard ratio; CI, confidence interval.

and risk of coronary events. The role of Lp-PLA2 in athero-

sclerosis and cardiovascular risk still remains unclear.

Lysophosphatidylcholine
The level of lysophosphatidylcholine (lysoPC), a proinflam-

matory biomarker that is released in vitro but also in vivo 

by Lp-PLA2, was examined with respect to the severity of 

inflammation in atherosclerotic plaques by Gonçalves et al.74 

Lp-PLA2 hydrolyzes LDL-oxidized phospholipids to produce 

lysoPC. Elevated plasma Lp-PLA2 was associated with higher 

cardiovascular risk and inhibition of Lp-PLA2 with a reduction 

in atherosclerosis. Inflammatory activity in carotid plaques 

from patients was studied immunohistochemically and by 

analysis of cytokines in homogenates using a multiplex immu-

noassay. Elevated levels of lysoPC and Lp-PLA2 correlated 

with high levels of plaque-associated macrophages and lipids 

and with a small smooth muscle cell component, while the 

level of lipophospatidic acid (LPA) was associated only with 

the number of plaque-associated macrophages. The relation-

ships among Lp-PLA2, lysoPC, LPA, and proinflammatory 

cytokines in carotid plaques suggest that lysoPC is involved in 

plaque inflammation and vulnerability. These results validated 

inhibition of Lp-PLA2 as a promising approach to the preven-

tion of cardiovascular disease (Table 4).

Galectin-3
Galectin-3 is a mediator of infection and inflammation 

controlled by macrophages and the vascular endothelium. 

As galectin-3  mediates the inflammatory process, it may 

be linked to the development of the atherosclerosis compo-

nent of coronary artery disease. Remarkably, patients with 

three-vessel coronary artery disease had higher serum con-

centrations of galectin-3 than those with one- or two-vessel 

coronary artery disease. The significantly elevated serum 

levels of galectin-3 observed in patients with UA in this 

study support the role of galectin-3 in supporting macrophage 

stimulation and monocyte activity. The similar incidence 

rates of coronary artery disease in patients with acute and 

chronic coronary artery disease can be disregarded.75

Proinflammatory cytokine markers: 
interleukins
Interleukin-6
Interleukin (IL)-6 is a key mediator of the inflammatory 

process. It is also associated with rheumatoid arthritis and 

its activity may be controlled by the IL-6 receptor (IL-6R). 

The effects of the IL-6R and IL-6ST/gp130 genes on the 

risk for cardiovascular disease in patients with rheumatoid 

arthritis were assessed in patients with rheumatoid arthritis 
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who were genotyped for the functional gene polymorphisms. 

In summary, no association was evident between the poly-

morphisms of IL genes and cardiovascular disease in subjects 

with rheumatoid arthritis.76

Coronary plaque rupture is linked with a systemic inflam-

matory response. Van Diepen et al77 studied the relationships 

between the baseline level of NT-proBNP and the baseline 

levels of biomarkers of inflammation and myonecrosis. In 

patients with STEMI treated by primary PCI, the baseline 

level of NT-proBNP was slightly associated with the level 

of the proinflammatory cytokine IL-6. This association 

remained significant in patients without heart failure. These 

findings confirmed the hypothesis that systemic inflamma-

tion may influence NT-proBNP expression independently 

of myocardial stretch.

Fan et  al78 conducted a prospective cohort study of 

patients with STEMI in which they recorded all clinical 

data as well as the serum levels upon admission of IL-6, 

soluble intercellular adhesion molecule-1, soluble vascular 

cell adhesion molecule-1, and soluble P-selectin. This study 

showed that high levels of IL-6 could predict mortality due 

to MI, but that soluble adhesion molecules do not predict 

cardiovascular mortality.

Interleukin-10
IL-10 is an immunoregulatory cytokine. This small cell-

signaling protein is produced by a variety of cell types, such 

as macrophages and activated monocytes. These signaling 

molecules regulate many anti-inflammatory, antithrombotic, 

and antiatherosclerotic processes. In addition, patients with 

ACS have been shown to have lower levels of IL-10 than those 

with stable angina pectoris. Therefore, many researchers have 

suggested that IL-10 protects against both atherogenesis and 

plaque vulnerability. Two different studies have examined 

the predictive value of the IL-10 level in patients with ACS, 

with discordant results: one study found that low levels of 

IL-10 predicted different outcomes, and another showed that 

elevated levels predicted poor outcomes.79,80 The prospective 

study by Cavusoglu et al79 aimed to explore the long-term 

predictive value of the baseline IL-10 level in patients with 

ACS. These results clearly show that regardless of the 

biologic plausibility of any cardioprotective function for 

IL-10, a high baseline plasma level of IL-10 is a strong and 

independent predictor of long-term adverse cardiovascular 

events in patients with ACS.

The circulating level of IL-10 demonstrated few strong 

associations with classical risk factors, but correlated posi-

tively with the levels of IL-6 and CRP. After adjustment for 

classical risk factors and the level of CRP, the IL-10 level 

remained positively associated with the risk for cardiovas-

cular disease events. Furthermore, IL-10 was more strongly 

associated with risk for cardiovascular disease in subjects 

with no previous history of cardiovascular disease than 

in subjects with a prior history of cardiovascular disease. 

Overall, IL-10 showed a modest superiority over classical 

risk factors. The baseline circulating level of IL-10 was posi-

tively associated with the risk for developing cardiovascular 

disease in elderly subjects without prior history of cardio-

vascular disease, but this association was less evident in 

subjects with a history of cardiovascular disease. Additional 

epidemiological and mechanistic studies to investigate the 

role of IL-10 in the development of cardiovascular disease 

are warranted.80

Interleukin-13, interleukin-17, and interleukin-18
As described earlier, cytokines play important roles in the 

pathogenesis of cardiovascular diseases. A previous pub-

lished study analyzed the plasma levels of IL-13, IL-17, and 

IL-18 in patients with coronary artery disease and explored 

their relationships with established risk factors. The fre-

quency of participants with detectable levels of IL-13 was 

significantly higher in the control group than in the STEMI 

group or in the total population of patients with coronary 

artery disease. The mean plasma levels of IL-17 were sig-

nificantly higher in the STEMI and UA groups than in the 

control group. In addition, the mean plasma level of IL-18 

was significantly higher in the UA group than in the control 

group. The mean plasma level of IL-18 was higher in the 

total population of coronary artery disease patients without 

a common risk factor, as well as in the subgroups without 

hypertension, dyslipidemia, diabetes, or a history of smok-

ing than in the control group. These outcomes revealed that 

elevated plasma levels of IL-17 and IL-18 were related to 

coronary artery disease. The presence or absence of various 

established risk factors for coronary artery disease could 

influence the plasma levels of these cytokines.81 These dis-

coveries might enhance the predictive values of inflammatory 

cytokines for coronary artery disease and also help in the 

development of new therapeutic strategies.

Interleukin-27
A previously published study aimed to examine the plasma 

level of IL-27 in patients with coronary artery disease to deter-

mine its association with common risk factors for coronary 

artery disease. The mean plasma level of IL-27 was signifi-

cantly higher in the AMI and UA groups than in the control 
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group. The mean plasma level of IL-27 was significantly higher 

in patients with coronary artery disease, with or without com-

mon risk factors such as hypertension, dyslipidemia, diabetes, 

and a history of smoking, than in the control group. These 

findings showed that elevation of the plasma level of IL-27 is 

related to coronary artery disease. The presence or absence of 

certain traditional risk factors for coronary artery disease did 

not influence the serum level of this cytokine.82

Soluble ST2 and interleukin-33
Soluble ST2 is a biomarker of biomechanical loading; IL-33 

is a natural ligand for ST2. These potential biomarkers for 

coronary artery disease have been analyzed in patients 

with NSTEMI. Their relationships with major adverse car-

diac events (MACE), both combined and separately, were 

examined in unselected patients using the Global Registry 

of Acute Coronary Events (GRACE) Risk Scoring score and 

the level of NT-proBNP as benchmarks for comparison. The 

ST2 level was higher in patients who experienced MACE 

than in event-free survivors, while the IL-33 level did not 

differ significantly between these groups as of the end of 

the study. Multivariate Cox regression analysis showed an 

elevated level of ST2 to be independently associated with 

higher long-term risk for MACE. This relationship persisted 

after adjustment for either the GRACE risk score or the 

NT-proBNP level individually, but not after adjustment for 

both benchmarks. The ST2 level also predicted recurrent 

infarction and 30-day mortality individually. Moreover, com-

bining the ST2 level with the GRACE score or NT-proBNP 

level did not significantly change the c-statistic for MACE 

for long-term follow-up or the net reclassification index. 

Neither the IL-33 level nor the IL-33:ST2 ratio was related 

to the study endpoints. An elevated level of ST2 predicts 

unfavorable outcomes in patients with NSTEMI, but does 

not significantly change the risk stratification by accepted 

biomarkers. In addition, the level of IL-33 was not associ-

ated with adverse events.83

IL-33, a cytokine in the IL-1 family, was neglected 

in medical science until recently. Unlike other cytokines 

such as IL-1α, IL-1β, and IL-18, IL-33 stimulates mainly 

T helper type 2 (Th2)-skewed immune responses, meaning 

that its activity is generally anti-inflammatory. Neverthe-

less, depending on the existing cytokine and cellular milieu, 

IL-33 can support both Th1 and Th2 immune responses. 

IL-33 is considered important mainly for cardiology and 

surgery, and appears to be the formerly unidentified ligand 

of the orphan receptor ST2.84 Before it was linked to IL-33, 

the ST2  sensory receptor (the membrane-bound isoform, 

which has been ignored in favor of the soluble isoform) was 

regarded to be unusable for predicting MI or heart failure, 

or for identifying patients with trauma or septic shock.84 The 

authors now acknowledge that IL-33, when bound to the cel-

lular membrane-anchored ST2 L isoform of ST2, can have 

several beneficial effects as described above.

Interleukin-18
Another study aimed to survey the plasma level of IL-18 in 

patients with coronary artery disease and type 2 diabetes 

mellitus, and to associate it with the clinical findings. The 

control group consisted of age-, BMI-, lipid-, and smoking 

status-matched healthy individuals. Age, BMI, grade of heart 

failure, and ejection fraction were similar between patients 

with coronary artery disease with and without diabetes. The 

duration of coronary artery disease, frequency of history of 

previous MI, and PCI or instability of angina did not differ 

between the groups. The plasma level of IL-18 was higher in 

the patients with coronary artery disease than in the control 

group. The patients with coronary artery disease and diabetes 

mellitus had higher concentrations of IL-18 than those with 

coronary artery disease without diabetes. The patients with 

diabetes with triple-vessel coronary artery disease exhibited 

higher levels of IL-18 than those with the same level of 

coronary artery disease but without diabetes. In addition, 

smoking was associated with a higher concentration of IL-18, 

especially in the patients with diabetes. Patients with three-

vessel coronary artery disease who were smokers had higher 

serum levels of IL-18, which accounts for their vulnerability 

to death and unexpected recurrent MI. These patients should 

be managed more strictly for the prevention of cardiovascular 

disease.85

Interleukin-1 receptor antagonist
IL-1 receptor antagonist (IL-1Ra) levels are elevated before 

the onset of disease in patients with STEMI and often promote 

liberation of the markers of necrosis. Nonetheless, IL-1Ra 

levels are not related to infarct size or medical prognosis in 

such patients. The relationships between the IL-1Ra levels 

measured in the emergency department, as well as the degree 

of myocardial necrosis and prognosis in patients with STEMI, 

were evaluated prospectively. The maximal levels of creatine 

kinase (CK) and CK-MB measured during hospitalization were 

recorded, and the LVEF was examined by electrocardiography 

before discharge from the hospital. The concentration of IL-1Ra 

measured in the emergency department correlated directly with 

the maximal levels of CK and CK-MB and inversely with the 

LVEF before discharge. The IL-1Ra concentration measured in 
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the emergency department was significantly higher in patients 

who experienced unexpected outcomes in hospital than in 

those who did not. In patients with STEMI, the concentration 

of IL-1Ra measured in the emergency department correlated 

significantly with the level of myocardial necrosis, as indicated 

by the peak levels of cardiac enzymes, and with a reduction in 

LVEF; this was predictive of in-hospital events.86 The results 

of this study suggest that IL-1Ra antagonism is a potential 

therapeutic approach to STEMI.

Transforming growth factor β receptor 1
Left ventricular remodeling after STEMI is very important 

for heart function; therefore, a biomarker for left ventricu-

lar remodeling could help to determine the prognosis for 

ventricular function. A search for new biomarkers that 

included transforming growth factor beta (TGF-β) receptor 1 

as a candidate was performed in patients with STEMI who 

underwent PCI.87 This study identified TGF-β receptor 1 

as a new predictive biomarker for left ventricular function 

after STEMI.

Development of a biomarker  
profile for risk assessment
This section addresses clinical studies that have demonstrated 

the superior diagnostic and risk-assessment triage sensitivity 

of combinations of inflammatory biomarkers. Interestingly, 

these studies identified different panels of markers as better 

for predicting the first ischemic episode and the risk of mul-

tiple episodes. Furthermore, some markers that exhibit poor 

diagnostic power when used alone may be more relevant as 

part of a panel of biomarkers.

A panel of seven biomarkers that had individually been 

shown to be independent predictors of coronary artery disease 

was evaluated for the prediction of long-term cardiovascular 

outcome after ACS. The levels of hs-CRP, MPO, PAPP-A, 

PlGF, sCD40L, IL-10, and TnT were determined in patients 

with ACS who were enrolled in the Chimeric Anti-Platelet 

Therapy in UA Refractory to standard medical therapy 

(CAPTURE) trial. It was found that the use of combina-

tions of selected biomarkers adds incremental predictive 

value to alternative risk stratification methodologies in an 

otherwise seemingly homogeneous population of patients 

with ACS.88

Interleukin-6, interleukin-1, tumor 
necrosis factor-α (TNF-α), interleukin-10
A different study by Dizdarević-Hudić et al89 investigated 

the relationships among the proinflammatory cytokines IL-6, 

IL-1, and tumor necrosis factor (TNF)-α, as well as the anti-

inflammatory cytokine IL-10 in patients with AMI and stable 

angina pectoris; the relationship between IL-6 and IL-10 in 

patients with AMI and stable angina pectoris; and the asso-

ciation between IL-6 and lipoproteins in patients with AMI. 

The IL-6:IL-10 ratio was significantly higher in patients with 

AMI than in those with stable angina. The TNF-α:IL-10 ratio 

was also higher in the study group, but this difference was 

not significant. The authors also found a positive linear cor-

relation between the levels of IL-6 and IL-10 and a negative 

linear correlation between the levels of IL-6 and high-density 

lipoprotein in patients with AMI. The IL-6:IL-10 ratio was 

higher in patients with AMI than in those with stable angina. 

The level of IL-6 correlated linearly with those of IL-10 and 

high density lipoprotein (HDL) in patients with AMI.

Interleukin-10 and single nucleotide  
polymorphism (SNP)
The plasma level of IL-10 and the frequency of a single 

nucleotide polymorphism (SNP) were analyzed in conjunc-

tion with the rates of death and MI within 12 months in a 

different prospective study of patients with ACS and healthy 

subjects. Seven tag SNPs within and flanking the IL-10 gene 

were selected from the Seattle SNP database. The 1170 C . T 

SNP was in complete allelic association with several other 

variants in the IL-10 gene, including the SNPs -592 C . A 

and -819 C . T, and was selected to tag these genetic vari-

ants. The A allele of -592 C . A and the T allele of -819 

C . T have previously been linked to a lower expression 

IL-10 messenger ribonucleic acid. In patients, the IL-10 level 

predicted much higher risk for death and MI, with the greatest 

effect observed in the fourth quartile. Correction for general 

risk indicators such as the levels of CRP and IL-6 destabilized 

the association to a nonsignificant degree.90 These results 

differed from those of some earlier studies.90 The authors 

concluded that IL-10 is important to the proinflammatory 

state in patients with ACS and proposed that IL-10 and other 

markers of systemic inflammation may therefore be helpful 

as biomarkers of the risk for cardiovascular events.

The proinflammatory HLA-DRB1*01- 
haplotype
The major histocompatibility complex (MHC) gene region 

is associated with coronary artery disease. This relationship 

was further investigated in patients with STEMI. Four histo-

compatibility markers were examined by polymerase chain 

reaction in patients with STEMI, a matched control group 

of patients without coronary artery disease, and a general 
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sample of healthy individuals. A continuous study of patients 

that included other study participants investigated the level 

of hs-CRP. The haplotype with a copy of HLA-DRB1*01, 

C4A, or C4B, but not HLA-B*35, was associated with a 

twofold-higher risk for STEMI. The frequency of the high-

risk haplotype was 5.86% in the patients with STEMI, 2.82% 

in the control subjects, and 2.68% in the population sample. 

None of the individual MHC markers alone was significantly 

associated with STEMI. After multivariate analysis, the 

hs-CRP level was significantly higher among the haplotype 

carriers in both the patient and control groups. The MHC 

haplotype correlated with both the presence of STEMI and 

an elevated baseline level of hs-CRP. The results agreed with 

previous data from patients without STEMI that the HLA-

DRB1*01-related haplotypes increased the risk for coronary 

artery disease, possibly through increased inflammation.91

Endothelial progenitor cells (EPC),  
stromal cell-derived factor (SDF)-1α,  
and IL-10
The associations of the circulating levels of endothelial pro-

genitor cells (EPC), stromal cell-derived factor (SDF)-1α, and 

IL-10 with outcomes were investigated in patients with STEMI 

treated by primary coronary angioplasty. The IL-10 level was 

higher and the circulating level of EPC (E[1–2]) was lower 

in patients with STEMI than in healthy subjects. An elevated 

SDF-1α level was significantly and independently associated 

with an elevated level of circulating EPC (E[1–2]). In addi-

tion, patients with an elevated level of SDF-1α had worse left 

ventricular function, a greater frequency of high Killip scores, 

and greater 30-day mortality than those with low SDF-1α lev-

els. Furthermore, elevated circulating levels of E(2) and IL-10 

were the most significant independent predictors of 30-day 

major adverse clinical outcomes. These results indicate that 

the serum SDF-1α level is independently associated with the 

level of circulating EPC (E[1–2]). E(2) and IL-10 are major 

independent predictors of 30-day major adverse clinical out-

comes in patients with STEMI treated by PCI.92

Growth differentiation factor 15
Growth differentiation factor 15 (GDF-15), a stress-

responsive member of the TGF-β cytokine superfamily, has 

been investigated as a biomarker for increased mortality from 

cardiovascular disease. However, the precise pathophysi-

ological roles of GDF-15 in the cardiovascular system and in 

acute STEMI are not well defined. In summary, the GDF-15 

concentration at admission strongly predicts mortality in 

patients with STEMI reperfused by PCI and is associated 

with lower myocardial salvage and subsequent adverse clini-

cal outcomes.93

GDF-15, hs-cTnT, and NT-proBNP
A prospective, international, multicenter study analyzed 

the levels of GDF-15, hs-cTnT, and NT-proBNP, and the 

mortality in patients with UA. The level of GDF-15 upon 

admission was markedly higher in patients with AMI than in 

those with other diagnoses. Moreover, the level of GDF-15 

predicted MI more precisely than that of hs-cTnT. Therefore, 

the level of GDF-15 predicted all deaths in a nonselected 

population of patients with UA independently of and more 

accurately than those of hs-cTnT and NT-proBNP. However, 

the GDF-15 level does not appear to assist in the primary 

diagnosis of AMI.94

hs-CRP and NT-proBNP
Stable coronary artery disease carries a poor prognosis. In 

the recently published CLARICOR (effect of clarithromycin 

on mortality and morbidity in patients with ischemic heart 

disease) trial, investigators evaluated the extent to which the 

hs-CRP and NT-proBNP measurements, alone or in combina-

tion, could function as prognostic biomarkers in patients with 

stable coronary artery disease. In summary, the hs-CRP had 

no additive value over the NT-proBNP level for predicting the 

prognosis in patients with stable coronary artery disease.95

Prepro-A-type natriuretic peptide
New biomarkers could be useful for clinical decision mak-

ing in patients with cardiovascular disease. A previous study 

developed a new immunoassay for the signal peptide of 

prepro-A-type natriuretic peptide (ANPsp) and used it to 

measure the concentration of ANPsp in human cardiac tissue, 

the venous blood concentration of ANPsp in healthy volun-

teers, the change in the ANPsp concentration over time in 

patients with STEMI, and the regional ANPsp plasma level in 

patients in whom catheterization was clinically indicated.96 

In patients with STEMI, the plasma concentration of ANPsp 

increased to its maximal level about 5 hours after the onset 

of symptoms, much earlier than the levels of myoglobin, 

CK-MB, or troponin. The arteriovenous ANPsp concentra-

tions in the heart and kidneys did not increase significantly, 

and both the arterial and coronary sinus concentrations of 

ANPsp correlated negatively with systolic and mean arterial 

blood pressure. A tandem mass spectrometry differentiated 

the different subgroups of preproANP. ANPsp is a novel 

circulating natriuretic peptide that could be used as a bio-

marker for coronary artery disease.96 The rapid increase in 
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serum ANPsp with increasing blood pressure in patients with 

STEMI strongly warrants further investigation.

Biomarker combinations including  
ischemia-modified albumin
C-reactive protein and albumin-to- 
creatinine ratio
CRP is an established prognostic marker in patients with 

ACS. Recently, an elevated albumin excretion rate has also 

been associated with adverse outcomes in such patients.97 

The predictive values of the CRP level and the albumin 

excretion rate for long-term mortality following STEMI were 

compared among patients with STEMI and heart failure. 

All patients were followed up after 10 years, and survival 

analysis showed that elevation of either the CRP level or 

the albumin-to-creatinine ratio was associated with greater 

risk for 10-year all-cause mortality even after adjustment 

for age, hypertension, diabetes mellitus, prehospital time 

delay, CK-MB isoenzyme peak, heart failure, and creatinine 

clearance. Both the CRP level and the albumin-to-creatinine 

ratio were associated with nonsudden cardiovascular mortal-

ity, but not with sudden death or nonsudden cardiovascular 

death. While an elevated CRP level was not associated with 

long-term mortality, an elevated albumin-to-creatinine ratio 

was independently associated with a negative cardiovascular 

outcome in both the short- and long-term analyses. C-statistic 

analysis showed that the addition of the CRP level improved 

the baseline prediction model for short-term nonsudden 

cardiovascular mortality, but not that for all-cause mortality. 

In contrast, the addition of the albumin-to-creatinine ratio 

improved the short- and long-term prediction of all-cause 

and nonsudden cardiovascular mortality. Moreover, the 

albumin-to-creatinine ratio was superior to the CRP level 

for predicting long-term mortality after the development 

of STEMI.97

Ischemia-modified albumin
Recent studies have shown ischemia-modified albumin 

(IMA) to be a new marker of AMI. This relationship was 

further examined in patients with UA. The serum level of 

IMA was compared between patients with and without 

coronary artery disease. Notably, the mean serum level of 

IMA did not differ significantly between patients with and 

without coronary artery disease. The plasma level of IMA 

did not predict the deaths. Therefore, this study found the 

IMA level to be unsuitable for evaluating AMI.98

However, despite the findings of the abovementioned 

study, the United States Food and Drug Administration lists 

IMA as a biomarker of MI. Therefore, the utility of IMA 

as a biomarker for heart attack was further investigated in 

a study of patients admitted with ACS. The serum levels of 

aspartate aminotransferase, isoenzyme of CK activity, TnT, 

NT-proBNP, CRP, and IMA, as well as the creatinine clear-

ance were measured in all patients. In addition, all patients 

underwent coronary angiography after admission to the 

hospital. The proportion of patients with an elevated serum 

level of IMA did not differ significantly between the groups. 

Notably, the plasma level of IMA could not differentiate 

between ACS and NSTEMI in this study, and an elevated 

serum level of IMA was significantly associated only with 

the duration of ACS.99

CK, CK-MB, enhanced AccuTnI, hs-cTnT, 
IMA, IL-6, high-sensitivity cardiac troponin 
I, NT-proBNP, and cardiac troponin I
Another study examined the usefulness of nine markers for 

the early diagnosis of MI. The levels of the biomarkers CK, 

CK-MB, enhanced AccuTnI (Beckman Coulter, Inc, Brea, 

CA, USA), hs-cTnT, IMA, IL-6, high-sensitivity cardiac TnI, 

NT-proBNP, and cardiac TnI were analyzed in patients with 

ACS. The following outcomes were recorded for all patients: 

heart failure, dangerous arrhythmia, refractory ischemic 

cardiac pain, and death. Furthermore, receiver operating 

characteristic curves were plotted to determine the area under 

the curve and optimum cut-off level for each biomarker. The 

area under the curve values were significantly higher for the 

high-sensitivity cardiac TnI test, the AccuTnI assay, and 

the hs-cTnT test than for the other six tests. The ideal cutoffs 

for predicting serious cardiac outcomes in this high-risk 

population differed from the published 99th percentiles.100 

Therefore, larger studies are needed to confirm the findings 

of this investigation.

Haptoglobulin
The use of haptoglobulin as biomarkers for the early detec-

tion of MI was studied by Haas et al.101 The plasma levels 

of albumin and immunoglobulin G were measured by two-

dimensional fluorescence difference gel electrophoresis, and 

the degree of heart failure according to the New York Heart 

Association (NYHA) classification was determined 1 year 

later in these patients. After the main part of the analysis, 

ranked clustering of proteomics data revealed that the patients 

could be divided into three groups. The 22 differentially 

distributed proteins that determined this grouping included 

haptoglobin (Hp), which has several isoforms. The three 

groups of patients had clearly distinct Hp genotypes: patients 
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in group 1 had the α1–α1, patients in group 2 the α2–α1, and 

patients in group 3 had the α2–α2 genotype. This categoriza-

tion was also related to variations in the total plasma level 

of Hp. Both the presence of the α2 genotype and a low plasma 

level of Hp were associated with a higher NYHA class and 

therefore with greater functional injury after MI. A serum 

level of Hp ,1.4 g/L forecast the detection of heart failure 

(NYHA 2, 3, or 4) 1 year later with 100% sensitivity.

Heart fatty acid-binding protein and IMA
A recently published study evaluated the biomarkers 

H-FABP and IMA for the early detection of MI.102 This study 

examined the diagnostic accuracy and clinical usefulness 

of the H-FABP and IMA levels in patients who presented 

with signs consistent with ACS. While the IMA level could 

not effectively identify the patients with ACS, the H-FABP 

level predicted the ACS diagnosis with 13.5% sensitivity 

and 96.8% specificity. However, the biomarker H-FABP did 

not help to identify patients with NSTEMI. Therefore, the 

biomarkers IMA and H-FABP did not supply important infor-

mation for the evaluation of patients with possible ACS.102

IMA, cTnI, and CRP
Various studies have proposed IMA to be a novel and sensi-

tive biochemical biomarker for the early detection of MI. 

The authors measured the levels of IMA, cardiac TnI, and 

CRP in all patients within 3 hours of the last symptom of 

ACS. They also recorded the occurrence of MACE, including 

cardiac death, nonfatal MI, and recurrent coronary ischemia. 

The independent predictive value of the level of IMA was 

evaluated using a logistic regression model and compared 

consistently with those of established clinical markers and 

biomarkers. The mean level of IMA was significantly higher in 

patients who experienced MACE either during hospitalization 

or within 1 year than in patients who remained MACE-free. 

After adjustment for traditional risk factors, the IMA level 

was an independent predictor of MACE both during hospi-

talization and at one year. In addition, the initial level of IMA 

was associated with the short-and long-term occurrence of 

cardiovascular events in patients with NSTEMI and ACS.103

Albumin, CRP, TnI, and alpha1-
microglobulin
Microalbuminuria has been associated with MI in several 

studies.104 In order to clarify this connection, Holm et al104 

examined whether dysfunctional tubular reabsorption of 

filtered albumin leads to microalbuminuria during MI, and 

whether the urinary elimination of protein is associated 

with the plasma levels of CRP and TnI. The serum levels 

of CRP and TnI, and also the urinary elimination of albu-

min and alpha1-microglobulin – a low-molecular-weight 

plasma protein and biomarker of tubular proteinuria – were 

measured in patients with MI. The urinary elimination 

of alpha1-microglobulin and albumin was significantly 

elevated in nine patients, and the rates of urinary secretion 

of the two proteins correlated significantly. Reduced tubular 

reabsorption of albumin may be at least one of the causes of 

microalbuminuria during MI. The serum levels of CRP and 

TnI were also significantly elevated in these nine patients. 

This correlation between the levels of inflammatory biomark-

ers and urinary protein elimination suggests a relationship 

between the inflammatory process and tubular dysfunction. 

In summary, extrarenal inflammatory processes appear to 

impair kidney function during MI.

Categories of inflammatory  
biomarkers
Procalcitonin
The clinical consequences of elevated procalcitonin (PCT) 

levels for the development of ACS were investigated in 

patients with ACS. The mean PCT level within 48  hours 

of hospital admission was significantly higher in the five 

patients who died during hospitalization than in the survivors. 

Furthermore, the mean PCT level within 48  hours after 

admission was significantly higher in the nine patients who 

died within 6 months than in the long-term survivors. Higher 

PCT levels within 48 hours after admission were concluded 

to indicate an inflammatory process associated with increased 

early and 6-month mortality rates.105

Bektas et  al106 evaluated PCT as a possible biomarker 

for the early detection of MI. The PCT level predicted MI 

in patients with ACS with 38.3% sensitivity and 77.8% 

specificity. In summary, PCT was a poor predictor of MI.

The relationships between the PCT level and outcome 

measures such as MACE, left ventricular function, and 

myocardial healing after STEMI were evaluated in another 

study by Kelly et al.107 The PCT level was also associated 

with biomarkers of left ventricular dysfunction and myocar-

dial healing. In summary, PCT was associated with MACE, 

left ventricular dysfunction, and myocardial recovery after 

STEMI. The authors of this article proposed PCT to be a 

potentially useful prognostic biomarker for the early identi-

fication of STEMI.108

Quite different was the study by Schiopu et al.109 Namely, 

PCT was investigated for the prediction of cardiovascular 

events in healthy subjects. This study found significant 
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associations between PCT, coronary events, cardiovascular 

death, and cardiovascular risk factors in healthy individuals 

without previous coronary artery disease. Nevertheless, these 

relations between PCT and cardiovascular risk in healthy 

individuals became less significant when the analysis was 

considered with the CRP and traditional risk factors for car-

diovascular events such as hypertension, diabetes, and renal 

function. Therefore, PCT has a limited value for predicting 

cardiovascular events in healthy subjects.

Soluble CXC chemokine ligand 16
Coronary stenoses in high-risk patients cannot be identified 

as early as would be desirable. The former discovered inflam-

matory mediator, soluble CXC chemokine ligand 16, which 

is liberated by proteolytic cleavage of its membrane-bound 

form scavenger receptor for phosphatidylserine and oxidized 

lipoprotein – which promotes the uptake of oxidized LDL 

cholesterol by macrophages – has been studied as an indicator 

of the average prognosis for lesions in coronary vessels. In 

summary, the plasma level of the soluble CXC chemokine 

ligand 16 was an independent predictor of the prognosis in 

patients at greater risk for cardiovascular events.110

Proteinase 3
Risk could be assessed in patients with STEMI using 

multimarker systems related to multiple pathophysiologi-

cal pathways. The prognostic value after STEMI of the 

putative inflammatory marker proteinase 3 (PR3) has been 

compared with that of the established marker NT-proBNP. 

In conclusion, this was the first study to show a possible 

role for serine protease PR3  in predicting mortality and 

heart failure after STEMI, independently of the established 

conventional risk factors.111 PR3 could be clinically useful as 

part of a multimarker strategy for determining the prognosis 

after STEMI.

C3:C4 concentration ratio
ACS is an inflammatory disease involving activation of the 

complement system. The ratio of the serum concentrations 

of the complement components C3 and C4 (C3:C4 ratio) was 

analyzed as a potential indicator of prognosis after MI.112 

Patients with ACS were followed after a heart attack. The 

endpoints were death, MI, recurrent UA, and stroke. The 

C3:C4 ratio was higher in patients who met an endpoint dur-

ing the follow-up period than in those who did not. A Cox 

multivariate logistic regression model including all of the 

traditional cardiovascular risk factors and other potential 

confounders showed the C3:C4 ratio to be a novel risk factor 

for any new cardiovascular event. In summary, the serum 

C3:C4 ratio is a readily available novel marker for recurrent 

cardiovascular events in patients with ACS. Either a relative 

increase in the serum concentration of C3 or a decrease in 

the concentration of C4 may account for such changes in 

the C3:C4 ratio.112

Soluble intercellular adhesion molecule 1
The most recently debated marker for coronary artery disease 

is the circulating form of membrane-engaged intercellular 

adhesion molecule 1. Elevated intercellular adhesion mol-

ecule 1 levels have also been observed in patients with other 

cardiovascular diseases, including myocarditis, inflammatory 

cardiomyopathy, and cardiac insufficiency.113

Discussion
The importance of inflammatory biomarkers in both diag-

nosing and determining the prognosis for coronary artery 

disease is now well established. Furthermore, several newer 

biomarkers have recently been identified and may soon be 

applied clinically. The emergence of different biomarkers 

of coronary artery disease provides insight into the varied 

pathophysiology of this disease.

PTX3 appears to be more specific than CRP to the 

development of vascular inflammation. Higher concentra-

tions of PTX3 have been associated with increased risk for 

cardiovascular events. Additional studies of the association 

of PTX3 with coronary artery disease are required to clarify 

both of these properties.

Biomarkers of plaque instability are not appropriate 

for the diagnosis of coronary artery disease, although they 

may be useful for stratification of the risk for MI. However, 

multimarker testing could reveal that these biomarkers are 

complementary to one another for the detection of coronary 

artery disease. The future of coronary artery disease work-up 

could thus shift from single-marker to multimarker testing.

The relationship between the circulating level of Lp-PLA2 

and coronary plaque volume was investigated in patients 

with ACS in a study conducted by Dohi et al.70 This study 

was limited by its small sample size, so further prospective 

studies examining a larger patient population are required 

to clarify the association between Lp-PLA2 and arterioscle-

rosis in patients with coronary artery disease. In addition, 

according to Garg et al,71 Lp-PLA2 is not associated with the 

endothelial dysfunction observed during the development of 

atherosclerosis. Rather, other factors appear to be more impor-

tant to the mechanism of atherosclerosis. The IL-6 level is not 

associated with either coronary artery disease or rheumatoid 
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arthritis according to López-Mejías et al.76 The level of IL-6 

also did not differ between patients who did and did not 

experience cardiovascular events in that study.

According to Welsh et al,80 low baseline circulating levels 

of IL-10 are positively associated with risk for developing 

cardiovascular disease despite the weak association between 

the IL-10 level and a history of cardiovascular events.

A combination of the neutrophil count and TnT level did 

not contribute to the early diagnosis of AMI in the prospective 

observational study performed by Meissner et al,57 although 

patients with AMI and a high neutrophil count were at 

increased risk for cardiovascular-related mortality. An elevated 

neutrophil count may be related to coronary artery disease.

A high level of the TGF-β superfamily member GDF-15 

is a strong predictor of mortality in patients with STEMI. 

Future studies should investigate the significance of this 

biomarker in patients with ACS, stable angina pectoris, and 

acute coronary artery disease.

Harutyunyan et al95 found that analysis of the level of 

hs-CRP did not improve the prediction of coronary artery 

disease, although the level of hs-CRP alone or in combina-

tion with that of NT-proBNP could function as a prognostic 

biomarker in patients with stable coronary artery disease. 

Additionally, Berton et al97 reported that the combination of 

CRP and the albumin-to-creatinine ratio predicts long-term 

mortality after AMI better than CRP alone. This relationship 

between these parameters requires further investigation in 

cases of acute coronary artery disease that occur after coro-

nary angiography.

Further research is required to confirm whether the 

inflammatory marker, PCT, is useful for the early diagnosis 

of atherosclerosis in patients with ACS.

The extent of a MI could be predicted from the circulating 

levels of homocysteine and TnI. The serum homocysteine 

level was positively associated with the severity of coronary 

injury. The plasma level of homocysteine could also predict 

the extent to which heart failure worsened after MI.

The erythrocyte sedimentation rate has 67.65% sensitivity 

and 70.59% specificity for coronary artery disease and could 

potentially provide additional diagnostic value in patients 

with coronary artery disease. The erythrocyte sedimentation 

rate showed no association or interaction with the blood 

glucose level or the inflammatory response.

A previously published study discovered an association 

of a high level of classical monocytes with severe myocardial 

injury and poor functional outcome after STEMI.49 Future 

studies are needed to analyze the biological nature of this 

relationship.

Additional studies are also necessary to clarify the role 

of the CD40/CD40L system in the pathogenesis of coronary 

artery disease. An elevated level of CD40L was not associ-

ated with a significant increase in the risk for expected events 

in patients with ACS, and CD40L is not a useful biomarker 

for stroke or MI.

Amyloid A was a better marker than CRP for diagnosing 

coronary artery disease in patients with NSTEMI. The plasma 

amyloid A level may have been linked with left ventricular 

systolic dysfunction and poor patient outcomes (including 

mortality). Elevated levels of amyloid A and hs-CRP can be 

associated with the development of atherosclerosis.

Some studies have suggested fibrinogen to be involved 

in cardiovascular diseases.43–45 Fibrinogen is, in fact, a bio-

marker for coronary artery disease, and estimation of the 

fibrinogen level during MI could help to identify patients at 

high risk for an adverse event.

Infection or inflammation often increases the leuko-

cyte count. Increased numbers of leukocytes, especially 

neutrophils, were independently associated with coronary 

artery disease. A leukocyte count above the reference range 

increased the risk for an ischemic event.53–56

The associations between Lp-PLA2, lysoPC, LPA, and 

proinflammatory cytokines in carotid plaques suggest that 

lysoPC is involved in plaque inflammation and vulnerability. 

On the basis of these findings, Gonçalves et al74 proposed 

Lp-PLA2 inhibition as a possible way to prevent cardiovas-

cular disease.

The serum level of sLOX-1 detected the first stages 

of STEMI more precisely than the levels of H-FABP, 

myoglobin, TnT, and CK-MB according to Kobayashi et al.68 

A case report also showed that measurement of the sLOX-1 

level upon admission to the hospital to be helpful for diag-

nosing coronary artery disease in patients suspected of 

suffering MI.

The elevated serum level of galectin-3 found in patients 

with UA versus those with stable angina pectoris supports 

the activation of macrophages and monocytes by galectin-3. 

Although the numerical distribution of coronary artery dis-

ease is about the same between patients with stable and UA 

pectoris, the results of this study suggest that galectin-3 may 

be a useful marker for coronary artery disease.

TGF-β receptor 1 has been shown to be a novel indicator 

of the prognosis after AMI.87

GDF-15  may be a useful new marker for predicting 

death and heart failure in patients with STEMI. The level of 

GDF-15 provides predictive value over and above that of the 

established biomarker, NT-proBNP, or clinical parameters. 
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The combination of GDF-15 and NT-proBNP could help to 

identify patients at high risk for MI.

Several studies have shown various ILs to be important 

in the pathogenesis of coronary artery disease.76–86

Conclusion
This review shows an overview of data with the complex 

relationship between cardiovascular disease and inflamma-

tory biomarkers. A good independent marker for predicting 

cardiovascular disease seems to be PTX3, as it has more 

specificity than CRP. Markers with higher predictive power 

in combination were biomarkers of plaque instability for 

stratification of the risk for MI. The best risk assessment 

profile defined so far was the erythrocyte sedimentation rate, 

with high sensitivity and specificity for predicting coronary 

artery disease as additional diagnostic value. In addition, the 

IL family was a marker that was useful only as part of a panel. 

Single inflammatory markers have low predictive power for 

coronary artery disease; therefore, combinations of biomark-

ers were examined as predictors of coronary artery disease.
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