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Abstract: Cardiovascular diseases are major causes for morbidity and mortality 

worldwide, among this myocardial infarction is one of them. Myocardial infarction can be 

diagnosed by physical examination of the patient, electrocardiogram, angiography and 

biomarkers. Since 40 years, cardiac biomarkers were extensively using for diagnosis of 

cardiac abnormalities. AST was the first biomarker used in year 1954. Myoglobin, 

Creatinine kinase, Troponin, lactate dehydrogenase were established biomarkers and 

Myeloperoxidase, Copeptin, Growth differentiation factor (GDR-15), Heart type fatty 

acid-binding protein (H-FABP),B-type natri-uretic peptide(BNP) and N-terminal 

fragement of pro-BNP, High sensitive C-reactive protein (hs-CRO), Placental growth 

factor (PIGF), Whole blood choline(WBCHO) and plasma choline, Pentraxin 3(PTX-3), 

Pregnancy associated plasma protein A(PAPPA), Soluble cluster of differentiation 40 

ligand, Ischemia modified albumin(IMA) were emerging biomarkers. In this review we 

mainly focused in the diagnostic and prognostic information of various biomarkers used 

for diagnosis of myocardial infarction.  
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INTRODUCTION: 

Globally each year >17 million deaths are reported due to Cardiovascular 

diseases (30% of all deaths) [1]. In India 10.5 million deaths occur annually, out of this 

20.3% of men and 16.9% of women died due to cardiovascular disease. 15% -20% of 

deaths due to Cardiovascular diseases in 1980’s, 1990’s were increased to 20.3% in 

2013[2]. Coronary heart disease is the major contributor of cardiovascular diseases [1]. 

Myocardial Infarction (MI) is the one of the manifestation of coronary heart disease. 

 

Myocardial Infarction (MI) is one of the most 

common causes of morbidity and mortality world wide. 

MI causes 31.7% of deaths in India [3]. Incidence of MI 

in India is 64.37/1000 people[4]. In 1970, World Health 

Organization (WHO) defined myocardial infarction by 

the presence of 2 of the 3 following characteristics: 

1. Chest pain 

2. development of Q waves in electrocardiogram 

(ECG) 

3. Elevation of total creatine kinase (CK), 

CK-myocardial band (MB), aspartate 

aminotransferase (AST) and lactate dehydrogenase 

(LDH) enzymes level in blood [5, 6]. 

 

A new definition for myocardial infarction was 

proposed in 1990’s by the Joint European Society of 

Cardiology and the American College of Cardiology 

Committee, accenting the importance of sensitive and 

serological biomarkers for the diagnosis of acute 

myocardial infarction (AMI), and introduced cardiac 

troponins (cTn) as the gold standard [7]. 

 

Biomarker 

Biomarker is a substance used as an indicator 

of biologic process, pathogenic process or 

pharmacological response to a therapeutic intervention.  

 

Cardiac biomarkers 

During heart damage cardiac biomarkers are 

substances that released into blood and are useful for 

diagnosis of non diagnostic ECG but not used for 

patients with ST segment elevation. 

 

AST was first cardiac biomarker used in the 

year 1954. Later in 1959 total CK level assessed for 

acute myocardial infarction. In 1960 for diagnosis of 

acute myocardial infarction LDH was used. In 1979 

WHO recommended CK, LDH and AST for diagnosis 

of acute myocardial infarction. 

 

Ideal characteristics of cardiac biomarkers: 

1. High specificity  

 Absent in non-myocardial tissues 

 Not detectable in blood of non-diseased subjects 
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2. High sensitivity 

 High concentration in myocardium after 

myocardial injury 

 Rapid release for early diagnosis 

 Long half-life in blood for late diagnosis 

 

3. Analytical characteristics 

 Measurable by cost-effective assay 

 Simple to perform 

 Rapid turnaround time 

 Sufficient precision and trueness 

 

4. Clinical characteristics 

 Ability to influence therapy 

 Ability to improve patient outcome [8-10]. 

 

Past and present myocardial infarction biomarkers: 

 Creatine Kinase 

 Troponin  

 Lactate dehydrogenase 

 Myoglobin  

 

Creatine kinase 

Creatinine kinase enzyme found in the skeletal 

muscle and has role for muscle contraction. Total CK 

starts to rise within 3 to 8 hours after MI, peaks at 10 – 

24 hours and returns to normal by 3 – 4 days [11]. It has 

2 sub-units: M and B which forms 3 iso-enzymes. 

 

They are:  

 CK-MB   

 CK-MM  

 CK-BB 

 

CK-MB 

Total CK is not cardiac specific but CK-MB is 

sensitive and specific for myocardial infarction.CK-MB 

detectable 4-8 hours after 1
st
 chest pain and peaks at18-

24 hours post MI. Apart from MI ,CK-MB also 

increases in another conditions like: Renal failure, non 

cardiac surgery, chest trauma, asthma, pulmonary 

embolism, chronic and acute muscle diseases, head 

trauma, hyperventilation, hypothyroidism. 

 

CK-MB isoforms 

CK-MB has two isoforms: CK-MB1, CK-MB2. 

CK-MB2 releases after MI from myocardium which is 

in tissue form. Peripherally CK-MB2 converts to CK-

MB1. In normal condition CK-MB1 is more than CK-

MB2. The ratio between CK-MB2 /CK-MB1 is <1.But in 

cardiac damage CK-MB2 is elevated and ratio is >1.7. 

In serum CK-MB2 is detected within 2-4 hours after 

onset of symptomand peaks at 6-9 hours.As CK-MB 

present in both cardiac and skeletal muscle, Relative 

index (RI) is used  to measure the cardiac damage . 

RI=CK-MB/Total CK     

If Relative index is ≥5% then it is MI [12].
 

 

 

Troponin 

Troponin is a complex of 3 proteins which 

regulates interaction between thick and thin filaments 

during muscle contraction. Troponin is present in 

cardiac and skeletal muscle fibers. Troponin complex 

consists of Troponin T, Troponin I and Troponin C. 

Troponin C is similar in both cardiac and skeletal 

muscle but Troponin I and Troponin T amino-acid 

sequence is different in cardiac and skeletal muscle. 

Presence of those troponins in blood indicates cardiac 

necrosis. They are sensitive and specific markers even 

for minormyocardial necrosis [13-16]. 

 

Cardiac Troponin T and Troponin I rise 4-8 

hours after Myocardial infarction, peaks at 12-24 and 

elevated in upto 12-24 hours. Elevation of cardiac 

troponins without ischemic heart disease can be 

observed in [17]: 

• Acute rheumatic fever; 

• Amyloidosis; 

• Cardiac trauma; 

• Cardiotoxicity from cancer therapy; 

• Chronic renal failure; 

• Congestive heart failure; 

• Hypertension; 

• Myocarditis; 

• Postoperative noncardiac surgery; 

• Pulmonary embolism; 

• Sepsis 

 

Advantages of Troponin over other biomarkers 

1. Most extensive diagnostic window in 4-5 days 

after MI. 

2. Cardiac damage peak concentration of 

Troponin release can be used quantitatively. 

3. Highest stability in blood (6-10 days). 

4. Best diagnostic marker in unstable angina [18]. 

 

Lactate Dehydrogenase 

Lactate dehydrogenase is an enzyme of 

anaerobic metabolism which converts pyruvate to 

lactate. It has 5 enzymes: LDH1, LDH2, LDH3, LDH4, 

LDH5..Normally LDH1 concentration is less than LDH2. 

Ratio of LDH1 to LDH2 is <0.7.But in MI LDH1 

concentration increases and LDH1 to LDH2 ratio 

becomes >1. After 10 hours of MI the LDH1: 

LDH2raises above baseline, peaks at 24-48 hours and 

elevates in blood for 14 days [19]. 

 

Myoglobin 

Myoglobin is a heme protein of cardiac 

myocyte that releases rapidly into blood than other 

biomarkers. Myoglobin may rise 1-3 hours after MI, 

peaks at 6-9 hours and come to baseline within first 24 

hours [11]. 

 

Future markers 

 Myeloperoxidase  

 Copeptin 

 Growth differentiation factor (GDR-15) 
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 Heart type fatty acid-binding protein (H-

FABP) 

 B-type natriuretic peptide(BNP) and N-

terminal fragement of pro-BNP 

 High sensitive C-reactive protein (hs-CRO) 

 Placental growth factor (PIGF) 

 Whole blood choline(WBCHO) and plasma 

choline. 

 Pentraxin 3(PTX-3) 

 Pregnancy associated plasma protein 

A(PAPPA) 

 Soluble cluster of differentiation 40 ligand 

 Ischemia modified albumin(IMA) 

 

Myeloperoxidase 

Polymorphonuclear leucocytes and 

macrophages produce myeloperoxidase which are 

metalloproteases. It involved in the production of 

reactive oxygen species. This reactive oxygen species 

are involved in the development of atheroma and plaque 

stability. Increased Myeloperoxidase is marker of 

plaque instability [20-22]. 

 

Co-peptin 

Co-peptin, the C-terminal part of the arginine 

vasopressin precursor peptide. It raises earlier than 

Troponin T (within 4 hours of onset of symptoms). At a 

cut off level of 14.0 pmol/L,co-peptin is combinedly 

measured along with Troponin T had sensitivity of 

98.8%  and  specificity of 77.1% when compared with 

cTnT alone or with combination of other biomarkers 

without co-peptin. So co-peptin can be used as 

additional biomarker to cardiac Troponin T for early 

diagnosis of acute myocardial infaraction [23, 24]. 

 

Growth differentiation factor (GDF-15): 

GDF-15 is a member of the transforming 

growth factor beta cytokine superfamily [25,26]. 

Studies conducted by Nora Schaub et al showed that 

GDF-15 has additional prognostic value when used 

combination along with highly sensitive cardiac 

Troponin T [27]. 

 

Heart type fatty acid-binding protein (H-FABP): 

Heart type fatty acid-binding protein is low 

molecular weight protein found in cytosol of cardiac 

tissue. It transports the fatty acid sites of beta-oxidation 

in mitochondria and peroxisomes and to endoplasmic 

reticulum from plasma membrane for lipid synthesis. 

Heart type fatty acid-binding protein concentration 

increases after 30 minutes of MI injury and peaks at 6-8 

hours and comes to normal level at 24 hour [28]. 

 

B-type natriuretic peptide (BNP) and N-terminal 

fragement of pro-BNP: 

BNP is secreted by right and left ventricular 

myocytes and released in response to stretch, volume 

overload, and elevated filling pressures. Serum levels of 

BNP areelevated in patients with asymptomatic LV 

dysfunction as well as symptomatic HF. The presence 

of acute heart failure in patients with ACS is a well 

known predictor of adverse cardiac events. A serum 

BNP of < 100 pg/ml has a good negative predictive 

value and typically excludes HF as primary diagnosis in 

dyspnoeic patients. BNP levels correlate with the 

severity of HF and predict survival [20, 30]. 

 

Placental growth factor (PLGF): 

Placental Growth Factor belongs to the family 

of platelet derived proteins. It is a potent chemo-

attractant for monocytes and regulates vascular 

endothelial growth. It has 2 iso-forms: PGF-1 and PGF-

2.Placental Growth Factor has a major role in the 

prognosis of myocardial infarction and other coronary 

heart diseases [31, 32]. 

 

Whole blood choline(WBCHO) and plasma choline: 

Phospholipase D enzymes catalyses membrane 

phospholipids lead to generation of choline and 

phosphatidic acid. Whole blood choline(WBCHO) and 

plasma choline increases with stimulation of 

phospholipase D (PLD) and the activation of cell 

surface receptors in coronary plaque destabilization and 

tissue ischemia [33]WBCHO was not a marker for 

myocardial necrosis but indicated high-riskUA in 

patients without acute MI (sensitivity, 86.4%; 

specificity,86.2%) [34]. 

 

Pentraxin 3(PTX-3) 

Pentraxin 3(PTX-3) belongs to pentraxin 

family which is aspecific marker for vascular 

inflammation caused by vascular endothelial cells, 

vascular smooth muscles, endothelial cells, neutrophils, 

macrophages and neutrophils due to inflammatory 

stimuli [35]. It is a prognostic biomarker in unstable 

angina pectoris, myocardial infarction and heart failure 

[36, 37]. 

 

Pregnancy associated plasma protein A (PAPPA) 

Pregnancy associated plasma protein 

A(PAPPA) is a metalloprotease produced by 

synaptiotrophoblasts of placenta, fibroblasts, vascular 

smooth muscle cells. It has active role in atherosclerotic 

plaque rupture [38] 

 

Soluble cluster of differentiation 40 ligand 

Soluble cluster of differentiation 40 ligand 

released into blood circulation during thrombogenesis 

by activation of inflammatory and coagulant pathways. 

It indicates plaque rupture and MI [39]. 

 

Ischemia-modified albumin (IMA) 

Ischemia-modified albumin (IMA) released 

during ischemic conditions, so it enables prior 

detectionof ischemia and come to baseline within 6-12 

hours [40]. 
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CONCLUSION 

Over past few years the use of biomarkers 

extensively increased for diagnosis because of their 

sensitivity, specificity and they playing an important 

role in detection of disease, risk stratification, 

diagnostic based treatment of myocardial infarction. 

Currently the best biomarker for detection of 

myocardial infarction is cardiac Troponin. However, 

there are further emerging biomarkers which are in 

research stage that has chances of more diagnostic, 

prognostic characteristics. 

 

REFERENCES 

1. Wong ND. Epidemiological studies of CHD and 

the evolution of preventive cardiology. Nature 

Reviews Cardiology. 2014 May 1;11(5):276-89. 

2. Gupta R, Mohan I, Narula J. Trends in coronary 

heart diseases. Annals of global health. 2016; 82(2) 

:307-15. 

3. Pandey S, Pandey S, Jhanwar P, Jhanwar A. A 

prospective study of Myocardial Infarction patients 

admitted in a tertiary care hospital of south-eastern 

Rajasthan. Int J Biol Med Res. 2012;3(2):1694-6. 

4. Rao V, Rao P, Carvalho N. Risk factors for acute 

myocardial infarction in coastal region of india: A 

case-control study. Heart India. 2014 Jul 1;2(3):70. 

5. World Health Organization (WHO) working group. 

The establishment of    ischaemic heart disease 

registers (report of the fifth working group). WHO 

RegPublEurSer, Copenhagen, 821 (suppl 5), 1972.  

6. Task force. Nomenclature and criteria for diagnosis 

of ischemic heart disease. Report of the Joint 

International Society and Federation of 

Cardiology/World Health Organization task force 

on standardization of clinical nomenclature. 

Circulation.1979; 59: 607-9. 

7. Alpert JS, Thygesen K, Antman E. Myocardial 

infarction redefined - a consensus document of The 

Joint European Society of Cardiology/American 

College of Cardiology Committee for the 

redefinition of myocardial infarction. J Am 

CollCardiol. 2000;36: 959-69. 

8. Kemp M, Donovan J, Higham H, Hooper J. 

Biochemical markers of myocardial injury. British 

journal of anaesthesia. 2004 Jul 1;93(1):63-73. 

9. Jagannadharao PR, Jarari AM, Hai A, Rawal AK, 

Kolla SD, Sreekumar S, Khurana L, Sidhanathi 

NR. Cardiac bioMarkers: the troponins and CK-

MB. Ibnosina Journal of Medicine and Biomedical 

Sciences. 2010 Jul 1;2(5):190-7. 

10. Ahmad MI, Sharma N. Biomarkers in acute 

myocardial infarction. J Clin Exp Cardiolog. 

2012;3(11):1-8. 

11. Ruseva A. Laboratory diagnosis of acute 

myocardial infarction.Trakia Journal of Sciences. 

2005;3(1) :8-14.  

12. Priori SG, Aliot E, Blømstrom-Lundqvist C. Task 

foce on sudden cardiac death, European Society of 

Cadiology. Europace. 2002 Jan;4(1):318. 

13. Christenson RH, Azzazy HME. Biochemical 

markers of the acute coronary syndromes. Clin 

Chem. 1998;44:1855-64.  

14. Green GB, RW Beaudreau, DW Chan. Use of 

troponin T and creatine kinase-MB subunit levels 

for risk stratification of emergency department 

patients with possible myocardial ischemia. Ann 

Emerg Med. 1998Jan;31(1):19-29.  

15. Kovacević R, Majkić-Singh N, Ignjatović S, 

Otasević P, Obrenović R, Paris M, Vilotijević B, 

Guermonprez JL. Troponin T levels in detection of 

perioperative myocardial infarction after coronary 

artery bypass surgery. Clinical laboratory. 

2004;50(7-8):437-45. 

16. Wu AH, Feng YJ, Moore R, Apple FS, McPherson 

PH, Buechler KF, Bodor G. Characterization of 

cardiac troponin subunit release into serum after 

acute myocardial infarction and comparison of 

assays for troponin T and I. Clinical chemistry. 

1998 Jun 1;44(6):1198-208. 

17. Panteghini M. Biochemical markers in acute 

coronary syndrome. Lab MedicaInternationa. 

2003;20(6 11-12), 6-7. 

18. Kaur H, Gupta S, Verma M, Singh K, Singh J. 

Clinical significance and effectiveness of various 

serum biomarkers in diagnosis of myocardial 

infarction. International Journal of Bioassays. 2013 

Jul 31;2(08):1073-8. 

19. Bennett A. Laboratory diagnosis of myocardial 

infarction using cardiac markers. 

www.musc.edu/pathology/teaching/HO2003/LabD

xHeartDs.pdf 

20. Schindhelm RK, van der Zwan LP, Teerlink T, 

Scheffer PG. Myeloperoxidase: a useful biomarker 

for cardiovascular disease risk stratification?. 

Clinical Chemistry. 2009 Aug 1;55(8):1462-70. 

21. Sinning C, Schnabel R, Peacock WF, Blankenberg 

S. Up‐and‐Coming Markers: Myeloperoxidase, a 

Novel Biomarker Test for Heart Failure and Acute 

Coronary Syndrome Application?. Congestive 

Heart Failure. 2008 Jul 8;14(s1):46-8. 

22. Loria V, Dato I, Graziani F, Biasucci LM. 

Myeloperoxidase: a new biomarker of 

inflammation in ischemic heart disease and acute 

coronary syndromes. Mediators of inflammation. 

2008 Mar 11;2008. 

23. Kristyagita A, Siswanto BB. The role of copeptin 

as a novel cardiovascular biomarker. Medical 

Journal of Indonesia. 2015 Mar 1;24(1):59. 

24. Nickel CH, Bingisser R, Morgenthaler NG. The 

role of copeptin as a diagnostic and prognostic 

biomarker for risk stratification in the emergency 

department. BMC medicine. 2012 Jan 20;10(1):7. 

25. Zhang M, Pan K, Liu Q, Zhou X, Jiang T, Li Y. 

Growth differentiation factor 15 may protect the 

myocardium from no-reflow by inhibiting the 

inflammatory-like response that predominantly 

involves neutrophil infiltration. Molecular 

medicine reports. 2016 Jan 1;13(1):623-32. 

http://saspublisher.com/sajp/
http://www.musc.edu/pathology/teaching/HO2003/LabDxHeartDs.pdf
http://www.musc.edu/pathology/teaching/HO2003/LabDxHeartDs.pdf


 

Gnaneswar G et al., Sch. Acad. J. Pharm., Oct 2017; 6(10):429-433 

Available online at http://saspublisher.com/sajp/     433 

 

 

26. Farhan S, Freynhofer MK, Brozovic I, Bruno V, 

Vogel B, Tentzeris I, Baumgartner-Parzer S, Huber 

K, Kautzky-Willer A. Determinants of growth 

differentiation factor 15 in patients with stable and 

acute coronary artery disease. A prospective 

observational study. Cardiovascular diabetology. 

2016 Apr 8;15(1):60. 

27. Schaub N, Reichlin T, Twerenbold R, Reiter M, 

Steuer S, Bassetti S, Stelzig C, Wolf C, Winkler K, 

Haaf P, Meissner J. Growth differentiation factor-

15 in the early diagnosis and risk stratification of 

patients with acute chest pain. Clinical chemistry. 

2012 Feb 1;58(2):441-9. 

28. Pyati AK, Devaranavadagi BB, SAjjAnnAr SL, 

Nikam SV, Shannawaz M. Heart-type fatty acid 

binding protein: a better cardiac biomarker than 

CK-MB and myoglobin in the early diagnosis of 

acute myocardial infarction. Journal of clinical and 

diagnostic research: JCDR. 2015 Oct;9(10):BC08. 

29. Weber M, Mitrovic V, Hamm C. B-type natriuretic 

peptide and N-terminal pro-B-type natriuretic 

peptide–Diagnostic role in stable coronary artery 

disease. Experimental & Clinical Cardiology. 

2006;11(2):99. 

30. Weber M, Hamm C. Role of B-type natriuretic 

peptide (BNP) and NT-proBNP in clinical routine. 

Heart. 2006 Jun 1;92(6):843-9. 

31. Heeschen C, Dimmeler S, Fichtlscherer S, Hamm 

CW, Berger J, Simoons ML, Zeiher AM, 

CAPTURE Investigators. Prognostic value of 

placental growth factor in patients with acute chest 

pain. Jama. 2004 Jan 28;291(4):435-41. 

32. Apple FS, Wu AH, Mair J, Ravkilde J, Panteghini 

M, Tate J, Pagani F, Christenson RH, Mockel M, 

Danne O, Jaffe AS. Future biomarkers for detection 

of ischemia and risk stratification in acute coronary 

syndrome. Clinical Chemistry. 2005 May 

1;51(5):810-24. 

33. Wu AHB, Crosby P, Fagen G, Danne O, Frei U, 

Mockel M. Ischemia modified albumin, free fatty 

acids, whole blood choline, B-type natriuretic 

peptide, glycogen phosphorylase BB, and cardiac 

troponin. In: Wu AHB, ed. Cardiac markers. 

Totowa, NJ: Humana Press, 2003:259–78. 

34. Danne O, Mo¨ckel M, Lueders C, Mu¨gge C, 

Zschunke GA, Lufft H. Prognostic implications of 

elevated whole blood choline levels in acute 

coronary syndromes. Am J Cardiol. 2003;91:1060–

7. 

35. Inoue K, Sugiyama A, Reid PC, Ito Y, Miyauchi K, 

Mukai S, Sagara M, Miyamoto K, Satoh H, Kohno 

I. Establishment of a high sensitivity plasma assay 

for human pentraxin3 as a marker for unstable 

angina pectoris. ArteriosclerThrombVasc Biol. 

2007;27:161-7. 

36. Latini R, Maggioni AP, Peri G, Gonzini L, Lucci 

D, Mocarelli P, Vago L, Pasqualini F, Signorini S, 

Soldateschi D. Lipid Assessment Trial Italian 

Network (LATIN) Investigators: Prognostic 

significance of the long pentraxin PTX3 in acute 

myocardial infarction. Circulation . 

2004;110:2349-54. 

37. Suzuki S, Takeishi Y, Niizeki T, Koyama Y, 

Kitahara T, Sasaki T, Sagara M and Kubota I. 

Pentraxin 3, a new marker for vascular 

inflammation, predicts adverse clinical outcomes in 

patients with heart failure. Am Heart J. 

2008;155:75-81. 

38. Lund J, Qin QP, Ilva T, Nikus K, Eskola M, Porela 

P, Kokkala S, Pulkki K, Pettersson K, 

Voipio-Pulkki LM. Pregnancy-associated plasma 

protein A: A biomarker in acute ST-elevation 

myocardial infarction (STEMI). Ann Med. 2006; 

38:221-8. 

39. Shingu M, Nagai Y, Isayama T, Naono T, 

Nobunaga M. The effects of cytokines on 

metalloproteinase inhibitors (TIMP) and 

collagenase production by human chondrocytes and 

TIMP production by synovial cells and endothelial 

cells. Clinical & Experimental Immunology. 1993 

Oct 1;94(1):145-9. 

40. Hjortshøj S, Dethlefsen C, Kristensen SR, Ravkilde 

J. Kinetics of ischaemia modified albumin during 

ongoing severe myocardial ischaemia. Clinica 

Chimica Acta. 2009 May 31;403(1):114-20. 

http://saspublisher.com/sajp/

