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Introduction

Myocardial infarction (MI), commonly known as a heart attack,
is a leading cause of death and disability worldwide. Timely detection
and prompt intervention are critical in reducing the mortality and
morbidity associated with this life-threatening condition. While
traditional diagnostic tools, such as electrocardiograms (ECG) and
cardiac enzyme measurements, have been pivotal in diagnosing MI,
there is an increasing need for more sensitive and specific biomarkers
to detect myocardial injury earlier and more accurately. Emerging
biomarkers are promising tools that could improve early detection,
facilitate risk stratification, and guide therapeutic decision-making.
This article explores the latest advances in biomarkers for myocardial
infarction and their potential to transform clinical practice [1].

Description

Traditional biomarkers in myocardial infarction

Currently, the most widely used biomarkers for diagnosing
myocardial infarction are cardiac troponins specifically troponin I and
troponin T. These proteins are released into the bloodstream when
heart muscle cells are damaged. Elevated troponin levels are highly
specific to myocardial injury and are considered the gold standard in
MI diagnosis. However, troponins may not always provide immediate
results, and their levels may rise only hours after the onset of symptoms,
making early detection challenging [2]. Other traditional markers
include creatine kinase-MB (CK-MB) and myoglobin, which are also
released when heart muscle is injured. While useful, these markers are
less specific than troponins and can be elevated due to skeletal muscle
damage, limiting their diagnostic value. Additionally, these biomarkers
are more useful for detecting more severe cases of MI and may not be
as effective for detecting milder or early-stage events.

Emerging biomarkers for early detection of myocardial in-
farction

Recent advances in biomarker research have focused on identifying
novel molecules that could detect myocardial injury more rapidly and
with greater specificity. Several emerging biomarkers show promise for
improving the early diagnosis of MI.

High-sensitivity cardiac troponin (hs-cTn): While cardiac
troponins remain the cornerstone of MI diagnosis, hs-cTn tests have
emerged as a more sensitive tool for detecting low levels of troponin
in the bloodstream. These tests can identify minor myocardial injury
earlier than traditional tests, allowing for more rapid detection of MI in
patients presenting with chest pain. hs-cTn can detect smaller amounts
of cardiac injury and is useful for diagnosing both STEMI and NSTEMI
(non-ST-elevation myocardial infarction) in emergency settings [3].

Growth differentiation factor 15 (GDF-15): GDF-15 is a stress-
responsive protein that is released from various tissues, including the
heart, during episodes of myocardial injury [4]. It has been shown to
be elevated in patients with acute coronary syndrome (ACS), even
in the early stages of the disease, before troponin levels rise. Studies

have suggested that measuring GDF-15 levels could improve risk
stratification and help identify patients at higher risk of adverse
outcomes, such as heart failure or recurrent MI.

Heart-type fatty acid-binding protein (H-FABP): H-FABP is a
small protein found in the heart muscle that plays a crucial role in the
transport of fatty acids. Elevated levels of H-FABP have been observed
shortly after myocardial injury, making it a potential early biomarker
for MI. H-FABP can be detected in the blood within hours of the onset
of chest pain, potentially providing a faster means of diagnosing MI
than troponins. It has been shown to be particularly useful in the early
diagnosis of NSTEMI [5].

Myeloperoxidase (MPO): MPO is an enzyme produced by white
blood cells that plays a role in the inflammatory process. Elevated MPO
levels have been associated with increased risk of cardiovascular events,
including MI. MPO has been identified as a potential biomarker for
detecting early signs of acute coronary syndrome (ACS), particularly in
patients who do not yet show elevated troponin levels [6]. Furthermore,
MPO levels have been linked to the severity of coronary artery disease,
offering insight into disease progression.

Circulating microRNAs: MicroRNAs (miRNAs) are small
non-coding RNAs that regulate gene expression and are involved
in various biological processes, including cardiovascular function.
Certain miRNAs, such as miR-1, miR-133, and miR-208, have been
found to be differentially expressed in response to myocardial injury.
These miRNAs are stable in the bloodstream and can be detected with
high sensitivity. Emerging studies suggest that miRNA profiles could
provide a non-invasive means of detecting MI earlier, as well as help
predict patient outcomes.

Soluble CD40 Ligand (sCD40L): The CD40-CD40L signaling
pathway plays a critical role in inflammation and thrombosis, both of
which are central to the pathogenesis of MI. Elevated levels of sCD40L,
a soluble form of the CD40 ligand, have been linked to increased
platelet activation and a heightened risk of atherosclerotic events [7].
Measuring sCD40L levels could provide valuable insights into the risk
of acute coronary events, including MI, and help identify patients who
are at high risk of developing complications after MI.

Endothelial cell-specific molecule-1 (ESM-1): ESM-1 is a protein
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expressed on the surface of endothelial cells, which line the blood
vessels. Elevated ESM-1 levels have been associated with endothelial
dysfunction, a key factor in the development of atherosclerosis and MI.
ESM-1 has shown promise as a potential biomarker for early detection
of coronary artery disease and MI, particularly in patients who do not
exhibit typical symptoms or elevated troponin levels [8].

Conclusion

The early detection of myocardial infarction is critical for
improving patient outcomes and reducing the burden of cardiovascular
disease. While traditional biomarkers such as cardiac troponins remain
essential for diagnosing MI, emerging biomarkers are paving the way
for more sensitive, specific, and timely detection. High-sensitivity
cardiac troponins, along with other novel markers such as GDF-
15, H-FABP, and circulating microRNAs, offer great potential for
identifying myocardial injury in its earliest stages. By incorporating
these biomarkers into clinical practice, healthcare providers can
more effectively diagnose MI, stratify risk, and tailor therapeutic
interventions to improve survival rates and reduce complications.
Ongoing research will continue to refine and validate these biomarkers,
ultimately leading to more precise and personalized care for individuals
at risk of myocardial infarction.
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