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ABSTRACT. Atrial fibrillation (AF) is the most common type of cardiac arrhythmia. Proteins
are a component of cardiac biomarkers containing cell structures that are released into the circu-
lation when a myocardial injury occurs. They are essential in the diagnosis, risk assessment, and
treatment of patients who have chest pain, are thought to have acute coronary syndrome, or are
experiencing acute heart failure exacerbations. There are numerous biochemical cardiac markers,
but this article summarizes the basic role of major biochemical cardiac markers, including cardiac
natriuretic peptides, cardiac troponins, C-reactive protein (CRP), creatine kinase-MB, heart-type
fatty acid-binding protein, ischemia-modified albumin, lipoprotein (a), osteopontin (OPN), and
soluble suppression of tumorigenicity 2 (sST2), in AF. Atrial natriuretic peptide may serve as an
indicator of atrial integrity, which may help to select appropriate treatment approaches for AF.
Higher levels of N-terminal pro-B-type natriuretic peptide and brain natriuretic peptide are pre-
dictive of incidental AF. Increased troponin T release may indicate better clinical results following
AF ablation. Similarly, CRP increases the risk of the AF-increasing calcium (Ca) influx in atrial
myocytes, but not because of atrial fibrosis. Patients with postoperative AF have lower FABP3
gene expression in the atrium. Lipoprotein (a) (Lpla]) may play a causative role in the onset of
AF and impact various cardiac tissues. Clinical trials for Lp(a)-lowering drugs should assess
their impact on preventing AF. Also, OPN was highly expressed in the circulation of AF patients
and further increased with the progression of AF. sST2 was a reliable predictor of new-onset AF

and can improve the accuracy of the AF risk model. There is a greater chance that these cardiac
biomarkers might be employed to enhance clinical risk stratification in AF.

KEYWORDS. Atrial fibrillation, biochemical cardiac marker, cardiac natriuretic peptide, cardiac

troponin, CRP.

Introduction

The cardiac arrhythmia that occurs most frequently
is atrial fibrillation (AF). It is a major risk factor for
ischemic stroke, which results in severe morbidity and
mortality as well as an enormous economic burden. AF
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affects 37,574 million people globally (0.51% of the pop-
ulation), and its incidence has increased by 33% over the
past 20 years. The biggest burden is evident in coun-
tries with high socio-demographic indices; however,
the most recent increase was reported in countries with
moderate socio-demographic indices. By 2050, AF is
expected to affect 6-12 million individuals in the United
States and 17.9 million people in Europe.! Biomarkers
can be molecular, physiologic, biochemical, histologic,
or radiographic and may be obtained from serum, body
fluid or tissue, whole blood, and plasma.>® Proteins
are a component of cardiac biomarkers containing cell
structures that are released into the circulation when
a myocardial injury occurs. They are essential in the
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diagnosis, risk assessment, and treatment of patients
who have chest pain, are thought to have acute coronary
syndrome (ACS), or are experiencing acute heart failure
(HF) exacerbations. In active research, a growing num-
ber of unique potential markers have been proposed
and incorporated into modern clinical care due to their
obvious diagnostic, prognostic, or therapeutic useful-
ness.” In this context, Pasupathi et al. described numer-
ous biochemical markers in clinical cardiology.® Another
study has offered evidence for the presence of traditional
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cardiac biomarkers.” In their work, Vassiliadis et al.
described cardiac markers like creatine kinase-MB (CK-
MB), myoglobin, lipoprotein (a) (Lip(a)), brain natriu-
retic peptide (BNP), troponins I and T (Tnl and TnT),
osteopontin (OPN), C-reactive protein (CRP), cardiac
extracellular matrix, cardiac matrix metalloproteinases,
and others,'? but this article only emphasizes the role of
major biochemical cardiac markers in AF and highlights
a few aspects of the pathogenesis of AF, as explained in
Table 1.

Table 1: Role of Major Biochemical Cardiac Markers in the Pathogenesis of AF

Biochemical
Cardiac Markers

Pathogenesis of AF

lar nodal refractoriness.

ANP.

pressure.

NPs e Both ANP and BNP reflect mechanical stretching as well as atrial pressure, and both are good candidate bio-
markers to assess the predisposition to AF recurrences.

¢ ANP infusion seems to have an impact on atrial refractoriness, the velocity of conduction, and atrioventricu-

e During AF, atrium enlargement and atrial pressure increases are linked to raised plasma concentration of

e Increased ANP levels during an AF episode are probably an acute physiological response to increased atrial

CRP * CRP greatly increase the inward L-type Ca current in atrial myocytes while not affecting the production of
pro-collagen genes in atrial fibroblasts or other ionic currents. This suggests that CRP increases the risk of the
AF-increasing Ca influx in atrial myocytes, but not because of atrial fibrosis.

e CRP is a marker of inflammatory conditions that may encourage the persistence of AF, possibly by causing
structural and/or electrical remodeling of the atria.

e Increased CRP levels could be a sign of an inflammatory condition that promotes AF development.

H-FABP

e After cardiac surgery, there is a greater increase in H-FABP, which suggests that ischemia myocardial injury is
one of the underlying mechanisms that contribute to AF.

e Patients with POAF have lower FABP3 gene expression in the atrium. These results raise the possibility that
increased AF onset following cardiac surgery may be related to altered fatty acid transport in the atria.

changes.

IMA * An increase in IMA was greater in individuals with ST-T electrocardiographic alterations than in those with-
out such changes, indicating that myocardial ischemia may be a potential cause for the development of these

across myocardial tissues.

Lp(a) e Lp(a) is a potential causal mediator in the development of AF, which shows that the effects of Lp(a) extend

¢ Lp(a) level may represent a potential risk factor for left atrial thrombus in individuals with persistent AF.

ing and suppressing autophagy.

OPN * OPN was highly expressed in the circulation of AF patients.

e Circulating OPN is positively related to LVAs (a marker of atrial fibrosis) in AF patients.

e OPN promotes the proliferation of fibroblasts and increases the production of collagen | and fibronectin.

* The profibrotic effects of OPN on atrial fibroblasts are determined via activating Akt/GSK-3B/B-catenin signal-

e Serum OPN levels have a predominant profibrotic role in the left atrium.

* OPN contributes to mtDNA damage and the resultant atrial fibrosis.

e To prevent and treat fibrosis and diastolic HF in AF, it may be beneficial to use 5-ASA to limit osteopontin
release and restore physiological PLK, expression.

broblasts.

favorable correlation with LAVI.

is related to atrial remodeling.

sST2 ¢ sST2, which is a circulating biomarker for the degree of atrial fibrosis, is most likely produced by atrial myofi-

¢ Baseline sST2 is able to predict recurrence following ablation in individuals with persistent AF and has a

¢ sST2, which is related to atrial fibrosis, might be a useful marker for the detection of patients with high-
grade fibrosis who will get less benefit from cryoablation.

¢ An increase in serum ST2 concentration may play a significant pathophysiological role in the onset of AF and

¢ sST2 is a reliable predictor of new-onset AF and can improve the accuracy of the AF risk model.

Abbreviations: 5-ASA, 5-aminosalicylic acid; AF, atrial fibrillation; ANP, atrial natriuretic peptide; BNP, brain natriuretic
peptide; Ca, calcium; CRP, C-reactive protein; GSK-3B, glycogen synthase kinase-3B; HF, heart failure; H-FABP, heart-type
fatty acid-binding protein; IMA, ischemia-modified albumin; LAVI, left atrial volume index; Lp(a), lipoprotein (a); mtDNA,
mitochondrial DNA; NP, natriuretic peptide; OPN, osteopontin; PLK,, polo-like kinase 2; POAF, postoperative atrial fibrilla-

tion; sST2, soluble suppression of tumorigenicity 2.
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Methods

Various cardiac biomarkers have been reported in the
literature.8'> However, this review article summarizes
the basic role of major biochemical cardiac markers—in-
cluding cardiac natriuretic peptides (NPs), cardiac tro-
ponins, CRP, CK-MB, heart-type fatty acid-binding
protein (H-FABP), ischemia-modified albumin (IMA),
Lip(a), OPN, soluble suppression of tumorigenicity 2
(sST2), lactate dehydrogenase, creatine phosphokinase
(CPK), glycogen phosphorylase BB, cardiac myosin light
chain kinase, and hydroxybutyrate dehydrogenase—in
AF for the first time.

ScienceDirect, PubMed, and Google Scholar were only a
few of the databases used to review the literature. January
30, 2023, was the last date of the literature search. Key-
words such as “atrial fibrillation,” “biochemical cardiac
marker,” “cardiac natriuretic peptides,” “cardiac tropon-
ins,” and “CRP” were used. Clinical investigations could
only be conducted in English. While we did focus more
on current studies, we did not impose any limitations on
publication date. It was possible to find related articles
by looking through the references of the relevant papers.

Biochemical cardiac markers in atrial fibrillation

There are numerous cardiac markers, but this article
only highlights the major biochemical cardiac markers,
including cardiac NPs, cardiac troponins, CRP, CK-MB,
H-FABP, IMA, lipoprotein (a), OPN, and sST2, in AF as
explained in Figure 1.

Cardiac natriuretic peptides

NPs are a group of structurally related proteins with both
natriuretic and diuretic effects. Five distinct peptides

1 Heart-type fatty
acid binding

1 Suppression of
tumorigenicity 2

1 Osteopontin
1 Lipoprotein (a)

1 Ischemia-modified
albumin

1 C-reactive protein

Cardiac natriuretic
peptides

1 NT-proBNP, BNP,
N-ANP

Figure 1: Circulating levels of major cardiac markers in
AF subjects. Abbreviations: AF, atrial fibrillation; BNP,
brain natriuretic peptide; cTnl, cardiac troponin I; N-ANP,
N-terminal atrial natriuretic peptide; NT-proBNP, N-terminal
pro-B-type natriuretic peptide; TnT, troponin T.
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make up the NP class, including atrial natriuretic pep-
tide (ANP), BNP, C-type natriuretic peptide, dendroaspis
natriuretic peptide, and urodilatin, which is solely gen-
erated in the renal district with an autoregulation role."
Heart muscle cells produce ANP, which is a powerful
vasodilator and protein (28-amino acid peptide) hor-
mone. ANP is produced in response to atrial distention,
stretching of the vessel walls, sympathetic activation of
B-adrenoceptors, elevated sodium levels, angiotensin-II,
and endothelin.*

The atria produce ANPs as a result of atrial stretch-
ing. To regulate hemodynamics through natriuresis
and vasodilation, acute AF causes atrial stretch, which
increases the plasma ANP content. The prolonged AF
reduces the atria’s ability to produce ANP by causing
structural atrial damage. Thus, it has been determined
that the plasma ANP concentration and AF dura-
tion have an inverse relationship. A diminished ANP
response to exercise has also been demonstrated to be
an indicator of unsuccessful cardioversion (CV) of AF to
sinus rhythm (SR). Furthermore, a low ANP level was
associated with a high atrial collagen concentration, a
measure of atrial degeneration. These data suggested
that ANP may serve as an indicator of atrial integrity,
which might help in the selection of AF patients for
treatment approaches.'

It may be better to accept accessible biomarkers such as
ANP and BNP levels to predict recurrences of AE The
extent of functional atrial myocardium was associated
with the production of ANP; both ANP and BNP reflect
mechanical stretching as well as atrial pressure, and both
are good candidate biomarkers to assess the predisposi-
tion to AF recurrence.'

Therkelsen et al. described ANP and BNP in AF and dis-
cussed alterations to these proteins after CV in persistent
AF. Positive correlations between ANP and BNP with left
and right atrial volumes were observed. Following CV,
changes in left atrial volume were predicted as changes
in ANP and BNP. AF might cause continually elevated
ANP and BNP, and atrial volume seems to be a significant
determinant of ANP and BNP in AE' Likewise, ANP
infusion seems to have an impact on atrial refractoriness,
the velocity of conduction, and atrioventricular nodal
refractoriness.'® Also, Rossi et al. concluded that AF was
an independent predictor of elevated N-terminal ANP
levels and blurs its link with left ventricular (LV) dys-
function. In contrast, BNP was not independently linked
to AF and was strongly determined by LV dysfunction,
which is an independent marker."

Higher levels of N-terminal pro-B-type natriuretic pep-
tide (NT-proBNP) and BNP were predictive of incidental
AF, while NPs were elevated in AF. The atrial environ-
ment may be reflected by NPs, which may help to iden-
tify the underlying atrial cardiomyopathy.’ Also, Weng
et al. concluded that NT-proBNP levels might be helpful
as a biomarker to identify a subset of hypertensive indi-
viduals who would benefit from intensive blood pressure

5613



control or other upstream treatments to target atrial sub-
strate to prevent AF recurrence post-ablation.”!

NT-proBNP and BNP levels were higher in silent AF/
atrial tachycardia patients compared to those with SR.
Therefore, NP level-induced Holter monitoring may be a
helpful approach in the prevention of stroke or systemic
embolism when used to screen for undetected paroxys-
mal AF? After CV in AF patients, ANP and BNP dramat-
ically decline, and both can serve as reliable indicators of
recurrent AE? A higher diagnostic threshold should be
applied in individuals with AF as the presence of AF was
linked to higher circulating BNP levels in patients with-
out HF but not in those with HE.** AF and HF frequently
coexist, which is linked to elevated levels of NT-proBNP.

The diagnostic accuracy of NT-proBNP for HF can be
impaired by AF. In stable outpatients with cardiovas-
cular risk factors, NT-proBNP was a more accurate bio-
marker for incident and prevalent AF than for HF. It may
not be useful to diagnose chronic HE, especially HF with
preserved ejection fraction, in individuals with AF. If
NT-proBNP levels were higher without evidence of HF,
screening for AF should be taken into account.”

Moreover, it has been suggested that secretory granules
in the atria release higher levels of BNP during AF, and
BNP elevation of unknown cause may be associated
with the presence of asymptomatic AF. Cardiac func-
tion assessment using BNP during AF requires special
consideration, unlike during SR, even in patients with
paroxysmal AF or chronic AF, because BNP level during
AF is the sum of BNP values from the ventricle (reflecting
LV function) and the atrium (due to AF).?

Shin et al. concluded that elevated plasma levels of
NT-proBNP were related to AF in individuals with a nor-
mal left ventricular ejection fraction (LVEF), and these lev-
els drop when electrical CV may restore a sustained SR.
However, when AF recurs, NT-proBNP appears to rise
(albeit not significantly). Finally, NT-proBNP was not a
reliable indicator of the long-term effectiveness of SR resto-
ration by electrical CV.*’ In contrast, Brady et al. explained
that AF patients had elevated NT-proBNP concentrations,
which predicted future HF events irrespective of the occur-
rence of HE thus encouraging regular measurement of
NT-proBNP in the assessment of patients with AE* Also,
measuring NT-proBNP is a promising technique that can
help clinicians in choosing a rhythm-control or rate-control
approach for managing AF%

Cardiac troponins

Troponin is a complex made up of a trio of single-chain
polypeptides: troponin-1 (Tn-1), which stops muscle con-
traction in the absence of calcium (Ca); TnT, which binds
the troponin complex to tropomyosin; and troponin C,
which binds Ca. Troponin controls muscle contractions
together with tropomyosin, which is under the control
of Ca. Within 3-6 h following a myocardial infarction
(MI), the cardiac muscle-specific isoform C Tn-1 levels
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increase. Within 14-20 h, the levels reach their peak, then
return to normal after 5-7 days."

The recommended biomarker for detecting myocardial
injury is troponin. Elevated troponin levels are very
specific for cardiac damage, and there are several criti-
cal difficulties relating to the fundamental science of this
protein and its measurement. Hence, understanding how
sensitive the specific test is for diagnosing cardiac injury
is necessary.®

Piechota et al. investigated the factors that lead to the
elevation of cardiac Tnl (cTnl) and explored the possibil-
ity that an external CV of AF may induce this elevation.
A high-sensitivity experiment therefore demonstrated
that CV can cause a small but significant rise in cInl.
The impact of CV on ¢Tnl elevation appears to be more
apparent in individuals with LV end-diastolic dimension
that was rather severe.*® On the contrary, Knayzer et al.
detailed that, after cardiac surgery, a strong relationship
was found between elevation of the ¢Tnl plasma level
and clinical inflammation-associated parameters. These
variables were not correlated with postoperative AF
(POAF), nor did postoperative plasma cTnl levels corre-
late with the occurrence of AF. Although more research is
needed, preoperative statin therapy might help to reduce
the postoperative inflammatory response.?! Also, the Tnl
level was not linked to the development of AF, according
to the study by Zhang et al., but another biomarker of
myocardial necrosis, the CK-MB level, was found to be
predictive of AF development. Longer alterations in the
myocardial structure may cause more marked heart dam-
age and an increased risk of AR

As shown by high-sensitivity TnT measurement, exter-
nal direct-current CV did not cause myocardial damage
within the first 6 h. Patients who have had CV and whose
cardiac troponin levels increase significantly thereafter
should be examined for other potential causes of myo-
cardial injury rather than being automatically concluded
to have suffered myocardial injury as a result of the
CV.? Similar to this, Yoshida et al. found that increased
TnT release can predict better clinical results following
AF ablation. The authors hypothesized that a greater
increase in TnT following ablation signifies the existence
of a healthier left atrium, thereby correlating TnT release
with better clinical outcomes.*

Among AF patients, high-sensitivity troponin levels were
greater in men than in women. In anticoagulated individ-
uals with AF, however, high-sensitivity troponin concen-
trations remain equally related to poor clinical outcomes
regardless of sex.”® In many stable individuals with per-
sistent AF who did not have ischemic heart disease, ele-
vated TnT was found. A substantial decrease in heart rate
due to the study drugs was connected to a large drop in
TnT level %

Troponin elevation was frequent in individuals who
report to hospitals with acute symptomatic AF, but it was
not a good predictor of underlying significant coronary
artery disease in this patient population. The presence of
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severe coronary artery disease, however, was predicted
by the c¢Tnl peak.?” Patients with high heart rates, angina
pectoris, and/or AF frequently have inaccurately inflated
cTInl values. Clinicians examining individuals with acute
AF and symptoms of myocardial ischemia should con-
sider these results. It is necessary to make appropriate
clinical recommendations that take into account AF-
related elevations in ¢Tnl.*

In a sizable “real-world” cohort of anticoagulated AF
patients, both high-sensitivity TnT and high-sensitivity
interleukin (IL)-6 levels provided prognostic information,
enhancing clinical risk scores for the prediction of long-
term cardiovascular events and mortality. According to
the authors’ findings, there was a greater chance that
these biomarkers might be employed to enhance clinical
risk stratification in AF.* Elevated Tnl and NT-proBNP
levels were frequently present in AF patients, with each
being individually associated with an increased risk of
stroke and death. Beyond frequently employed clinical
indicators, cardiac biomarkers are effective for enhancing
risk prediction in AE.*

A high-sensitivity cTnl level was not able to enhance risk
stratification but was an independent prognostic factor
for the occurrence of AF hospitalization in a communi-
ty-based population.*! AF or atrial flutter electrical CV
results in an increase in total CK but no change in cardiac
TnT, suggesting the absence of myocardial damage and
that CK was derived from skeletal muscle. Following CV
for atrial arrhythmias, if cardiac TnT increases, it is impor-
tant to investigate other causes of myocardial injury.*

C-reactive protein

CRP is a typical biomarker of systemic inflammation
linked to several cardiovascular risks and involved in
the immunological process that results in cardiac and
vascular remodeling. Although a Mendelian randomiza-
tion analysis did not support the causative effects of CRP
on AF, evidence from observational studies revealed that
increased blood CRP levels were positively linked to
the incidence of AE* Similarly, Chang et al. explained
that CRP greatly increased the inward L-type Ca cur-
rent in atrial myocytes while not affecting the produc-
tion of pro-collagen genes in atrial fibroblasts or other
ionic currents. This suggests that CRP increases the risk
of the AF-increasing Ca influx in atrial myocytes, but
not because of atrial fibrosis.** Meyre et al. indicated
that inflammation is crucial to the development and
progression of AF. However, little is known about the
connection between subclinical inflammation and the
recurrence of AF following catheter ablation. As a result,
in patients undergoing catheter ablation for AF, greater
pre-interventional CRP levels were linked to a higher
risk of AF recurrence.*®

Plasma high-sensitivity CRP (hs-CRP) concentration
before circumferential pulmonary vein isolation (CPVI)
was linked to AF recurrence after a primary CPVI proce-
dure in both paroxysmal and persistent AF patients. The
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plasma hs-CRP concentration might play a role in the
prediction of AF recurrence after primary CPVL* In the
same context, Sotomi et al. showed that abnormally high
preoperative CRP levels were a reliable indicator of very
late recurrence (VLR) after AF ablation. In clinical prac-
tice, ongoing monitoring for VLR following pulmonary
vein isolation was preferable, especially in the cohort of
patients who were at high risk for VLR.*

In AF patients, CRP may not only be a measure of inflam-
mation but also actively participate in pathophysiology. In
contrast, CRP might be more of a result than a cause of the
pathophysiology of AF. Epidemiologic studies can find
relationships but not causality, which needs to be estab-
lished by other clinical research. The use of a straightfor-
ward marker for the assessment of inflammatory activity
in AF takes up new possibilities for the development of
medications that will influence inflammation (aspirin,
statins, fibrates, angiotensin inhibitors, etc.).

Ock et al. concluded that increased plasma CRP concen-
trations may be an accurate surrogate measure for assess-
ing the degree of carotid atherosclerosis in patients with
AFE and CRP concentration may also be associated with
an increased risk of ischemic stroke. AF patients with
elevated CRP levels were more likely to experience
advanced atherosclerosis and cerebrovascular accidents.
These patients might require anti-inflammatory treat-
ments, such as statins and anticoagulants. The findings
should be investigated in more detail in laboratory, obser-
vational, and interventional studies.*’

A dose-dependent link was found between postoperative
serum CRP level and the emergence of POAF in people
who have had undergone coronary artery bypass graft
surgery. The percentage of patients with POAF in the first
serum CRP quartile (24.5% in CRP < 90 mg/L quartile)
and the fourth quartile (35.1% in CRP > 175 mg/L quar-
tile) differed in statistically significant fashion.*

According to another study, monitoring serum CRP
both pre- and postoperatively may help predict the
development of POAF®" More research is required to
determine the value of CRP and other inflammatory mark-
ers in the prediction of POAF, rather than simply examin-
ing the relationship between CRP and POAF/AF. Future
research must consider the many variables that could
affect CRP, including comorbidities, age, and infections.>?

In long-standing persistent/permanent AF patients,
inflammatory infiltrates, blood levels of CK-MB and
CRP, and their ages were all significantly increased. In
addition, in both AF subtypes, CRP blood levels and the
degree of atrial inflammation tended to be moderately
positively correlated.”® It has been demonstrated that
CRP blood levels were elevated in individuals with AF
and that they positively correlated with the diameter and
duration of AF in paroxysmal® as well as persistent and
chronic AF»®

The study by Narducci et al. showed the viability and
safety of a novel method for collecting atrial samples
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during a typical transseptal puncture. Paroxysmal AF
was more likely than persistent AF to be caused by local
inflammation, as determined by CRP localization in atrial
tissue.”® After successful CV, hs-CRP assays were mod-
erately accurate in predicting the recurrence of AE®
Increased CRP levels could be a sign of an inflammatory
condition that promotes AF development.*®

A two-fold elevation in CRP was linked to AF. The largest
CRP elevation was found in individuals who had more
persistent AF, which may indicate that CRP is a marker of
inflammatory conditions that may encourage the persis-
tence of AF, possibly by causing structural and/or electri-
cal remodeling of the atria. These pathways may signify
anovel mechanism by which structural changes resulting
from inflammation perpetuate AF. These findings need
to be tested and verified in a larger trial. However, these
pathways could offer a potential target for pharmacolog-
ical disruption or reversal of atrial structural remodeling.
The pharmaceutical therapies for AF that are now avail-
able have a poor success rate and possibly harmful side
effects. For innovative, more tolerated pharmacological
AF treatments, inflammatory pathways may serve as a
basis. It may be necessary to conduct randomized studies
on agents such as anti-inflammatory medications and/or
other CRP-lowering drugs.”’

Creatine kinase—-MB

An enzyme called creatine kinase is made up of a pair
of subunits, M and/or B. Three separate isoenzymes,
CK-BB, CK-MB, and CK-MM, are produced when a trio
of different pairings of these units join. The heart-specific
isoenzyme CK-MB has long served as the gold standard
for diagnosing acute MI in laboratories. Although it is
mostly cardiac-specific and may also be found in skeletal
muscles and other tissues, it is present in larger amounts
in the heart muscle.®

NT-proBNP, CK-MB, and LVEF are the three main prog-
nostic factors utilized to predict new-onset AF in ACS
patients. The value suitable for AF screening can be quan-
titatively determined using NT-proBNP and CK-MB.*
In contrast, CPK-MB and AF were shown to not be cor-
related in the investigation by Jeppesen et al. Patients
with POAF had a statistically significant 2.4-fold higher
incidence of paroxysmal or permanent AF than those
with postoperative SR. Postoperative CPK-MB was not
shown to be a valid indicator of late cardiac mortality or
the identification of paroxysmal or persistent AF within
10 years of coronary artery bypass graft surgery. Patients
who experienced POAF had a greater risk of acquiring
paroxysmal or chronic AF later than those who experi-
enced postoperative SR.*!

Heart-type fatty acid-binding protein

The heart-type fatty acid—binding protein family includes
H-FABP, which is also referred to as a mammary-derived
growth inhibitor.? The myocardial fatty acid transporter
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known as H-FABP is released into the bloodstream fol-
lowing myocardial damage. Following elective CV for
AF, H-FABP was not significantly altered, leading to the
hypothesis that myocardial necrosis had not taken place
during CV.®?

After cardiac surgery, there was a greater increase in
H-FABP, which suggests that ischemia myocardial injury
was one of the underlying mechanisms that contribute
to AF. POAF may be less frequent as a result of meas-
ures taken to reduce perioperative ischemia damage.**
Patients with POAF have lower FABP3 gene expression
in the atrium. The authors’ findings suggested a poten-
tial connection between altered fatty acid transport in the
atrium and elevated AF onset after cardiac surgery.*®®

Ischemia-modified albumin

IMA is a marker of myocardial ischemia measured with
the albumin cobalt binding test. In the same context, to
ascertain if temporary myocardial ischemia happens fol-
lowing elective direct current CV for AF, Roy et al. assessed
IMA concentrations. In comparison to those without these
modifications, patients with electrocardiographic abnor-
malities (ST depression and/or T-wave inversion) follow-
ing CV had substantially greater levels of IMA. As a result,
myocardial ischemia that is temporary may be reflected by
higher levels of IMA following CV.%

Lipoprotein (a)

With an additional apolipoprotein (a) (apo[a]) joined
to the apolipoprotein (b) component of the low-density
lipoprotein (LDL) particle by a disulfide bridge, Lp(a) is
an LDL particle. Due to the wide variety of apo(a) iso-
forms present in the population, the structure of Lp(a)
is quite diverse. Etiologically, promoting wound healing
and minimizing bleeding, particularly during childbirth,
may have given a survival advantage.”” High levels of
Lp(a) are a direct cause and an independent risk factor
for cardiovascular diseases (CVDs) in epidemiological
and genetic investigations. Both pro-atherogenic and pro-
thrombotic pathways may play a role in the elevated risk
of CVD caused by Lp(a).®®

The lower incidence rates of AF are linked to greater lev-
els of Lp(a). It might be useful to perform a genomic anal-
ysis to ascertain whether gene scores for Lp(a) levels are
related to the risk of AE® In contrast, high Lp(a) levels
are not linked to the occurrence of AF. Lp(a) levels are pri-
marily related to a higher risk of ischemic stroke in those
without AF but not in those with AF.”

Another study reported that Lp(a) may play a causative
role in the onset of AF and impact various cardiac tissues.
Clinical trials for Lp(a)-lowering drugs should assess
their impact on preventing AF”! Although several stud-
ies have attempted to demonstrate a potential association
between AF and high Lp(a) levels, the authors were una-
ble to find such a relationship. However, when compared
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to other ethnic populations, ethnic variations might par-
tially account for these findings in patients.”

Thromboembolism is more likely to occur in those with
persistent AF. Because apo(a) and plasminogen have a
structural similarity, Lp(a) might induce thrombosis by
modifying the fibrinolytic system. Strong associations
exist between left atrial thrombus and elevated blood
levels of Lp(a). These results imply that Lp(a) level may
represent a potential risk factor for left atrial thrombus in
individuals with persistent AF.”

Osteopontin

The human OPN protein has 314 amino acid residues,
and its predicted molecular weight is 32 kDa. A few of
the cell types in the heart that produce OPN in response
to various stimuli, such as hypoxia, inflammation, toxin
exposure, and mechanical stretching, include cardiomyo-
cytes, cardiac fibroblasts, resident macrophages, and cor-
onary artery endothelial cells.”* OPN is an extracellular
matrix protein that plays an integral role in myocardial
remodeling and has previously been shown to be a valua-
ble biomarker in CVD.”” OPN, a plasma-detectable glyco-
protein found to be elevated in various animal models of
cardiac failure, may therefore constitute a new biomarker
that makes it simpler for patients with HF to categorize
their risks.”

A common feature of AF is atrial fibrosis. According to
recent reports, OPN can induce fibrosis in the kidneys,
liver, and lungs. Lin et al. reported that OPN is highly
expressed in the circulation of AF patients and further
increased with the progression of AF. Additionally, corre-
lation analysis revealed a significant relationship between
circulating OPN and low-voltage areas, which is a marker
of atrial fibrosis in AF patients. Immunohistological stain-
ing and immunoblotting showed that AF patients with
more severe atrial fibrosis have greater levels of OPN
expression. OPN increased fibroblast proliferation and
elevated the production of both collagen I and fibronec-
tin according to in vitro investigations in cultured human
atrial fibroblasts. The profibrotic effects of OPN on atrial
fibroblasts were produced via stimulating the Akt/glyco-
gen synthase kinase-3f (GSK-3f)/B-catenin pathway and
inhibiting autophagy, respectively.””

OPN is also known as secreted phosphoprotein 1 (SPP1),
which has been implicated in the fibrosis process, includ-
ing in atrial fibrosis. Du et al. provided the suggestion
that SPP1 contributes to mitochondrial DNA damage and
the resultant atrial fibrosis. The underlying regulatory
mechanism here is that SPP1 exerts its function by acting
as a promoting factor for transforming growth factor-8
(TGF-B) and increasing the activity of sterol-regulatory
element binding protein-2 (SREBP2)/proprotein conver-
tase subtilisin/kexin type 9 (PCSK9), thus forming an
SPP1/TGE-B/SREBP2/PCSKO9 axis to participate in atrial
fibrosis. These findings provide a new molecular theo-
retical basis for the understanding of the pathogenesis of
atrial fibrosis.”
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Moreover, it has been recognized that polo-like kinase 2
(PLK,) is an epigenetically regulated kinase involved in
the pathogenesis of fibrosis in AF. PLK, knockout mice
can serve as a model of diastolic HF wherein OPN is a
promising therapeutic target. The authors’ findings sup-
port the idea that AF is a complex systemic condition
as well as an ion channel disease. To prevent and treat
fibrosis and diastolic HF in AF, it may be beneficial to use
5-aminosalicylic acid to limit OPN release and restore
physiological PLK, expression.”” Similarly, Tipteva et al.
reported that serum OPN levels were independently
linked to AF in aortic valve stenosis patients, leading to
speculation about its predominant profibrotic function in
the left atrium.*

OPN has been described as a novel, independent risk
factor for AF® The rate of recurrence after AF catheter
ablation is exacerbated by atrial fibrosis. OPN is a multi-
functional molecule that plays a role in fibrosis and other
pathological pathways. Also, Giines et al. showed that,
in patients undergoing cryoballoon AF ablation, both the
persistence of AF and high pre-procedural OPN levels
independently predict AF recurrence.®

Soluble suppression of tumorigenicity 2

ST2is an IL-1 receptor family member and has been iden-
tified as a novel biomarker for cardiac strain. In patients
with chronic HEF, elevated sST2 concentrations pre-
dict sudden cardiac death and offer additional data on
NT-proBNP levels. The clinical decision-making process
may be impacted by a combined biomarker strategy.®
Recently, ST2 has gained interest as a possible biomarker
in various fields. It contributes to cardiovascular patho-
physiology and is implicated in a variety of inflamma-
tory disorders and allergies. ST2 is now being studied
as a potential biomarker for cardiac disorders. A cardio-
protective pathway that reduces inflammatory response,
hypertrophy, and death of cardiomyocytes includes the
interaction of IL-33 and ST2L. Clinical research suggests
that sST2 may be effective in treating several diseases,
including arrhythmia, hypertension, myocarditis, acute
aortic syndrome, and coronary artery disease. The peri-
operative period and heart transplantation may both
benefit from the use of this novel biomarker.?* Also, sST2
is an independent predictor of death or HF in patients
with AF irrespective of a history of HF or the NT-proBNP
level.®

In another study, Tan et al. concluded that circulating
sST2 > 39.25 ng/mL in patients with persistent AF pre-
dicts recurrence after initial ablation. Additionally, atrial
myofibroblasts are probably a biological source of circu-
lating sST2, which might be a significant biomarker for
the severity of atrial fibrosis. To enhance the results of
catheter ablation for persistent AF, inhibiting circulating
sST2 may be helpful as adjuvant therapy.®® Even after
accounting for additional clinical variables, ST2 and BNP
continue to function as independent predictors of AF.
Elevated BNP seems to be a better predictor of AF than
ST2 when ST2 is combined with it.¥
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The study conducted by Okar et al. is the first research
study to link sST2 to the recurrence of AF. For predicting
AF recurrence, sST2 was found to be the sole independ-
ent parameter.®® A promising diagnostic for identifying
individuals with high-grade fibrosis who may benefit less
from cryoablation is likely to be the atrial fibrosis—related
protein sST2. Many ablation operations or different types
of ablation techniques could be used for such patients.*®

Wang et al. showed that individuals with paroxysmal
AF and low-voltage zones of >20% had higher sST2 lev-
els than patients with smaller low-voltage zones. The
authors also revealed that elevated sST2 levels might act
as a unique predictor of AF recurrence rate in individuals
who have undergone radiofrequency catheter ablation.®’
Likewise, in individuals with normal LV systolic func-
tion, sST2 but not galectin-3 can be used to predict SR
maintenance following CV of AE*

sST2 and tissue inhibitor of metalloproteinase-1 (TIMP-1)
were linked to the development of AF in a cohort anal-
ysis, regardless of clinical traits or biomarkers. Age,
increased NT-proBNP, an enlarged left atrium, and sST2
and TIMP-1 all worked together to provide a reliable
indicator of AF development.” Also, in individuals with
acute MI, sST2 was a reliable predictor of new-onset AF
and can improve the accuracy of the AF risk model.*?

According to Kong et al., an elevation in serum ST2
concentration may contribute to the pathophysiological
mechanisms underlying the onset of AF; specifically, this
increase is associated with atrial remodeling, which sug-
gests that increased serum ST2 levels could serve as a bio-
marker for assessing the severity of AF and predicting the
likelihood of recurrent episodes, particularly in patients
with persistent AF following treatment.”

Independent of left atrial size, sST2 is a marker of
advanced functional remodeling in AF patients that has
been linked to much longer ablation treatments. Future
research is necessary to determine whether elevated
sST2 levels indicate an increased risk of atrial arrhythmia
recurrence after ablation.*%

The objective biomarker sST2 is probably capable of pre-
dicting the probability of emergency hospitalization or
HF in AF patients. Increased sST2 levels may contrib-
ute to the development of AF.” Both sST2 and left atrial
diameter have been identified as independent predictors
of HF by Cox proportional hazard analysis. In compari-
son to SR, AF correlates with greater sST2 concentrations.
In individuals with AF, plasma sST2 may be a valuable
biomarker for anticipating HF."”

Atrial stretch is a well-known factor in the development
of AF, which is caused by pathophysiologically elevated
hemodynamic stress; it may also promote the release of
sST2 and BNP. Because AF patients have a faster heart
rate and atrial pressure than SR patients, this may be the
reason why sST2 levels increased during AF. Stretched
cardiac fibroblasts and cardiomyocytes were subject to
biomechanical overload, and ST2/IL-33 signaling was
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assumed to be crucial in controlling the myocardial
response. Loss of IL-33/ST2L signaling causes excessive
myocyte hypertrophy, fibrosis, impairment of LV func-
tion, and an increased risk of mortality from ventricular
failure, which all contribute to remodeling of the ven-
tricular myocardium.”®

Conclusion

This review article concludes that biochemical cardiac
markers, including cardiac NPs, cardiac troponins, CRP,
CK-MB, H-FABP, IMA, Lp(a), OPN, and sST2, play a sig-
nificant role in the pathogenesis of AF, as explained in
Table 1. Additional studies are required to find the link
between other cardiac markers and AF. Furthermore,
strategies for treatment are necessary to establish the
early management of these cardiac markers, which will
ultimately decrease the prevalence of cardiac arrhythmia
disorders.
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