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ABSTRACT: Hypertrophic cardiomyopathy is the most common genetic heart disease. Biomarkers, molecules measurable in the
blood, could inform the clinician by aiding in diagnosis, directing treatment, and predicting outcomes. We present an updated
review of circulating biomarkers in hypertrophic cardiomyopathy representing key pathologic processes including wall stretch,
myocardial necrosis, fibrosis, inflammation, hypertrophy, and endothelial dysfunction, in addition to their clinical significance.
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common genetic heart disease. The genetic de-

fect results in diverse phenotypic expressions,
but the “classic” phenotype involves asymmetric left
ventricular (LV) hypertrophy in the absence of pre-
cipitating factors. Although originally considered a
monogenically inherited disease,' it is now known that
most cases of HCM are polygenic and multifactorial.>®
Prevalence early on was estimated to be 1 in 500,* but
recent studies indicate HCM may be more common,
approximating 1 in 200 patients.® Although most af-
fected individuals experience a clinically benign course,
subsets of patients develop complications including
heart failure, LV outflow tract obstruction, atrial and
ventricular arrhythmias, and sudden cardiac death.® In
the HCMR (Hypertrophic Cardiomyopathy Registry), 2
populations of patients were identified, 1 positive for
the genetic sarcomere mutation and 1 negative for the
mutation.? The genotype positive and negative groups
were very different regarding morphology of the hy-
pertrophy, extent of fibrosis, and presence of obstruc-
tion on cardiac magnetic resonance (CMR) imaging,
highlighting the importance of examining clinical and
imaging aspects of HCM and their correlation to mol-
ecules measurable in the blood related to the disease
process. Such molecules, termed biomarkers, could

Hypertrophio cardiomyopathy (HCM) is the most

inform the clinician by aiding in diagnosis, directing
treatment, and predicting outcomes. The last compre-
hensive review of this subject was published in 2009.”
We present an updated review related to biomarkers in
HCM with a special emphasis on their correlations to
cardiac imaging findings and clinical outcomes.

METHODS

Search Strategy

We performed a comprehensive literature search using
MEDLINE database, Embase, and Google Scholar.
The following search terms were used: hypertrophic
cardiomyopathy, hypertrophic obstructive cardio-
myopathy, obstructive hypertrophic cardiomyopathy,
idiopathic hypertrophic cardiomyopathy, asymmetric
hypertrophic cardiomyopathy, apical hypertrophic car-
diomyopathy, familial hypertrophic cardiomyopathy,
biomarker, biological marker, and biochemical marker.
All papers were reviewed for content (E.L.M. and
E.C.K.). The literature search was limited to (1) human
studies, (2) English language, (3) measurement of cir-
culating blood biomarkers, and (4) published since the
last comprehensive review in 2009.” There was no
minimum size for inclusion. Citations of all appropriate
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Nonstandard Abbreviations and Acronyms

GDF growth differentiation factor
HCM hypertrophic cardiomyopathy
HCMR Hypertrophic Cardiomyopathy Registry

LGE late gadolinium enhancement

MMP matrix metalloproteinase
NYHA New York Heart Association
vWF von Willebrand factor

articles were screened to find additional, relevant stud-
ies. For each category of biomarker, we review its
source, its correlation with HCM phenotypic features
and functional characteristics, and its relationship to
therapy and clinical outcomes, if available.

Biomarkers of Myocardial Wall Stretch

This category includes members of the natriuretic pep-
tide family (brain-type natriuretic peptide [BNPY)), atrial
natriuretic peptide, and NT-proBNP (N-terminal pro-
B-type natriuretic peptide). Natriuretic peptides, hor-
mones secreted by the heart in response to increased
wall tension or stretch,® are elevated in HCM” and are
associated with imaging findings (Table 1). BNP and
atrial natriuretic peptide are both associated with LV
fibrosis on CMR,'%1416:25 and BNP is associated with LV
mass."? Elevated BNP is associated with an increased
risk of adverse cardiovascular events' and is a predic-
tor of New York Heart Association (NYHA) functional
class and need for septal reduction therapy,'® heart
failure hospitalization,'® ventricular tachycardia,'® and
death in those undergoing septal myectomy.® Elevated
BNP is also associated with an increased risk of sud-
den cardiac death' and is predictive of silent myocar-
dial ischemia in HCM."” NT-proBNP also correlates
with LV mass, LV mass index, and late gadolinium
enhancement (LGE) on CMR."® In HCMR, NT-proBNP
levels were significantly higher in patients who were
mutation positive and in those with reduced LV sys-
tolic function, and a resting LV outflow tract gradient
>30mmHg.? Furthermore, NT-proBNP levels corre-
lated with increasing maximal wall thickness, extent of
LGE and extracellular volume on CMR in a graded fash-
ion.? Others have reported elevated NT-proBNP levels
in patients with overt HCM compared with mutation
carriers without LV hypertrophy,?* and positive correla-
tion with left atrial volume,?? signal intensity coefficient
on echocardiography,?® and advanced stages of the
disease.' Lastly, NT-proBNP is a predictor of heart fail-
ure and heart transplant-related death?® and an effec-
tive screening tool for first-degree relatives of patients
with HCM.?" Natriuretic peptides are readily available in
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most clinical settings and provide important informa-
tion with respect to volume status. Because they have
been shown to correlate with noninvasive imaging find-
ings of LV mass, LV wall thickness, and the presence of
myocardial fibrosis, they can serve as surrogate mark-
ers and, therefore, provide important information that
could affect clinical decision-making in the population
with HCM. Moreover, used as a biomarker in HCM,
natriuretic peptides provide crucial prognostic informa-
tion including the subsequent risk of heart failure, ven-
tricular arrhythmias, and death.

Biomarkers of Myocardial Necrosis

Cardiac troponin T and |, components of striated mus-
cle sarcomeres, are highly sensitive for acute myocar-
dial necrosis.?® Since the prior review,” a substantial
amount of new data has emerged in this category
(Table 2). Troponin T and | are both elevated in HCM,
and are associated with LGE on CMR,418:2427:32 gng
global myocardial strain and maximal LV thickness on
echocardiography.?® Elevated troponin T and | levels
have also been associated with LV mass on CMR.?%-
81.33-35.87 |n one study of subjects with HCM and pre-
served LV function, elevated hs-cTnT (high-sensitivity
cardiac troponin T) level was an independent predictor
of subsequent LV dysfunction and progression to end-
stage HCM over a mean follow-up of 6.3+2.8years.3®
In another study, postexercise hs-cInT levels rose
in ~20% of patients with overt HCM compared with
only 4% in mutation carriers without LV hypertrophy
(P=0.01), and high signal intensity on T2-weighted
CMR was an independent predictor of the rise of
hs-CTnT.*° In HCMR, levels of hs-cTnT were similar in
participants who were mutation positive and negative
and increased in a stepwise fashion with maximal wall
thickness and extent of LGE on CMR in both men and
women and with extracellular volume in men.? Elevated
hs-cTnT levels correlate with NYHA class, outflow ob-
struction, systolic dysfunction, abnormal blood pres-
sure response, presence of LGE on CMR, and disease
severity in HCM® and are an independent predictor
adverse events.3%40 Several studies have investigated
the predictive value of using a combination of elevated
BNP and hs-cTnT levels: In one the combination was
predictive of myocardial fiorosis on CMR,"* and in an-
other it was associated with ~12% increased risk of
cardiovascular events.”® Like the natriuretic peptides,
troponin T and | levels, especially high-sensitivity
forms, are readily available to measure in most clinical
settings. In addition to correlation with noninvasive im-
aging findings such as increased LV mass, wall thick-
ness, and fibrosis, biomarkers of myocardial necrosis
also provide prognostic information including worsen-
ing LV function, lower exercise capacity, and increased
major adverse events. Long-term follow-up of HCMR
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Table 1. Biomarkers of Myocardial Wall Stretch in Hypertrophic Cardiomyopathy
Biomarker # Subjects Findings Ref #
Brain natriuretic peptide 758 HCM Preoperative levels predicted 2-year mortality following 9]
No controls myomectomy
98 HCM Predictor for hospitalization for congestive heart failure [10]
No controls
346 HCM Risk of sudden cardiac death higher with levels >312 pg/mL [11]
No controls
109 HCM Positive correlation with clinical outcomes, LV fibrosis, and LV mass [12]
No controls on CMR
772 HCM Predictor of New York Heart Association functional class and future [13]
No controls need for septal reduction therapy
53 HCM Associated with myocardial fibrosis [14]
(83 with fibrosis on CMR)
167 HCM Elevated levels associated with 11.7% increased risk of [15]
No controls cardiovascular events
26 HCM (6 with ventricular Elevated levels associated with ventricular tachycardia and LGE on [16]
tachycardia) CMR
31 HCM Levels measured during rest predicted silent myocardial ischemia [17]
10 healthy controls
NT-proBNP 2755 HCM NT-proBNP higher in patients with resting LV outflow tract [2]
No controls >30mmHg, reduced LV ejection fraction, baseline arrhythmia,
sarcomere mutation+
Increased with increasing maximal wall thickness and LGE on CMR
60 HCM Positive correlation with LV mass and maximal wall thickness on CMR [18]
No controls
61 HCM (20 obstructive, 41 Higher levels in advanced stages [19]
nonobstructive) Negative correlation with coronary flow reserve
No controls Positive correlation with septal ratio quotient of mitral inflow £ (by
pulsed Doppler), and septal e’ measured by tissue Doppler
36 HCM Significant correlation with signal intensity coefficient on [20]
10 healthy controls echocardiography
106 first-degree relatives of patients Levels >70pg/mL was an effective screening tool for high-risk first- [21]
with HCM degree relatives
No controls
75 HCM Associated with left atrial volume [22]
No controls
847 HCM Predictor of heart failure and transplant-related death [23]
No controls
76 HCM Elevated in HCM [24]
50 mutation+ LV hypertrophy- Exaggerated increase with exercise
41 genotype-negative related
controls
Midregional proatrial 40 HCM Predictor of myocardial fibrosis by LGE on CMR [25]
natriuretic peptide No controls

CMR indicates cardiac magnetic resonance; HCM, hypertrophic cardiomyopathy; LGE, late gadolinium enhancement; LV, left ventricular; and NT-proBNP,

N-terminal pro-B-type natriuretic peptide.

should provide additional information regarding the
prognostic value of NT-proBNP and hs-cTnT alone and
in combination.

Biomarkers of Fibrosis

Myocardial fibrosis is a key pathologic process in HCM
and can lead to LV stiffness, manifesting clinically as
diastolic dysfunction.*! Replacement fibrosis (detected
by LGE) and diffuse interstitial fibrosis (detected by T1
mapping and measurement of extracellular volume)
are important findings on CMR in patients with HCM.
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Biomarkers in this category are summarized in Table 3.
Plasma levels of procollagen type | carboxy-terminal
(cleaved from procollagen during collagen | synthesis)
are elevated in patients with HCM compared with con-
trols®9:58 and is associated with extracellular volume on
CMR, and collagen volume fraction measured in sep-
tal myectomy samples.*? Procollagen type lll amino-
terminal propeptide (byproduct of type Il collagen
synthesis) was increased in overt HCM but not in mu-
tation carriers only in one study,®® whereas in another,
there was no correlation between blood levels and
myocardial fibrosis on CMR.5" The ratio of N-terminal
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Table 2. Biomarkers of Myocardial Necrosis in Hypertrophic Cardiomyopathy

50 mutation+ LVH-

41 genotype-negative related controls

Biomarker # Subjects Findings Ref #
Cardiac troponin | 116 HCM Positively correlated with LGE on CMR [27]
No controls
167 HCM Positive correlation with global longitudinal strain and [28]
No controls maximum LV thickness on echocardiography
149 HCM Correlated with maximum wall thickness, LV end- [29]
No controls diastolic and end-systolic volume index, and LV mass
index
162 HCM Associated with maximum LV thickness and E/Ea, and [30]
No controls male sex
High-sensitivity cardiac troponin | 107 subjects screened for HCM Graded, positive association with LV mass in HCM and [31]
24 borderline HCM (MWT 13-14 mm) in those at risk of HCM
19 definitive HCM (MWT >15mm)
76 HCM Elevated in HCM [24]

High-sensitivity cardiac troponin T 2755 HCM Higher in racial and ethnic minority groups, patients with 2]

No controls hypertension, LV outflow tract >30mmHg, increased

wall thickness, reduced LV ejection fraction

Increased with increasing maximal wall thickness and

LGE on CMR
60 HCM Positive correlation with LV mass, maximal wall 18]
No controls thickness, and LGE on CMR
98 HCM Associated with LGE on CMR [32]
No controls
91 HCM Associated with maximum wall thickness, myocardial [33]
No controls fibrosis, and lower exercise capacity
98 HCM Associated with maximum LV thickness>30mm, LA [34]
No controls area index and E/Ea septal
62 HCM Associated with LV mass [35]
No controls
53 HCM Associated with myocardial fibrosis by LGE on CMR [14]
183 HCM Associated with increased risk of adverse [36]
No controls cardiovascular events
95 HCM Associated with maximum LV wall thickness and LA [37]
45 healthy controls diameter

Correlated with NYHA class, outflow obstruction,
systolic dysfunction, abnormal blood pressure
response, LGE, and disease severity

1567 HCM
No controls

Elevated levels were associated with worsening LV [38]
systolic function

127 HCM
53 mutation+ LV hypertrophy-

Postexercise increases in 20% of HCM [39]
High T2 on CMR was independent predictor of troponin
rise

135 HCM
No controls

Elevated levels at baseline were associated with >4-fold [40]
risk of major adverse events at 5-year follow-up

CMR indicates cardiac magnetic resonance; HCM, hypertrophic cardiomyopathy; LA, left atrial; LGE, late gadolinium enhancement; LV, left ventricular; and

MWT, maximal wall thickness.

propeptide of type | procollagen (measure of collagen
| synthesis) to collagen type | pyridinoline cross-linked
C-terminal telopeptide (measure of collagen | degrada-
tion) was higher in HCM compared with controls and
associated with more severe diastolic dysfunction as
measured by echocardiography.®?

An imbalance of matrix metalloproteinases (MMPS)
and tissue inhibitor metalloproteinases may contribute to
a profibrotic state in HCM.”' Several investigators have
reported increased levels of MMPs and tissue inhibi-
tor metalloproteinases in HCM*® and correlations with
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fiorosis on CMR,*4° LV remodeling,*** left atrial vol-
ume,?? ventricular tachycardia,*® and atrial fibrillation.*®
In 1 study, MMP-9 was associated with adverse clinical
events in women, and MMP-3 was a predictor of adverse
events independent of sex and extent of LGE on CMR.4®

Galectin-3, a protein that modulates fibrosis,” is
elevated in patients with heart failure with preserved
gjection fraction.”® This biomarker is also elevated in
patients with HCM compared with controls®%” and
has been associated with septal thickness and LV
mass index on echocardiography,®” NYHA functional
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Table 3. Biomarkers of Fibrosis in Hypertrophic Cardiomyopathy

J Am Heart Assoc. 2022;11:e027618. DOI: 10.1161/JAHA.122.027618

Biomarker # Subjects Findings Ref #
MMP, TIMP 52 HCM MMP-2 associated with ECV on CMR [42]
No controls
23 HCM Significantly higher levels of MMP-1 and TIMP-1 in HCM [43]
16 offspring of patients with HCM who are compared with other groups
phenotype negative
66 healthy controls
17 HCM Significantly higher levels of TIMP-2 in HCM compared with [44]
17 healthy controls controls
45 HCM MMP-3 positively associated with VT [45]
No controls
16 HCM MMP-2 correlated with worsening LV systolic function on [46]
No controls echocardiography
MMP-9 correlated with maximum LV wall thickness on
echocardiography
41 HCM MMP-2 and TIMP-1 directly correlated with LV end-systolic [47]
No controls dimension and LA dimension, and indirectly with LV ejection
fraction
MMP-9 showed no correlation
MMP-2 associated with severe symptoms and worse outcomes
MMP-2 and TIMP-1 correlated indirectly with LV function
43 HCM MMP-2 correlated with higher LA volume [22]
No controls
55 obstructive HCM MMP-2/TIMP-1 ratio correlated with microvascular density [48]
No controls MMP-2/TIMP-1 ratio predicted development of atrial fibrillation
54 HCM Increased MMP-9 associated with LGE on CMR and adverse [49]
No controls events in women. MMP-3 associated with higher event rate
independent of sex and extent of LGE
40 HCM MMP-9 and TIMP-1 were not associated with the extent of LGE [25]
No controls on CMR
Collagen turnover 55 obstructive HCM PICP/ICTP ratio predicted development of atrial fibrillation [48]
No controls
38 HCM mutation+ LVH+ PICP levels elevated in HCM [50]
39 HCM mutation+ LVH- PIIINP levels and PICP/CITP ratio increased in clinical HCM but
30 healthy, mutation-negative relative controls not in mutation carriers only
50 HCM CITP had measurable myocardial concentration gradient, but [51]
25 healthy controls not measurable in peripheral blood
No correlation between PINP and PIIINP levels and CMR or
echocardiographic findings of fibrosis
36 HCM Higher PINP/ICTP ratio in HCM associated with resting diastolic [62]
21 controls with normal LV thickness dysfunction on echocardiography
23 HCM Patients HCM with E/e’>8 had significantly higher ICTP levels [43]
16 offspring of patients with HCM who are compared with the other groups
phenotype negative
66 healthy controls
52 HCM PICP associated with ECV on CMR [42]
No controls Plasma PICP correlated with myocardial PICP
Calcium channel blocker treatment associated with lower serum
and myocardial PICP levels, and less fibrosis measured by ECV
on CMR
37 mutation+ LVH+ PICP elevated in HCM [63]
29 mutation+ LVH-
11 healthy controls
(Continued)
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Biomarker # Subjects Findings Ref #
Galectin-3 53 HCM Correlated with increased risk of sudden cardiac death [64]
No controls
60 HCM No correlation with LV wall thickness, mass [18]
No controls
57 HCM Higher levels in HCM and associated with NYHA class [65]
18 healthy controls
76 HCM No different difference across groups [24]
50 mutation+ LVH-
41 genotype-negative related controls
107 HCM Addition of galectin-3 to LGE improved prognostic value than [56]
85 DCM LGE alone
40 HCM Levels increased in HCM [67]
35 healthy controls
Soluble suppressor 60 HCM Correlated with LV wall thickness and mass [18]
of tumorigenicity 2 No controls
57 HCM Levels higher in HCM and associated with NYHA class and [65]
18 healthy controls nonsustained VT
76 HCM No different difference across groups [24]
50 mutation+ LVH-
41 genotype-negative related controls
Adiponectin 26 HCM Elevated levels associated with diastolic dysfunction [68]
No controls
106 HCM Associated with LV systolic dysfunction [59]
No controls
Aldosterone 8 HCM undergoing septal myectomy Similar cardiac and serum aldosterone levels in HCM as normal [60]
12 heart-beating organ donor controls hearts
53 HCM Aldosterone inhibitors had no significant impact on clinical or [61]
No controls imaging outcomes at 1-year follow-up
Copeptin 40 HCM No relationship to fibrosis on CMR [25]
No controls
24 obstructive HCM Elevated in HCM [62]
36 nonobstructive HCM Correlated with IV septal thickness, LA diameter, and LV outflow
36 healthy controls tract gradient
Correlated with adverse cardiac events
Transforming growth 49 HCM Levels increased in HCM [63]
factor-beta 40 healthy controls Associated with higher NYHA class and adverse events
109 HCM Elevated levels predicted atrial fibrillation postmyectomy [64]
No controls
Urotensin Il 40 HCM Elevated levels inversely associated left ventricular ejection [65]
30 healthy controls fraction
Scleraxis 46 HCM Higher in HCM [66]
20 healthy controls No correlation with LV thickness, LGE, or disease severity
Osteopontin 43 HCM Higher in DCM [67]
64 DCM No different in HCM compared with controls
75 healthy controls
Cathepsin 23 HCM Higher in HCM [43]
16 offspring of patients with HCM who are Correlated with LV mass index and E/e’ on echocardiography
phenotype negative
66 healthy controls
Endostatin 23 HCM Higher in HCM [43]
16 offspring of patients with HCM who are Inversely correlated to adenosine perfusion by CMR
phenotype negative Correlated with LV mass index and E/e’ on echocardiography
66 healthy controls
Myostatin 23 HCM Levels were lower in the HCM-risk group compared with the [43]
16 offspring of patients with HCM who are other groups
phenotype negative
66 healthy controls
(Continued)
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Biomarker # Subjects Findings Ref #

Fibronectin 17 HCM Fibronectin levels were significantly lower in HCM [44]
17 healthy controls

Apelin 116 HCM Apelin negatively correlated with LGE on CMR [27]
No controls

Omentin-1 87 HCM Low levels in HCM compared with controls [68]
50 healthy controls Correlated with elevated IV septal thickness, and LA diameter

Low levels associated with adverse cardiac events

Tenascin-C 36 HCM Elevated levels in HCM [69]
No controls Associated with heart failure events

Midregional- 40 HCM Levels showed no relationship to fibrosis on CMR [25]

proadrenomedullin No controls

Cardiotrophin 124 HCM Increased in HCM [70]
29 healthy controls Correlated with maximal LV thickness on echocardiogram

CITP indicates C-telopeptide for type | collagen; CMR, cardiac magnetic resonance; DCM, dilated cardiomyopathy; ECV, extracellular volume; E/e’, septal
ratio quotient of mitral inflow E (by pulsed Doppler) and septal e measured by tissue Doppler; HCM, hypertrophic cardiomyopathy; ICTP, carboxyterminal
telopeptide of type | collagen; IV, intraventricular; LA, left atrium; LV, left ventricular; LVH, left ventricular hypertrophy; MMP, matrix metalloproteinase; NYHA,
New York Heart Association; PICP, C-terminal propeptide of procollagen type I; PIIINP, N-terminal propeptide of procollagen type Ill; PINP, amino-terminal
propeptide of type | collagen; TIMP, tissue inhibitor of metalloproteinase; and VT, ventricular tachycardia.

class,%® and the risk of sudden death.?* In at least 1
study, the combination of galectin-3 levels and extent
of LGE on CMR may improve prognostic value com-
pared with LGE alone.%®

The suppression of tumorigenicity (ST)-2/IL-33 (in-
terleukin-33) system is induced with myocardial stretch
and overload.” The ligand for ST-2, IL-33, binds to acti-
vate cardioprotective effects that are anti-inflammatory
and antifibrotic.” Soluble sST-2 (soluble suppressor of
tumorigenicity-2) is a plasma protein that counteracts
the protective effects of ST-2/IL-33 by binding with
IL-33 and competing for ST-2 as a decoy receptor. In
HCM, sST-2 is associated with LV wall thickness,'®
NYHA functional class, and nonsustained ventricular
tachycardia.®® Other biomarkers including transform-
ing growth factor-beta,%3¢* fibronectin,** tenascin-C,%°
apelin,?” osteopontin,®” scleraxis,®® cardiotrophin-1,"°
cathepsin S, endostatin, and myostatin®® have been
studied in HCM with varying results. Although some re-
ported higher*3636466.69.70 or |ower** circulating levels in
patients with HCM, few studies showed any correlation
with cardiac imaging**¢"7° or clinical outcomes,®6469
limiting their use clinically. These studies are small, and
findings need to be validated in larger cohorts.

Aldosterone, a hormone involved in the renin-
angiotensin-aldosterone system, plays an important role
in myocardial fibrosis™ and has been studied in HCM.
In patients with HCM undergoing septal myomectomy,
aldosterone levels measured in myocardial tissue were
the same as those measured in hearts of organ do-
nors, and aldosterone levels measured in the plasma
of patients with HCM were normal to low,®® suggest-
ing against increased aldosterone production in HCM.
Moreover, a prospective, randomized, double-blinded,
placebo-controlled trial of 53 patients with HCM ran-
domized to the aldosterone antagonist, spironolactone,
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or placebo found no difference between circulating bio-
markers of collagen formation and degradation, imag-
ing findings, or clinical outcomes at 1-year follow-up.®'
Adiponectin,®®%® omentin-1,%8 copeptin,® midregional
proadrenomedullin,?® and urotensin-11%® have all been
studied in HCM. Several of these biomarkers have been
associated with structural findings such as diastolic
dysfunction,®® LV systolic dysfunction,® increased
interventricular septal thickness, left atrial diameter,
and septal ratio quotient of mitral inflow E (by pulsed
Doppler) and septal e’ measured by tissue Doppler
ratio,®8 and increased adverse cardiac events.5268
In summary, galectin-3, sST-2, transforming growth
factor-beta, MMP-2, MMP-3, urotensin-Il, adiponectin,
and tenascin-C have been shown to be predictive of
adverse clinical outcomes including sudden death,®*
heart failure,*"%5%° atrial fibrillation,*®%* ventricular tachy-
cardia,*® and diastolic and systolic dysfunction®5965 in
HCM. In general, these biomarkers are mainly used in
a research setting, not clinically. Galectin-3 has been
studied in several small studies by different investiga-
tors with mixed results. When compared with healthy
controls, however, galectin-3 levels were higher in pa-
tients with HCM in 2 separate studies.>>*” More stud-
ies assessing the clinical utility, if any, of biomarkers of
fibrosis in HCM need to be performed.

Biomarkers of Inflammation and
Apoptosis

This category includes studies of uric acid (metabolite
of purine degradation) and CRP (C-reactive protein)
(Table 4). Elevated uric acid levels are an independent
predictor of adverse events, including death, heart fail-
ure, and arrhythmia in HCM, 678 especially in women.”
Mixed results have been reported for GDF-15 (growth
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differentiation factor-15), a member of the transforming
growth factor-beta cytokine family.2%8' To date, no sig-
nificant correlation of GDF-15 levels with cardiac imag-
ing findings has been reported.'®3? In a study measuring
tumor necrosis factor-alpha levels in patients with HCM
and a healthy control group, investigators reported
significantly higher circulating levels of tumor necrosis
factor-alpha in HCM.84 CRP is elevated in HCM?® and is
associated with increased left atrial volume?® and LGE
on CMR.#21n 1 large observational cohort study, patients
with HCM and elevated levels of hs-CRP (>3.0mg/dL)
had increased risk of adverse cardiac events compared
with those with lower levels (<1.0mg/dL), including car-
diac death (adjusted hazard ratio, 5.41 [95% CI, 1.96—
14.93], P=0.024),23 suggesting an association between
chronic inflammation and progression of disease. CRP,
hs-CRP, and uric acid are readily available in most clini-
cal settings. Although studies evaluating uric acid”®7"°
and hs-CRP8 were large, no controls were enrolled
limiting the applicability of the results. Future studies
comparing uric acid and CRP levels in both HCM and
control subjects are needed to determine their possible
contribution more fully in this field.

Biomarkers in HCM

Biomarkers of Endothelial Dysfunction
and Hemostasis

Biomarkers reflecting endothelial dysfunction and
hemostasis in HCM are summarized in Table 5.
Both endothelin-1, a potent vasoconstrictor, and big-
endothelin, its precursor, are elevated in HCM and are
associated with LGE on CMR and adverse clinical out-
comes including progression of NYHA functional class,
death,®® and atrial fibrillation.888” Asymmetric dimethyl-
arginine, a nitric oxide synthase inhibitor that competes
for arginine, is a marker of endothelial dysfunction and
is positively correlated with the extent of diastolic dys-
function in patients with HCM.®'! Increased sheer stress
from the outflow tract gradient is thought to cleave high
molecular weight multimers of von Willebrand’s Factor
(VWF) and result in acquired vVWF syndrome in patients
with HCM. From a clinical standpoint, this increases
their risk of bleeding.®* Several studies have reported
that vVWF levels correlate with LV outflow tract gradient,
and adverse clinical outcomes.®-90 In 1 prospective
study of patients with obstructive HCM, vVWF multim-
ers that were abnormal at baseline partially normalized
after septal ablation and completely normalized after

Table 4. Biomarkers of Inflammation and Apoptosis in Hypertrophic Cardiomyopathy

Biomarker # Subjects Findings Ref #
Uric acid 317 obstructive HCM Independent predictor of cardiac death [76]
No controls
454 HCM Both high and low serum levels were associated with increased risk of [77]
No controls all-cause mortality and HCM-related mortality
588 HCM Independent predictor of major adverse cardiac events including [78]
No controls death, heart failure, and arrhythmia
161 obstructive HCM Independently associated with left ventricular mass index on CMR in [79]
No controls women but not men
Growth differentiation 93 pts hypertensive LVH Elevated in hypertensive LVH compared with HCM and controls [80]
factor-15 28 HCM Predictive of hypertensive LVH
28 healthy controls
102 HCM Elevation associated with more severe disease [81]
No controls Associated with dyspnea and NYHA class
60 HCM No correlation with hypertrophy or fibrosis [18]
No controls
98 HCM No correlation with imaging findings on CMR [32]
No controls
CRP 75 HCM Elevated levels associated with increased left atrial volume [22]
No controls
24 HCM Increased CRP associated with histopathological myocardial fibrosis [82]
17 healthy controls
hs-CRP 490 HCM Associated with increased risk for sudden cardiac death, [83]
No controls cardiovascular death, heart failure-related death, and all-cause
mortality
24 HCM hs-CRP was positively correlated with LGE on CMR [82]
17 healthy controls
TNF-alpha 24 HCM TNF-alpha was positively correlated with LGE on CMR [82]
17 healthy controls
50 HCM Increased in HCM [84]
20 healthy controls

CMR indicates cardiac magnetic resonance; CRP, C-reactive protein; GDF,; HCM, hypertrophic cardiomyopathy; hs, high sensitivity; LGE, late gadolinium
enhancement; LVH, left ventricular hypertrophy; NYHA, New York Heart Association; and TNF, tumor necrosis factor.
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surgical myectomy.8 In addition, erythrocyte creatine
levels have been associated with intraventricular pres-
sure gradients®® and haptoglobin levels with subaortic
gradients.®? Lastly, in a small study, both vascular and
intracellular cell adhesion molecules that facilitate mi-
gration of inflammatory cells correlated with myocardial
perfusion by CMR.*3 Although the studies measuring
big-endothelin were large with respect to the number
of HCM subjects evaluated and showed promise with
respect to correlation with atrial fibrillation and worse
clinical outcomes, no controls were included, which is
a limitation.

Autoantibodies as Biomarkers

Antibodies against self-antigens (autoantibodies) have
been proposed as a potential biomarker in HCM. The
concentration of autoantibodies against the muscarinic-
2 and B1-adrenergic receptors were higher in women
and in patients with prior history of syncope and cor-
related with resting LV outflow tract gradient, maximal
wall thickness, and interventricular septum thickness
in 1 study.®® Additional investigation regarding the role

Biomarkers in HCM

of autoantibodies as potential biomarkers in HCM is
needed.

Genomic, Proteomic, Metabolomic
Biomarkers

These areas of research are beyond the scope of the
present review and the reader is referred to recently
published reviews on this topic. A multitude of mi-
croRNAs have been shown to be up- or downregu-
lated in HCM and associated with the extent of LV
hypertrophy, fibrosis, and cardiomyocyte apoptosis.®®
However, none of the microRNAs studied thus far have
been shown to predict clinical outcomes. Proteomics
and metabolomics® are also exciting areas of active
investigation in HCM that may inform novel treatment
in the future.

Biomarkers Associated With Left
Ventricular Outflow Tract Obstruction

In HCMR 2 patient populations were identified by CMR
findings, 1 positive for the genetic sarcomere mutation

Table 6. Biomarkers Associated With Left Ventricular Outflow Tract Obstruction in Hypertrophic Cardiomyopathy

45 healthy controls

Ref
Biomarker # Subjects Findings #
VWF 62 obstructive HCM Abnormal in obstructive compared with [88]
28 nonobstructive HCM nonobstructive HCM
10 healthy controls Correlated with LV outflow tract gradient
Normalized after surgical myomectomy
62 HCM (28 obstructive, 33 nonobstructive) Lower ratio of vVWF-collagen-binding to antigen in [89]
No controls obstructive HCM
Correlated with degree of outflow tract obstruction
124 HCM Increased level correlated with obstruction, worse [90]
59 healthy controls NYHA class, atrial fibrillation and nonsustained
20 ischemic heart disease ventricular tachycardia
High-sensitivity cardiac troponin T 2755 HCM Higher in racial and ethnic minority groups, patients [2]
No controls with hypertension, LVOT >30mmHyg, increased wall
thickness, reduced LVEF
Increased with increasing maximal wall thickness
and LGE on CMR
95 HCM Associated with maximum LV wall thickness and LA [37]

diameter

Correlated with NYHA class, outflow obstruction,
systolic dysfunction, abnormal blood pressure
response, LGE, and disease severity

2755 HCM
No controls

NT-proBNP

NT-proBNP higher in patients with resting LVOT [2]
>30mmHg, reduced LVEF, baseline arrhythmia,
sarcomere mutation+

Increased with increasing maximal wall thickness
and LGE on CMR

36 nonobstructive HCM
36 healthy controls

Erythrocyte creatinine 92 HCM (12 with outflow tract obstruction, 4 with | Higher levels associated with greater intraventricular [93]
midventricular obstruction, 76 nonobstructive) gradient
No controls

Copeptin 24 obstructive HCM Elevated in HCM [62]

Correlated with intraventricular septal thickness, LA
diameter, and LVOT gradient
Correlated with adverse cardiac events

CMR indicates cardiac magnetic resonance; HCM, hypertrophic cardiomyopathy; LA, left atrium; LGE, late gadolinium enhancement; LV, left ventricular;
LVEF, left ventricular ejection fraction; LVOT, left ventricular outflow tract; NYHA, New York Heart Association; NT-proBNP, N-terminal pro-B-type natriuretic

peptide; and VWF, von Willebrand factor.
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Volume

Pressure

Wall stretch
(NT-proBNP)

Cell death
(Troponins)

Figure 1. Circulating biomarkers in hypertrophic cardio-
myopathy that correlate with noninvasive imaging include
NT-proBNP (N-terminal pro-B-type natriuretic peptide),
cTnl (cardiac troponin l), hs-cTnT (high-sensitivity cardiac
troponin T), and hs-cTnl (high-sensitivity cardiac troponin I).
LA indicates left atrium; LGE, late gadolinium enhancement; LV,
left ventricle; and LVOT, left ventricular outflow tract.

and 1 negative for the mutation.? The genotype posi-
tive group had more extensive LGE but less resting LV
outflow tract obstruction whereas the genotype nega-
tive group had less LGE but more resting LV outflow

Biomarkers in HCM

tract obstruction (19% versus 26.8%, P<0.001).? Given
the importance of LV outflow obstruction for prog-
nosis, biomarkers that could identify the presence of
this feature could be a valuable addition to HCM man-
agement. The biomarkers that have been associated
with LV outflow tract obstruction in HCM include the
following: VWF,88-9 hs-cTnT,2%" NT-proBNP,? erythro-
cyte creatinine,®® and copeptin® (Table 6). Several of
these biomarkers were not only associated with LV
outflow tract obstruction but were also predictive of
adverse clinical outcomes including worsening NYHA
class and atrial and ventricular arrhythmias.?8%6290 |n
1 study, elevated VWF levels could accurately discrimi-
nate between patients with obstructive (elevated levels)
and nonobstructive HCM.®8 Moreover, following suc-
cessful surgical myomectomy in those with obstructive
HCM, VWF levels normalized.®® This is an example of
how circulating biomarkers could be used to track im-
portant aspects of this disease process and response
to therapy.

Treatment Implications Using Biomarkers
in HCM

One important question is whether circulating bio-
markers can be used to assess response to ther-
apy. There are some data to suggest they can. In

Pathophysiologic process Wall stretch

Biomarker BNP, NT-proBNP
MACE "+
Death +
Ventricular tachycardia
NYHA class -
Silent ischemia

g Septal reduction

LV dysfunction
Exercise capacity
Exercise BP response

Inflasmmation Cell death

¥
&

Uric acid hs-cTnT
+ +
+
+

Figure 2. Circulating biomarkers in hypertrophic cardiomyopathy that correlate with clinical outcomes include brain
natriuretic peptide (BNP), NT-proBNP (N-terminal pro-B-type natriuretic peptide), galectin-3, uric acid, and hs-cTnT (high-

sensitivity cardiac troponin T).

MACE definitions: congestive heartfailure, arrhythmia, death (references [56, 78]); congestive heart failure-related death, hospitalization,
NYHA progression; arrhythmia-related sudden cardiac death, ventricular tachycardia, appropriate implantable cardioverter defibrillator
discharge (reference [36]); sudden cardiac death; heart failure-related death, stroke-related death; heart failure hospitalization, stroke
hospitalization, ventricular tachycardia, appropriate implantable cardioverter defibrillator discharge, worsening NYHA class (reference
[40]). BP indicates blood pressure; LV, left ventricle; MACE, major adverse cardiac events; and NYHA, New York Heart Association.
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addition to the data that correlate successful surgi-
cal myomectomy with normalization of VWF levels
in patients with obstructive HCM,8 there are exam-
ples that biomarkers can reflect response to medical
therapy. In the CMR substudy of EXPLORER-HCM
(Clinical Study to Evaluate Mavacamten [MYK-461] in
Adults With Symptomatic Obstructive Hypertrophic
Cardiomyopathy) trial, subjects randomized to ma-
vacamten had a 50% greater reduction in hs-clnl
(high-sensitivity cardiac troponin ) and 80% greater
reduction in NT-proBNP compared with those rand-
omized to placebo (P<0.01).°8 Moreover, change in LV
mass index assessed by CMR directly correlated with
change in hs-cInl levels. Recent data from the VANISH
(Valsartan for Attenuating Disease Evolution in Early
Sarcomeric Hypertrophic Cardiomyopathy) trial®® indi-
cated that patients with early-stage HCM randomized
to the angiotensin receptor blocker, valsartan, had im-
proved primary composite outcome (cardiac structure/
function and remodeling) and stable or lower levels of
NT-proBNP at 2-year follow-up compared with those
randomized to placebo. Lastly, in the randomized,
double-blind  VALOR-HCM (A Study to Evaluate
Mavacamten in Adults With Symptomatic Obstructive
HCM Who Are Eligible for Septal Reduction Therapy)
trial, subjects randomized to mavacamtem were less
likely to meet guideline criteria for septal reduction ther-
apy or chose to undergo it (primary end point) and had
more improvement in NYHA functional class compared
with those randomized to placebo.'® Secondary end
points included measuring changes in circulating levels
of NT-proBNP and cTnl over the 16-week dosing pe-
riod. These investigators found a statistically significant
reduction in circulating levels of both NT-proBNP and
cTnlin subjects randomized to mavacamten compared
with placebo. These studies highlight the potential for
circulating biomarkers to not only gauge response to
therapy but also serve as surrogate end points or be
included in composite end points in clinical trials.

CONCLUSIONS

Many studies have evaluated the utility of circulating bi-
omarkers in HCM. The majority, however, are small and
do not include a healthy control group. Nevertheless,
several biomarkers representing different patho-
logic pathways are promising in HCM. Some of the
strongest data to date come from studies correlating
NT-proBNP and cardiac troponin (cTnl, hs-cInl, and
hs-cTnT) with noninvasive imaging findings (Figure 1).
NT-proBNP and cardiac troponin are particularly use-
ful because they are readily accessible in most clini-
cal settings. Long-term follow-up data from HCMR will
provide important information regarding the ability of
NT-proBNP and hs-TnT to predict clinical outcomes.

J Am Heart Assoc. 2022;11:e027618. DOI: 10.1161/JAHA.122.027618
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Currently available data regarding biomarkers and their
correlation with clinical outcomes highlight the predic-
tive value of BNP, NT-proBNP, hs-cTnT, galectin-3, and
uric acid (Figure 2). Select biomarkers representing fi-
brosis, inflammation, and endothelial dysfunction also
appear promising but need to be validated in larger co-
horts. MicroRNA analysis, proteomics, metabolomics,
and machine learning platforms, although beyond the
scope of this review, all have the potential to uncover
new pathways that could inform novel therapeutic tar-
gets in HCM.

ARTICLE INFORMATION

Affiliations

Department of Medicine (E.L.M., M.L.S., M.E., N.V., E.C.K\) and Division of
Cardiovascular Medicine (E.C.K.), University of Florida, Gainesville, FL; and
Department of Medicine, Cardiovascular Division, University of Virginia,
Charlottesville, VA (M.S., C.M.K\).

Sources of Funding
This work was funded by the National Heart, Lung, and Blood Institute grant
UO1HL117006-01A1 (Kramer).

Disclosures
None.

REFERENCES

1. Ingles J, Burns C, Barratt A, Semsarian C. Application of genetic
testing in hypertrophic cardiomyopathy for preclinical disease de-
tection. Circ Cardiovasc Genet. 2015;8:852-859. doi: 10.1161/
CIRCGENETICS.115.001093

2. Neubauer S, Kolm P, Ho CY, Kwong RY, Desai MY, Dolman SF, Appelbaum
E, Desvigne-Nickens P, DiMarco JP, Friedrich MG, et al. Distinct sub-
groups in hypertrophic cardiomyopathy in the NHLBI HCM registry. J Am
Coll Cardiol. 2019;74:2333-2345. doi: 10.1016/j.jacc.2019.08.1057

3. Watkins H. Time to think differently about sarcomere-negative hy-
pertrophic cardiomyopathy. Circulation. 2021;143:2415-2417. doi:
10.1161/CIRCULATIONAHA.121.053527

4. Maron BJ, Gardin JM, Flack JM, Gidding SS, Kurosaki TT, Bild DE.
Prevalence of hypertrophic cardiomyopathy in a general popula-
tion of young adults. Circulation. 1995;92:785-789. doi: 10.1161/01.
CIR.92.4.785

5. Semsarian C, Ingles J, Maron MS, Maron BJ. New perspectives on
the prevalence of hypertrophic cardiomyopathy. J Am Coll Cardiol.
2015;65:1249-1254. doi: 10.1016/j.jacc.2015.01.019

6. Eriksson MJ, Sonnenberg B, Woo A, Rakowski P, Parker TG, Wigle
ED, Rakowski H. Long-term outcome in patients with apical hyper-
trophic cardiomyopathy. J Am Coll Cardiol. 2002;39:638-645. doi:
10.1016/S0735-1097(01)01778-8

7. Cambronero F, Marin F, Roldan V, Hernandez-Romero D, Valdes M,
Lip GYH. Biomarkers of pathophysiology in hypertrophic cardiomyop-
athy: implications for clinical management and prognosis. Eur Heart J.
2009;30:139-151. doi: 10.1093/eurheartj/ehn538

8. Nakagawa Y, Nishikimi T, Kuwahara K. Atrial and brain natriuretic pep-
tides: hormones secreted from the heart. Peptides. 2019;111:18-25.
doi: 10.1016/j.peptides.2018.05.012

9. Song C, Wang S, Guo Y, Zheng X, Lu J, Fang X, Wang S, Huang
X. Preoperative NT-proBNP predicts midterm outcome after sep-
tal myectomy. J Am Heart Assoc. 2019;8:e011075. doi: 10.1161/
JAHA118.011075

10. Yang HJ, Liu X, Qu C, Shi SB, Liang JJ, Yang B. Usefulness of red
blood cell distribution width to predict heart faiure hospitalization in
patients with hypertrophic cardiomyopathy. Int Heart J. 2018;59:779—
785. doi: 10.15636/ih}.17-507

12


https://doi.org/10.1161/CIRCGENETICS.115.001093
https://doi.org/10.1161/CIRCGENETICS.115.001093
https://doi.org/10.1016/j.jacc.2019.08.1057
https://doi.org/10.1161/CIRCULATIONAHA.121.053527
https://doi.org/10.1161/01.CIR.92.4.785
https://doi.org/10.1161/01.CIR.92.4.785
https://doi.org/10.1016/j.jacc.2015.01.019
https://doi.org/10.1016/S0735-1097(01)01778-8
https://doi.org/10.1093/eurheartj
https://doi.org/10.1016/j.peptides.2018.05.012
https://doi.org/10.1161/JAHA.118.011075
https://doi.org/10.1161/JAHA.118.011075
https://doi.org/10.1536/ihj.17-507

Matthia et al

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

J Am Heart Assoc. 2022;11:e027618. DOI: 10.1161/JAHA.122.027618

Minami Y, Haruki S, Kanbayashi K, Maeda R, Itani R, Hagiwara N.
B-type natriuretic peptide and risk of sudden death in patients with
hypertrophic cardiomyopathy. Heart Rhythm. 2018;15:1484-1490. doi:
10.1016/j.hrthm.2018.04.030

Miyaji Y, lwanaga Y, Nakamura T, Yasuda M, Kawamura T, Miyazaki
S. Interrelationship between the myocardial mass, fibrosis, BNP,
and clinical outcomes in hypertrophic cardiomyopathy. Intern Med.
2016;55:1261-1268. doi: 10.2169/internalmedicine.55.6480

Geske JB, McKie PM, Ommen SR, Sorajja P. B-type natriuretic pep-
tide and survival in hypertrophic cardiomyopathy. J Am Coll Cardiol.
2013;61:2456-2460. doi: 10.1016/j.jacc.2013.04.004

Kawasaki T, Sakai C, Harimoto K, Yamano M, Miki S, Kamitani T.
Usefulness of high-sensitivity cardiac troponin T and brain natriuretic
peptide as biomarkers of myocardial fibrosis in patients with hypertro-
phic cardiomyopathy. Am J Cardiol. 2013;112:867-872. doi: 10.1016/].
amijcard.2013.04.060

Kubo T, Kitaoka H, Okawa M, Yamanaka S, Hirota T, Baba Y, Hayato
K, Yamasaki N, Matsumura VY, Yasuda N, et al. Combined measure-
ments of cardiac troponin | and brain natriuretic peptide are useful for
predicting adverse outcomes in hypertrophic cardiomyopathy. Circ J.
2011;75:919-926. doi: 10.1253/circj.CJ-10-0782

Oka K, Tsujino T, Nakao S, Lee-Kawabata M, Ezumi A, Masai M,
Ohyanagi M, Masuyama T. Symptomatic ventricular tachyarrhythmia is
associated with delayed gadolinium enhancement in cardiac magnetic
resonance imaging and with elevated plasma brain natriuretic peptide
level in hypertrophic cardiomyopathy. J Cardiol. 2008;52:146-153. doi:
10.1016/].jicc.2008.07.003

Nakamura T, Sakamoto K, Yamano T, Kikkawa M, Zen K, Hikosaka T,
Kubota T, Azuma A, Nishimura T. Increased plasma brain natriuretic
peptide level as a guide for silent myocardial ischemia in patients with
non-obstructive hypertrophic cardiomyopathy. J Am Coll Cardiol.
2002;39:1657-1663. doi: 10.1016/S0735-1097(02)01813-2

Gawor M, Spiewak M, Kubik A, Wrobel A, Lutynska A, Marczak M,
Grzybowski J. Circulating biomarkers of hypertrophy and fibrosis in patients
withhypertrophic cardiomyopathy assessed by cardiac magnetic resonance.
Biomarkers. 2018;23:676-682. doi: 10.1080/1354750X.2018.1474261

Tesic M, Seferovic J, Trifunovic D, Djordjevic-Dikic A, Giga V, Jovanoic
I, Petrovic O, Marinkovic J, Stankovic S, Stepanovic J, et al. N-terminal
pro-brain natriuretic peptide is related with coronary flow velocity
reserve and diastolic dysfunction in patients with asymmetric hyper-
trophic cardiomyopathy. J Cardiol. 2017;70:323-328. doi: 10.1016/j.
jjcc.2017.02.008

Hiremath P, Lawler PR, Ho JE, Correia AW, Abbasi SA, Kwong RY,
Jerosch-Herold M, Ho CY, Cheng S. Ultrasonic assessment of myo-
cardial microstructure in hypertrophic cardiomyopathy sarcomere mu-
tation carriers with and without left ventricular hypertrophy. Circ Heart
Fail. 2016;9:e003026. doi: 10.1161/CIRCHEARTFAILURE.116.003026

Fernandes F, Arteaga-Fernandez E, de Oliveira Antunes MO, Buck P,
Marsiglia JD, Matsumoto A, Nastari L, Krieger JE, Pereira AC, Mady C.
Plasma pro-B-type natriuretic peptide testing as a screening method
for hypertrophic cardiomyopathy. J Card Fail. 2012;18:564-568. doi:
10.1016/j.cardfail.2012.04.005

Saura D, Marin F, Climent V, Gonzalez J, Roldan V, Hernandez-Romero
D, Oliva MJ, Sabater M, de la Morena G, Lip GYH, et al. Left atrial re-
modelling in hypertrophic cardiomyopathy: relation with exercise ca-
pacity and biochemical markers of tissue strain and remodelling. Int J
Clin Pract. 2009;63:1465-1471. doi: 10.1111/j.1742-1241.2009.02127.x

Coats CJ, Gallagher MJ, Foley M, O’Mahony C, Critoph C, Gimeno
J, Dawnay A, McKenna WJ, Elliott PM. Relation between serum N-
terminal pro-brain natriuretic peptide and prognosis in patients with
hypertrophic cardiomyopathy. Eur Heart J. 2013;34:2529-2537. doi:
10.1093/eurheartj/eht070

Ho JE, Shi L, Day SM, Colan SD, Russell MW, Towbin JA, Sherrid MV,
Canter CE, Jefferies JL, Murphy A, et al. Biomarkers of cardiovascular
stress and fibrosis in preclinical hypertrophic cardiomyopathy. Open
Heart. 2017;4:e000615. doi: 10.1136/openhrt-2017-000615

Elmas E, Doesch C, Fluechter S, Freundt M, Weiss C, Lang S, Kalsch
T, Haghi D, Papassotiriou J, Kunde J, et al. Midregional pro-atrial na-
triuretic peptide: a novel marker of myocardial fibrosis in patients with
hypertrophic cardiomyopathy. Int J Cardiovasc Imaging. 2011;27:547—
556. doi: 10.1007/s10554-010-9704-2

Giannitsis E, Katus HA. Troponins: established and novel indications
in the management of cardiovascular disease. Heart. 2018;104:1714—
1722. doi: 10.1136/heartjnl-2017-311387

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

Biomarkers in HCM

Zhou'Y, Yuan J, Wang Y, Qiao S. Predictive values of apelin for myocar-
dial fibrosis in hypertrophic cardiomyopathy. Int Heart J. 2019;60:648-
655. doi: 10.1536/ihj.18-598

Agarwal A, Yousefzai R, Shetabi K, Samad F, Aggarwal S, Cho C, Bush
M, Jan MF, Khandheria BK, Paterick TE, et al. Relationship of cardiac
troponin to systolic global longitudinal strain in hypertrophic cardiomy-
opathy. Echocardiography. 2017;34:1470-1477. doi: 10.1111/echo.13645
Zhang C, Liu R, Yuan J, Cui J, Hu F, Yang W, Zhang Y, Yang C, Qiao S.
Significance and determinants of cardiac troponin | in patients with ob-
structive hypertrophic cardiomyopathy. Am J Cardiol. 2015;116:1744—
1751. doi: 10.1016/j.amjcard.2015.09.006

Kubo T, Kitaoka H, Okawa M, Yamanaka S, Hirota T, Hoshikawa E,
Hayato K, Yamasaki N, Matsumura Y, Yasuda N, et al. Serum cardiac
troponin lis related to increased left ventricular wall thickness, left ven-
tricular dysfunction, and male gender in hypertrophic cardiomyopathy.
Clin Cardiol. 2010;33:E1-E7. doi: 10.1002/clc.20622

McGorrian CM, Lyster S, Roy A, Tarrant H, Codd M, Doran P,
Fitzgibbon M, Galvin J, Mahon NG. Use of a highly-sensitive cardiac
troponin | assay in a screening population for hypertrophic cardiomy-
opathy: a case-referent study. BMC Cardiovasc Disord. 2013;13:70.
doi: 10.1186/1471-2261-13-70

Gommans DHF, Cramer GE, Fouraux MA, Bakker J, Michels M, Dieker
HJ, Timmermans J, Marcelis CLM, Verheut FWA, de Boer MJ, et al.
Prediction of extensive myocardial fibrosis in nonhigh risk patients with
hypertrophic cardiomyopathy. Am J Cardiol. 2018;122:483-489. doi:
10.1016/j.amjcard.2018.04.020

Hasler S, Manka R, Greutmann M, Gamperli O, Schmied C, Tanner
FC, Biaggi P, Luscher TF, Keller DI, Gruner C. Elevated high-sensitivity
troponin T levels are associated with adverse cardiac remodelling and
myocardial fibrosis in hypertrophic cardiomyopathy. Swiss Med Wkly.
2016;146:w14285. doi: 10.4414/smw.2016.14285

Jenab Y, Pourjafari M, Darabi F, Boroumand MA, Zoroufian A, Jalali A.
Prevalence and determinants of elevated high-sensitivity cardiac tro-
ponin T in hypertrophic cardiomyopathy. J Cardiol. 2014;63:140-144.
doi: 10.1016/j.jjicc.2013.07.008

Cramer G, Bakker J, Gommans F, Brouwer M, Kurvers M, Fouraux
M, Verheugt F, Kofflard M. Relation of highly sensitive cardiac tro-
ponin T in hypertrophic cardiomyopathy to left ventricular mass and
cardiovascular risk. Am J Cardiol. 2014;113:1240-1245. doi: 10.1016/j.
amijcard.2013.12.033

Kubo T, Kitaoka H, Yamanaka S, Hirota T, Baba Y, Hayashi K, liyama
T, Kumagai N, Tanioka K, Yamasaki N, et al. Significance of high-
sensitivity cardiac troponin T in hypertrophic cardiomyopathy. J Am
Coll Cardiol. 2013;62:1252-1259. doi: 10.1016/j.jacc.2013.03.055
Moreno V, Hernandez-Romero D, Vilchez JA, Garcia-Honrubia A,
Cambronero F, Casas T, Gonzalez J, Martinez P, Climent V, de la
Morena G, et al. Serum levels of high-sensitivity troponin T: a novel
marker for cardiac remodeling in hypertrophic cardiomyopathy. J Card
Fail. 2010;16:950-956. doi: 10.1016/j.cardfail.2010.07.245

Kubo T, Ochi Y, Baba Y, Sugiura K, Takahashi A, Hirota T, Yamanaka
S, Yamasaki N, Doi YL, Kitaoka H. Elevation of high-sensitivity cardiac
troponin T and left ventricular remodelling in hypertrophic cardiomy-
opathy. ESC Heart Fail. 2020;7:3593-3600. doi: 10.1002/ehf2.12852
Cramer GE, Gommans DHF, Dieker HJ, Michels M, Verheugt F, de
Boer MJ, Bakker J, Fouraux MA, Timmermans J, Kofflard M, et al.
Exercise and myocardial injury in hypertrophic cardiomyopathy. Heart.
2020;106:1169-1175. doi: 10.1136/heartjnl-2019-315818

Gommans DHF, Cramer GE, Fouraux MA, Heijmans S, Michels M,
Timmermans J, Verheugt FWA, de Boer RA, Kofflard MJM, Brouwer
MA. Usefulness of high-sensitivity cardiac troponin T to predict long-
term outcome in patients with hypertrophic cardiomyopathy. Am J
Cardiol. 2021;152:120-124. doi: 10.1016/j.amjcard.2021.04.040
Burlew BS, Weber KT. Cardiac fibrosis as a cause of diastolic dysfunc-
tion. Herz. 2002;27:92-98. doi: 10.1007/s00059-002-2354-y

Yang C, Qiao S, Song VY, Liu Y, Tang Y, Deng L, Yuan J, Hu F, Yang
W. Procollagen type | carboxy-terminal propeptide (PICP) and MMP-2
are potential biomarkers of myocardial fibrosis in patients with hy-
pertrophic cardiomyopathy. Cardiovasc Pathol. 2019;43:107150. doi:
10.1016/j.carpath.2019.107150

Fernlund E, Gyllenhammar T, Jablonowski R, Carlsson M, Larsson
A, Arnlov J, Liuba P. Serum biomarkers of myocardial remodeling
and coronary dysfunction in early stages of hypertrophic cardiomy-
opathy in the young. Pediatr Cardiol. 2017;38:853-863. doi: 10.1007/
s00246-017-1593-x

13


https://doi.org/10.1016/j.hrthm.2018.04.030
https://doi.org/10.2169/internalmedicine.55.6480
https://doi.org/10.1016/j.jacc.2013.04.004
https://doi.org/10.1016/j.amjcard.2013.04.060
https://doi.org/10.1016/j.amjcard.2013.04.060
https://doi.org/10.1253/circj.CJ-10-0782
https://doi.org/10.1016/j.jjcc.2008.07.003
https://doi.org/10.1016/S0735-1097(02)01813-2
https://doi.org/10.1080/1354750X.2018.1474261
https://doi.org/10.1016/j.jjcc.2017.02.008
https://doi.org/10.1016/j.jjcc.2017.02.008
https://doi.org/10.1161/CIRCHEARTFAILURE.116.003026
https://doi.org/10.1016/j.cardfail.2012.04.005
https://doi.org/10.1111/j.1742-1241.2009.02127.x
https://doi.org/10.1093/eurheartj
https://doi.org/10.1136/openhrt-2017-000615
https://doi.org/10.1007/s10554-010-9704-2
https://doi.org/10.1136/heartjnl-2017-311387
https://doi.org/10.1536/ihj.18-598
https://doi.org/10.1111/echo.13645
https://doi.org/10.1016/j.amjcard.2015.09.006
https://doi.org/10.1002/clc.20622
https://doi.org/10.1186/1471-2261-13-70
https://doi.org/10.1016/j.amjcard.2018.04.020
https://doi.org/10.4414/smw.2016.14285
https://doi.org/10.1016/j.jjcc.2013.07.008
https://doi.org/10.1016/j.amjcard.2013.12.033
https://doi.org/10.1016/j.amjcard.2013.12.033
https://doi.org/10.1016/j.jacc.2013.03.055
https://doi.org/10.1016/j.cardfail.2010.07.245
https://doi.org/10.1002/ehf2.12852
https://doi.org/10.1136/heartjnl-2019-315818
https://doi.org/10.1016/j.amjcard.2021.04.040
https://doi.org/10.1007/s00059-002-2354-y
https://doi.org/10.1016/j.carpath.2019.107150
https://doi.org/10.1007/s00246-017-1593-x
https://doi.org/10.1007/s00246-017-1593-x

Matthia et al

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

J Am Heart Assoc. 2022;11:e027618. DOI: 10.1161/JAHA.122.027618

Fucikova A, Lenco J, Tambor V, Rehulkova H, Pudil R, Stulik J. Plasma
concentration of fibronectin is decreased in patients with hypertro-
phic cardiomyopathy. Clin Chim Acta. 2016;463:62-66. doi: 10.1016/].
cca.2016.09.024

Zachariah JP, Colan SD, Lang P, Triedman JK, Alexander ME.
Circulating matrix metalloproteinases in adolescents with hyper-
trophic cardiomyopathy and ventricular arrhythmia. Circ Heart Fail.
2012;5:462-466. doi: 10.1161/CIRCHEARTFAILURE.111.966200
Kitaoka H, Kubo T, Okawa M, Takenaka N, Baba Y, Yamasaki N,
Matsumura Y, Furuno T, Doi YL. Plasma metalloproteinase levels and
left ventricular remodeling in hypertrophic cardiomyopathy in patients
with an identical mutation. J Cardiol. 2011;58:261-265. doi: 10.1016/j.
jjcc.2011.07.011

Kitaoka H, Kubo T, Okawa M, Hayato K, Yamasaki N, Matsumura Y,
Doi YL. Impact of metalloproteinases on left ventricular remodeling
and heart failure events in patients with hypertrophic cardiomyopathy.
Circ J. 2010;74:1191-1196. doi: 10.1253/circj.CJ-09-1013

Bi X, Yang C, Song Y, Yuan J, Cui J, Hu F, Qiao S. Matrix metallo-
proteinases increase because of hypoperfusion in obstructive hyper-
trophic cardiomyopathy. Ann Thorac Surg. 2021;111:915-922. doi:
10.1016/j.athoracsur.2020.05.156

Munch J, Avanesov M, Bannas P, Saring D, Kramer E, Mearini G,
Carrier L, Suling A, Lund G, Patten M. Serum matrix metalloproteinases
as quantitative biomarkers for myocardial fibrosis and sudden cardiac
death risk stratification in patients with hypertrophic cardiomyopathy.
J Card Fail. 2016;22:845-850. doi: 10.1016/j.cardfail.2016.03.010

Ho CY, Lopez B, Coelho-Filho OR, Lakadawala NK, Cirino AL, Jarolim
P, Kwong R, Gonzalez A, Colan SD, Seidman JG, et al. Myocardial
fibrosis as an early manifestation of hypertrophic cardiomyopathy. N
Engl J Med. 2010;363:552-563. doi: 10.1056/NEJMoa1002659

Ellims AH, Taylor AJ, Mariani JA, Ling LH, LM Il, Maeder MT, Kaye DM.
Evaluating the utility of circulating biomarkers of collagen synthesis
in hypertrophic cardiomyopathy. Circ Heart Fail. 2014;7:271-278. doi:
10.1161/CIRCHEARTFAILURE.113.000665

Shim CY, Ha JW, Choi EY, Lee HJ, Moon SH, Kim JM, Rim SJ, Chung
N. Relationship between serum biochemical markers of myocardial
fibrosis and diastolic function at rest and with exercise in hypertro-
phic cardiomyopathy. Korean Circ J. 2009;39:519-524. doi: 10.4070/
kcj.2009.39.12.519

Ho CY, Abbasi SA, Neilan TG, Shah RV, Chen Y, Heydari B, Cirino
AL, Lakadawala NK, Orav EJ, Gonzalez A, et al. T1 measurements
identify extracellular volume expansion in hypertrophic cardiomyop-
athy carcomere mutation carriers with and without left ventricular
hypertrophy. Circ Cardiovasc Imaging. 2013;6:415-422. doi: 10.1161/
CIRCIMAGING.112.000333

Emet S, Dadashov M, Sonsoz MR, Cakir MO, Yilmaz M, Elitok A,
Bilge AK, Mercanoglu F, Oncul A, Adalet K, et al. Galectin-3: a
novel biomarker predicts sudden cardiac death in hypertrophic car-
diomyopathy. Am J Med Sci. 2018;356:537-543. doi: 10.1016/].
amjms.2018.08.013

Gawor M, Spiewak M, Janas J, Kozuch K, Wrobel A, Mazurkiewicz L,
Baranowski R, Marczak M, Grzybowski J. The usefulness of sST2 and
galectin-3 as novel biomarkers for better risk stratification in hyper-
trophic cardiomyopathy. Kardiol Pol. 2017;75:997-1004. doi: 10.5603/
KP.a2017.0118

Hu DJ, Xu J, Du W, Zhang JX, Zhong M, Zhou YN. Cardiac magnetic
resonance and galectin-3 level as predictors of prognostic outcomes
for non-ischemic cardiomyopathy patients. Int J Cardiovasc Imaging.
2016;32:1725-17383. doi: 10.1007/s10554-016-0958-1

Tullice SY, Tuliice K, Cil Z, Volkan Emren S, ilke Akyildiz Z, Ergene
O. Galectin-3 levels in patients with hypertrophic cardiomyopathy and
its relationship with left ventricular mass index and function. Anatol J
Cardiol. 2016;16:344-348.

Unno K, Shibata R, Izawa H, Hirishiki A, Murase Y, Yamada T,
Kobayashi M, Noda A, Nagata K, Ouchi N, et al. Adiponectin acts as
a positive indicator of left ventricular diastolic dysfunction in patients
with hypertrophic cardiomyopathy. Heart. 2010;96:357-361. doi:
10.1136/hrt.2009.172320

Kitaoka H, Kubo T, Okawa M, Yamasaki N, Matsumura Y, Nishinaga
M, Doi YL. Plasma adiponectin levels and left ventricular remodel-
ing in hypertrophic cardiomyopathy. Int Heart J. 2010;51:51-55. doi:
10.1536/ihj.51.51

Chai W, Hoedemaekers YM, van Schaik RHN, van Fessem M,
Garrelds IM, Saris JJ, Dooijes D, ten Cate FJ, Kofflard MMJ, Danser

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

74.

75.

76.

77.

78.

Biomarkers in HCM

AHJ. Cardiac aldosterone in subjects with hyperthropic cardiomyopa-
thy. JRAAS. 2006;7:225-230.

Maron MS, Chan RH, Kapur NK, Jaffe 1Z, McGraw AP, Kerur R, Maron
BJ, Udelson JE. Effect of spironolactone on myocardial fibrosis and
other clinical variables in patients with hypertrophic cardiomyopathy.
Am J Med. 2018;131:837-841. doi: 10.1016/j.amjmed.2018.02.025
Sahin |, Gungor B, Ozkaynak B, Uzun F, Kucuk SH, Avci I, Ozal E,
Ayca B, Cetin S, Okuyan E, et al. Higher copeptin levels are associated
with worse outcome in patients with hypertrophic cardiomyopathy.
Clin Cardiol. 2017;40:32-37. doi: 10.1002/clc.22602

Ayca B, Sahin I, Kucuk SH, Akin F, Kafadar D, Avsar M, Avci Il, Gungor
B, Okuyan E, Dinckal MH. Increased transforming growth factor-g lev-
els associated with cardiac adverse events in hypertrophic cardiomy-
opathy. Clin Cardiol. 2015;38:371-377. doi: 10.1002/clc.22404

Guo Y, Wu X, Zheng X, Lu J, Wang S, Huang X. Usefulness of pre-
operative transforming growth factor-Beta to predict new onset atrial
fibrillation after surgical ventricular septal myectomy in patients with
obstructive hypertrophic cardiomyopathy. Am J Cardiol. 2017;120:118—
123. doi: 10.1016/j.amjcard.2017.03.252

Jumaah S, Celekli A, Sucu M. The role of human urotensin-Il in patients
with hypertrophic cardiomyopathy. J Immunoassay Immunochem.
2018;39:150-162. doi: 10.1080/15321819.2017.1344130

Zhu A, Bews H, Cheung D, Nagalingam RS, Mittal I, Goyal V, Asselin
C, Kirkpatrick IDC, Czubryt MP, Jassal DS. Scleraxis as a prognos-
tic marker of myocardial fibrosis in hypertrophic cardiomyopathy
(SPARC) study. Can J Physiol Pharmacol. 2020;98:459-465. doi:
10.1139/cjpp-2019-0636

Podzimkova J, Palecek T, Kuchynka P, Marek J, Danek BA,
Jachymova M, Kalousova M, Zima T, Linhart A. Plasma osteopontin
levels in patients with dilated and hypertrophic cardiomyopathy. Herz.
2019;44:347-353. doi: 10.1007/s00059-017-4645-3

Yildiz SS, Sahin |, Cetinkal G, Aksan G, Kucuk SH, Keskin K, Cetin
S, Sigirci S, Avci lI, Kilci H, et al. Usefulness of serum Omentin-1 lev-
els for the prediction of adverse cardiac events in patients with hy-
pertrophic cardiomyopathy. Med Princ Pract. 2018;27:107-114. doi:
10.1159/000487396

Kitaoka H, Kubo T, Baba Y, Yamasaki N, Matsumura Y, Furuno T, Doi
YL. Serum tenascin-C levels as a prognostic biomarker of heart fail-
ure events in patients with hypertrophic cardiomyopathy. J Cardiol.
2012;59:209-214. doi: 10.1016/j.jjcc.2011.11.008

Monserrat L, Lopez B, Gonzalez A, Hermida M, Fernandez X, Ortiz
M, Barriales-Villa R, Castro-Beiras A, Diez J. Cardiotrophin-1 plasma
levels are associated with the severity of hypertrophy in hypertrophic
cardiomyopathy. Eur Heart J. 2011;32:177-183. doi: 10.1093/eurheartj/
ehg400

Li YV, McTiernan CF, Feldman AM. Interplay of matrix metallopro-
teinases, tissue inhibitors of metalloproteinases and their regulators
in cardiac matrix remodeling. Cardiovasc Res. 2000;46:214-224. doi:
10.1016/S0008-6363(00)00003-1

Suthahar N, Meijers WC, Sillie HHW, Ho JE, Liu FT, de Boer RA.
Galectin-3 and inhibition in heart failure and cardiovascular disease:
an update. Theranostics. 2018;8:593-609. doi: 10.7150/thno.22196
de Boer RA, Edelman F, Cohen-Solal A, Mamas MA, Maisel A, Pieske
B. Galectin-3 in heart failure with preserved ejection fraction. Eur Heart
Fail. 2013;15:1095-1101. doi: 10.1093/eurjhf/hft077

Vianello E, Dozio E, Tacchini L, Frati L, Romanelli MMC. ST2/IL-33 sig-
naling in cardiac fibrosis. Int J Biochem Biol. 2019;116:105619. doi:
10.1016/j.biocel.2019.105619

Jia G, Aroor AR, Hill MA, Sowers JR. Role of renin-angiotensin-
aldosterone system activation in promoting cardiovascular fibro-
sis and stiffness. Hypertension. 2018;72:537-548. doi: 10.1161/
HYPERTENSIONAHA.118.11065

Gao J, Shao CL, Meng XB, Wang WY, Zhang K, Wang JJ, Zheng
MQ, Tang YD. Uric acid is associated with cardiac death in patients
with hypertrophic obstructive cardiomyopathy. J Geriatr Cardiol.
2021;18:281-288. doi: 10.11909/j.issn.1671-5411.2021.04.006

Wang Z, Xu Y, Liao H, Chen X, He S. U-shaped association be-
tween serum uric acid concentration and mortality in hypertrophic
cardiomyopathy patients. Ups J Med Sci. 2020;125:44-51. doi:
10.1080/03009734.2020.1719245

Zhu L, Wang J, Wang V, Jia L, Sun K, Wang H, Zou Y, Tian T, Liu Y,
Zou J, et al. Plasma uric acid as a prognostic marker in patients with
hypertrophic cardiomyopathy. Can J Cardiol. 2015;31:1252-1258. doi:
10.1016/j.cjca.2015.02.018

14


https://doi.org/10.1016/j.cca.2016.09.024
https://doi.org/10.1016/j.cca.2016.09.024
https://doi.org/10.1161/CIRCHEARTFAILURE.111.966200
https://doi.org/10.1016/j.jjcc.2011.07.011
https://doi.org/10.1016/j.jjcc.2011.07.011
https://doi.org/10.1253/circj.CJ-09-1013
https://doi.org/10.1016/j.athoracsur.2020.05.156
https://doi.org/10.1016/j.cardfail.2016.03.010
https://doi.org/10.1056/NEJMoa1002659
https://doi.org/10.1161/CIRCHEARTFAILURE.113.000665
https://doi.org/10.4070/kcj.2009.39.12.519
https://doi.org/10.4070/kcj.2009.39.12.519
https://doi.org/10.1161/CIRCIMAGING.112.000333
https://doi.org/10.1161/CIRCIMAGING.112.000333
https://doi.org/10.1016/j.amjms.2018.08.013
https://doi.org/10.1016/j.amjms.2018.08.013
https://doi.org/10.5603/KP.a2017.0118
https://doi.org/10.5603/KP.a2017.0118
https://doi.org/10.1007/s10554-016-0958-1
https://doi.org/10.1136/hrt.2009.172320
https://doi.org/10.1536/ihj.51.51
https://doi.org/10.1016/j.amjmed.2018.02.025
https://doi.org/10.1002/clc.22602
https://doi.org/10.1002/clc.22404
https://doi.org/10.1016/j.amjcard.2017.03.252
https://doi.org/10.1080/15321819.2017.1344130
https://doi.org/10.1139/cjpp-2019-0636
https://doi.org/10.1007/s00059-017-4645-3
https://doi.org/10.1159/000487396
https://doi.org/10.1016/j.jjcc.2011.11.008
https://doi.org/10.1093/eurheartj
https://doi.org/10.1093/eurheartj
https://doi.org/10.1016/S0008-6363(00)00003-1
https://doi.org/10.7150/thno.22196
https://doi.org/10.1093/eurjhf
https://doi.org/10.1016/j.biocel.2019.105619
https://doi.org/10.1161/HYPERTENSIONAHA.118.11065
https://doi.org/10.1161/HYPERTENSIONAHA.118.11065
https://doi.org/10.11909/j.issn.1671-5411.2021.04.006
https://doi.org/10.1080/03009734.2020.1719245
https://doi.org/10.1016/j.cjca.2015.02.018

Matthia et al

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

J Am Heart Assoc. 2022;11:e027618. DOI: 10.1161/JAHA.122.027618

Zhang C, Liu R, Yuan J, Cui J, Hu F, Yang W, Zhang Y, Yang C, Qiao
S. Gender-related differences in the association between serum uric
acid and left ventricular mass index in patients with obstructive hy-
pertrophic cardiomyopathy. Biol Sex Differ. 2016;7:22. doi: 10.1186/
$13293-016-0074-x

Hanatani S, lzumiya Y, Takashio S, Kojima S, Yamamuro M, Araki S,
Rokutanda T, Tsujita K, Yamamoto E, Tanaka T, et al. Growth differ-
entiation factor 15 can distinguish between hypertrophic cardiomyop-
athy and hypertensive hearts. Heart Vessels. 2014;29:231-237. doi:
10.1007/s00380-013-0337-y

Montoro-Garcia S, Hernandez-Romero D, Jover E, Garcia-Honrubia
A, Vilchez JA, Casas T, Martinez P, Climent V, Caballero L, Valdes M,
et al. Growth differentiation factor-15, a novel biomarker related with
disease severity in patients with hypertrophic cardiomyopathy. Eur J
Intern Med. 2012;23:169-174. doi: 10.1016/j.ejim.2011.08.022
Kuusisto J, Kérja V, Sipola P, Kholova |, Peuhkurinen K, Jaaskelainen
P, Naukkarinen A, Yla-Herttuala S, Punnonen K, Laakso M. Low-
grade inflammation and the phenotypic expression of myocardial
fibrosis in hypertrophic cardiomyopathy. Heart. 2012;98:1007-10183.
doi: 10.1136/heartjnl-2011-300960

Zhu'L, ZouY, Wang Y, Luo X, Sun K, Wang H, Jia L, Liu Y, Zou J, Yuan
Z, et al. Prognostic significance of plasma high-sensitivity C-reactive
protein in patients with hypertrophic cardiomyopathy. J Am Heart
Assoc. 2017;6:e004529. doi: 10.1161/JAHA.116.004529

Fang L, Ellims AH, Beale AL, Taylor AJ, Murphy A, Dart AM. Systemic
inflammation is associated with myocardial fibrosis, diastolic dysfunc-
tion, and cardiac hypertrophy in patients with hypertrophic cardiomy-
opathy. Am J Transl Res. 2017;9:5063-5073.

Wang VY, Tang Y, Zou Y, Wang D, Zhu L, Tian T, Wang J, Bao J, Hui
R, Kang L, et al. Plasma level of big endothelin-1 predicts the prog-
nosis in patients with hypertrophic cardiomyopathy. Int J Cardiol.
2017;243:283-289. doi: 10.1016/j.iicard.2017.03.162

Song C, Wang S, Guo Y, Zheng X, Lu J, Fang X, Wang S, Huang X.
Plasma big endothelin-1 predicts new-onset atrial fibrillation after sur-
gical septal myectomy in patients with hypertrophic cardiomyopathy.
BMC Cardiovasc Disord. 2019;19:122. doi: 10.1186/s12872-019-1085-4
LiuL, Wu L, Zheng L, Ding L, Chen G, Fan X, Yao Y. Associations be-
tween multiple circulating biomarkers and the presence of atrial fibril-
lation in hypertrophic cardiomyopathy with or without left ventricular
outflow tract obstruction. Int Heart J. 2019;60:327-335. doi: 10.1536/
ihj.18-438

Blackshear JL, Kusumoto H, Safford RE, Wysokinska E, Thomas CS,
Waldo OA, Stark ME, Shapiro BP, Ung S, Moussa |, et al. Usefulness of
Von Willebrand factor activity indexes to predict therapeutic response
in hypertrophic cardiomyopathy. Am J Cardiol. 2016;117:436-442. doi:
10.1016/j.amjcard.2015.11.016

Le Tourneau T, Susen S, Caron C, Millaire A, Marechaux S, Polge
AS, Vincentelli A, Mouquet F, Ennezat PV, Lamblin N, et al. Functional
impairment of von Willebrand factor in hypertrophic cardiomyopathy:
relation to rest and exercise obstruction. Circulation. 2008;118:1550—
1557. doi: 10.1161/CIRCULATIONAHA.108.786681

90.

91.

92.

93.

94.

95.

96.

7.

98.

99.

100.

Biomarkers in HCM

Cambronero F, Vilchez JA, Garcia-Honrubia A, Ruiz-Espejo F, Moreno
V, Hernandez-Romero D, Bonacasa B, Gonzalez-Conejero R, de la
Morena G, Martinez P, et al. Plasma levels of von Willebrand factor are
increased in patients with hypertrophic cardiomyopathy. Thromb Res.
2010;126:e46-e50. doi: 10.1016/j.thromres.2010.01.010

Cordts K, Seelig D, Lund N, Carrier L, Borger RH, Avanesov M, Tahir E,
Schedhelm E, Patten M. Association of asymmetric dimethylarginine
and diastolic dysfunction in patients with hypertrophic cardiomyopa-
thy. Biomolecules. 2019;9:277. doi: 10.3390/biom9070277
Orenes-Pifero E, Hernandez-Romero D, de Torre C, Vilchez JA,
Martinez M, Romero-Aniorta AL, Climent V, Garcia-Honrubia A,
Valdes M, Marin F. Identification and confirmation of haptoglo-
bin as a potential serum biomarker in hypertrophic cardiomyopa-
thy using proteomic approaches. Ann Med. 2013;45:341-347. doi:
10.3109/07853890.2013.792555

Kubo T, Okumiya T, Baba VY, Hirota T, Tanioka K, Yamasaki N, Sugiura
T, Doi YL, Kitaoda H. Erythrocyte creatine as a marker of intravascular
hemolysis due to left ventricular outflow tract obstruction in hyper-
trophic cardiomyopathy. J Cardiol. 2016;67:274-278. doi: 10.1016/j.
jjcc.2015.05.005

Horiuchi H, Doman T, Kokame K, Saiki Y, Matsumoto M. Acquired
von willebrand syndrome associated with cardiovascular diseases. J
Atheroscler Thromb. 2019;26:303-314. doi: 10.5551/jat.RV17031
Duan X, Liu R, Luo XL, Gao XJ, Hu FH, Guo C, Wang J, Hu XY, Chun
YS, Yuan JS, et al. The relationship between B1-adrenergic and M2-
muscarinic receptor autoantibodies and hypertrophic cardiomyopa-
thy. Exp Physiol. 2020;105:522-530. doi: 10.1113/EP088263

Ntelios D, Georgiou E, Alexouda S, Malousi A, Efthimiadis G,
Tzimagiorgis G. A critical approach for successful use of circulating
microRNAs as biomarkers in cardiovascular diseases: the case of
hypertrophic cardiomyopathy. Heart Fail Rev. 2022;27:281-294. doi:
10.1007/s10741-021-10084-y

Shimada YJ, Raita Y, Liang LW, Maurer MS, Hasegawa K, Fifer
MA, Reilly MP. Comprehensive proteomics profiling reveals circu-
lating biomarkers of hypertrophic cardiomyopathy. Circ Heart Fail.
2021;14(7):e007849. doi: 10.1161/CIRCHEARTFAILURE.120.007849
Saberi S, Cardim N, Yamani M, Schulz-Menger J, Li W, Florea V,
Sehnert AJ, Kwong RY, Jerosch-Herold M, Masri A, et al. Mavacamten
favorably impacts cardiac structure in obstructive hypertrophic
cardiomyopathy. EXPLORER-HCM cardiac magnetic resonance
substudy analysis. Circulation. 2021;143:606-608. doi: 10.1161/
CIRCULATIONAHA.120.052359

Ho CY, Day SM, Axelsson A, Russell MW, Zahka K, Lever HM, Pereira
AC, Colan SD, Margossian R, Murphy AM, et al. Valsartan in early-
stage hypertrophic cardiomyopathy: a randomized phase 2 trial. Nat
Med. 2021;27:1818-1824. doi: 10.1038/s41591-021-01505-4

Desai M, Owens A, Geske JB, Wolski K, Naidu SS, Smedira NG,
Cremer PC, Schaff H, McErlean E, Sewell C, et al. Myosin inhibition
in patients with obstructive hypertrophic cardiomyopathy referred
for septal reduction therapy. J Am Coll Cardiol. 2022;80:95-108. doi:
10.1016/j.jacc.2022.04.048

15


https://doi.org/10.1186/s13293-016-0074-x
https://doi.org/10.1186/s13293-016-0074-x
https://doi.org/10.1007/s00380-013-0337-y
https://doi.org/10.1016/j.ejim.2011.08.022
https://doi.org/10.1136/heartjnl-2011-300960
https://doi.org/10.1161/JAHA.116.004529
https://doi.org/10.1016/j.ijcard.2017.03.162
https://doi.org/10.1186/s12872-019-1085-4
https://doi.org/10.1536/ihj.18-438
https://doi.org/10.1536/ihj.18-438
https://doi.org/10.1016/j.amjcard.2015.11.016
https://doi.org/10.1161/CIRCULATIONAHA.108.786681
https://doi.org/10.1016/j.thromres.2010.01.010
https://doi.org/10.3390/biom9070277
https://doi.org/10.3109/07853890.2013.792555
https://doi.org/10.1016/j.jjcc.2015.05.005
https://doi.org/10.1016/j.jjcc.2015.05.005
https://doi.org/10.5551/jat.RV17031
https://doi.org/10.1113/EP088263
https://doi.org/10.1007/s10741-021-10084-y
https://doi.org/10.1161/CIRCHEARTFAILURE.120.007849
https://doi.org/10.1161/CIRCULATIONAHA.120.052359
https://doi.org/10.1161/CIRCULATIONAHA.120.052359
https://doi.org/10.1038/s41591-021-01505-4
https://doi.org/10.1016/j.jacc.2022.04.048

	Circulating Biomarkers in Hypertrophic Cardiomyopathy
	ABSTRACT: 
	Methods
	Search Strategy
	Biomarkers of Myocardial Wall Stretch
	Biomarkers of Myocardial Necrosis
	Biomarkers of Fibrosis
	Biomarkers of Inflammation and Apoptosis
	Biomarkers of Endothelial Dysfunction and Hemostasis
	Autoantibodies as Biomarkers
	Genomic, Proteomic, Metabolomic Biomarkers
	Biomarkers Associated With Left Ventricular Outflow Tract Obstruction
	Treatment Implications Using Biomarkers in HCM

	Conclusions
	Sources of Funding
	Disclosures
	References


