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Abstract

Background In this study, our aim was to investigate the role of cardiac biomarkers in predicting the presence of significant
coronary artery disease in hypertrophic cardiomyopathy (HCM) patients.

Methods The study population was composed of hypertrophic cardiomyopathy patients who underwent coronary angi-
ography at a single center between June 2021 and March 2023, and whose cardiac biomarkers were evaluated before the
procedure. HCM patients were screened retrospectively. Significant CAD was defined as > 50% stenosis of the left main
coronary artery or>70% stenosis in a major coronary vessel. Demographic, echocardiographic and cardiac biomarker values
were compared between the two groups.

Results A total of 123 patients were evaluated. Significant CAD was detected in 39 (31.7%) patients. Patients with significant
CAD had higher CK-MB values than those without CAD [2.8 (2.1-4.0) vs. 3.4 (2.8-4.6), p=0.036], and a higher level of
high-sensitivity troponin T (hs-TnT) than those without CAD (24 vs. 17.8, p=0.022). the NT-proBNP/hs-TnT ratio was found
to be significantly lower in patients with CAD than in those with CAD (31.4 vs. 21.4, p=0.019). In multivariate anaylsis,
NT-proBNP/hs-TnT was determined as an independent predictor for significant CAD. In ROC analysis, NT-proBNP/hs-TnT
ratio lower than the cut-off value of 30.7 could detect the presence of significant CAD with 76.9% sensitivity and 53.6%
specificity (AUC: 0.632, 95% CI: 0.528-0.736, p=0.019).

Conclusion To sum up, we suggest that cardiac biomarkers were valuable and simple parameters in terms of significant
CAD in HCM patients.
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Troponin-T

Introduction remain asymptomatic, others may experience symptoms

such as chest pain, shortness of breath, palpitations, or diz-

Hypertrophic cardiomyopathy (HCM) is a genetic heart con-
dition that affects the structure of the heart muscle. It is a
relatively common condition, with a prevalence of approx-
imately 1 in 500 individuals. While many HCM patients
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ziness. In some cases, HCM can also increase the risk of
developing coronary artery disease (CAD) [1]. The causes
of chest pain in HCM patients include myocardial ischemia,
increased metabolic demand, and decreased myocardial
blood supply [2]. The presence of CAD in HCM patients can
lead to severe complications, including heart attack, arrhyth-
mias, or sudden cardiac death [1, 3]. Therefore, identifying
and managing CAD in HCM patients is essential to reduce
the risk of adverse outcomes. Previous studies have reported
that CAD is present in 10-53% of HCM patients [4-6].
Cardiac biomarkers are a group of proteins that are
released into the bloodstream following heart muscle dam-
age or stress. They are widely used in the diagnosis and
management of acute coronary syndrome, a condition
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characterized by the sudden onset of chest pain or other
symptoms due to decreased blood flow to the heart [7].
However, the utility of cardiac biomarkers is not limited
to the acute setting. In fact, they can also provide valuable
information in the context of chronic heart diseases, such as
heart failure or hypertrophic cardiomyopathy [8, 9]. In these
conditions, cardiac biomarkers can help assess the severity
of the disease, monitor disease progression, and guide treat-
ment decisions. There are publications showing that cardiac
biomarkers can be used to differentiate acute coronary syn-
drome and stress cardiomyopathy [10, 11]. However, data
on the use of biomarkers in stable coronary artery patients
are limited.

In this study, our aim was to investigate the role of cardiac
biomarkers in predicting the presence of significant coronary
artery disease in HCM patients.

Materials and methods
Study population

The study population was composed of hypertrophic car-
diomyopathy patients who underwent coronary angiogra-
phy at a single center between June 2021 and March 2023,
and whose cardiac biomarkers were evaluated before the
procedure. Patients with acute coronary syndrome, storage/
infiltrative diseases causing hypertrophy, hypertensive CM,
advanced left ventricular dysfunction (EF <40%), end-stage
kidney disease (GFR <30 ml/min) and a history of coronary
revascularization were excluded from the study. The flow-
chart regarding the inclusion and exclusion criteria of the
study is shown in Fig. 1.

The diagnosis of HCM was based on maximal left ven-
tricular wall thickness, assessed by two-dimensional tran-
sthoracic echocardiography and/or cardiac magnetic reso-
nance imaging (CMR) by standard technique. A maximal
left ventricular wall thickness > 15 mm in one or more
myocardial segments, or> 13 mm with a family history of
HCM in the absence of other conditions associated with ven-
tricular hypertrophy, was considered diagnostic for HCM
according to current guidelines. All HCM patients in the
center were evaluated in a single cardiomyopathy outpatient
clinic, and the cardiac biomarkers of all patients scheduled
for angiography were included in the evaluation. Patients
whose cardiac biomarkers were not found in the hospital
electronic system were also excluded from the study.

The study protocol was approved by the Local Ethics
Committee was conducted in accordance with the principles
outlined in the Declaration of Helsinki.
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Coronary artery disease assessment

Patients were referred for coronary angiography based on
the presence of ischemic symptoms or evidence of ischemia
according to the non-invasive tests. We utilized three non-
invasive tests to assess evidence of myocardial ischemia:
exercise stress test (EST), myocardial perfusion scintigraphy
(MPS), and echocardiography. During the EST, a positive
result was defined as a 1.0 mm horizontal or down-sloping
ST depression in 2 or more contiguous leads or if the patient
experienced symptoms during the test. In MPS, the presence
of significant myocardial ischemia (> 10%) was considered
positive. Evidence of ischemia in echocardiography was
evaluated by assessing segmental wall motion abnormalities.
Standard coronary angiography procedures were performed
via femoral or radial access. In cases where a coronary stent
was required, a separate session was scheduled. Significant
CAD was defined as > 50% stenosis of the left main coro-
nary artery or>70% stenosis in a major coronary vessel, as
determined by invasive coronary angiography. Patients were
divided into two groups based on the presence or absence
of significant CAD, with images examined from the Pic-
ture Archiving and Communication System (PACS) system.
Patients who had undergone coronary computed tomography
(CT) were not included in the study, as the focus was on
invasive coronary angiography.

Biomarker measurement

In this study, blood samples were collected using 10 mL
syringes containing ethylenediaminetetraacetic acid (EDTA)
anticoagulant. The collected blood was centrifuged to sepa-
rate the plasma, which was then analyzed using third-gen-
eration electrochemiluminescent immunoassay for cardiac
high-sensitive troponin T (hs-cTnT) and the Elecsys auto-
mated analyzer for N-terminal pro-B-type natriuretic peptide
(NT-proBNP) (Elecsys pro-BNP® and Elecsys Troponin-T®
assays from Roche Diagnostics GmbH).

Statistical anaylsis

Statistical analysis of the study was performed with the SPSS
Version 25.0 program (SPSS Inc., Chicago, Illinois, USA).
Whether the variables showed normal distribution was eval-
uated using visual (histograms, probability curves) and ana-
lytical methods (Kolmogorov—Smirnov's or Shapiro—Wilk).
Normally distributed numerical variables were expressed as
mean + standard deviation (SD), while non-normally distrib-
uted numerical variables were expressed as median (inter-
quartile range), and categorical variables were expressed as
percent (%). Receiver operating characteristic (ROC) curve
and Youden index [max (sensitivity + selectivity — 1)] were
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Patients with Hypertrophic cardiomyopathy and underwent coronary angioraphy (n=192)

Inclusion criteria

* patients > 18 years

* Patients with cardiac biomarker
data in the hospital electronic
system

Excluded patients

L — | Advanced Left Ventricular dysfunction (n=6) |

— | Cardiac amyloidosis (n=1) l

— | End-stage kidney disease (n=3) l

—) | Previous coronary revascularization (n=9) |
— | Acute coronary syndrome (n=37) |

—_— | Patients without cardiac biomarker data (n=13) l

Final patient population, n=123

Fig. 1 Flowchart of the study

used to determine the hs-troponin-t and NT-proBNP/hs-TnT
ratio predictive cut-off values for detecting significant CAD
in HCM patients, and the area under the ROC curve over 0.5
was considered significant. Statistical analysis of numerical
variables between groups was performed with Student's t
unpaired test or Mann Whitney U test, and analysis of cat-
egorical variables with Chi-square or Fisher's exact test. In
order to determine the independent predictors of significant
CAD, univariable logistic regression analysis was performed
first, followed by a multivariable logistic regression analysis
using parameters that were significant in univariate analysis.
A p-value of <0.05 was considered significant throughout
this study).

Results

The study compared clinical and imaging characteristics
between two groups of patients with hypertrophic cardio-
myopathy (HCM): those with a significant coronary artery
disease (CAD+) and those without (CAD—). The demo-
graphic characteristics of the two groups were not signifi-
cantly different, with a similar age range and gender distri-
bution. The prevalence of hypertension, diabetes mellitus,
atrial fibrillation, cerebrovascular disease, and chronic kid-
ney disease was not significantly different between the two

groups. However, patients in the CAD+ group had signifi-
cantly higher prevalence of hyperlipidemia (41.0% vs 15.5%,
p=0.002). Also, smoking rates were higher in CAD+ group
[26 (30.9) vs. 21 (53.8), p=0.015].

There were no significant differences in echocardio-
graphic parameters, including left ventricular ejection frac-
tion (LVEF), left atrial diameter, interventricular septum
thickness, posterior wall thickness, and tricuspid annular
plane systolic excursion (TAPSE). However, patients in
the CAD- group had a higher prevalence of systolic ante-
rior motion (SAM) of the mitral valve (54.8% vs 35.9%,
p=0.051), but there was no statistical difference. The preva-
lence of significant mitral regurgitation was not significantly
different between the two groups.

Cardiac magnetic resonance (CMR) imaging revealed
no significant differences in LVEF and maximal wall thick-
ness between the two groups. However, the prevalence of
late gadolinium enhancement (LGE) was numerically
higher in the CAD+ group (96.4% vs 81.9%, p=0.052),
but there was no statistical difference between the two
groups. The extent of fibrosis was not significantly differ-
ent between the two groups. Table 1 summarises the data
on the demographic and imaging findings of the patients.

In terms of laboratory variables, patients with signifi-
cant CAD had higher CK-MB values than those without
CAD "[(3.4 (2.8-4.6) vs. 2.8 (2.4-4.0), p=0.036], and a
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Table 1 Demographic,
echocardiograhic and cardiac
magnetic resonance variables of
patients

@ Springer

All patients (n=123) CAD-(n=84) CAD+ (n=39) p value

Age, years 54 (49-62) 53 (47-62) 56 (51-62) 0.073
Male gender, n (%) 92 (74.7) 61 (72.6) 31 (79.5) 0.414
Body-mass index, kg/m2 28.7+3.7 28,7+3,9 28,8+3,4 0.819
Hypertension, n (%) 65 (52.8) 41 (48.8) 24 (61.5) 0.188
Diabetes mellitus, n (%) 23 (18.6) 14 (16.7) 9(23.1) 0.396
Hyperlipidemia, n (%) 29 (23.5) 13 (15.5) 16 (41.0) 0.002
Cerebrovascular disease, n (%) 2(1.6) 2(2.4) 0(0) 0.472
COPD, n (%) 11 (8.9) 8(9.6) 3(8.1) 0.544
Chronic kidney disease, n (%) 11 (8.9) 7 (8.3) 4(10.3) 0.483
Atrial fibrillation, n (%) 19 (15.4) 14 (16.7) 5(12.8) 0.583
Smoking, n (%) 47 (38.2) 26 (30.9) 21 (53.8) 0.015
NYHA class, n (%) 0.376

1 26 (21.1) 18 (21.4) 8 (20.5)

2 69 (56.1) 47 (55.2) 22 (56.4)

3 24 (19.5) 15 (17.8) 9 (23)

4 4(3.3) 44 0(0)
Syncope, n (%) 16 (13) 11 (13.1) 5(12.8) 0.966
ASA, n (%) 12 (9.7) 9 (10.7) 324 0.434
Myectomy, n (%) 43.2) 4 (4.8) 0(0) 0.123
Pacemaker 15 (12.1) 11 (13.1) 4(10.3) 0.451
CAG indication, n (%) 0.246

Ischemia-related-symptom 31 (25.2) 27 (32.1) 4(10.2)

Positive EST 53 (43.1) 36 (42.8) 17 (43.5)

Positive MPS 31(25.2) 16 (19) 15 (38.4)

Abnormal wall motion on TTE 8 (6.5) 5(5.9) 3(7.6)
Echocardiographic variables
LVEF, % 59.0+5.9 59.4+5.3 58.0+6.9 0.221
LA diameter, mm 43.6+6.6 43.9+6.8 42.8+59 0.402
Interventricular septum, mm 18+4.2 17.9+39 18.3+4.8 0.651
Posterior wall, mm 13.4+3.6 13.4+3.8 13.6+3.1 0.820
Systolic anterior motion, n (%) 60 (48.7) 46 (54.8) 14 (35.9) 0.051
Significant MR, n (%) 16 (13) 11 (13.1) 5(12.8) 0.966
Rest gradient, mmHg 29 (21-44) 29 (21-45) 28 (20-37) 0.370
Provocable gradient, mmHg 59 (48-78) 60 (48-76) 56 (46-78) 0.994
TAPSE, mm 20.8+3.6 20.5+3.8 21.5+3.0 0.925
PASP, mmHg 30.3+8.2 30.24+7.2 30.5+11.4 0.096
CMR variables
LEVF, % 68 (63-73) 68 (64-72) 67 (63-73) 0.561
Maximal wall thickness, mm 18.3 (16-21.6) 18.5 (16-22) 18 (15-21) 0.269
Presence of LGE, n (%) 86 (69.9) 59 (81.9) 27 (96.4) 0.052
Extent fibrosis, n (%) 27 (21.9) 17 (23.6) 10 (34.5) 0.264
Apical aneursym, n (%) 2(1.6) 1(1.4) 1(3.4) 0.494

Bold values indicate statistical significance

ASA alcohol septal ablation, CAG coronary angiography CMR cardiac magnetic resonance imaging, COPD
chronic obstructive pulmonary disease, EST exercise stress test, LA left atrium, LGE late gadolinium
enhancement, LVEF left ventricular ejection, MPS myocardial perfusion scintigraphy, fraction, MR mitral
regurgitation, NYHA New York Heart Association, PASP pulmonary arterial systolic pressure, TAPSE tri-
cuspid anuler plane systolic excursion, 7TE transtoracic echocardiography
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Table2 Biochemical variables All patients (n=123) CAD- (n=84) CAD+ (n=39)  pvalue

and cardiac biomarkers of the

hypertrophic cardiomyopathy Haemoglobin, g/dl 143 (13.1-15.3) 143 (12.7-15.2) 14.6 (13.3-153)  0.557

patients LDL, mg/dl 116 (86-134) 110 (82-133) 121 (92-139) 0.303
Total cholesterol, mg/dl 183 (150-214) 182 (151-208) 186 (144-219) 0.781
HDL, mg/dl 39 (33-45) 40 (32-47) 38 (34-43) 0.390
Triglyceride, mg/dl 139 (101-213) 150 (101-223) 134 (105-213) 0.961
GFR, ml/min 83.6+21.1 87.5+20.4 82.7+16.0 0.193
CK-MB, ng/mL 3.1 (2.1-4.2) 2.8 (2.1-4.0) 3.4 (2.8-4.6) 0.036
Hs-TnT, ng/mL 19 (12.8-34.8) 17.8 (11.1-33.4) 24 (17.8-41.3) 0.022
NT-proBNP, pg/mL 601 (172-1629) 651.5 (206.3-1765.5)  463.6 (124-1147)  0.204
NT-proBNP/hs-TnT 25.3 (10.3-58.6) 31.4 (13.4-65.6) 21.4 (8.2-29.8) 0.019

Bold values indicate statistical significance

CAD coronary artery disease, Hb hemoglobin, LDL low-density lipoprotein, HDL high-density lipopro-
tein, GFR glomerular filtration rate, Ck-mb creatine kinase-MB, Hs-TnT high-sensitivity troponin-T, NT-
ProBNP N-terminal pro-B-type natriuretic peptide

higher level of high-sensitivity troponin T (hs-TnT) than
those without CAD (24 vs. 17.8, p=0.022). There were
no significant differences in haemoglobin, LDL choles-
terol, total cholesterol, HDL cholesterol, triglycerides,
glomerular filtration rate or N-terminal pro-brain natriu-
retic peptide (NT-proBNP) levels between the two groups.
However, the NT-proBNP/hs-TnT ratio was found to be
significantly higher in patients without CAD than in those
with CAD (31.4 vs. 21.4, p=0.019). Table 2 shows the
comparison of biochemical variables and cardiac biomark-
ers between the two groups.

Logistic regression analysis showed significant results
for hyperlipidemia, hypertension, diabetes, smoking,
CK-MB levels and NT-proBNP/hs-TnT ratio levels in uni-
variate analysis, and multivariate analysis was performed
with these variables. As a result of multivariate analy-
sis, hyperlipidemia [(OR =2.603, 95% CI (1.038-6.529,
p=0.042], smoking [(OR=0.353, 95% CI (1.024-5.410,
p=0.044], and NT-proBNP/hs-TnT ratio [(OR =0.987,
95% CI (0.976-0.999, p=0.027] were found to be

Table 3 Multivariate logistic regression analyses to identify predic-
tors of significant coronary artery disease

Odds ratio  95% CI (lower—upper) p value
Hyperlipidemia 2.603 1.038-6.529 0.042
Hypertension 0.968 0.381-2.462 0.946
Diabetes mellitus 1.157 0.389-3.437 0.793
Smoking 2.353 1.024-5.410 0.044
CK-MB 0.830 0.670-1.028 0.087
NT-proBNP/hs-TnT  0.987 0.976-0.999 0.027

Bold values indicate statistical significance

Ck-mb creatine kinase-MB, Hs-TnT high-sensitivity troponin-T, NT-
ProBNP N-terminal pro-B-type natriuretic peptide

independent predictors for the presence of significant CAD
in patients with HCM (Table 3).

In the receiver operating characteristic (ROC) curve
analysis, NT-proBNP/hs-TnT ratio lower than the cut-
off value of 30.7 could detect the presence of significant
CAD with 76.9% sensitivity and 53.6% specificity (AUC:
0.632, 95% C10.528-0.736, p=0.019). In Hs-TnT analy-
sis, it could detect significant coronary artery disease in
HCM patients with a cutoff value of 17.8, a sensitivity of
76.9%, and a specificity of 52.2% (AUC: 0.629, 95% CI
0.531-0.726, p=0.022) (Fig. 2).

Discussion

Our study has shown that cardiac biomarkers are signifi-
cant predictors of the presence of significant coronary
artery disease (CAD) in patients with hypertrophic car-
diomyopathy (HCM). The NT-proBNP/hs-TnT ratio,
which has rarely been evaluated in the literature, along
with hs-TnT, was found to have high predictive value in
ROC analyses and a significant association with CAD.
Moreover, the NT-proBNP/hs-TnT ratio was an independ-
ent predictor of CAD in multivariate regression analysis,
which is another noteworthy finding of our study. To our
knowledge, this is the first study to investigate the role of
cardiac biomarkers in determining the presence of CAD
in patients with HCM.

Hypertrophic cardiomyopathy (HCM) is a genetic car-
diovascular disorder that is characterized by left ventricu-
lar hypertrophy and diastolic dysfunction. Although HCM
primarily affects the myocardium, it has been shown to be
associated with an increased risk of developing coronary
artery disease (CAD), which is a common form of cardio-
vascular disease that is caused by the narrowing or blockage

@ Springer
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Fig.2 ROC curve analyses of NT-proBNP/hs-TnT ratio (A) and hs-TnT (B) in predicting significant coronary artery disease in hypertrophic car-

diomyopathy patients

of coronary arteries [3, 12, 13]. The mechanisms underly-
ing the relationship between HCM and CAD are complex
and multifactorial, but some proposed explanations include
shared risk factors, such as hypertension and dyslipidemia,
impaired myocardial perfusion, and a pro-inflammatory state
[14]. The prevalence of coronary artery disease (CAD) in
patients with hypertrophic cardiomyopathy (HCM) varies
widely depending on the population studied and the diag-
nostic criteria used. Based on existing literature, the preva-
lence of CAD in patients with HCM can vary widely, with
reported rates ranging from 10 to 53% [6]. In our study
population, the prevalence of significant CAD was found
to be 31.7%. These findings emphasize the importance of
using symptom assessment and relevant parameters to pre-
dict the presence of CAD in patients with suspected disease,
as approximately 1 in 3 patients with HCM may also have
significant CAD.

The utilization of cardiac biomarkers as a means of risk
assessment is gaining momentum. Although traditionally
used solely in the diagnosis and follow-up of acute coro-
nary syndrome, its application in various diseases' course
and prognosis has become prevalent in contemporary
clinical practice [15]. Cardiac biomarkers, particularly Hs-
Troponin-T and N-terminal pro-B-type natriuretic peptide
(NT-proBNP), play a pivotal role in the management of
patients with hypertrophic cardiomyopathy (HCM) [9, 16,
17]. Elevated levels of these biomarkers in HCM patients are
correlated with disease severity, myocardial fibrosis, and the
risk of adverse clinical events. Hs-Troponin-T, specifically,
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is linked with an increased probability of sudden cardiac
death and adverse cardiovascular events, whereas NT-
proBNP levels are associated with symptom severity and
prognosis. Consequently, biomarker evaluation is indispen-
sable in the follow-up of HCM patients. Earlier research
has demonstrated that cardiac biomarkers provide valuable
diagnostic and prognostic contributions in chronic coronary
syndrome patients [18, 19]. Elevated serum troponin T levels
are prevalent in patients with stable coronary artery disease
(CAD) [20]. The association between troponin level and the
presence and severity of CAD has also been established.
Certain studies have even asserted that cardiac biomarkers
surpass exercise stress testing in stable CAD diagnosis [21].
Hs-TnT is among the biomarkers with the most significant
effect, as evidenced in our study. Indeed, our study confirms
that even a slight increase in hs-troponin-T values is indica-
tive of significant coronary artery disease.

In the present study, we also evaluated the predictive
effect of a rarely mentioned biomarker, NT-proBNP/TnT
ratio, that has been previously studied for its ability to dif-
ferentiate acute coronary syndrome from stress cardiomy-
opathy and to exclude acute coronary syndrome [11, 22].
Despite limited literature on the subject, our study suggests
that this simple parameter, integrating cardiac biomarkers,
could be an invaluable tool in determining the presence of
significant CAD in HCM patients. Our results indicate that
values below 30.3 can be used to predict significant CAD,
making it a potential game-changer in risk assessment.
However, we should note that while this biomarker shows
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promising results, it is not sufficient on its own to deter-
mine the presence of significant CAD. Therefore, utilizing
patients' symptoms, clinical findings, ECG, and other imag-
ing and diagnostic tools in combination with this biomarker
may improve the accuracy of identifying patients at risk.
This study highlights the importance of ongoing research
into the use of cardiac biomarkers in clinical practice, and
we are excited to contribute to this field with our findings.

Study limitations

There are several limitations to our study that must be
acknowledged. Firstly, our study is limited by its single-
center and retrospective design, which may introduce bias
to the results. Additionally, the relatively small sample size
may limit the generalizability of our findings. Moreover, the
patient population underwent coronary angiography using
different methods, including referral due to symptoms alone,
exercise testing, and other imaging techniques. Furthermore,
the determination of significant coronary artery disease was
based solely on visual assessment, and hemodynamic signifi-
cance was not evaluated using fractional flow reserve (FFR).
It is also important to note that reference values and ranges
for cardiac biomarkers may vary between different centers,
which may impact the interpretation of our results.

Conclusion

In conclusion, our research underscores the critical role of
cardiac biomarkers in assessing the risk and management
of cardiovascular diseases, particularly in HCM and stable
CAD patients. It emphasizes the importance of integrating
cardiac biomarkers with other diagnostic tools to enhance
disease diagnosis, prognosis, and follow-up.
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