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High-sensitive cardiac troponin T sl

and NT-proBNP are associated with the left
ventricular apical thickness in apical
hypertrophic cardiomyopathy
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Abstract

Background Apical hypertrophic cardiomyopathy (AHCM) is a subtype of hypertrophic cardiomyopathy (HCM). The
expression level of high-sensitive cardiac troponin T (hs-cTNT) and N-terminal pro-BNP (NT-proBNP) in AHCM patients,
and these relationships between echocardiography parameters were still unclear.

Methods We retrospectively screened AHCM patients between January 2019 and December 2021 in Zhongshan
Hospital Fudan University. The relationship between the level of hs-cTNT, NT-proBNP and echocardiography parame-
ters were analyzed. The risk factors for elevated hs-cTNT and NT-proBNP level were investigated with linear regression
analysis.

Results A total of 267 AHCM patients were enrolled. They were divided into hs-cTNT normal (129, 48.3%) and abnor-
mal (138, 51.7%) group. Compared with hs-cTNT normal group, hs-cTNT abnormal group were elder (683 +11.6
vs.63.8+10.6, P=0.001); with higher rate of atrial fibrillation (AF) (41.3% vs. 17.8%, P<0.001) and higher level of NT-
proBNP concentration (752.0 [343.8-1345.5] vs. 249.0 [104.0-541.0], P<0.001). For echocardiography parameters,
hs-cTNT abnormal patients have thicker interventricular septum (IVS) (11.6+£2.0vs. 11.0£ 1.7, P=0.02), thicker left
ventricular apical (LVA) (16.9+3.0vs. 149+ 2.3, P<0.001) and larger left atrium diameter (LAD) (45.9+6.6 vs. 42.4+5.1,
P<0.001). LVA was independently correlated with both the level of hs-cTNT and NT-proBNP (hs-cTNT r=0.224,
P=0.143; NT-proBNP r=0.370, P<0.001). Linear regression analysis revealed that LVA was independent risk factor

of both the elevated hs-cTNT and NT-proBNP level.

Conclusions More than half of AHCM patients had abnormal hs-cTNT level. LVA was positively and independently
correlated with the level of hs-cTNT and NT-proBNP.
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Introduction

Apical hypertrophic cardiomyopathy (AHCM), a sub-
type of hypertrophic cardiomyopathy (HCM), char-
actered with apical hypertrophic and precordial giant
negative T-wave (GNT), was described in 1976s for
the first time [1]. Previous reports showed that AHCM,
when with symptom of chest pain or dyspnea, elevated
cardiac markers and GNT, was highly suspected as
non-ST-elevation myocardial infarction (NSTEMI)
[2—4]. This has strong implications for diagnosis and
treatment. It is thus important to investigate the dif-
ferentiated level and clinical value of high-sensitivity
cardiac troponin T (hs-cTnT) and N-terminal brain
natriuretic peptide (NT-proBNP) in the AHCM. Ele-
vated serum hs-cTnT and NT-proBNP were commonly
found in patients with HCM, associated with left ven-
tricular (LV) wall thickness, extension of myocardial
fibrosis and adverse cardiovascular events [5—7]. How-
ever, the expression level and clinical value of hs-cTnT
and NT-proBNP in patients with AHCM were rarely
reported.

The aim of our study was to describe the expres-
sion of hs-cTNT and NT-proBNP in AHCM patients,
and identify their associations with the echocardiog-
raphy parameters, especially the left ventricular apical
thickness.

Methods

Study design and patient selection

We retrospectively screened pure AHCM patients
between January 2019 and December 2021 in Zhongshan
Hospital Fudan University. The diagnostic criterion for
AHCM was based on echocardiography, contained LV
hypertrophy was restricted to the LV apex and maximal
apical wall thickness of>15 mm or a ratio of maximal
apical to posterior wall thickness of > 1.5 [8, 9]. They were
divided into two groups (hs-cTNT normal group and hs-
¢TNT abnormal group) on the basis of hs-cTNT level.
The criterion for hs-cINT abnormal is above 0.014 ng/
mL. Patients with acute myocardial infarction; heart fail-
ure with New York Heart Association (NYHA) class III or
IV; modest to severe valve disease; abnormal ventricular
wall motion and eGER levels below 30 mL/(min/1.73 m?)
were excluded from this study.

As shown in the flowchart in Fig. 1, a total of 293
patients were screened and 26 patients were excluded for
the following reasons: acute myocardial infarction (n=+6);
heart failure with NYHA class III or IV (n=2); modest
to severe valve disease (n=14) and abnormal ventricular
wall motion (n=4). Finally, 267 patients were included in
this study, which was approved by the hospital’s Ethics
Committee.
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| 293 patients with diagnosis of AHCM |

{6 excluded: STEMI or NSTEMI |

287 patients
5] 2 excluded: NYHA IV |

285 patients

14 excluded: modest to severe valve
disease

271 patients

4 excluded: abnormal ventricular wall
motion

| 267 patients included |

Fig. 1 Flow chart of included patients

Laboratory testing and echocardiography

A venous blood sample was collected for all patients at
admission. All the laboratory assays were performed by
the central laboratory at our hospital. Hs-cTnT and NT-
proBNP concentration were detected at admission. Echo-
cardiography was performed within 24 h after admission
and left ventricular ejection fraction (LVEF), left atrium
diameter (LAD), interventricular septum thickness (IVS),
left ventricular apical thickness (LVA), left ventricular
end-diastolic diameter (LVEDD) were determined.

Statistical analysis

Normally distributed data are expressed as meanz SD,
and were compared using the independent-samples T
test. Skewed variables are expressed as median and inter
quartile range and Mann-Whitney U test was used.
Categorical data are expressed as number (percentage)
and were compared using the chi-squared test. The cor-
relation test was undertaken with the linear correlation
analysis. Multivariable linear regression was used to eval-
uate risk factors. All statistical analyses were performed
using SPSS 22.0 (SSPS Inc., Chicago, IL, USA). A value of
P<0.05 was considered as statistically significant.

Results

Characteristics of patients studied

A total of 267 patients were included in the present study
and their characteristics are summarized in Table 1.
They were divided into hs-cTNT normal group (N=129,
48.3%) and hs-cTNT abnormal group (N=138, 51.7%).
Compared with hs-cTNT normal group, hs-cTNT
abnormal group were elder (68.3+11.6 vs. 63.8+10.6,
P=0.001); more likely to be suffered with atrial fibril-
lation (AF) (41.3% vs. 17.8%, P<0.001) and with higher
level of NT-proBNP concentration (752.0 [343.8—1345.5]
vs. 249.0 [104.0-541.0], P<0.001). For echocardiography
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Table 1 Characteristics of the study population by hs-cTnT level

Hs-cTNT normal (N=129) Hs-cTNT abnormal (N=138) P value
Age (years) 63.8+10.6 683+116 0.001
Male (n, %) 91 (70.5%) 103 (74.6%) 0.453
Smoking (n, %) 7 (28.7%) 37 (26.8%) 0.733
Hypertension (n, %) (59 7%) 83 (60.1%) 0.940
Diabetes (n, %) 28 (21.7%) 33 (23.9%) 0.668
AF (n, %) 23 (17.8%) 57 (41.3%) <0.001
Presence of current CAD (n, %) 27 (20.9%) 19 (13.8%) 0.121
Hs-cTNT (ng/mL) 10.0 [8.0-12.0] 24.0[19.0-34.0] <0.001
NT-proBNP (pg/mL) 249.0 [104.0-541.0] 752.0[343.8-1345.5] <0.001
CKU/D) 90.0 [65.0-120.0] 93.5 [66.0-140.8] 0.220
CK-MB (U/L) 15.0[12.0-17.0] 16.0[12.7-19.2] 0.207
AST (U/L) 220+78 234+114 0.289
ALT (U/L) 262+14.6 229+124 0.061
Creatinine (mmol/L) 794+16.1 93.8+304 <0.001
eGFR [mL/(min 1.73 m?)] 84.6+15.1 7294211 0.008
Hb (g/L) 1422+13.8 137.0+£17.2 <0.001
IVS (mm) 11.0+1.7 116420 0.020
LVA (mm) 149423 16.9+3.0 <0.001
LAD (mm) 424+51 459+6.6 <0.001
LVEDD (mm) 484+39 488+4.2 0441
LVEF (%) 655+39 65.0+4.7 0.285

hs-cTNT: high-sensitive cardiac troponin T; NT-proBNP: N-terminal pro-BNP; CK: creatine kinase; CKMB: creatine kinase-MB; AST: aspartate aminotransferase; ALT:
alanine aminotransferase; eGFR: estimated glomerular filtration rate; Hb: hemoglobin; AF: atrial fibrillation; CAD: coronary artery disease; IVS: interventricular septum
thickness; LVA: left ventricular apical thickness; LAD: left atrium diameter; LVEDD: left ventricular end-diastolic diameter; LVEF: left ventricular ejection fraction

parameters, hs-cTNT abnormal patients had thicker IVS
(11.6+£2.0 vs. 11.0+1.7, P=0.02) and LVA (16.9+3.0 vs.
14.9+2.3, P<0.001), larger LAD (45.9+6.6 vs. 42.4+5.1,
P<0.001). Furthermore, it should be underscored that
the presence of current coronary artery disease (CAD)
did not have statistical significance in two groups (20.9%
vs. 13.8%, P=0.121).

Relationship between hs-cTnT, NT-proBNP levels and LVA
After linear correlation analysis, LVA was both positively
linearly correlated with the level of hs-cTNT and NT-
proBNP in total patients (hs-cITNT r=0.224, P<0.001;
NT-proBNP r=0.38, P<0.001) (Figs. 2 and 3). The Pear-
son’s partial coefficients of correlation between the LVA
and level of hs-cTNT, NT-proBNP are shown in Table 2.
After adjusted for the factor of age, male, gender, hyper-
tension, smoking, AF, presence of current CAD, creati-
nine, hemoglobin (Hb), LAD, LVEDD, LVEF and IVS,
LVA was also positively correlated with the level of hs-
¢INT and NT-proBNP (hs-cTNT adjusted r=0.143,
P=0.033; NT-proBNP adjusted r=0.370, P<0.001).

Risk factors for hs-cTnT and NT-proBNP levels
Linear regressions were performed to investigate the
risk factors for hs-cTNT and NT-proBNP levels (shown
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Fig. 2 Relationship between LVA and hs-cTnT level

in Tables 3 and 4). After multivariable linear regres-
sion, the independent risk factors for hs-cTNT levels
were creatinine (Beta=0.199, 95% confidence interval
(CI) [0.095, 0.303], P<0.001) and LVA (Beta=1.182,
95% CI [0.299, 2.064], P=0.009); For the NT-proBNP
levels, the independent risk factors were creatinine
(Beta=6.136, 95% CI [3.678, 8.595], P<0.001), LVA
(Beta=61.664, 95% CI [40.736, 82.592], P<0.001), LAD
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Fig. 3 Relationship between LVA and NT-proBNP level

Table 2 Linear correlation analysis between hs-cTnT, NT-proBNP
levels and LVA

rvalue Pvalue Adjusted r value P value
Hs-cTNT 0.388 <0.001 0.143 0.033
NT-proBNP 0.384 <0.001 0370 <0.001

LVA: left ventricular apical thickness; hs-cTNT: high-sensitive cardiac troponinT;
NT-proBNP: N-terminal pro-BNP

Table 3 Risk factors for hs-cTnT level

Beta (95% Cl) P value
Male 1.343 (- 8912,6.227) 0.727
Age —0.055 (- 0.302,0.193) 0.663
Smoking 1.791 (- 4.186, 7.769) 0.555
Hypertension — 2351 (- 7.526,2.825) 0.372
Diabetes 4597 (- 1.452,10.647) 0.136
AF —0.945 (— 7.343,5.454) 0.771
Presence of current CAD —3.161 (— 9.865, 3.543) 0.354
HB —0.144 (- 0.330,0.042) 0.128
Creatinine 0.199 (0.095, 0.303) <0.001
LVA 1.182(0.299, 2.064) 0.009
LAD 0.267 (- 0.252,0.787) 0312
LVEDD —0514(-1.212,0.184) 0.148
LVEF 0.038 (- 0.518,0.594) 0.894

AF: atrial fibrillation; CAD: coronary artery disease; HB: hemoglobin; LVA: left
ventricular apical thickness; LAD: left atrium diameter; LVEDD: left ventricular
end-diastolic diameter; LVEF: left ventricular ejection fraction; hs-cTNT: high-
sensitive cardiac troponin T; NT-proBNP: N-terminal pro-BNP

(Beta=24.021, 95% CI [11.706, 36.335], P<0.001) and
LVEDD (Beta=— 22.496, 95% CI [— 39.037, — 5.955],
P=0.008). Briefly, LVA was independent risk factor for
hs-cTnT and NT-proBNP levels in AHCM patients.
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Table 4 Risk factors for NT-proBNP level

Beta (95% Cl) P value
Male —349499 (- 528913,—170.084)  <0.001
Age —0.600 (- 6469, 5.269) 0.840
Smoking —45.320 (- 187.003, 96.363) 0.529
Hypertension —43.932 (- 166.604, 78.741) 0481
Diabetes —57.149 (- 200.535, 86.237) 0433
AF 237.219(85.557,388.882) 0.002
Presence of current CAD —67.633 (—226.540,91.274) 0.402
HB —3.583 (- 7.992,0.825) 0.111
Creatinine 6.136(3.678, 8.595) <0.001
LVA 61.664 (40.736, 82.592) <0.001
LAD 24.021 (11.706, 36.335) <0.001
LVEDD — 22496 (- 39.037, — 5.955) 0.008
LVEF —4.067 (—17.247,9.113) 0.544

AF: atrial fibrillation; CAD: coronary artery disease; HB: hemoglobin; LVA: left
ventricular apical thickness; LAD: left atrium diameter; LVEDD: left ventricular
end-diastolic diameter; LVEF: left ventricular ejection fraction; hs-cTNT: high-
sensitive cardiac troponin T; NT-proBNP: N-terminal pro-BNP

Discusion

The retrospective study included AHCM patients and
investigated the association between left ventricular api-
cal thickness and cardiac markers, including hs-cTNT
and NT-proBNP. The main finding are as follows: 1)
Hs-cTNT level abnormal were detected in above half of
AHCM patients. 2) our data indicated the strong associa-
tion between elevated hs-cITNT and NT-proBNP levels
with LVA, pointing to the possible influence to structural
and functional alterations in AHCM patients.

AHCM is a special form of HCM, with an incidence
of approximately 13-25% in Asian populations [10-12].
As a sensitive biomarker of myocardial damage, car-
diac troponin was widely used for diagnosis of acute
myocardial infarction. In previous studies, cardiac tro-
ponin (cTN) level abnormal was found in up to 41-50%
in HCM patients [7, 13, 14]. The ¢TN expression in
AHCM has been described in a few studies focusing on
the whole population of HCM patients and the results
were inconsistent. In a HCM study, which contained 26
AHCM, cardiac troponin I (cTNI) level above 0.04 ng/ml
was founded in 34.6% patients [15]. In another research
focusing on HCM, hs-cTNT was more likely to be nor-
mal in AHCM [16]. However, to the best of our knowl-
edge, there is no specific report on hs-cTNT levels in
patients with AHCM. This present study, with a large
sample, indicated that up to 51.7% AHCM patients had
abnormal hs-cTNT level, which was similar to the per-
centage in HCM patients.

Approximately 43% to 79% with AHCM patients
had chest pain, and AHCM has long been considered a
benign disease for a long time [11, 17-19]. However, due
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to the development of image technology and the aware-
ness of AHCM among clinicians, researchers found it
may be associated with adverse cardiovascular events.
In a long-term follow-up study, one-third of AHCM
patients experienced serious cardiovascular complica-
tions, such as myocardial infarction (8.8%) and arrhyth-
mias (17.5%); After follow-up of about 13.6 years, the
diameter of LAD increased significantly [8]. In this study,
we also found that abnormal hs-cTNT level was associ-
ated with higher incidence rate of AF and larger LAD.
Another study showed that AHCM was associated with
increased mortality, especially in women [18]. In a rarely
case, an 18-year-old patient was reported with sudden
cardiac arrest and was finally diagnosed with AHCM
[20]. This poor prognosis was thought to be associated
with subclinical myocyte injury, mainly manifested as
elevated ¢TN. The underlying mechanisms of cITN ele-
vation may be the increased oxygen demand, reduced
capillary density and microvascular dysfunction result-
ing from myocardial hypertrophy [13, 17, 21]. A higher
incidence of chest pain has been reported in AHCM
patients with myocardial bridging and apical outpouch-
ing [22, 23]. To date, no studies have investigated whether
the rate of chest pain is elevated in troponin-positive
patients. Based on our clinical experience, chest pain may
be more common in troponin-positive patients, but fur-
ther research is required to confirm this.

NT-proBNP is released during increase of ventricular
pressure, representing the degree of heart failure. BNP/
NT-proBNP was found to be elevated in 86% of HCM
patients and it may help stratify the risk of adverse out-
comes [7, 24, 25]. NT-proBNP level was also found
elevated in AHCM and related to adverse outcomes
in a previous study [25]. Shuoyan An and colleagues
described that NT-proBNP expression levels in AHCM
patients were above normal, although lower than that in
HCM patients [26]. Our study showed that NT-proBNP
levels were elevated in AHCM patients, especially in
those patients with abnormal hs-cTNT level. A study
divided AHCM patients into 2 groups according to BNP
level and found that LVEDD, left ventricular end-systolic
dimension (LVESD), left ventricular fractional shortening
and LAD were similar between 2 groups [25]. Interest-
ingly, this present study found NT-proBNP levels were
positively correlated with LAD and negatively correlated
with LVEDD. The underlying mechanisms and value for
prognosis of these findings call for further studies.

Elevated hs-cTNT and NT-proBNP levels portend sus-
tained myocardial infarction and dysfunction, ultimately
leading to the changes in cardiac structure and function.
High signal-intensity on T2-weighted imaging (HighT?2),
representing myocardial fibrosis, has been showed
to be associated with the elevated hs-cTnT level in

Page 5 of 7

cardiovascular magnetic resonance imaging (CMR) study
of HCM. And, patients with HighT2 had lager maximal
LV wall thickness, LV mass indexed to body surface area
(LVMI) and lower LVEF [27]. But it is regrettable that the
correlation between HighT2 and IVS, LVA, LVEDD were
not described in this study. A study of myocardial con-
trast echocardiography [28] demonstrated that AHCM
had a perfusion defect at the hypertrophied segment.
And compared with hypertensive left ventricular hyper-
trophy (LVH) patients, AHCM patients had larger left
atrial volume index (LAVI) and LVEDD. It is well known
that apical hypertrophic was the main manifestation of
AHCM. However, no previous study described the rela-
tionship between cardiac biomarkers and heart structure
in AHCM patients to date. For the first time, we demon-
strated that serum concentrations of hs-cTNT and NT-
proBNP are linearly and positively correlated with LVA,
and that LVA is an independent predictor of elevated hs-
¢INT in AHCM patients. Therefore, in AHCM patients
with elevated hs-cTNT and NT-proBNP levels, it is cru-
cial to maintain effective communication, ensure active
follow-up, manage risk factors, and provide optimal
medication and best-practice management.

In addition, although our study excluded patients with
eGER levels below 30 mL/(min/1.73 m?), we still found
that creatinine is an independent predictor of elevated
hs-cTnT levels in AHCM patients. Chronic kidney
disease (CKD) has consistently been identified as an
independent risk factor for both fatal and nonfatal car-
diovascular events [29]. Therefore, patients with AHCM
combined with renal dysfunction require heightened
attention. Type 2 sodium—glucose cotransporter inhibi-
tors (SGLT-2i), a novel class of hypoglycemic agents,
have demonstrated benefits for both cardiac and renal
health. Juliana et al. confirmed that SGLT-2i alleviates
left ventricular hypertrophy by modulating the renin—
angiotensin pathway [30]. Whether earlier initiation of
SGLT-2 inhibitor therapy is warranted in AHCM patients
requires further investigation.

In summary, based on this study, AHCM patients with
elevated hs-cTNT or NT-proBNP should be given opti-
mal medication treatment and best management.

Study limitations

The present study has several limitations. First, this was a
single-center and respective study. Second, the outcomes
were just the relationship between cardiac biomarkers level
and echocardiography parameters in AHCM patients, the
long-term follow-up and the influence to prognosis were
also important. In addition, previous studies have shown
that diastolic function in HCM patients can be impaired
[7]. Our data did not include left ventricular diastolic filling
pressure, which may affect NT-proBNP levels. However,
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there is currently no evidence to suggest a relationship
between TNT levels and diastolic function, so TNT levels
should not be related to diastolic filling pressure. Lastly,
our study lacked information on MRI and genetic testing
for AHCM patients, which made it impossible to analyze
whether elevated troponin levels are associated with gene
mutations or small apical aneurysms.

Conclusions

In this single, retrospective center study, the percentage of
abnormal hs-cTNT level was 51.7% in AHCM. LVA was
positively correlated with hs-cTNT and NT-proBNP levels
in total patients. Depending on the level of hs-cTNT and
NT-proBNP, early risk stratification as well as individual
therapies could be applied to AHCM.

Acknowledgements
Not applicable.

Author contributions

All authors contributed to the study conception and design. Material prepara-
tion, data collection and analysis were performed by all authors. The first

draft of the manuscript was written by MZ and WG. All authors commented
on previous versions of the manuscript. JZ and JG supervised the study. All
authors read and approved the final manuscript.

Funding

This study was supported by National Key Research and Development
Program of China (2018YFE0103000), Shanghai Clinical Research Center for
Interventional Medicine (No. 19MC1910300), Shanghai Municipal Key Clinical
Specialty (No.shslczdzk01701) and Excellent Youth Program of Zhongshan
Hospital Fudan University (2021ZSYQ18).

Availability of data and materials
The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Medical Ethics Committee of Zhongshan Hos-
pital, Fudan University. Informed consent was obtained from all the patients.
All procedures performed in this study involving human participants were

in accordance with the ethical standards of the institutional and/or national
research committee and the Helsinki declaration and its later amendments.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Cardiology, Zhongshan Hospital, Fudan University (Xiamen
Branch), Xiamen, China. 2Department of Cardiology, Zhongshan Hospital,
Fudan University, Shanghai Institute of Cardiovascular Diseases, Shanghai,
China. *National Clinical Research Center for Interventional Medicine, Shang-
hai, China.

Received: 5 July 2023 Accepted: 15 December 2024
Published online: 23 January 2025

Page 6 of 7

References

1. Sakamoto T, Tei C, Murayama M, Ichiyasu H, Hada Y. Giant T wave inver-
sion as a manifestation of asymmetrical apical hypertrophy (AAH) of the
left ventricle: echocardiographic and ultrasono-cardiotomographic study.
Jpn Heart J. 1976;17(5):611-29. https://doi.org/10.1536/ihj.17.611.

2. Rajtar-Salwa R, Petkow-Dimitrow P, Miszalski-Jamka T. Role of cardiac
magnetic resonance in differentiating between acute coronary syndrome
and apical hypertrophic cardiomyopathy. Postepy Kardiol Interwencyjnej.
2016;12(4):380-2. https://doi.org/10.5114/aic.2016.63642.

3. Abdin A, Eitel |, de Waha S, Thiele H. Apical hypertrophic cardiomyopathy
presenting as acute coronary syndrome. Eur Heart J Acute Cardiovasc
Care. 2016;5(3):289-91. https://doi.org/10.1177/2048872615620905.

4. SayinT, KocumT, Kervancioglu C. Apical hypertrophic cardiomyopathy
mimics acute coronary syndrome. Int J Cardiol. 2001;80(1):77-9. https://
doi.org/10.1016/50167-5273(01)00442-9.

5. KuboT, Kitaoka H, Yamanaka S, Hirota T, Baba Y, Hayashi K, et al. Signifi-
cance of high-sensitivity cardiac troponin T in hypertrophic cardiomyopa-
thy. J Am Coll Cardiol. 2013;62(14):1252-9. https://doi.org/10.1016/j jacc.
2013.03.055.

6. Hernandez-Romero D, Jover E, Martinez CM, Andreu-Cayuelas JM,
Orenes-Pinero E, Romero-Aniorte Al, et al. TWEAK and NT-proBNP levels
predict exercise capacity in hypertrophic cardiomyopathy. Eur J Clin
Invest. 2015;45(2):179-86. https://doi.org/10.1111/eci.12394.

7. Chevalier C, Wendner M, Suling A, Cavus E, Muellerleile K, Lund G, et al.
Association of NT-proBNP and hs-cTnT with imaging markers of diastolic
dysfunction and focal myocardial fibrosis in hypertrophic cardiomyopa-
thy. Life. 2022. https://doi.org/10.3390/life12081241.

8. Eriksson MJ, Sonnenberg B, Woo A, Rakowski P, Parker TG, Wigle ED, et al.
Long-term outcome in patients with apical hypertrophic cardiomyopa-
thy. J Am Coll Cardiol. 2002;39(4):638-45. https://doi.org/10.1016/50735-
1097(01)01778-8.

9. Hughes RK, Knott KD, Malcolmson J, Augusto JB, Mohiddin SA, Kellman
P, et al. Apical hypertrophic cardiomyopathy: the variant less known. J
Am Heart Assoc. 2020;9(5): e015294. https://doi.org/10.1161/JAHA.119.
015294.

10. Kitaoka H, DoiY, Casey SA, Hitomi N, Furuno T, Maron BJ. Comparison
of prevalence of apical hypertrophic cardiomyopathy in Japan and the
United States. Am J Cardiol. 2003;92(10):1183-6. https://doi.org/10.1016/j.
amjcard.2003.07.027.

11. Lee CH, Liu PY, Lin LJ, Chen JH, Tsai LM. Clinical features and outcome of
patients with apical hypertrophic cardiomyopathy in Taiwan. Cardiology.
2006;106(1):29-35. https://doi.org/10.1159/000092590.

12. Yanl,Wang Z, Xu Z, LiY,TaoY, Fan C. Two hundred eight patients with
apical hypertrophic cardiomyopathy in china: clinical feature, prognosis,
and comparison of pure and mixed forms. Clin Cardiol. 2012;35(2):101-6.
https://doi.org/10.1002/clc.20995.

13. MorenoV, Hernandez-Romero D, Vilchez JA, Garcia-Honrubia A, Cam-
bronero F, Casas T, et al. Serum levels of high-sensitivity troponin T: a
novel marker for cardiac remodeling in hypertrophic cardiomyopathy.

J Card Fail. 2010;16(12):950-6. https://doi.org/10.1016/j.cardfail.2010.07.
245.

14. Sato Y, Taniguchi R, Nagai K, Makiyama T, Okada H, Yamada T, et al. Meas-
urements of cardiac troponin T in patients with hypertrophic cardiomyo-
pathy. Heart. 2003;89(6):659-60. https://doi.org/10.1136/heart.89.6.659.

15. KuboT, Kitaoka H, Okawa M, Yamanaka S, Hirota T, Baba Y, et al. Combined
measurements of cardiac troponin | and brain natriuretic peptide are
useful for predicting adverse outcomes in hypertrophic cardiomyopathy.
Circ J.2011;75(4):919-26. https://doi.org/10.1253/circj.cj-10-0782.

16. Jenab'Y, Pourjafari M, Darabi F, Boroumand MA, Zoroufian A, Jalali A. Prev-
alence and determinants of elevated high-sensitivity cardiac troponin T
in hypertrophic cardiomyopathy. J Cardiol. 2014;63(2):140-4. https://doi.
0rg/10.1016/}jjcc.2013.07.008.

17. Matsubara K, Nakamura T, Kuribayashi T, Azuma A, Nakagawa M. Sus-
tained cavity obliteration and apical aneurysm formation in apical hyper-
trophic cardiomyopathy. J Am Coll Cardiol. 2003;42(2):288-95. https://doi.
0rg/10.1016/50735-1097(03)00576-X.

18. Klarich KW, Attenhofer Jost CH, Binder J, Connolly HM, Scott CG, Freeman
WK, et al. Risk of death in long-term follow-up of patients with apical
hypertrophic cardiomyopathy. Am J Cardiol. 2013;111(12):1784-91.
https://doi.org/10.1016/j.amjcard.2013.02.040.


https://doi.org/10.1536/ihj.17.611
https://doi.org/10.5114/aic.2016.63642
https://doi.org/10.1177/2048872615620905
https://doi.org/10.1016/s0167-5273(01)00442-9
https://doi.org/10.1016/s0167-5273(01)00442-9
https://doi.org/10.1016/j.jacc.2013.03.055
https://doi.org/10.1016/j.jacc.2013.03.055
https://doi.org/10.1111/eci.12394
https://doi.org/10.3390/life12081241
https://doi.org/10.1016/s0735-1097(01)01778-8
https://doi.org/10.1016/s0735-1097(01)01778-8
https://doi.org/10.1161/JAHA.119.015294
https://doi.org/10.1161/JAHA.119.015294
https://doi.org/10.1016/j.amjcard.2003.07.027
https://doi.org/10.1016/j.amjcard.2003.07.027
https://doi.org/10.1159/000092590
https://doi.org/10.1002/clc.20995
https://doi.org/10.1016/j.cardfail.2010.07.245
https://doi.org/10.1016/j.cardfail.2010.07.245
https://doi.org/10.1136/heart.89.6.659
https://doi.org/10.1253/circj.cj-10-0782
https://doi.org/10.1016/j.jjcc.2013.07.008
https://doi.org/10.1016/j.jjcc.2013.07.008
https://doi.org/10.1016/s0735-1097(03)00576-x
https://doi.org/10.1016/s0735-1097(03)00576-x
https://doi.org/10.1016/j.amjcard.2013.02.040

Zhang et al. European Journal of Medical Research (2025) 30:50 Page 7 of 7

19. Choi EY, Rim SJ, Ha JW, Kim YJ, Lee SC, Kang DH, et al. Phenotypic spec-
trum and clinical characteristics of apical hypertrophic cardiomyopathy:
multicenter echo-Doppler study. Cardiology. 2008;110(1):53-61. https://
doi.org/10.1159/000109407.

20. GuptaT, Paul N, Palaniswamy C, Balasubramaniyam N, Aronow WS,

Kolte D, et al. Sudden cardiac arrest in a patient with apical hypertrophic
cardiomyopathy: case report and a brief review of literature. Am J Ther.
2016;23(1):276-82. https://doi.org/10.1097/MJT.0000000000000107.

21. Youn HJ, Lee JM, Park CS, Ihm SH, Cho EJ, Jung HO, et al. The impaired
flow reserve capacity of penetrating intramyocardial coronary arter-
ies in apical hypertrophic cardiomyopathy. J Am Soc Echocardiogr.
2005;18(2):128-32. https://doi.org/10.1016/j.echo.2004.08.043.

22. ZhaiSS, Fan CM, An SY, Hang F, Yang YJ, Yan LR, et al. Clinical outcomes of
myocardial bridging versus no myocardial bridging in patients with api-
cal hypertrophic cardiomyopathy. Cardiology. 2018;139(3):161-8. https://
doi.org/10.1159/000486276.

23. Binder J, Attenhofer Jost CH, Klarich KW, Connolly HM, Tajik AJ, Scott CG,
et al. Apical hypertrophic cardiomyopathy: prevalence and correlates of
apical outpouching. J Am Soc Echocardiogr. 2011;24(7):775-81. https://
doi.org/10.1016/j.ech0.2011.03.002.

24, Kawasaki T, Sakai C, Harimoto K, Yamano M, Miki S, Kamitani T. Usefulness
of high-sensitivity cardiac troponin T and brain natriuretic peptide as bio-
markers of myocardial fibrosis in patients with hypertrophic cardiomyo-
pathy. Am J Cardiol. 2013;112(6):867-72. https://doi.org/10.1016/j.amjca
rd.2013.04.060.

25. Shirotani S, Minami'Y, Saito C, Haruki S, Hagiwara N. B-type natriuretic
peptide and outcome in patients with apical hypertrophic cardiomyo-
pathy. J Cardiol. 2020;76(4):357-63. https://doi.org/10.1016/j,jjcc.2020.03.
015.

26. An'S,Fan C, Yan L, Cai C,Yang, Zhai S, et al. Comparison of long-term
outcome between apical and asymmetric septal hypertrophic cardio-
myopathy. Cardiology. 2017;136(2):108-14. https://doi.org/10.1159/
000448239.

27. Gommans DF, Cramer GE, Bakker J, Michels M, Dieker HJ, Timmermans
J, et al. High T2-weighted signal intensity is associated with elevated
troponin T in hypertrophic cardiomyopathy. Heart. 2017;103(4):293-9.
https://doi.org/10.1136/heartjnl-2016-309900.

28. Moon J, Cho I, Shim CY, Ha JW, Jang Y, Chung N, et al. Abnormal
myocardial capillary density in apical hypertrophic cardiomyopathy
can be assessed by myocardial contrast echocardiography. Circ J.
2010;74(10):2166-72. https://doi.org/10.1253/circj.cj-10-0241.

29. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease
and the risks of death, cardiovascular events, and hospitalization. N Engl J
Med. 2004;351(13):1296-305. https://doi.org/10.1056/NEJM0a041031.

30. Cotrin JC, de Souza GSM, Petito-da-Silva Tl, Cardoso LEM, Souza-Mello
V, Barbosa-da-Silva S. Empagliflozin alleviates left ventricle hypertrophy
in high-fat-fed mice by modulating renin angiotensin pathway. J Renin
Angiotensin Aldosterone Syst. 2022;2022:8861911. https://doi.org/10.
1155/2022/8861911.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1159/000109407
https://doi.org/10.1159/000109407
https://doi.org/10.1097/MJT.0000000000000107
https://doi.org/10.1016/j.echo.2004.08.043
https://doi.org/10.1159/000486276
https://doi.org/10.1159/000486276
https://doi.org/10.1016/j.echo.2011.03.002
https://doi.org/10.1016/j.echo.2011.03.002
https://doi.org/10.1016/j.amjcard.2013.04.060
https://doi.org/10.1016/j.amjcard.2013.04.060
https://doi.org/10.1016/j.jjcc.2020.03.015
https://doi.org/10.1016/j.jjcc.2020.03.015
https://doi.org/10.1159/000448239
https://doi.org/10.1159/000448239
https://doi.org/10.1136/heartjnl-2016-309900
https://doi.org/10.1253/circj.cj-10-0241
https://doi.org/10.1056/NEJMoa041031
https://doi.org/10.1155/2022/8861911
https://doi.org/10.1155/2022/8861911

	High-sensitive cardiac troponin T and NT-proBNP are associated with the left ventricular apical thickness in apical hypertrophic cardiomyopathy
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design and patient selection
	Laboratory testing and echocardiography
	Statistical analysis

	Results
	Characteristics of patients studied
	Relationship between hs-cTnT, NT-proBNP levels and LVA
	Risk factors for hs-cTnT and NT-proBNP levels

	Discusion
	Study limitations
	Conclusions
	Acknowledgements
	References


