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Abstract

Aims Hypertrophic cardiomyopathy (HCM) is generally associated with mild disability and normal life expectancy. On the
other hand, once the end‐stage phase of HCM characterized by left ventricular (LV) ejection fraction < 50% is established,
patients with this subtype have a poor prognosis. This study clarifies the clinical parameters associated with progression to
end‐stage HCM.
Methods and results We retrospectively studied 157 HCM patients (age 59.9 ± 14.2 years, 104 men) with preserved LV
systolic function in whom subsequent echocardiographic data were obtained for a period of >1 year. HCM progressed to
end‐stage HCM in 13 patients (8.3%) of the 157 patients during a mean follow‐up period of 6.3 ± 2.8 years. Compared with
patients who did not reach end‐stage HCM at the last evaluation, patients with progression to the end‐stage phase had lower
ejection fraction, larger LV size, more enlarged left atrial diameter, longer follow‐up period, and higher frequency of an
elevated concentration of high‐sensitivity cardiac troponin T (hs‐cTnT; >0.014 ng/mL) at registration. Multivariate analysis
revealed that elevated hs‐cTnT was a significant predictor independent of lower LV ejection fraction for progression to
end‐stage HCM. Furthermore, in patients with elevated hs‐cTnT levels, LV ejection fraction became significantly lower, LV
end‐diastolic diameter increased, and LV wall thickness decreased during the follow‐up period, whereas those parameters
did not change in the normal hs‐cTnT group.
Conclusions In patients with HCM, an elevated hs‐cTnT was associated with progression of LV remodelling, and this
biomarker can be useful for predicting progression to the end‐stage phase.
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Introduction

Hypertrophic cardiomyopathy (HCM) is a primary myocardial
disorder that is generally associated with mild disability and
normal life expectancy if sudden death can be prevented.1–5

On the other hand, it is well known that HCM in a subset
of patients progresses to ‘end‐stage’ or ‘dilated’ phase
characterized by left ventricular (LV) systolic dysfunction,
and patients with the end‐stage phase of HCM (end‐stage
HCM) have a poor prognosis.6–10 It is important to

predict the clinical course in order to provide adequate
interventions for those patients. However, there has been lit-
tle information on clinical determinants associated with pro-
gression to end‐stage HCM from HCM with preserved LV
systolic function.6 Recently, cardiac troponins including
high‐sensitivity cardiac troponin T (hs‐cTnT), as sensitive and
specific markers of myocardial injury, have been reported to
be elevated in patients with heart failure even in the absence
of coronary artery stenosis.11–14 Indeed, hs‐cTnT is a reliable
indicator of subclinical and ongoing myocardial damage, and
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this biomarker can be associated with progression of LV
remodelling in patients with heart failure.

The aim of this study was to identify the clinical parame-
ters associated with progression to end‐stage HCM.

Methods

Subjects

We retrospectively studied 157 consecutive HCM patients
who showed preserved LV systolic function (global LV ejec-
tion fraction ≥ 50%) at registration of this study and in whom
serial echocardiography was performed during a follow‐up
period of >1 year. We excluded patients with evidence of
coronary artery disease and patients with renal failure (serum
creatinine ≥ 3 mg/dL).

The diagnosis of HCM was based on echocardiographic
demonstration of LV hypertrophy (LVH), that is, maximum
LV wall thickness ≥ 15 mm, in the absence of another cardiac
or systemic disease that could cause LVH. Patients with
known metabolic disease or syndromic causes of LVH were
excluded from the study. End‐stage HCM was defined as LV
systolic dysfunction of global ejection fraction < 50%. This
investigation was performed according to the Declaration of
Helsinki. The study was approved by the Ethics Committee
on Medical Research of Kochi Medical School, and informed
consent was obtained from all patients or their parents in
accordance with the guidelines of the Ethics Committee.

Clinical evaluation

Evaluation of patients included medical history, clinical
examination, 12‐lead electrocardiography, and M‐mode,
two‐dimensional (2‐D), and Doppler echocardiography. Max-
imum LV wall thickness was defined as the greatest thickness
in any single segment. LV end‐diastolic diameter (LVEDD) and
end‐systolic diameter were measured from M‐mode and 2‐D
images obtained from parasternal long‐axis views. Global
ejection fraction was determined by the modified Simpson
method from apical two‐chamber and four‐chamber
views. LV outflow tract gradient was calculated from
continuous‐wave Doppler using the simplified Bernoulli equa-
tion. Based on morphologic and haemodynamic assessments
by echocardiography, we divided the patients into the follow-
ing five groups: (i) end‐stage HCM; (ii) hypertrophic obstruc-
tive cardiomyopathy, defined as the presence of basal LV
outflow tract obstruction (gradient ≥ 30 mmHg at rest); (iii)
midventricular obstruction, defined as the presence of
systolic LV cavity obliteration at the midventricle
creating midventricular obstruction with a peak systolic
gradient ≥ 30 mmHg at rest; (iv) apical HCM, defined as
hypertrophy confined to the LV apex, and (v) others,

HCM without obstruction other than end‐stage HCM and
apical HCM.

Measurements of high‐sensitivity cardiac
troponin T

Peripheral venous blood samples were collected for measure-
ments of biomarkers at the time of clinical evaluation.
Aliquots were stored at �80°. Serum hs‐cTnT was measured
by Elecsys Troponin T‐High Sensitive immunoassay (Roche
Diagnostics Ltd., Rotkreuz, Switzerland). The normal range is
≤0.014 ng/mL (99th percentile).

Statistical analysis

All data are expressed as mean ± SD or frequency (percent-
age). Comparisons of clinical characteristics between normal
and elevated hs‐cTnT groups were assessed using Student’s
t‐test for normally distributed variables. Pearson’s χ2 test
was used for comparisons between categorical variables,
and Fisher’s exact test was used when expected frequency
was lower than 5. Clinical characteristics were all first tested,
and all variables with a P value < 0.05 were then taken
forward to be considered for inclusion in the multivariate
model. Optimal cut‐off values for progression to end‐stage
HCM was determined by using receiver operating characteris-
tic (ROC) curves. Multivariate logistic regression analysis was
performed to estimate the odds ratios for predictors of
progression to end‐stage HCM. Changes of echocardiographic
findings in normal or elevated hs‐cTnT groups were assessed
using the paired t‐test. A probability value of <0.05 was
considered significant. All statistical analyses were performed
using SPSS version 21 (IBM Corporation, Armonk, NY).

Results

Baseline characteristics

Clinical characteristics of the patients in the present study are
summarized in Table 1. The patients were aged from 18 to
87 years (mean age, 59.9 ± 14.2 years), and 104 (66%) of
the patients were male. Of the 157 patients, 101 (64%) were
New York Heart Association (NYHA) functional class I, 53
(34%) were NYHA class II, and only three (2%) were NYHA
class III. LV ejection fraction was 70.0 ± 7.8%, and all of the
patients showed LV ejection fraction ≥ 50%. Maximum LV
wall thickness was 20.2 ± 3.8 mm, and 23 (15%) of the
patients showed LV outflow tract obstruction at rest
(pressure gradient ≥ 30 mmHg). Twenty‐eight (18%) of
the patients had documentation of atrial fibrillation.
Serum hs‐cTnT ranged from 0.003 to 0.130 ng/mL
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(mean, 0.019 ± 0.020 ng/mL; median, 0.014 ng/mL), and 78
(50%) of the patients showed elevated hs‐cTnT values
(>0.014 ng/mL).

Progression to end‐stage hypertrophic
cardiomyopathy

Figure 1 shows the changes of LV ejection fraction in each
patient during the mean follow‐up period of 6.3 ± 2.8 years.
HCM progressed to end‐stage HCM in 13 (8%) of the patients,
and the rate of progression to end‐stage HCM was 1.3%/year.
Table 1 shows baseline clinical characteristics at registration
of the study patients with and without progression to
end‐stage HCM. Patients with progression to end‐stage
HCM had a tendency to have earlier diagnosis of HCM,
although age at registration of this study did not differ
between the two groups. The follow‐up period was
significantly longer in patients with progression to end‐stage
HCM. Both the percentage of patients with a family history
of HCM and the percentage of patients with atrial
fibrillation were higher in the progression group than in the
non‐progression group. Results of echocardiography showed
that LV ejection fraction was lower and that LVEDD and left
atrial diameter were larger in patients with progression to
end‐stage HCM than in patients without progression to
end‐stage HCM. The percentage of patients with elevated

hs‐cTnT was higher in the progression group. Significant
differences were found between the two groups in the
follow‐up period, LV ejection fraction, LVEDD, let atrial
diameter, and the percentage of patients with elevated
hs‐cTnT value.

Multivariate logistic regression analysis was performed to
clarify the determinants of progression to end‐stage HCM
after we divided the patients into two groups according to
each cut‐off value of the five parameters (follow‐up
period, LV ejection fraction, LVEDD, left atrial diameter, and
hs‐cTnT value) determined using ROC curves. Table 2 shows
that elevated hs‐cTnT value (>0.014 ng/mL) was a significant
predictor independent of LV ejection fraction among the five
determinants. On the other hand, follow‐up period, LVEDD,
and let atrial diameter were not significant.

Measurements of high‐sensitivity cardiac
troponin T and echocardiographic changes

The patients were divided into two groups by hs‐cTnT values:
a normal hs‐cTnT group (hs‐cTnT ≤ 0.014 ng/mL) and an
elevated hs‐cTnT group. Figure 2 shows changes of LV ejec-
tion fraction in each patient with normal hs‐cTnT value or el-
evated hs‐cTnT value (left figure, LV ejection fraction < 65%
at baseline; right figure, LV ejection fraction ≥ 65% at
baseline). Among patients with baseline LV ejection

Table 1 Baseline clinical characteristics at registration of patients with and without progression to end‐stage hypertrophic
cardiomyopathy

Overall cohort
n = 157

Progression to end‐stage HCM (+)
n = 13

Progression to end‐stage HCM (�)
n = 144 P

Age at registration, years 59.9 ± 14.2 61.2 ± 15.8 59.5 ± 14.1 0.734
Gender: male, n (%) 104 (66%) 11 (85%) 93 (65%) 0.221
Age at diagnosis, years 53.5 ± 15.8 46.2 ± 16.9 54.1 ± 15.6 0.086
Follow‐up period, years 6.3 ± 2.8 7.5 ± 2.0 6.1 ± 2.8 0.039
Family history of HCM, n (%) 51 (32%) 7 (54%) 44 (31%) 0.120
Presence of AF, n (%) 28 (18%) 5 (38%) 23 (16%) 0.057
NYHA functional class: ≥II, n (%) 56 (36%) 7 (54%) 49 (34%) 0.225
Echocardiographic data
at registration

Subtype, n (%) 0.065
HOCM 23 (15%) 0 (0%) 23 (16%)
MVO 6 (4%) 0 (0%) 6 (4%)
Apical HCM 24 (15%) 0 (0%) 24 (17%)
Others 104 (66%) 13 (100%) 91 (63%)

Presence of LV outflow obstruction,
n (%)

23 (15%) 0 (0%) 23 (16%) 0.218

LV ejection fraction, % 70.0 ± 7.8 59.6 ± 6.0 71.0 ± 7.3 <0.001
LV end‐diastolic diameter, mm 45.4 ± 6.0 49.8 ± 5.8 45.0 ± 5.8 0.005
Maximum LV wall thickness, mm 20.2 ± 3.8 19.5 ± 4.4 20.3 ± 3.8 0.508
Left atrial diameter, mm 43.9 ± 7.0 49.8 ± 7.4 43.4 ± 6.7 0.001
E/e′ (septal) 12.6 ± 8.6 12.8 ± 4.2 12.6 ± 8.9 0.954
E/e′ (lateral) 8.7 ± 4.8 8.3 ± 2.5 8.8 ± 4.9 0.735

Hs‐cTnT value, ng/mL 0.019 ± 0.020 0.033 ± 0.034 0.018 ± 0.019 0.012
Elevated hs‐cTnT value:
>0.014 ng/mL, n (%)

78 (50%) 11 (85%) 67 (47%) 0.009

AF, atrial fibrillation; HCM, hypertrophic cardiomyopathy; HOCM, hypertrophic obstructive cardiomyopathy; hs‐cTnT, high‐sensitivity car-
diac troponin T; LV, left ventricular; MVO, midventricular obstruction; NYHA, New York Heart Association.
Values are mean ± SD and n (%).
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fraction < 65%, patients with elevated hs‐cTnT value had sig-
nificantly more frequent progression to end‐stage HCM than
had those with normal hs‐cTnT value (nine of 21 patients in
elevated hs‐cTnT group vs. one of 16 patients in the normal
hs‐cTnT group, P = 0.023), although the follow‐up period
was not different in those two groups. In patients with base-
line LV ejection fraction ≥ 65%, there was no significant differ-
ence in progression to end‐stage HCM between the two
groups (two of 57 patients in the elevated hs‐cTnT group
vs. one of 63 patients in the normal hs‐cTnT group,
P = 0.604). However, with regard to reaching LV ejection frac-
tion < 65% at follow‐up, patients with elevated hs‐cTnT value
had significantly more frequent progression to LV ejection
fraction < 65% than had those with normal hs‐cTnT value
(19 of 57 patients in the elevated hs‐cTnT group vs. five of
63 patients in the normal hs‐cTnT group, P = 0.001).

Table 3 shows echocardiographic changes according to
hs‐cTnT values. In the initial echocardiographic findings, max-
imum LV wall thicknesses was greater and left atrial diameter
was larger in patients with elevated hs‐cTnT levels than in pa-
tients with normal hs‐cTnT levels, although LV ejection frac-
tion and LVEDD were not significantly different between the
two groups. In follow‐up echocardiographic findings, LV

ejection fraction became significantly lower and LVEDD be-
came larger in the elevated hs‐cTnT group. On the other
hand, maximum LV wall thickness was still significantly differ-
ent in the two groups, but the difference was less prominent.

Figure 3 shows changes of echocardiographic indices in
each group. In the normal hs‐cTnT group, LV ejection fraction,
LVEDD, and maximum LV wall thickness did not change in the
follow‐up period. On the other hand, in patients with ele-
vated hs‐cTnT levels, LV ejection fraction became significantly
lower, LVEDD increased, and maximum LV wall thickness de-
creased during the follow‐up period. Left atrial diameter be-
came larger in both the normal hs‐cTnT group and the
elevated hs‐cTnT group.

Furthermore, in the elevated hs‐cTnT group, we divided the
patients into two groups by the median value of hs‐cTnT in the
abnormal range: a mildly elevated hs‐cTnT group (0.014 ng/
mL < hs‐cTnT < 0.023 ng/mL) and a highly elevated hs‐cTnT
group (≥0.023 ng/mL). Although the follow‐up period was
not different in those two groups, patients with a highly ele-
vated hs‐cTnT value tended to showmore reduced LV ejection
fraction than patients with a mildly elevated hs‐cTnT value
(delta LV ejection fraction from baseline to final evaluation:
�6.6 ± 7.6% vs. �4.0 ± 6.5%, P = 0.105).

Table 2 Predictors of progression to end‐stage hypertrophic cardiomyopathy (multivariate logistic regression analysis)

Odds ratio (95% CI) P

Follow‐up period: >7.2 years 2.025 (0.503–8.162) 0.321
LV ejection fraction: <65% 13.818 (3.137–60.862) 0.001
LV end‐diastolic diameter: >47 mm 4.242 (0.879–20.462) 0.072
Left atrial diameter: >47 mm 2.065 (0.467–9.123) 0.339
Hs‐cTnT value: >0.014 ng/mL 6.467 (1.114–37.554) 0.038

hs‐cTnT, high‐sensitivity cardiac troponin T; LV, left ventricular.
95% CI, 95% confidence interval.

Figure 1 Longitudinal changes of LV ejection fraction in 157 patients with hypertrophic cardiomyopathy. LV, left ventricular; HCM, hypertrophic
cardiomyopathy.
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Discussion

HCM phenotype itself is a slowly progressive disorder that
manifests remarkable evolution of clinical features through-
out life.15,16 End‐stage HCM, in which there is usually a
hypokinetic LV wall with ventricular dilatation, is now recog-
nized as an important clinical entity in part of the HCM dis-
ease spectrum. This type of HCM is generally associated
with unfavourable events including heart failure events and
sudden cardiac deaths.6–10 However, there is little informa-
tion on risk factors of progression to end‐stage HCM. The
main finding of this study is that an elevated hs‐cTnT value
is associated with a greater risk of dilated‐hypokinetic evolu-
tion of HCM. Serum hs‐cTnT value > 0.014 ng/mL and LV
ejection fraction< 65%, with these cut‐off values determined
by ROC curves in our patient’s cohort, were significant predic-
tors for progression to end‐stage HCM. Although end‐stage
HCM is generally defined as LV systolic dysfunction of global

ejection fraction < 50%, true systolic function might start to
decline in HCM patients with LV ejection fraction of around
65%. Recently, Stokke et al. reported that increased wall
thickness and/or reduced end‐diastolic volume augmented
ejection fraction and could maintain a normal ejection frac-
tion despite reduced shortening.17 Olivotto et al. mentioned
patterns of disease progression in HCM in their review
article.16 In the paper, an LV ejection fraction in the low–
normal range of 50% to 65% was defined as ‘adverse remod-
elling’ translating into increasing LV fibrosis and worsening
function with relatively preserved clinical and haemodynamic
balance. In our study, even in HCM patients with baseline LV
ejection fraction < 65%, almost all patients with normal hs‐-
cTnT value remained in preserved ejection fraction > 50% at
follow‐up. On the other hand, patients with elevated hs‐cTnT
value had significantly more frequent progression to
end‐stage HCM.

Serum hs‐cTnT has been used to detect myocardial tissue
damage. In our previous study regarding the utility of

Figure 2 Changes of LV ejection fraction in each patient with normal hs‐cTnT value or elevated hs‐cTnT value (left, LV ejection fraction < 65% at base-
line; right, LV ejection fraction ≥65% at baseline). LV, left ventricular; Hs‐cTnT, high‐sensitivity cardiac troponin T; HCM, hypertrophic cardiomyopathy.

Table 3 Echocardiographic changes according to high‐sensitivity cardiac troponin T values

Normal hs‐cTnT
n = 79

Elevated hs‐cTnT
n = 78 P

Follow‐up period, years 6.3 ± 2.8 6.2 ± 2.8 0.754
Initial echocardiographic findings

LV ejection fraction, % 71.2 ± 7.1 68.9 ± 8.3 0.061
LV end‐diastolic diameter, mm 45.0 ± 5.2 45.7 ± 6.7 0.462
Maximum LV wall thickness, mm 19.0 ± 2.8 21.4 ± 4.3 <0.001
Left atrial diameter, mm 41.7 ± 5.8 46.1 ± 7.4 <0.001

Follow‐up echocardiographic findings
LV ejection fraction, % 70.3 ± 8.7 63.6 ± 11.4 <0.001
LV end‐diastolic diameter, mm 45.3 ± 5.7 47.7 ± 7.4 0.020
Maximum LV wall thickness, mm 18.5 ± 3.2 19.6 ± 3.6 0.035
Left atrial diameter, mm 43.3 ± 6.4 47.6 ± 9.5 0.001

hs‐cTnT, high‐sensitivity cardiac troponin T; LV, left ventricular.
Values are mean ± SD and n (%).
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hs‐cTnT as a prognostic marker in HCM, assessment of the re-
lationships of serum hs‐cTnT levels with baseline clinical char-
acteristics showed that abnormal hs‐cTnT value (>0.014 ng/
mL) was associated with findings supporting clinical deterio-
ration in HCM, including presence of atrial fibrillation, sever-
ity of heart failure symptoms as judged by NYHA functional
class, prevalence of syncope, greater wall thickness, and
larger left atrial diameter.14 We also found that an abnormal
hs‐cTnT value itself and the degree of abnormality in hs‐cTnT
value were related to a greater risk of adverse cardiovascular
events, particularly heart failure events.14 With regard to dis-
ease severity in HCM, cardiac magnetic resonance imaging
(MRI) examination with late gadolinium enhancement (LGE)
is now the diagnostic gold standard. The presence of LGE in
MRI has been reported to be associated with arrhythmic
events and heart failure symptoms in HCM patients, and
the presence of this fibrosis indicated by MRI is an important
marker for identifying patients at risk for progressive
disease.18–23 A lower LV ejection fraction is related to a higher

percentage of LGE of the LV mass in patients with HCM. Al-
though we did not evaluate the presence and extent of fibro-
sis using late gadolinium‐enhanced MRI, Moreno et al.
showed in their cross‐sectional HCM study that hs‐cTnT levels
were increased in patients with gadolinium enhancement in
cardiac MRI.24

The mechanisms of myocyte injury and release of hs‐cTnT
in HCM remain unresolved. We speculate that they may be
caused by relative myocardial ischaemia. Petersen et al. re-
ported that patients with HCM showed a reduced myocardial
perfusion reserve, as assessed by MRI, which was in propor-
tion to the magnitude of hypertrophy.25 Furthermore, they
found that the decreased prevalence of myocardial fibrosis
assessed by delayed contrast enhancement of MRI was ac-
companied by increasing hyperaemic myocardial blood flow.
This observation suggests a pathophysiological link between
repetitive hypoperfusion during stress and development of
myocardial fibrosis. Similarly, Olivotto et al. reported a rela-
tionship between microvascular dysfunction assessed by

Figure 3 (A) Changes of LV ejection fraction in the normal hs‐cTnT group and elevated hs‐cTnT group. (B) Changes of LV end‐diastolic diameter in the
normal hs‐cTnT group and elevated hs‐cTnT group. (C) Changes of maximum LV wall thickness in the normal hs‐cTnT group and elevated hs‐cTnT
group. (D) Changes of left atrial diameter in the normal hs‐cTnT group and elevated hs‐cTnT group. LV, left ventricular; Hs‐cTnT, high‐sensitivity cardiac
troponin T.
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positron emission tomography using dipyridamole myocardial
blood flow and LV systolic dysfunction in HCM.26 They
found that severe microvascular dysfunction was a potent
long‐term predictor of adverse LV remodelling and progres-
sion to the end‐stage phase. From these findings, serum
hs‐cTnT level may reflect microvessel ischaemia resulting in
myocardial replacement fibrosis in HCM and may be able to
predict an increase in the extent of fibrosis.

Biagini et al. reported that young age at diagnosis, family
history of HCM, and greater wall thickness were incremental
risk factors for dilated‐hypokinetic HCM.6 In our study, we
also found that there was a tendency for progression to the
end‐stage phase in patients with a young age at diagnosis
and a family history of HCM. However, maximum LV wall
thickness was not associated with dilated‐hypokinetic
evolution. In this matter, wall thickness itself is not a fixed
value; it can be changeable in the patients’ lifelong remodel-
ling, like a dramatic change in patients with end‐stage HCM.
Values of wall thickness differ even in the same patients
depending on the disease stage, and hypokinetic wall motion
generally progresses with wall thinning. A recent study
showed that not LV wall thickness but LGE mass itself was
associated with subsequent LGE progression.27 Therefore, it
is difficult to predict progression to the end‐stage phase by
only using wall thickness at any time point. On the other
hand, hs‐cTnT, which seems to reflect ongoing myocardial
damage, may be a more reliable biomarker to predict lifelong
LV remodelling at any stage.

Limitations

There are several limitations in the present study. This was a
single‐centre study, and it was not prospective. In addition,
our study cohort differs from tertiary centre cohorts in which
referral patterns are skewed toward patients perceived to
be at high risk. The cohort in the present study was a
community‐based cohort and included less high‐risk patients
than those in major referral centres. Additional prospective
studies are needed to verify our results. Next, we did not

analyse serial measurements of hs‐cTnT in this study, and
we had no data on whether there were any interventions
to reduce the concentrations of this biomarker, although
hs‐cTnT values were relatively static in our experience (data
not shown). Serum hs‐cTnT value is generally known to rise
temporarily when the patient is in decompensated heart fail-
ure status, particularly acute deterioration phase. Therefore,
the timing of the measurement is important to evaluate the
clinical significance of this biomarker in HCM patients. In
our current investigation, almost all patients were assessed
in outpatient clinic, and only 2% of the patients were NYHA
class III. Finally, in our retrospective study, we were not able
to find in the abnormal hs‐cTnT group whether the risk of
progression to the end‐stage phase of HCM increases with
an increase in the hs‐cTnT value. However, it is likely that a
prospective study would show that a higher degree of abnor-
mality is associated with a greater risk and faster progression
of dilated‐hypokinetic evolution of HCM.

Conclusions

In patients with HCM, an elevated serum concentration of
hs‐cTnT was associated with progression of LV remodelling,
and this biomarker can be useful for predicting progression
to the end‐stage phase.
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