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Abstract
Background: Hypertrophic cardiomyopathy (HCM) is the most common inherited cardiovascular disease
that affects approximately one in 500 people. HCM is a recognized genetic disorder most often caused by
mutations involving myosin-binding protein C (MYBPC3) and β-myosin heavy chain (MYH7) which are
responsible for approximately three-quarters of the identi�ed mutations.

Methods: As a part of the international multidisciplinary SILICOFCM project (www.silicofcm.eu) the
present study evaluated the association between underlying genetic mutations and clinical phenotype in
patients with HCM. Only patients with con�rmed single pathogenic mutations in either MYBPC3 or MYH7
genes were included in the study and divided into two groups accordingly. The MYBPC3 group was
comprised of 48 patients (76%), while the MYH7 group included 15 patients (24%). Each patient
underwent clinical examination and echocardiography.

Results: The most prevalent symptom in patients with MYBPC3 was dyspnea (44%), whereas in patients
with MYH7 it was palpitations (33%). The MYBPC3 group had a signi�cantly higher number of patients
with a positive family history of HCM (46% vs. 7%; p=0.014). There was a numerically higher prevalence
of atrial �brillation in the MYH7 group (60% vs. 35%, p=0.085). Laboratory analyses revealed normal
levels of creatinine (85.5±18.3 vs. 81.3±16.4 µmol/l; p=0.487) and blood urea nitrogen (10.2±15.6 vs.
6.9±3.9 mmol/l; p=0.472) which were similar in both groups. The systolic anterior motion presence was
signi�cantly more frequent in patients caring MYH7 mutation (33% vs. 10%; p=0.025), as well as mitral
lea�et abnormalities (40% vs. 19%; p=0.039). Calci�cations of mitral annulus were registered only in
MYH7 patients (20% vs. 0%; p=0.001). The difference in diastolic function, i.e. E/e’ ratio between the two
groups was also noted (MYBPC3 8.8±3.3, MYH7 13.9±6.9, p=0.079).

Conclusions: Major �ndings of the present study corroborate the notion that MYH7 gene mutation
patients are presented with more pronounced disease severity than those with MYBPC3.

Background
Hypertrophic cardiomyopathy (HCM) is the most frequent inherited disease of the myocardium, with a
prevalence of approximately 0.2% [1, 2]. Despite the signi�cant developments in diagnostic tools and
genetic tests, the diagnosis of HCM is often delayed [2].

HCM is characterized by left ventricular (LV) hypertrophy without dilatation, in the absence of any other
cardiac, systemic, metabolic, or syndromic disease that could explain myocardial hypertrophy [2-5].
Clinical presentation of HCM varies from completely asymptomatic with normal life expectancy, to typical
symptoms like chest pain, shortness of breath, heart failure, palpitations, syncope, and in the worst case
even sudden cardiac death [2, 6]. Complications of non-obstructive HCM include advanced myocardial
�brosis, microvascular ischemia, and deterioration of cardiac function [7].

https://d.docs.live.net/47706ef2e9746646/Documents/genetic%20determinants%20paper%20SilicoFCM/rev2/www.silicofcm.eu
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HCM is recognized genetic disorder transmitted in an autosomal dominant fashion, caused by a single
mutation in one of the sarcomeric protein genes, which can be present in either thick- or thin-�lament
genes [8, 9]. The two most common mutations involving thick �lament are myosin-binding protein C
(MYBPC3) and β-myosin heavy chain (MYH7) gene mutations, which are responsible for approximately
three-quarters of the identi�ed mutations in HCM patients [9, 10]. Aside from these two, a few other less
frequent gene mutations (e.g. troponin I type 3 [TNNI3], troponin T type 2 [TNNT2], α-tropomyosin [TPM1],
α-actin [ACTC]) are possible causes of HCM as well and are therefore also included in the routine HCM
genetic testing [11]. Technological progress has made it possible to identify new genes associated with
HCM - numerous other genes that do not encode sarcomere proteins but rather genes encoding the
synthesis of Z-disk proteins and proteins involved in the calcium signaling pathway. With the introduction
and implementation of the next-generation sequencing solutions, the identi�cation of nearly 50 gene
mutations associated with some form of HCM throughout literature has become possible [12].

Regardless of the mutation type, the same pathophysiology mechanisms are responsible for the
development of typical HCM phenotype and disease progression. Disrupted sarcomere properties due to
the mutations cause impaired relaxation and lead to diastolic dysfunction, which is followed by
hyperdynamic contractility and hypertrophy of the LV in the later course [9, 11].

Due to variable penetrance and expressivity, the phenotypic characteristics of HCM are multifaceted and
may be in�uenced by other factors beyond single pathogenic mutations [13].  In addition to LV
hypertrophy, phenotypic HCM expression also includes myocardial hypercontractivity, myo�bril
disorganization, �brosis, as well as the presence of mild myocardial in�ammation. Although the clinical
phenotype can partially differ depending on the affected gene, no distinctive correlation between disease
severity and speci�c genes has been established. Moreover, clinical features such as disease penetration,
hypertrophy severity, and patient prognosis are known to vary depending on different mutations within
the same gene [11].

The main objective of this study was to determine the association between the underlying genetic basis
and phenotypic expression in patients with HCM.

Methods
As a part of the international multidisciplinary SILICOFCM project (www.silicofcm.eu) developing a
computational platform for in silico clinical trials of familial cardiomyopathies, the present study
evaluated the association between genetic mutations and clinical phenotype in patients with HCM. The
study protocol was approved by the UK National Health Service Health Research Authority North East –
Tyne & Wear South Research Ethics Committee with the reference number 18/NE/0318 and was adopted
by the Institutional Review Board of each participating center. All patients provided written informed
consent and all procedures were conducted following the Declaration of Helsinki. 

Study design
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Participating centers included patients with diagnoses of HCM in the past two years.

The diagnosis of HCM was de�ned according to the European Society of Cardiology guidelines i.e.
maximal LV wall thickness of ≥15 mm on echocardiography, in the absence of any other cardiac or
systemic disease that would be capable of producing myocardial hypertrophy, such as afterload
abnormalities like aortic valve stenosis or arterial hypertension [5]. Of the total of 74 HCM patients, 11
were excluded because the relatively small number of other gene mutations (TNNI3 – 5 patients, TNNT2
– 2 patients, TPM1 – 1 patient, myosin heavy chain 6 – 1 patient, myosin light chain 2 – 1 patient, lamin
A/C – 1 patient) might have biased the overall study analysis. In the �nal analysis, the study included a
total of 63 adult patients with a con�rmed diagnosis of HCM.

We excluded patients with signi�cant atherosclerotic coronary artery disease (>50% stenosis in a major
artery), patients with prior cardiac surgery (including septal myectomy), alcohol septal ablation, major LV
out�ow obstruction with pressure gradient >50 mmHg, and chronic renal failure (<30 ml/min/1.73 m2). 

Genetic testing

Genetic testing was performed from peripheral blood samples acquired by phlebotomy with the
utilization of the QIAamp DNA Blood BioRobot MDx kit (QIAGEN GmbH, Hilden, Germany). Polymerase
chain reaction with primers was used for the ampli�cation of candidate exons.

Blood samples were analyzed for the presence of the 8 most common mutations, which represent the
basis of the commonly available genetic tests for HCM. These mutations include the protein-coding
exons responsible for encoding myosin-binding protein C (MYBPC3), thick-�lament proteins (β-myosin
heavy chain [MYH7] and the regulatory and essential light chains [MYL2 and MYL3]), and thin-�lament
proteins (troponin T type 2 [TNNT2], troponin I type 3 [TNNI3], α-tropomyosin [TPM1], and α-actin [ACTC]).

Only patients with con�rmed single pathogenic mutations in either MYBPC3 or MYH7 genes were
included in the study. Based on the identi�ed gene mutation the patients were divided into two groups.
The MYBPC3 group was comprised of 48 patients (76%), while the MYH7 group included 15 patients
(24%). 

Echocardiography

Transthoracic echocardiography was performed in all patients. Images were acquired from standard
parasternal and apical views, with simultaneous ECG monitoring. All the parameters were calculated for
the body surface area (BSA).

LV wall thickness and chamber dimensions were measured in the parasternal long-axis view [14, 15]. LV
myocardial mass was calculated using the Devereux formula [16] and then normalized for BSA.

Relative wall thickness was calculated as two times the LV posterior wall thickness divided by LV end-
diastolic diameter.
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LV systolic and diastolic volumes and ejection fraction were calculated from Simpson’s modi�ed biplane
method from the apical 4-chamber and 2-chamber views [15].

Diastolic function was evaluated in the apical 4-chamber view [17]. Transmittal in�ow was recorded
using pulsed-wave Doppler at the tips of mitral valve lea�ets. The peak velocity of the early diastolic
�lling (E), was measured. Early (e’s and e’l) and late (a’s and a’l) velocities of septal end lateral mitral
annulus were measured using TDI and then their average ratio e’/a’av was calculated.

Numerous studies have shown that the E/e’, a volume independent parameter, represents the most
accurate index of the LV �lling pressure [18]. It was calculated as the average ratio between E/e’s and E/e’l
as E/e’av. 

Statistical analysis

Statistical analysis was performed using the SPSS 20.0 (Statistical Package for Social Science for
Windows 17). A p-value of <0.05 was considered statistically signi�cant. The Kolmogorov–Smirnov test
was used for the determination of quantitative data distribution. Differences of mean values were tested
by the independent samples-test or Mann-Whitney U test and results are presented as mean (standard
deviation) or median (25th to 75th percentile). The relations between categorical variables were tested
using the chi-square (χ2) test and the results are presented as frequencies and percentages.

Results
The mean age of HCM patients regardless of genetic mutation was 51.1±14.2 years and most of them
were male 48 (76%). They were slightly overweight according to their mean BMI of 26.4±4.4 kg/m2. One-
third of patients (36%) had a positive family history for HCM.

Differences in terms of patient pro�le depending on genetic mutation are shown in Table 1.

There was no signi�cant difference between patients carrying the MYBPC3 and MYH7 mutations
regarding age (49.8±14.3 vs. 55.1±13.3 years, p=0.211) and gender distribution (21% vs. 33% females,
p=0.321).

The most prevalent symptom in patients with MYBPC3 was dyspnea (44%), whereas in patients with
MYH7 it was palpitations (33%). Other less frequently reported symptoms included fatigue, chest pain,
and syncope, with similar distribution among the groups.

Interestingly, the MYBPC3 group had a signi�cantly higher number of patients with a positive family
history of HCM (46% vs. 7%; p=0.014).

Table 1 General characteristics of patients with MYBPC3 and MYH7 gene mutation 
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  Overall MYBPC3 MYH7 p-value

Age (years) 51.1±14.2 49.8±14.3 55.1±13.3 0.211

Females, n (%) 15 (23.8%) 10 (20.8%) 5 (33.3%) 0.321

BMI (kg/m2) 26.4±4.4 26.1±4.6 27.8±3.1 0.260

Fatigue, n (%) 9 (14.3%) 7 (14.6%) 2 (13.3%) 0.881

Dyspnea, n (%) 25 (39.7%) 21 (43.7%) 4 (26.7%) 0.238

Chest pain, n (%) 6 (9.5%) 4 (8.3%) 2 (13.3%) 0.565

Palpitations, n (%) 13 (20.6%) 8 (16.7%) 5 (33.3%) 0.177

Syncope, n (%) 10 (15.9%) 9 (18.7%) 1 (6.6%) 0.264

Family history of HCM, n (%) 23 (36.5%) 22 (45.8%) 1 (6.6%) 0.014*

Abbreviations: BMI body mass index, HCM hypertrophic cardiomyopathy 

 

The mean heart rate was similar between MYBPC3 and MYH7 patients (64.6±11.8 vs. 67.8±20.4 bpm;
p=0.546). However, there was a numerically higher prevalence of atrial �brillation in the MYH7 group
(60% vs. 35%, p=0.085).

Laboratory analyses revealed normal levels of creatinine (85.5±18.3 vs. 81.3±16.4 µmol/l; p=0.487) and
blood urea nitrogen (10.2±15.6 vs. 6.9±3.9 mmol/l; p=0.472) which were similar in both MYBPC3 and
MYH7 patients.

Echocardiography �ndings are presented in Table 2 and Figure 1. There was no difference in the
posterolateral wall (10.6±2.1 vs. 10.8±1.7 mm, p=0.776) and interventricular septum (21.5±7.0 vs.
21.6±7.9 mm, p=0.982) thickness between MYBPC3 and MYH7 patients. Left atrial volume was 14%
lower (p=0.518), and left ventricular end-diastolic volume was 19% higher (p=0.560) in MYBPC3. Left
ventricular end-systolic volume was similar between MYBPC3 and MYH7 (52.6±37.4 vs. 44.0±19.0 ml;
p=0.700) as was left ventricular ejection fraction (55.6±8.2 vs. 54.1±6.3, p=0.594) and tricuspid annular
plane systolic excursion (TAPSE) (21.0±4.4 vs. 22.5±6.0 mm, p=0.363).

Importantly, the systolic anterior motion was signi�cantly higher in patients caring MYH7 mutation (33%
vs. 10%; p=0.025), as well as mitral lea�et abnormalities (40% vs. 19%; p=0.039). Calci�cations of mitral
annulus were registered only in MYH7 patients (20% vs. 0%; p=0.001).

An interesting �nding is the difference of E/e’ ratio – a marker of LV �lling pressure – between the groups
(MYBPC3 8.8±3.3, MYH7 13.9±6.9, p=0.079). Although the level of signi�cance is slightly beyond the
threshold, the difference is indicative.

Table 2 Echocardiography findings in patients with MYBPC3 and MYH7 gene mutation 
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  Overall MYBPC3 MYH7 p-value

PLW thickness (mm) 10.6±2.0 10.6±2.1 10.8±1.7 0.776

IVS thickness (mm) 21.5±7.1 21.5±7.0 21.6±7.9 0.982

LA volume (ml) 115.6±56 111.7±83.9 130.3±87.2 0.518

LV end-diastolic volume (ml) 108.9±49.7 110.8±52.2 92.7±7.0 0.560

LV end-systolic volume (ml) 51.6±35.6 52.6±37.4 44.0±19.0 0.700

LV ejection fraction (%) 55.3±7.8 55.6±8.2 54.1±6.3 0.594

LV mass (g) 301.4±114.0 306.0±115.2 261.0±115.4 0.527

LV mass index (g/m2) 155.9±52.3 159.0±53.1 129.5±43.1 0.364

Relative wall thickness 0.43±0.10 0.44±0.10 0.34±0.02 0.103

LV outflow pressure gradient (mmHg) 8.2±11.1 6.0±2.5 16.1±22.7 0.252

E/e’ ratio 9.7±4.5 8.8±3.3 13.9±6.9 0.079*

TAPSE (mm) 21.4±4.8 21.0±4.4 22.5±6.0 0.363

Systolic anterior motion, n (%) 10 (15.9%) 5 (10.4%) 5 (33.3%) 0.025*

Papillary muscle abnormalities, n (%) 4 (6.3%) 4 (8.3%) - 0.261

Mitral leaflet abnormalities, n (%) 15 (23.8%) 9 (18.8%) 6 (40.0%) 0.039*

Calcification of mitral annulus, n (%) 3 (4.8%) - 3 (20.0%) 0.001*

Abbreviations: PLW posterolateral wall, IVS interventricular septum, LA left atrium, LV left ventricle, E/e’ LV

filling pressure, TAPSE tricuspid annular plane systolic excursion

 

Discussion
The genetic basis of HCM is more complex than previously thought: known genetic mutations are
responsible for about half of the cases, while the remaining causes are unknown. Since variants have not
been found to explain the presence of the disease in many patients, there are certainly other, yet
unidenti�ed genes. There is an emphasized need to discover additional genetic, epigenetic, and
environmental causes that would explain the high proportion of cases of unknown etiology. For many
newly reported genes, the lack of strong evidence to support a causal role in HCM creates uncertainty in
the interpretation of the results. One of the major roles of genetic testing for HCM patients is better
clinical surveillance of asymptomatic family members.

This study analyzed the genetic determinacy of various clinical phenotype parameters among patients
with HCM. Only carriers of a single gene mutation, either MYBPC3 or MYH7 were included. Studies that
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performed genetic screening in large cohorts of patients with a con�rmed clinical diagnosis of HCM
managed to detect a pathogenic mutation in about 40-50% of patients [13, 14], suggesting that as much
as half of the HCM diagnosed patients do not have known sarcomeric gene mutations.

The MYBPC3 and MYH7 mutations are the two most common mutations among HCM patients with
identi�ed sarcomeric gene mutations. A recent meta-analysis on 7675 HCM patients including a total of
51 studies performed by Sedaghat-Hamedani et al. [15] found that the prevalence of MYBPC3 and MYH7
gene mutations were 20% and 14%, respectively, while all the other mutations had a prevalence below 2%.

HCM is a disease of a younger age, as it is often �rst diagnosed before the age of 40 [14, 16]. In our study,
patients’ mean age was 50 for MYBPC3 and 55 for MYH7 mutations, with no signi�cant difference
among groups. This is in contrast to previous �ndings, which suggest earlier onset and diagnosis of the
disease for MYH7 mutation [15, 17]. Patients in our study were predominantly male, which is consistent
with gender distribution across literature, where about two-thirds of HCM patients are male [13, 18, 19].

Olivotto et al. [20] in their study from 2005, examined gender-related differences in a multicenter
population of 969 patients with HCM. Male patients had a 3:2 predominance (59%). HCM-related
mortality and risk of sudden death were similar in men and women. They also pointed out that women
with HCM were under-represented, older, and more symptomatic than men, and showed a higher risk of
progression to advanced heart failure or death, often associated with out�ow obstruction. Results from a
more recent study from Jang et al. [21] conducted on 202 consecutive patients with non-obstructive HCM
are in-line with previously mentioned. Jang et al. concluded that female patients presented with heart
failure more frequently and showed a higher risk of cardiovascular events than male patients. LA volume,
E/e' and LV mechanics were different between the genders, suggesting that these might contribute to
greater susceptibility to heart failure in women with HCM.

Patients with MYBPC3 mutation in our study had a notable number (46%) of relatives with a con�rmed
HCM diagnosis. Across the literature, various rates of positive family history ranging from 25-70% have
been reported [17, 18]. However, the reliability of these numbers should be taken with reserve, because
family screening in patients with HCM has still not been fully implemented, despite the clear
recommendations for a detailed follow-up of all adult �rst-degree relatives [5, 22]. New evidence suggests
that screening should be performed even earlier in child age, especially in families with MYBPC3 and
MYH7 mutations [23]. Moreover, the diagnosis in relatives is often established solely on phenotypic
expression (i.e. imaging methods like echocardiography and cardiac magnetic resonance), without proper
genetic testing. Even in the case of performed genetic analysis, currently available methods still fail to
identify more than half of patients with HCM [24].

Several studies have attempted to differentiate between disease severity, progression, and phenotype-
based on speci�c mutation subclasses, but there is currently no consensus as to whether a speci�c
phenotype or prognosis can be predicted from an MYBPC3 mutation [25]. Mutation of the MYH7 gene is
associated with an earlier onset of symptoms, more pronounced hypertrophy, and poor prognosis [26].
The Arg453Cys mutation of MYH7 is associated with a high incidence of terminal heart failure and
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premature death [27]. Several studies have found a correlation between �ve mutations (four in the MYH7
gene and one in the gene encoding cardiac troponin T) and high incidences of advanced cardiac death,
however, these associations were not consistent with the results of other studies [28].

The study by Olivotto et al. [29] assessed the occurrence of atrial �brillation and outcome in 480
consecutive HCM patients (age at diagnosis, 45±20 years; 61% male) during a follow-up period of 9.1±6.4
years. In their cohort, atrial �brillation was documented in 107 patients, with a prevalence of 22%. Authors
concluded that atrial �brillation is associated with substantial risk for heart failure-related mortality,
stroke, and severe functional disability, particularly in patients with out�ow obstruction, those ≤50 years
of age, or those developing chronic atrial �brillation.

Atrial �brillation tended to be more prevalent in the MYH7 group in our study. This �nding is consistent
with previous studies [16, 30], which reported a higher incidence of atrial �brillation in patients with MYH7
mutation in comparison to other HCM patients. Since the development of atrial �brillation was
associated with risk factors such as LA enlargement, LV wall thickness, and LV out�ow tract obstruction,
these results suggest that patients with MYH7 mutation present with a more severe clinical phenotype.
However, a prospective study on 237 HCM patients with a mean follow-up period of 14±10 years found
no statistically signi�cant difference in atrial �brillation between patients with MYBPC3 and MYH7
mutations, with an incidence of 31% and 37%, respectively [31].

Detailed analysis of echocardiography parameters between the MYBPC3 and MYH7 groups in the present
study revealed a somewhat similar phenotype expression with minor differences between the groups,
although with slightly more severe disease presentation in MYH7 group. Most importantly, LV wall
hypertrophy was equally expressed in both groups at the posterolateral wall and interventricular septum.
Previous studies on larger groups of HCM patients that analyzed myocardial wall thickness measured by
both echocardiography [15-17, 32] and cardiac magnetic resonance [19] also discovered no signi�cant
differences regarding LV wall thickness between MYBPC3 and MYH7 patients. The somewhat
counterintuitive �nding came from the Florence group [33], stating that LV mass index was normal in
about 20% of patients with de�nite HCM phenotype and that increased LV mass alone should not be the
parameter for establishing the clinical diagnosis of HCM. The LV mass correlated weakly with maximal
wall thickness and proved more sensitive in predicting outcomes.

Heart systolic function measured through ejection fraction for LV and TAPSE for right ventricle were
preserved in all study patients, with no differences between the groups. This is consistent with previous
�ndings and current standpoint that HCM generally does not lead to systolic function deterioration. The
symptoms and clinical severity are dominantly determined by the combination of diastolic dysfunction,
mitral apparatus abnormalities, and LV out�ow tract obstruction [34, 35]. A recent study by Miller et al.
[36] established that patients with pathogenic, likely pathogenic or rare MYH7 variants had higher LV
ejection fraction than those with MYBPC3 variants (68.8 vs. 59.1, p<0.001) and higher right ventricle
ejection fraction (67.3 vs. 60.8, p = 0.018). Additionally, patients with MYBPC3 variants were more likely
to have LV ejection fraction <55% (29.7% vs. 4.9%, p = 0.005).
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Very interesting paper from Maron et al. [37] looked at whether morphological abnormalities of the mitral
valve represent part of the HCM disease process. Assessment of mitral valve morphology was performed
using cardiovascular magnetic resonance in 172 HCM patients (age 42±18 years; 62% men) and 172
control subjects. After careful characterization, they concluded that mitral valve lea�ets are elongated
independently of other disease variables, likely constituting a primary phenotypic expression of this
heterogeneous disease and are an important morphological abnormality responsible for LV out�ow
obstruction. We wanted to further classify mitral valve abnormalities depending on the genetic basis.  In
this regard, the MYH7 group in our study had a signi�cantly higher number of mitral lea�et abnormalities,
mitral annulus calci�cations, and the most important higher number of systolic anterior motion,
contributing to the worse phenotype expression of MYH7 versus MYBPC3 gene mutations. The study of
Groarke et al. [38] observed an increased number of mitral valve abnormalities in patients with
sarcomeric gene mutations, however, they did not analyze the difference among the particular gene
mutations. Waldmuller et al. [14] on the other hand, reported a more severe level of mitral regurgitation in
patients with MYH7 mutation than in patients with MYBPC3 mutation.  

Diagnosis of hereditary cardiac disorders based on genetic information is particularly challenging
because of the high genetic heterogeneity and overlapping and variable nature of these clinical
presentations. The clinical presentation of HCM is in�uenced by age, lifestyle, and presence of
hypertension, among other factors. Although there is still no consensus on the exact impact of gender on
HCM presentation and progression, gender in�uence is thought to exist and that differences in gene
expression and hormonal differences affect the symptoms and clinical outcomes of HCM. 

Study limitations

We acknowledge that the large number of operators involved in echocardiographic measurements in this
multicenter study represents an unavoidable limitation. However, care was taken to standardize
measurements of cardiac dimension and function by prospectively providing detailed technical
instructions to all participating centers.

Finally, although the number of included patients in the study is modest, we believe that patient
heterogenicity (multicenter study) confers substantial power to our data. Nevertheless, the modest size is
one reason to exercise caution in extrapolating these results to the broad spectrum of hypertrophic
cardiomyopathy.

It will be interesting to see, how novel therapeutical approaches tested in early clinical trials may change
the symptomatic burden of HCM patients, e.g. in the SILICOFCM study [39].

Conclusions
Up to this point, numerous mutations leading to HCM have been identi�ed and various clinical
manifestations and phenotypic expressions of HCM have been described (from a completely
asymptomatic condition, through out�ow tract obstruction, diastolic dysfunction, to progressive heart
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failure and sudden cardiac death). However, no consistent association between the HCM genotype and
phenotype have been identi�ed.

In those terms, our study is no exception. Although we focused our attention on the two most common
sarcomeric gene mutations responsible for HCM – MYBPC3 and MYH7 gene mutations – we were not
able to demonstrate any substantial differences regarding clinical and echocardiography �ndings. More
frequent systolic anterior motion and other mitral valve abnormalities as well as increased left ventricle
�lling pressure in MYH7 gene mutation suggests that MYH7 gene mutation does present with a more
severe disease phenotype.

Abbreviations
ACTC: α-actin; BMI: body mass index; BSA: body surface area; CO: cardiac output; E/e’: left ventricle �lling
pressure; HCM: hypertrophic cardiomyopathy; HR: heart rate; IVS: interventricular septum; LA: left atrium;
LV: left ventricle; LVEDV: left ventricular end-diastolic volume; LVESV: left ventricle end-systolic volume;
LVmass: left ventricle myocardial mass; MYBPC3: myosin-binding protein C; MYH7: β-myosin heavy
chain; PLW: posterolateral wall; RWT: relative wall thickness; SV: stroke volume; TAPSE: tricuspid annular
plane systolic excursion; TNNI3: troponin I type 3; TNNT2: troponin T type 2; TPM1: α-tropomyosin.
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Figure 1

Echocardiography parameters in MYBPC3 and MYH7 patients (no signi�cant difference was observed in
the presented parameters, p>0.05) (Abbreviations: IVS interventricular septum, PLW posterolateral wall,
LA left atrium, LVEDV left ventricle end-diastolic volume, LVESV left ventricle end-systolic volume, LVEF
left ventricle ejection fraction)


