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ABSTRACT

INTRODUCTION: Hypertrophic cardiomyopathy (HCM) is a genetic cardiac disorder associated with
heart failure, arrhythmias, and an increased risk of sudden cardiac death (SCD). Functional status
and the HCM Risk-SCD score are key parameters guiding management. This study assessed the
relationship between functional status, comorbidity burden, and the HCM Risk-SCD score in
patients with HCM.

MATERIAL AND METHODS: This retrospective single-cohort study included 56 patients with HCM.
The HCM Risk-SCD score was calculated according to the 2023 ESC guidelines. Patients were
stratified by heart failure symptoms into asymptomatic (NYHA 1) and symptomatic (NYHA II-ll1)
groups, and by comorbidity burden into low (0—1) and high (>2) groups. Assessed comorbidities
included systemic hypertension, hyperlipidemia, coronary artery disease, chronic kidney disease,
COPD, and type 2 diabetes.

RESULTS: The median HCM Risk-SCD score was higher in asymptomatic than symptomatic patients
(3.46% [IQR 2.38-4.44] vs. 2.07% [IQR 1.17-2.23]; p=0.005). No significant difference was observed
between patients with low and high comorbidity burden (1.95% vs. 2.01%; p=0.765), and no
correlation was found between the HCM Risk-SCD score and the number of comorbidities
(rho=-0.07, p=0.607).

CONCLUSIONS: Asymptomatic patients with HCM had a higher estimated risk of SCD than
symptomatic patients. The HCM Risk-SCD score appeared to be independent of comorbidity
burden. This shows that HCM individuals with better clinical and functional status may be at

higher risk of SCD.

KEYWORDS
comorbidities, NYHA, HCM, Risk-SCD score

INTRODUCTION

Hypertrophic cardiomyopathy (HCM) represents the most prevalent inherited cardiac disease with
an estimated prevalence of 1:500 in the general population [1]. Approximately 40—60% of patients
with clinically established HCM carry pathogenic autosomal dominant variants in genes encoding
sarcomeric proteins [2]. Among these, mutations in MYH7 and MYBPC3, which encode the B-
myosin heavy chain and cardiac myosin-binding protein C, respectively, constitute the most
commonly identified pathogenic genetic abnormalities [3].

The HCM is associated with abnormal thickening of the ventricular wall, myofibrillar disarray,
myocardial fibrosis and microvascular dysfunction leading to ischaemia [4,5]. These structural and

functional abnormalities contribute to progressive heart failure and increase susceptibility to life-



threatening ventricular tachyarrhythmias, which represent two principal therapeutic challenges in
patients with HCM [2,6].

Concerning arrhythmogenesis, the most devastating complication of HCM remains sudden cardiac
death (SCD) especially considering its usual occurrence in younger patients, sometimes as the first
manifestation of the disease with no other prodromal symptoms [7].

The efficacy of an implantable cardioverter-defibrillator (ICD) as the primary prevention of SCD
was demonstrated for the first time in 2000 by Maron et al. [8] and allowed to reduce overall
disease-specific mortality to 0.5% per year [9]. However, there are concerns about high rates of
inappropriate shocks - the most frequent complication of ICD. The annual frequency of
inappropriate interventions revealed in a meta-analysis by Wang et al. [10] was 4.9% in
comparison with 4.8% of appropriate interventions. As patients with HCM are typically diagnosed
at younger age than individuals with other cardiac disorders, their exposure to ICD-related
complications is essentially greater. Consequently, decisions regarding prevention of SCD should
be based on an individualised risk assessment concerning the anticipated therapeutic benefit and
long-term risk of ICD-related adverse events [11].

The aim of the study was to analyse patients' HCM Risk-SCD score in regards to patients’
functional status and comorbidities in order to verify whether they might be helpful in

qualification for the ICD therapy.

MATERIAL AND METHODS

Study design and data collection

It is a retrospective single-cohort study. Cohort analysed in the study included 56 patients
diagnosed with HCM and hospitalized in 1st Department of Cardiology, Leszek Giec Upper-Silesian
Medical Centre of the Medical University of Silesia (Katowice, Poland) between 2024 and 2026.
Data collected during patients' hospitalization included demographics, family history of SCD,
echocardiography, Holter monitoring, clinical and laboratory findings. The HCM Risk-SCD score
was calculated according to the 2023 ESC recommendations which include age, maximal left
ventricle (LV) wall thickness, left atrial diameter, maximal LV outflow track gradient, family history

of SCD, non-sustained ventricular tachycardia (nsVT) and unexplained syncope.

Patients stratification

Patients were stratified by heart failure symptoms assessed in New York Heart Association (NYHA)
Functional Classification into an asymptomatic (NYHA=I) and symptomatic group (NYHA=II or Ill)
and by comorbidity burden into low burdened (0-1 comorbidity) and high burdened group (> 2
comorbidities). Comorbidities included in the study were systemic hypertension (HA), coronary

artery disease (CAD), hyperlipidemia (HL), chronic kidney disease (CKD), chronic obstructive



pulmonary disease (COPD) and diabetes mellitus type 2 (DM2). Females represented 37.5% (n=21)
of the global cohort. The mean age of the study population was 54.9 + 13.6 years. The
anthropometric characteristics of the total study population were as follows: height, 172.1 + 9.8
cm; weight, 85.9 + 14.3 kg; and body mass index (BMI), 28.5 (25.6—-31.8) kg/m?.

Statistics

Statistical analyses were performed using Statistica 14.1.0.4. The normality of the data distribution
was assessed using the Shapiro-Wilk test. Since the HCM Risk-SCD score and number of
comorbidities showed a non-normal distribution (p<0.001), non-parametric methods were used
for further analyses. Difference in the HCM Risk-SCD score between NYHA groups and comorbidity
burden groups was analyzed using Mann-Whitney U test. The relationship between HCM Risk-SCD
score and absolute number of comorbidities was assessed using Spearman’s rank correlation
coefficient. For all statistical analyses, a p-value <0.05 was considered statistically significant. All

tests were two-tailed.

RESULTS

Functional status

Based on the NYHA classification,14 (25%) patients were stratified into the asymptomatic group
(NYHA 1), whereas 42 (75%) patients constituted the symptomatic group (NYHA 1I-1ll). Within the
symptomatic group, 32 patients (57.1% of the total cohort) presented with NYHA Il and 10
patients (17.9% of the total cohort) presented with NYHA IIl. The analysis of group characteristics
showed high homogeneity between these 2 subgroups. There was no significant difference
between NYHA functional class subgroups neither in the mean age (57.2 + 13.9 years in NYHA | vs.
54.2 + 13.6 years in NYHA lI-1ll, p=0.47) nor in the female representation (42.9% vs. 35.7%,
p=0.75).

In regards to anthropometric parameters including height, weight and BMI, analysis did not show
statistically significant differences between the groups (p>0.05 for all comparisons).

The most prevalent conditions across the entire cohort were hyperlipidemia (n=37/66.1%) and
systemic hypertension (n=35/62.5%).

The CAD was documented in 17.9% (n=10) of the total population, showing a high increase from 1
case (7.1%) in the asymptomatic subgroup to 9 cases (21.4%) in the symptomatic subgroup,
though analysis showed no statistically significant difference (p=0.42)

The DM2 and CKD were equally prevalent, each in 12.5% (n=7) for the overall cohort, with a strict
prevalence in the symptomatic subgroup for all CKD cases (16.7% vs. 0.0%, p=0.17). The COPD was
rare, affecting 5.4% (n=3) of the total cohort and only symptomatic subgroup (Table I).

The median HCM Risk-SCD score in groups created according to heart failure symptoms was 3.46%



(IQR: 2.38-4.44%) for the asymptomatic vs 2.07% (IQR: 1.17-2.23%) for the symptomatic group
(p=0.005) (Figure 1).

Table I. Characteristics of subgroups stratified by NYHA classification

Parameter Asymptomatic (n=14) Symptomatic (n=42) p-value
Demography
Age (years) 57.24£13.9 54.2+13.6 0.4718
Sex (Female) 6 (42.9%) 15 (35.7%) 0.7525
Height (cm) 173.6+9.8 171.549.9 0.6629
Weight (kg) 87.1+11.8 85.5+15.1 0.6701
BMI (kg/m?) 29.8 (25.4-32.0) 28.5(25.7-31.0) 0.8499
Comorbidities
Systemic hypertension 9 (64.3%) 26 (61.9%) 1
Hyperlipidemia 10 (71.4%) 27 (64.3%) 0.7508
Chronic artery disease 1(7.1%) 9(21.4%) 0.4226
Diabetes mellitus type 2 1(7.1%) 6 (14.3%) 0.6662
Chronic kidney disease 0 (0.0%) 7 (16.7%) 0.1739
Chronic obstructive pulmonary 0 (0.0%) 3(7.1%) 0.5652

disease

BMI — body mass index
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Fig. 1. HCM Risk-SCD score according to functional status



Comorbidity burden

In regards to comorbidities, 24 (42.9%) patients constituted the low burdened group while the
high burdened group consisted of 32 (57.1%) patients. The low burdened population was younger
than the high burdened (mean age 46.2+14.5 years in low burdened vs. 59.7+10.4 years in high
burdened, p<0.001). There were no statistically significant differences in sex and height, however
weight and BMI were lower for the low burdened group (weight: 80.4+13.1 vs. 89+14.2, p=0.031;
BMI 26.4 vs. 29.4, p=0.012). The only comorbidities occurring in low burdened groups were
systemic hypertension and hyperlipidemia - the dominant conditions across the entire population.
(Table II).

The median HCM Risk-SCD score was 1.95% (IQR:1.42-2.55%) for low burdened vs 2.01%
(IQR:1.18-3.03%) for high burdened group (p=0.765) (Figure 2).

The analysis of correlation between HCM Risk-SCD score and the number of patients’
comorbidities revealed a Spearman’s rank correlation coefficient of rho=-0.07, p=0.607 (Figure 3).

Table Il. Characteristics of subgroups stratified by comorbidity burden

Low comorbidity burden High comorbidity burden

Parameter (n=20) (n=36)

Demography

Age (years) 46.2+14.5 59.7+10.4 <0.001
Sex (Female) 9 12 0.385
Height (cm) 173.249.1 171.5+10.3 0.541
Weight (kg) 80.4+13.1 89+14.2 0.031
BMI (kg/m?) 26.4 (24.1-28.9) 29.4 (27-32.3) 0.012
Comorbidities

Systemic hypertension 4 (20.0%) 31 (86.1%) <0.001
Hyperlipidemia 7 (35.0%) 30 (83.3%) <0.001
Chronic artery disease 0 (0.0%) 10 (27.8%) 0.01

Diabetes mellitus type 2 0 (0.0%) 7 (19.4%) 0.041
Chronic kidney disease 0 (0.0%) 7 (19.4%) 0.041
si:reoar;i: obstructive pulmonary 0(0.0%) 3(8.3%) 0.291

BMI — body mass index
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DISCUSSION

Presented findings indicate that patients with HCM can constitute a highly heterogeneous
population, despite sharing the same diagnosis. Furthermore, their clinical status may be
influenced by a wide range of factors beyond the presence of HCM itself. Although the risk of SCD
is known to be associated with younger age [12], age alone does not provide a sufficient basis for
unequivocal stratification of patients with HCM. Significant interindividual differences exist with
respect to functional status, symptom burden, echocardiographic characteristics, comorbid
conditions, and the overall clinical course of the disease, all of which should be taken into account
during patient assessment. Additionally, beyond these non-genetic determinants, genetic variants
associated with HCM play a role in shaping disease phenotype and influencing long-term prognosis
[13]. Collectively, the interplay between clinical characteristics and genetic background
contributes to the marked heterogeneity of the HCM population, underscoring the necessity for
individualized evaluation and risk assessment.

Presented data suggest that the risk of SCD may be higher among asymptomatic patients.
Worsening functional status in HCM patients is primarily associated with LV outflow tract
obstruction, defined as basal gradient 230 mmHg, which significantly increases the risk of
progression to limiting congestive heart failure symptoms and heart failure-related mortality [14].
By contrast, the association between obstruction and arrhythmias remains less clearly established
[15,16]. Ventricular tachycardia (VT) and ventricular fibrillation (VF), the principal mechanisms of
SCD, are more strongly associated with non-obstructive HCM.

A cohort study by Pozios et al. [17] demonstrated that the VT/VF episodes occurred four times
more frequently for non-obstructive patients compared with those with labile-obstructive, and
approximately three times more frequently compared with obstructive patients. The non-
obstructive group also exhibited a higher prevalence of extensive late gadolinium enhancement
(LGE) on cardiac magnetic resonance imaging and microvascular ischemia by positron emission
tomography (PET), relative to both labile-obstructive and obstructive groups. Furthermore, ICD
discharges were more frequently observed in non-obstructive patients during follow-up. Notably,
VT/VF episodes were not significantly associated with left ventricular systolic or diastolic
dysfunction, nor with the LV outflow tract gradient. Both LGE, as the fibrosis index and
microvascular ischaemia contribute to arrhythmogenesis, whereas their impact on afterload and
cardiac function is less significant than left ventricular outflow track obstruction (LVOTO).
Therefore, asymptomatic patients with HCM may require additional tests for more accurate SCD
risk stratification and the ICD as the primary prevention should be considered in high risk

individuals.



The analysis of comorbidity burden demonstrated the independent contributions of both the HCM
Risk-SCD score and overall comorbidity load in patients with HCM. In contrast to other
cardiovascular diseases, in which comorbid conditions have been shown to increase the risk of
arrhythmic events [18], arrhythmogenesis in HCM appears to be primarily driven by sarcomeric
gene mutations, myocyte disarray, and replacement fibrosis [19], whereas comorbidities are more
strongly associated with heart failure progression [20].The annual incidence of SCD in pediatric
patients with HCM has been estimated at 1-7%, whereas in the adult population it approximates
1% [21]. The observation that younger patients, despite a lower comorbidity burden, exhibit a
higher prevalence of malignant ventricular tachyarrhythmias further supports the hypothesis of
predominantly genetically mediated arrhythmogenesis in HCM. Consequently, the burden of
comorbid conditions should not constitute a primary determinant in regarding the ICD therapy.
Instead, careful consideration should be given to balancing the potential benefits of primary SCD
prevention against the risk of device-related and post-implantation complications, which may be

increased in patients with a higher comorbidity burden.

CONCLUSIONS

In conclusion, asymptomatic patients with HCM had a higher estimated risk of SCD than
symptomatic patients. The HCM Risk-SCD score appeared to be independent of comorbidity
burden. This shows that HCM individuals with better clinical and functional status may be at

higher risk of SCD.
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