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Genetics-diet crossroads: Unveiling new insights into hypertrophic cardiomyopathy 

Hypertrophic cardiomyopathy (HCM) stands as the most common 
congenital heart disease, marked by hypertrophic, non-dilated left 
ventricle without any secondary cause [1,2]. Being a genetically heter-
ogenous disease of the cardiac sarcomere, mutations in the MYH7 
(β-myosin heavy chain) and MYBPC3 (myosin-binding protein C) genes 
together account for about 70 % of cases [3]. While commonly inherited 
in an autosomal dominant manner, penetrance of the phenotype is often 
incomplete [3]. Given the limited correlation between HCM genotype 
and phenotypic expression, even among family members carrying the 
same mutation [3], it becomes imperative to consider environmental 
factors in HCM manifestation. Yet, non-genetic determinants of pheno-
type variability are still poorly understood. 

Symptoms of HCM can range from complete absence, to manifesta-
tions such as fatigue, shortness of breath, chest pain, palpitations, syn-
cope, and, in severe instances, cardiac arrhythmias, heart failure, or 
even sudden cardiac death [4]. While modern management of patients 
has reduced HCM-related mortality, which stands at approximately 0.5 
% per year, it still remains fairly uniform across age groups and accu-
mulates over extended timeframes [5,6]. Prevalence of symptomatic 
HCM ranges from 0.031 % to 0.076 % globally, with an estimated 
prevalence of 0.2 % to 0.5 %, taking into account the clinically silent 
population [7–9]. 

Recent research suggests that HCM may be intertwined with con-
ventional cardiovascular risk factors. Specifically, poor metabolic con-
trol, characterized by obesity, reduced glucose tolerance, and 
dyslipidemia, appears to correlate with clinical disease expression and 
adverse outcomes [10,11]. Thus, comprehending disease penetrance 
and risk stratification is crucial for minimizing the impact of HCM on 
patients' lives. 

To explore this uncharted territory connecting unfavorable meta-
bolic health and HCM disease penetrance, a recent study by Nollet et al. 
presented a novel preclinical mouse model of HCM in which genetic 
predisposition is integrated with systemic metabolic stress [12]. The 
study revealed that a Western diet (WD) feeding regime high in energy 
density, saturated fats, and simple carbohydrates triggered cardiac 
dysfunction in mice carrying a heterozygous Mybpc3c.772G>A mutation 
(HET), which otherwise do not exhibit cardiac impairment [13]. 
Importantly, the study demonstrated that cardiac hypertrophy and 
dysfunction is limited to HET mice on WD and not observed in mice with 
the mutation alone or those subjected to WD alone. Thus, the authors 
concluded that HET mice on WD closely mimic HCM patients at risk 
carrying pathogenic gene variants in heterozygosity. 

Moving forward, Nollet et al. presented compelling evidence of how 
WD feeding negatively impacts systemic and cardiac metabolic health in 
mice, regardless of genetic background. Within 8 weeks of dietary 

intervention, the authors observed an increase in serum biomarkers 
associated with systemic metabolic maladaptation, such as saturated 
free fatty acids, acylcarnitines, ketones, sugar derivatives, uric acid, and 
prostanoid species. On a tissue-specific level, the study revealed 
impaired mitochondrial respiration, increase in metabolites indicative 
of elevated glutathione turnover and altered lipid pools in murine 
hearts. Interestingly, in wildtype hearts, WD was only associated with 
mild changes in cardiac function, suggesting that hearts without HCM 
genetic predisposition can better withstand metabolic stress, at least 
within the observed timeframe. In contrast, HET mice developed severe 
cardiac dysfunction and hypertrophy, that could not be attributed to a 
diet-induced worsening of MYBPC3 haploinsufficiency or 
hypophosphorylation. 

Data presented by Nollet et al. raise the question of whether HMC- 
associated gene variants like Mybpc3c.772G>A might limit the heart's 
metabolic adaptability. The adult heart predominantly relies on fatty 
acid metabolism to meet its high energetic demands but, mainly 
depending on substrate availability, can flexibly switch between sub-
strates as needed [14,15]. In response to WD, mice showed an increase 
in cardiac abundance of proteins associated with lipid metabolism 
concomitant with a decline in proteins related to glycolytic pathways, 
irrespective of their genotype. Interestingly, the study highlighted a 
significant difference in the abundance of proteins responsible for 
peroxisomal and mitochondrial fatty acid metabolism in HET hearts 
compared to their wildtype counterparts on WD. This was associated 
with accumulation of acylcarnitines and changes in cardiolipin 
composition. These findings provided a glimpse into potential links 
between sarcomere gene variants and cardiac metabolic capacity. 

Nollet et al.'s work presents an exciting model that offers novel in-
sights into the complex interplay between systemic health, genetic 
predisposition, and HCM. As with any groundbreaking research, new 
questions arise, and new hypotheses emerge. 

Surprisingly, the study did not find an increase in body weight 
among mice on WD, challenging the assumption that obesity is a pri-
mary factor in HCM disease manifestation. Considering the higher 
energy-density of WD compared to the dietary control, one could argue, 
that mice on WD must have presented with either reduced food intake or 
increased energy expenditure. If cardiac phenotype in HET mice is 
indeed unrelated to the overall energy surplus of their diet, it would be 
most interesting to further delineate its nutritional content. In-
vestigations into individual factors like fatty acid composition and their 
impact on cardiac dysfunction are warranted. 

Expression of HCM phenotype in HET mice under WD feeding was 
rather mild. The study's relatively short 8-week duration may not have 
captured all genotype-dependent effects and longer-term investigations 
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may yield additional insights. Others reported pronounced cardiac 
dysfunction in wildtype mice fed with a WD from 16 weeks onward and 
showed a disruption of cardiac energy metabolism, with increased lipid 
accumulation and reduced glucose utilization only after 20–24 weeks on 
the diet [16]. By increasing the time period of WD feeding in the pre-
sented model, a stronger association between metabolic stress and HCM 
phenotype could potentially be uncovered. 

The diminished oxidative response to a high-fat diet in HET mice 
raises a compelling need for a comprehensive examination of cardiac 
metabolism in HCM. Exploring the heightened serum levels of ketones 
and sugar metabolites piques curiosity about their potential role in 
compensating for the increased cardiac energy demand. Given the 
growing interest in metabolite signaling within the heart, it becomes 
imperative to consider auxiliary metabolic pathways and their contri-
butions to the manifestation of HCM. This brings forth a series of 
pressing questions: Are there specific molecular regulators of energy 
metabolism that undergo alterations in the intricate interplay of genetic 
predisposition and dietary stressors in HCM? Could the dysfunction of 
the sarcomere unit be directly or indirectly connected to metabolic 
signaling? And, perhaps most importantly, can lifestyle modifications or 
pharmacological interventions offer a lifeline, rescuing cardiac meta-
bolic flexibility in HCM and potentially improving cardiac function? 

In conclusion, Nollet et al. have introduced an innovative model to 
explore cardiac health from a nutrigenomic perspective. Their work lays 
the foundation to identify patients at risk of clinical disease expression 
based on their genetic and dietary patterns, paving the way for more 
proactive, lifestyle-centered patient management in HCM. This “two-hit 
model” offers the potential to uncover molecular patterns of HCM dis-
ease modification that can be translated into clinical practice. 
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