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Dilated cardiomyopathy (DCM) is defined by the presence of 
left ventricular (LV) dilation and systolic dysfunction in the ab
sence of coronary artery disease or abnormal loading condi
tions sufficient to cause global systolic impairment.1 DCM has 
been traditionally classified as genetic, caused by deleterious 
variants in genes encoding structural or functional proteins 
of the cardiac muscle, and nongenetic, induced by environ
mental, hormonal, or toxic factors. A comprehensive diagnos
tic workup aiming at identifying the underlying cause has 
been proposed in clinical practice. In this context, the identi
fication of an acquired cause of DCM, such as infectious or 
cardiotoxic drug exposure or pregnancy, would eventually 
conclude the diagnostic workup. 
However, there is increasing evidence that the individual ge

netic background may eventually increase the susceptibility 
or act as disease modifier in the presence of an external cause 
for myocardial dilation and dysfunction. Therefore, a shift to
ward a genetic/environmental paradigm has recently been 
proposed to explain the phenotypic expression of several pre
viously considered acquired diseases, such as peripartum, al
coholic, or chemotherapyinduced cardiomyopathy, as well 
as myocarditis and DCM associated with systemic immune
mediated diseases.  
A comprehensive literature search was conducted to identify 
studies describing cohorts of patients with peripartum car
diomyopathy, alcoholic cardiomyopathy, chemotherapyin
duced cardiomyopathy, myocarditis, and DCM associated with 
systemic immunemediated diseases who systematically un
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Abstract 
 

Background: Dilated cardiomyopathy (DCM) is defined by the presence of left ventricular dilation and systolic dysfunction 
in the absence of coronary artery disease or abnormal loading conditions sufficient to cause global systolic impairment. 
While this condition has been traditionally classified as genetic and nongenetic, there is increasing evidence that the in
dividual genetic background may eventually increase the susceptibility or act as disease modifier in the presence of an ex
ternal cause for myocardial dilation and dysfunction. 
Methods: A comprehensive literature search was conducted to identify studies describing cohorts of patients with peri
partum cardiomyopathy, alcoholic cardiomyopathy, chemotherapyinduced cardiomyopathy, myocarditis, and DCM asso
ciated with systemic immunemediated diseases who systematically underwent genetic testing. 
Results: The studies identified showed a high proportion of pathogenic variants in genes associated with cardiomyopathy 
among patients affected with these conditions. These findings support the emerging 'twohit' hypothesis, in which the cu
mulative impact of genetic and environmental risk factors increases the likelihood of developing the disease phenotype. 
Conclusions: This perspective summarizes the available data on the role of genetics in predisposing individuals to conditions 
that lead to a DCM phenotype, which were previously considered to be acquired or environmental.
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derwent genetic testing. The results are presented in Figure 
1, and the main results are discussed below. Ware et al.2 
found truncating variants in DCM genes in 15% of women 
with peripartum cardiomyopathy and, most notably, 65% of 
variants occurred in TTN, suggesting that peripartum car
diomyopathy shares a genetic predisposition with both famil
iar and sporadic idiopathic DCM. Similar results were later 
observed by Goli et al.3 However, a more complex interplay 
of still underrecognized environmental or genetic factors 
could probably explain the significant difference between the 
age at onset of peripartum cardiomyopathy with those of id
iopathic DCM (28 years vs. 65 years, respectively). 
Similarly, the effect of genotype and alcohol consumption on 
phenotype in DCM patients has been investigated. Ware et 
al.  screened 141 patients with alcoholic cardiomyopathy and 
716 with DCM and found a similar prevalence of DCMasso
ciated genes (13.5% vs 19.4%, respectively) with a predomi
nant burden of TTN truncating variants. In addition, in a 
multivariate analysis accounting for covariate predictors of 
baseline LV ejection fraction (LVEF), neither TTN truncating 
variants nor alcohol consumption were significant predictors 
in isolation, but the combination of TTN truncating variant 
and alcohol consumption was associated with a significant re
duction in baseline LVEF compared with those without these 
characteristics (8.7% absolute reduction). 
Finally, GarciaPavia et al. studied 213 patients with 
chemotherapyinduced cardiomyopathy and found that ge
netic variants occurred in 12% of patients.5 Even in this case, 
TTN truncating variants predominated (7.5% of cases), and 
their presence was associated with a higher occurrence of 
heart failure, atrial fibrillation, and impaired myocardial re
covery. This study implies that, along with chemotherapy 
dosage and traditional cardiovascular risk factors, the identi
fication of genetic variants may be helpful in guiding risk strat
ification for chemotherapyinduced cardiomyopathy 
development. 
Recently, it has been proposed that even DCMinduced my
ocarditis may eventually uncover a genetic background. Sev
eral case series and cohort studies of patients with acute 
myocarditis have shown that a substantial proportion of pa
tients carry a pathogenic variant in cardiomyopathyassoci
ated genes.613 Of clinical interest, a correlation has been 
found between the rate of positive genetic testing and the 
disease presentation. Lota et al. performed genetic testing in 
336 consecutive adult patients with acute myocarditis and 
found that 8% carried pathogenic variants in DCM or arrhyth
mogenic cardiomyopathy genes,13 with the highest preva
lence in patients with severe presentation (up to 16%). Similar 
results have been observed in children with acute myocardi
tis. Thus, a recent systematic review and metaanalysis as
sessed the prevalence of pathogenic variants in 
cardiomyopathyassociated genes in patients with diagnosis 
of acute myocarditis,14 stratifying patients according to age 
(adult vs paediatric) and clinical scenarios: i) complicated my
ocarditis (i.e., presentation with acute heart failure, reduced 
LVEF, or lifethreatening ventricular arrhythmias); and ii) un

complicated myocarditis. According to the results, pooled 
prevalence was 4.2% in uncomplicated myocarditis, whereas 
for complicated myocarditis, the pooled prevalence was 
21.9% and 44.5% in adults and children, respectively. More
over, there was a correlation between age at onset, clinical 
scenario, and specific genes affected by pathogenic variant, 
with variants in desmosomal genes predominant observed in 
uncomplicated myocarditis, whereas sarcomeric gene vari
ants were more prevalent in complicated myocarditis, espe
cially TTN truncating variants. These findings suggest that 
genetic determinants may predispose to the occurrence of 
acute myocarditis, and these episodes of myocardial infection 
and inflammation may eventually favour the progression to
ward a DCM phenotype in genetically predisposed individu
als. 
In addition, it has been recently observed that patients with 
DCM, likely caused by systemic immunemediated diseases 
(SIDs), may also have an underlying genetic background. 
Stroeks et al. recently screened two different cohorts of pa
tients with DCM and a SID, highlighting a prevalence of path
ogenic variants in cardiomyopathyassociated genes in 17.1% 
and 20.5%, with TTN truncating variants being the most 
prevalent.15 

Altogether, these observations lead to the generation of the 
“twohits” hypothesis, in which the incremental effect of risk 
factors (genetic and environmental) increases the likelihood 
of developing the disease phenotype (Figure 1). Consistent 
with the concept of the strong genetic/environmental inter
action, it has been observed that most patients carrying TTN 
truncating variants have no evidence of cardiac disease, sug
gesting that cardiac function is preserved in the absence of 
additional stressors. In this context, hormonal stressor of 
pregnancy, alcohol, drug use, autoimmunity or myocardial in
flammation likely represent such a stressor.  
DCM was historically considered the myocardial disease with 
the lowest diagnostic yield, especially when compared with 
hypertrophic or arrhythmogenic right ventricular cardiomy
opathy. However, the knowledge regarding the causative 
genes is significantly increasing, along with the broader un
derstanding of disease mechanisms and pathogenesis. In
creasing evidence exists to consider genetic testing also in 
patients with specific causes of DCM previously considered 
as nongenetic. As discussed above, the yield of genetic test
ing can be relatively high in these conditions. However, there 
is limited evidence supporting the systematic testing of all pa
tients with a DCM phenotype, especially in some cases (e.g., 
patients presenting with diagnosis of myocarditis). Future 
studies are needed to identify clinical features that may guide 
genetic testing in these cases. 
The identification of genetic determinants has important im
plications for patients’ diagnosis and management, providing 
insight into the mechanisms of disease development and pro
gression, guiding lifestyle choices and informing clinical follow
up, outcome prediction, risk stratification, and family member 
screening. Furthermore, emerging therapies for genetic DCM, 
including gene therapy, will be available in the future. 
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Figure 1. A) Summary of the studies investigating the prevalence of pathogenic or likely pathogenic variants in genes associated with cardiomyopathy 
among patients presenting with myocarditis, chemotherapyinduced cardiomyopathy, peripartum cardiomyopathy, alcoholic cardiomyopathy, and di
lated cardiomyopathy associated with systemic immunemediated diseases. B) Interplay between genetics and environmental factors in determining 
dilated cardiomyopathy. 
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