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ABSTRACT  

 

AIMS: Dilated cardiomyopathy (DCM) associated with dystrophin gene (DMD) 

mutations in individuals with mild or absent skeletal myopathy are often indistinguishable 

from other DCM forms. We sought to describe the phenotype and prognosis of DMD 

associated DCM in DMD mutation carriers without severe skeletal myopathy. 

 

METHODS AND RESULTS: At 26 European centers, we retrospectively collected 

clinical characteristics and outcomes of 223 DMD mutation carriers (83% males, 33±15 

years). 112 individuals (52%) had DCM at first evaluation (n=85; LVEF=34±11.2%) or 

developed DCM (n=27; LVEF 41.3±7.5%) after a median follow-up of 96 months (IQR: 

5-311 months). DCM penetrance was 45% in carriers older than 40 years. DCM appeared 

earlier in males and was independent of the type of mutation, presence of skeletal 

myopathy, or elevated serum creatine kinase levels.  Major adverse cardiac events (MACE) 

occurred in 22% individuals with DCM, 18% developed end-stage heart failure and 9% 

SCD or equivalent. Skeletal myopathy was not associated with survival free of MACE in 

patients with DCM. Decreased left ventricle ejection fraction and increased left 

ventricular end-diastolic diameter at baseline were associated with MACE. Individuals 

without DCM had favorable prognosis without MACE or death during follow-up.  

 

CONCLUSIONS: DMD-associated DCM without severe skeletal myopathy is 

characterized by incomplete penetrance but high risk of MACE, including progression to 

end-stage heart failure and ventricular arrhythmias. DCM onset is the major determinant 

of prognosis with similar survival regardless of the presence of skeletal myopathy. 

 

 

 

Abstract Word count: 235 
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'One-sentence Summary' 

DMD-associated DCM without severe skeletal myopathy is characterized by incomplete 

penetrance but high risk of MACE, including progression to end-stage heart failure and 

ventricular arrhythmias. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



INTRODUCTION  

Dilated cardiomyopathy (DCM) is characterized by left ventricular (LV) enlargement and 

systolic dysfunction that cannot be attributed to abnormal loading conditions or coronary 

artery disease.1 Genetic testing can identify a mutation in 40-50% of DCM patients, 

affecting >40 genes that encode a heterogeneous group of proteins.2  

Mutations in the DMD gene that codes for the cytoskeletal protein dystrophin cause both 

DCM and skeletal myopathy (Duchenne and Becker’s muscular distrophy) independently 

or in combination.3,4  

Individuals with Duchenne muscular dystrophy, the most aggressive form of 

dystrophinopathy, present with skeletal muscle involvement early in childhood and loss 

of ambulation by 10 to 12 years of age5. Cardiac involvement in this population is well 

characterized, with end stage heart failure (HF) and respiratory failure as the main causes 

of death.4,6,7 In contrast, there are less data about cardiac disease in patients with milder 

skeletal myopathy phenotype (Becker muscular dystrophy [BMD]),4,8,9 and in those with 

isolated DCM without skeletal muscle impairment.3  

Available data on the clinical characteristics and prognosis of cardiac disease in patients 

with DMD mutations mostly derive from patients evaluated because of skeletal muscle 

disease but, in the absence of obvious muscular involvement, cardiomyopathy of DMD 

mutation carriers could be clinically indistinguishable from other types of DCM. 

Given the development of specific disease-modifying therapies to correct certain DMD 

mutations,10–12  there is a new imperative to better characterize DMD-associated DCM to 

facilitate tailored medical therapy.  

This study sought to describe the clinical profile and long-term cardiac outcomes of DCM 

patients and asymptomatic relatives with DMD mutations without severe skeletal 



myopathy by analysing a large cohort of patients recruited from an established 

international multicenter collaboration.13–15 

 

METHODS  

A chart review was performed in all patients (probands and available relatives) with a 

pathogenic or likely pathogenic DMD mutation followed at 26 referral centers 

(Supplementary material). Individuals were evaluated after myopathy and/or DCM 

diagnosis, or as part of family screening. Only individuals >13 years without diagnosis 

of Duchenne muscular dystrophy and who had at least one cardiac evaluation were 

included. Neuromuscular specialists at each center assessed the patients clinically. The 

presence of abnormal muscle examination together with loss of independent ambulation 

by the age of 13 years was consistent with the diagnosis of Duchenne muscular 

dystrophy4,5 (supplementary material).  

Data from the first and last clinical contact at each center were recorded. All patients had 

planned reviews every 6-12 months or more frequently if clinically indicated. The follow-

up for each patient was calculated from the date of first evaluation at a participating 

center, to the occurrence of a study endpoint, death from another cause, or the date of the 

most recent evaluation. DCM was defined as a left ventricular ejection fraction (LVEF) 

<50%1. 

Clinical, echocardiographic, electrocardiographic, Holter, and genetic data were 

collected. When available, data from the first cardiac magnetic resonance (CMR) were 

also obtained.  Details of clinical events occurring before the first clinical contact and 

during follow-up (including the timing of events) were recorded. Information about heart 

failure therapy at the last follow-up was collected in patients with DCM.  



Clinical events were defined as follows: device implantation (pacemaker, implantable 

cardioverter-defibrillator [ICD], or cardiac resynchronization therapy); supraventricular 

tachycardia (atrial fibrillation [AF] and atrial flutter); HF admission; left ventricular assist 

device (LVAD) implantation, heart transplantation (HT), sustained ventricular 

tachycardia (SVT), appropriate ICD shock, sudden cardiac death (SCD), aborted SCD, 

and death from any other cardiac or non-cardiac cause.  

Major adverse cardiac events (MACE) were defined as a composite of appropriate ICD 

shock, aborted SCD, SCD, LVAD implantation, HT and cardiac death. A composite of 

end-stage HF events (cardiac death secondary to HF progression, HT, and LVAD 

implantation) and of ventricular arrhythmic complications (SCD, aborted SCD and ICD 

shock) were also constructed.  

Presence of muscular weakness and serum creatine kinase (CK) levels were recorded 

when available, as well as date of BMD diagnosis when performed.  

 

Genetic analysis 

Deoxyribonucleic acid sequence analysis was performed through the participating 

institutions. Variants were categorized as copy number variations (CNVs) (deletions and 

duplications) and non-CNVs. Non-CNVs were subdivided in truncating (splicing, 

nonsense and frameshift variants) and non-truncating (missense and in-frame deletion 

variants). Pathogenicity of variants was established according to the current American 

College of Medical Genetics and Genomics guidelines.16,17  

 

Statistical analysis 

Continuous variables are presented as mean and standard deviation or median and 

interquartile ranges (IQR), as appropriate. Categorical data are reported as counts and 



percentages. For statistical analysis, Chi-square test or Fisher exact test were used for 

categorical variables. Student’s t-test and the Mann-Whitney nonparametric test were 

used in 2-group comparisons. Cumulative event-free survival was evaluated from 

baseline evaluation with Kaplan-Meier curves and hazard ratios were estimated by Cox 

proportional hazards regression. Univariate Cox proportional hazards models were 

created to identify factors associated with MACE during follow-up. Multivariable Cox 

proportional hazards modeling with variables that were statistically significant at the 0.05 

-level was subsequently performed to identify independent factors associated with 

MACE during follow-up. Survival was calculated from birth. A 2-sided p-value <0.05 

was considered statistically significant. Analysis was conducted using the 7 Stata SE 

package (version 14, Stata Corp, College Station, Texas). 

  



RESULTS 

 

The study cohort comprised 223 individuals (146 probands and 77 relatives; 83% males, 

33±15 years at first evaluation) from 178 families (range 1 to 9 individuals per family) 

firstly clinically evaluated from 1987 to 2018. Most individuals (172, 77%) had CNVs 

(deletions and duplications) in DMD. Non-CNVs were found in 51 patients (23%), of 

which 45 (20%) were truncating and 6 (3%) were non-truncating (table 1S and table 2S).  

 

DCM phenotype and changes in LV function during follow-up 

At baseline evaluation, 85 patients (38%) had DCM (52 with and 33 without skeletal 

myopathy) and 92 (41%) had isolated skeletal muscle disease. The remaining 46 

individuals (21%) had a normal clinical phenotype.  Most individuals were evaluated 

because of symptoms (n=138), including 16 heart failure admissions. 43 patients were 

evaluated in the context of family screening. Individuals with DCM at baseline were 

diagnosed at a mean age of 34.6±13.5 years (range 13 to 77 years). Findings in patients 

with DCM at first evaluation are shown in table 1. Most (97%) were in sinus rhythm, 

20% had QRS duration >120 ms and 39% showed negative T waves (mainly in inferior 

and inferolateral leads). Of note, LV wall motion abnormalities were reported in 46% of 

cases and isolated right ventricular involvement in the absence of DCM was not observed. 

213 subjects were followed for a median of 96 months (IQR: 5-311 months) and 10 

patients were lost to follow-up. A total of 27 individuals who had normal cardiac function 

at baseline developed DCM (85% males, mean age at DCM diagnosis 39.8±15.7 years), 

with a time interval between the first evaluation and DCM diagnosis of 7 years (IQR: 2-

14) (Figure 1). The presence of negative T waves on baseline ECG was the only baseline 

feature associated with DCM onset during follow up (40% vs 14%, p=0.003) (table 3S).  



Final occurrence of DCM in the entire cohort was 52% (n=112), with a mean age of 

diagnosis of 34.9±14.1 years (range 13-77 years). DCM penetrance by 30 and 40 years 

were 24% and 45%, respectively. Neither the clinical evidence of skeletal myopathy nor 

increased CK levels were associated with DCM appearance but DCM prevalence was 

higher among probands than relatives (57.5% vs 36.6%, p<0.01)(tables 3S and 4S).  Type 

of mutation was not associated with DCM diagnosis at any point and mean age at DCM 

diagnosis did not differ between type of mutations (34.7±13.9, 34.0±15.0 and 41.6±14.0 

years in CNV, truncating and non-truncating variants, respectively; p=0.4). Clinical 

characteristics and adverse events among patients carrying the three genetic variants 

present in >10 individuals were similar and comparable with the rest of the cohort (table 

5S).  

Concerning medical treatment of DCM patients, 94 (85.4%) and 13 (12.6%) subjects 

were treated with ACEI/ARB and sacubitril/valsartan, respectively, 98 (88.2%) received 

beta-blockers, 59 (53.6%) were on mineralocorticoid receptor antagonists (MRAs) and 9 

(8%) were on ivabradine. Only 4 patients were not receiving any HF medication due to 

hypotension and intolerance.  

Forty patients with DCM at initial evaluation presented a severely reduced LVEF at last 

follow-up (53% of patients with LVEF at last follow-up available) and only 6 (8%) with 

DCM at initial evaluation normalized LVEF.  

CMR studies were available in 145 patients (59 with DCM and 86 without DCM). CMR 

findings are shown in Table 6S. A total of 112 (85.5%) exhibited LGE without differences 

in the presence of LGE between patients with (91%) and without DCM (82%) (p=0.2). 

The presence of LGE in individuals without DCM was not associated with subsequent 

DCM diagnosis during follow-up (8% vs 7% of patients with new-onset DCM in LGE 

positive vs LGE negative groups; p=1.0).  



 

Clinical events 

A total of 25 individuals, all with DCM, (22% of DCM patients, 92% males) had MACE 

and 8 died (48±20 years). The causes of death were progressive HF (n=5; 62%), SCD 

(n=1), transplant rejection (n=1) and non-cardiac (n=1). Mean age at MACE was 

37.4±14.9 years (IQR:24-48) and 84% of MACE occurred in individuals ≤50 years. 

Figures 2A and 2B show survival curves for MACE for the entire cohort and for 

individuals with and without DCM. No adverse events were reported in patients without 

DCM. 

The end-stage HF composite endpoint was reached in 20 individuals (18% of DCM 

patients, mean age at event 36.2±15.2 years). At the end of follow-up, 34 patients (16%) 

had been admitted with HF and 21 (10%) were in NYHA class III-IV with 13 individuals 

showing worse NYHA class. Fifteen patients received a HT (7%; mean age 35±16 years) 

and 3 (1.5%) required LVAD implantation (2 as a bridge to HT and one as destination 

therapy). Among the 5 patients who died from end-stage HF one died while on HT 

waiting list due to donor shortage while the remaining 4 had other comorbidities that 

precluded inclusion in HT waiting list.  

The composite endpoint of arrhythmic events was reached by 10 individuals (9% of DCM 

patients, mean age at event 40.5±11.1 years). SVT occurred in 6 patients without ICD 

and 1 patient had an aborted SCD on presentation. Of the 112 patients with DCM, 40 

(36%) received an ICD (85% for primary prevention), and 18 (16%) received a CRT 

device. Nine patients had at least one appropriate ICD shock (8 for SVT and 1 for 

ventricular fibrillation) and one patient died because of an arrhythmic event. Of note, we 

did not observe any clinical characteristics significantly different between ICD patients 

with and without arrhythmic events. 



A total of 20 patients (10%) developed AF, and 7 received a pacemaker (3 for AV block, 

2 after AV node ablation, and 2 for unknown cause). Neurologic events were reported in 

7 patients with DCM, including 5 transient ischemic attacks and 2 strokes. 

 

DCM with skeletal myopathy vs isolated DCM 

Among 112 individuals who had DCM, 33 showed isolated DCM (67% males) whereas 

79 had DCM in combination with skeletal myopathy (99% males). Clinical characteristics 

are shown in Table 2. Patients with isolated DCM were evaluated for the first time later 

(41.9±17.6 vs 30.5±11.9 years; p=0.001) and exhibited an older mean age at DCM 

diagnosis (41.6±18 years vs 32.1±11.2 years; p=0.01). Baseline and final LVEF were 

similar in both groups while final left ventricular end-diastolic diameter (LVEDD) was 

greater among those with isolated DCM (60.5±9.7 vs 65.4±12.5 mm; p<0.01). The 

distribution of DMD mutations did not differ between groups. Increased CK levels (>200 

UI/L) were observed only in 48% and 71% of patients with isolated DCM at baseline and 

last follow-up, respectively.   

Although MACE were more frequent in patients with isolated DCM than in those with 

concomitant skeletal myopathy (35.5% vs 17.7%; p=0.046), there was no difference in 

survival free from MACE between both groups (Figure 2C). A detailed list of events can 

be found in Table 7S.  

 

DCM phenotype and clinical events in females  

A total of 37 female carriers were included in the study (9 index patients; 62% carrying 

CNVs; 44±16 years at first evaluation). In 8 women DCM was present at initial evaluation 

and 4 developed DCM during follow-up (DCM occurrence 32%). Only one female 

patient with DCM had concomitant skeletal myopathy (1/12, 8%) (online figure 1). Age 



at diagnosis of DCM was 52.2±16.9 years, later than in men (32.8±12.3; p<0.001). 

Distribution of age at DCM diagnosis by sex is shown in Figure 3. In 7 females with 

DCM (58%) cardiac symptoms were the reason for initial evaluation and were the index 

cases in their families (52±18 years at diagnosis). Only 3 women had BMD (in one case 

associated with DCM and preceding the diagnosis). Concerning clinical events, four 

patients had AF at baseline and 2 received a pacemaker during follow-up (1 for AV block 

and 1 for unknown cause) and one had a transient ischemic attack (in absence of AF). All 

events occurred in patients with DCM. Lastly, 2 women with DCM and without skeletal 

involvement had MACE (1 died due to end-stage HF and 1 received an appropriate ICD 

shock).   

 

Predictors of adverse events 

DCM patients with MACE and the end-stage HF composite endpoint tended to be 

younger at DCM diagnosis and had lower LVEF and higher LVEDD at first evaluation 

than DCM patients without MACE (Table 3; Table 8S). In contrast, patients with 

arrhythmic complications had similar age at DCM diagnosis, but still had lower LVEF 

and larger LVEDD at baseline compared with DCM patients without arrhythmic events 

(Table 9S). ECG features, CK levels and the presence of LGE did not differ between 

patients with or without MACE (Table 3), end-stage HF or ventricular arrhythmic events 

(Tables 8S and 9S).   

Finally, LVEF at baseline and age at DCM diagnosis were the only factors associated 

with MACE identified at multivariate Cox analysis (Table 10S). 

 

  



DISCUSSION 

 

In this large multicenter study of individuals with DMD mutations and without severe 

skeletal myopathy, 52% of patients had DCM at baseline or developed DCM during a 

median follow-up of 96 months, with an aggressive clinical course characterized by end-

stage HF and a non-negligible arrhythmic risk. The presence of DCM was the major 

determinant of prognosis and survival free of MACE was similar in DCM patients with 

and without skeletal myopathy (Graphical Abstract). ECG, echocardiographic features, 

LGE, CK levels and mutation type did not identify individuals who developed DCM 

during follow up. 

Dystrophin is a cytoplasmic structural protein essential to stabilize the interaction 

between the cytoskeleton, the cell membrane and the extracellular matrix.4 A lack of 

dystrophin results in sarcolemmal instability during the repeated cycles of contraction 

and relaxation with increased susceptibility to injury and fiber necrosis. Cardiac disease 

has been described in up to 70% of patients with BMD with a prevalence of DCM ranging 

between 21% and 66%.4,6,9 DMD-associated DCM with mild or absent skeletal 

involvement are often indistinguishable from other forms of DCM so the real incidence 

is unknown. Moreover, in the absence of overt muscular phenotype or in the case that 

cardiomyopathy precedes muscle involvement, these patients are often evaluated in non-

specialized cardiology clinics with little information about natural history and outcomes.  

Our study is the first to provide data on age-related penetrance of DCM in these patients. 

When compared to other genetic forms of DCM, age-related penetrance of DCM in DMD 

mutations carriers is lower compared to FLNC, BAG3 and LMNA associated DCM in 

which penetrance ranges between 60% to 100%.14,18,19 However, the mean age of DCM 

diagnosis is 35 years, which is comparable to other forms of inherited DCM but earlier 

than in DCM caused by TTN truncating variants (TTNtv).13 



The use of standard medical HF therapy is currently indicated as soon as DCM is 

demonstrated in DMD mutations carriers, and early initiation of ACEI before LV 

dysfunction appearance has shown to prevent ventricular remodeling and decrease 

mortality in Duchenne patients4,11. Although most patients with DCM in our cohort were 

treated with standard HF therapies, only 8% patients normalized LVEF and more than 

half progressed to severely reduced LVEF on follow-up in spite of active management. 

In line with this low rate of reverse remodeling, this study also shows that the prognosis 

is poor, with more than 20% of DCM patients suffering MACE, most of which were end-

stage HF events. These results suggest that DMD-associated DCM is a more aggressive 

disease than that caused by, for example, TTNtv, but similar to that described in LMNA 

and BAG3 associated DCM, despite differences in cohort compositions limit comparisons 

across published cohorts.13,14,18  Further studies would be needed to definitively assess 

what is the response to guideline-directed heart failure therapies by each genotype.  

Although the incidence of clinical relevant arrhythmias seems to be lower than that 

observed in LMNA, RBM20, and FLNC associated DCM,2,18,19 the incidence of 

ventricular arrhythmias was still relatively high. Of note, no arrhythmic events were 

reported in individuals with normal LVEF.  

The incidence of AF in this young population was also relatively high. The importance 

of this with respect to anticoagulation is uncertain as only 1 of the 7 individuals with 

neurologic events had atrial arrythmias. Nevertheless, it seems reasonable to assume that 

the threshold for considering prophylactic anticoagulants should be low in this 

population.  

We were unable to identify predictors of DCM onset during follow-up except increased 

number of negative T waves on ECG at baseline evaluation, most on lateral and inferior 

leads. Typical ECG changes of tall R waves with an increased R/S ratio in lead V1 and 



deep Q waves in leads I, aVL, and V5-6 is well known in dystrophinopathy, but no 

correlation with DCM presence has been established.4 The presence of T wave changes 

has been described as a nonspecific myocardial damage marker in a BMD cohort8 and 

abnormal LV repolarization has been reported in X-linked DCM patients,3 but this is the 

first time that ECG findings are reported to be useful in identifying individuals at higher 

risk of developing DCM and who might benefit from early treatment.  

 

Interestingly, LGE was observed at CMR in a large proportion of patients, but its presence 

was not associated with subsequent DCM onset or MACE. Transmural pattern of LGE 

has been previously reported to be associated with adverse events independently of LVEF 

in muscular dystrophy patients20 but LGE pattern and extent were not collected in our 

study. Recent studies have examined the value of the presence of LGE in predicting 

outcome in large non-ischemic DCM cohorts (with LVEF<50%), demonstrating that the 

extent, location and pattern of LGE is strongly associated with an increase in all-cause 

and cardiac death, mainly SCD and arrhythmic events, even regardless of LVEF 

values21,22. However, these cohorts include patients who may have different genetic, 

inflammatory or infiltrative substrates, with a well-known heterogeneous behavior and 

aggressiveness23. Additional studies are needed to combine CMR findings with  specific 

genetic substrates for an accurate prognostic stratification of genetic DCM subtypes. 

 

Previous studies in BMD patients showed that the severity and age of onset of 

cardiomyopathy do not correlate with the severity of musculoskeletal involvement.8 Here, 

we show that there is no difference in cardiac phenotype and survival free of MACE 

between patients with isolated DCM and those with DCM and concomitant muscular 

disease. Age at DCM diagnosis and sex distribution were the only clinical variables that 



differed between DCM patients with and without muscular involvement. The older age 

at DCM diagnosis in patients with isolated DCM could be explained by earlier and more 

frequent cardiac evaluations of patients with skeletal myopathy. 

 

Regarding gender, 32% of women with DMD mutations showed DCM at the end of 

follow-up, two of whom presented MACE. This is comparable to the prevalence reported 

in series of female carriers evaluated after the diagnosis of a first-degree male 

relative.11,24,25 As observed in other cohorts, female carriers exhibit a variable clinical 

course ranging from an asymptomatic course to overt DCM with mild symptoms or with 

end-stage HF or ventricular arrhythmic events. Unlike previous series,24–26 only 7 female 

carriers (19%) presented with clinically skeletal myopathy and/or elevated CK serum 

levels and 7 of the 12 female patients with DCM in this cohort were index patients. These 

findings could explain the older age of DCM diagnosis compared to males, since many 

women of this cohort were evaluated for the first time for isolated cardiac symptoms. Our 

results reinforce the need to screen for cardiomyopathy all female DMD mutation carriers, 

even in absence of symptoms or abnormal CK serum levels and underscore the variable 

phenotype that can be found in women with DMD mutations25. 

Currently, DMD-associated DCM is recommended to be suspected in the presence of 

male probands, X-linked recessive inheritance, and increased CK.2,3 In contrast to other 

reports,3 only 48% of our patients with isolated DCM had elevated CK levels at baseline, 

and a limited number referred muscular weakness. Furthermore, women accounted for 

one third of patients with isolated DCM and several women were the first individuals 

diagnosed in their families. Together our results underscore that clinicians should be 

aware of the broader and heterogenous clinical spectrum of DMD-associated DCM and 

DMD mutations (including CNVs) should be excluded in DCM patients even in the 



absence of the abovementioned classical features.  

 

Clinical Implications 

This study shows that DMD mutation carriers should be offered life surveillance to 

diagnose and manage cardiac complications. Patients with DMD-associated DCM should 

receive standard HF therapy, but the poor response seen means that many patients will 

need prompt assessment for HT or LVAD.27  

Substantial advances in treatment with various gene therapy approaches have occurred in 

recent years to improve dystrophin expression in skeletal muscle of DMD patients.10–12 

However, their impact on cardiac muscle has not been elucidated. The results of the 

current study show that there is a need to develop efficient therapies to patients with DMD 

associated DCM and provide a firm basis for clinical trials testing the efficacy of gene 

therapy in this condition.  

 

Limitations 

Participant centers are all specialized cardiac centers and the study is subject to selection 

and referral bias. Our study was not designed to evaluate response to individual HF 

treatments in patients with DCM and preventive treatments in carriers without DCM. 

Although HF drugs in DCM patients at last follow-up were obtained, time on each drug 

and mean doses received were not available. Furthermore, we did not collect standardized 

data on the pattern, distribution, and extent of LGE at CMR and could not evaluate the 

presence of LV hypertrophy in DMD associated DCM.   

 

 

 



Conclusions 

Penetrance of DCM in DMD mutations carriers without severe skeletal myopathy is 

incomplete, and expressivity variable. However, developing DCM is the major 

determinant of prognosis, and is associated with high risk of MACE, including 

progression to end-stage HF and ventricular arrhythmias, irrespective of the presence of 

skeletal myopathy. 
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Figures 

 

Figure 1. Flowchart of the study. Phenotype of individuals with DMD mutations during 

the study. DCM: dilated cardiomyopathy. 

 

Figure 2. Survival free of MACE. A. Freedom from MACE in all patients included in 

the study. B. According to the presence of DCM. C. According to muscular phenotype. 

 

Figure 3. Age at DCM diagnosis in individuals with DMD mutations according to 

gender. Box-plot diagram of age of DCM diagnosis reveals that DCM diagnosis in men 

is significantly earlier than in women (p<0.001).   

 

Graphical Abstract. Main Characteristics of DMD-associated DCM. DMD-associated 

DCM shows incomplete penetrance and a later diagnosis among DCM patients without 

concomitant skeletal myopathy. DMD mutations result in progressive cardiomyocyte 

death and fibrosis, leading to DCM. DCM onset is the major determinant of prognosis. 

Prognosis is similar among DMD DCM patients with or without skeletal muscle 

involvement.  

  



Table 1. Baseline Characteristics of Individuals with DMD mutations. 

 

    DCM at baseline    

  

Total Cohort 

(n=223) 

Absent   

(n=138) 

Present  

(n=85) 

p value                  

     

Male 186 (83.4) 109 (78) 77 (90.5) 0.02 

Age at first evaluation, years  33.3±15 32.5±16 34.5±13.3 0.3 

Type of mutation     0.05 

CNVs 172 111 (80.4) 61 (71.6)  

Truncating  45 26 (18.8) 19 (22.3)  

Non-truncating 6 1 (0.7) 5 (5.8)  

CK levels, UI/l  1886±2716 1958±2450 1754±3125 0.2 

Skeletal Myopathy  144 (64.5) 92 (66.6) 52 (61.1) 0.4 

NYHA III-IV 18 (8.2) 3 (2.4) 15 (18) <0.01 

Sustained VT  6 (3.1) 0 6 (8.7) <0.01 

ASCD presentation 2 (0.9) 0 2 (2.3) 0.14 

ECG     

Sinus rhythm  213/221 (96.3) 133 (97) 80 (97.5) 1 

PR duration, ms 142.3±21.1 141.1±18.5 144.6±25.5  0.7 

QRS duration >120ms 16 (8) 4 (3.6) 12 (20.3) <0.01 

Tall R wave in precordial 100/198 (50.5) 73 (58.8) 27 (36.4) <0.01 

Pathologic Q waves  63/204 (30.8) 43 (21) 17 (8.3) 0.1 

Neg. T-wave any lead 54/206 (26.2) 25 (19) 29 (39) <0.01 

Low QRS in limbs 17/179 (9.5) 4 (3.3) 13 (21.6) <0.01 

Echocardiogram      



LVEF, % 48.9±15.4  59.7±6.3 34±11.2 NA 

LVEDD, mm 53.9±10.1  48.3±6.5 62.6±8.6 NA 

LVWMA 40/203 (19.7) 6 (4.6) 34 (45.9) NA 

TAPSE, mm 21.4±3.7  22.5±3.6 20.3±3.5 NA 

 

Values are n (%) or mean±SD. ASCD = aborted sudden cardiac death; CNV = copy 

number variations; CK = serum creatine kinase; DCM = dilated cardiomyopathy; ECG = 

electrocardiogram; LVEDD = left ventricular end-diastolic diameter; LVEF = left 

ventricular ejection fraction; LVWMA = left ventricle wall motion abnormalities; MR = 

mitral regurgitation; NA = Not applicable; NYHA = New York Heart Association; 

TAPSE = tricuspid annular plane systolic excursion; VT = ventricular tachycardia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2. Characteristics of DCM subjects with DMD mutations according to the 

presence of skeletal myopathy. 

 

  

DCM with skeletal 

myopathy (n=79) 

Isolated DCM  

(n=33*) 

p-value 

    
Male 78 (98.7) 22 (66.6) <0.01 

Age at first evaluation, yrs  30.5±11.9  41.9±17.6 <0.01 

Age at DCM diagnosis, yrs 32.1±11.2 41.6±18 <0.01 

Age at last evaluation, yrs 39.8±12.7 47.4±17.2  0.01 

Type of mutation  

  

0.1 

CNV 60 (75.9) 22 (66.6) 

 
Truncating 14 (17.7) 11 (33.3) 

 
    Non-truncating 5 (6.3) 0  

CK levels >200 UI/L at first evaluation 74 (94.8) 12 (48) <0.01 

CK value >200 UI/L at last follow up 69 (95.8) 15 (71.4) <0.01 

NYHA III-IV at first evaluation 9 (11.8) 8 (25.8) 0.07 

NYHA III-IV at last follow up 11 (14.8) 9 (29) 0.1 

Muscle weakness at first evaluation 68 (86) 0 <0.01 

Muscle weakness at last follow up 72 (94.7) 2 (6.4) <0.01 

ECG 

   
Sinus rhythm at first evaluation 76 (100) 27 (90) 0.02 

Sinus rhythm at last follow up 68 (94.4) 28 (93.9) 1 

PR interval first evaluation, mm 140.5±24.1  146±23 0.2 

PR interval follow up, mm 149.2±22.9  162.2±27.1 0.05 

QRS interval first evaluation, mm 102.9±27.5 111.7±66.4 0.6 

QRS interval follow up, mm 118.6±28.5 115.3±35 0.01 



 

* Data reported at last follow up correspond to 31 patients (2 patients were lost for follow-

up).  Abbreviations as in Table 1. 

  

Tall R wave precordial first 

evaluation 36 (51.4) 5 (17.8) <0.01 

Tall R wave precordial follow up 30 (47.6) 5 (18.5) 0.01 

Negative T-wave any lead first 

evaluation 29 (40.8) 10 (35.7) 0.8 

Negative T-wave any lead follow up 29 (44.6) 9 (34.6) 0.4 

Echocardiogram  

   
LVEF at first evaluation, % 39.6±14.4 36.6±13.9 0.2 

LVEF at last follow up, % 37.5±10.7 33.4±13.8 0.1 

LVEDD at first evaluation, mm 59.3±9.4 62±9.9 0.3 

LVEDD at last follow up, mm 60.5±9.7 65.4±12.5 <0.01 

TAPSE baseline, mm 20.7±3.1 20.4±4.1 0.6 

TAPSE at last follow up, mm 20±4.9 18.3±4 0.12 



Table 3. Characteristics of DCM patients with DMD mutations with and without 

MACE during follow up. 

 

  

DCM patients 

without MACE 

(n=85) 

DCM patients 

with MACE 

(n=25) 

p-value 

 
   

Male  77 (90.5) 23 (92) 1 

Proband 61 (71.7) 22 (88) 0.1 

Age at DCM diagnosis, yrs 35.7±13.7 30.7±13.0 0.09 

Skeletal Myopathy 65 (76.4) 14 (56) 0.04 

Isolated DCM 20 (23.5) 11 (44) 0.04 

Type of mutation     

   CNV 66 (77.6) 14 (56) 0.07 

   Truncating PM 16 (18.8) 9 (36) 0.07 

   Non-truncating PM 3 (3.5) 2 (8) 0.07 

CK levels al baseline, UI/l 2233±3497 2266±3689 0.7 

CK levels ≥200 UI/L at baseline 69 (84.1) 17 (85) 1 

NSVT on ECG holter 17 (47) 5 (83.3) 0.18 

ECG    

QRS duration at baseline, ms 101.2±27.8 126.1±83 0.2 

Tall R wave in precordial 

leads at baseline 

36 (45) 5 (31.2) 0.4 

Neg T-wave any leads at 

baseline 

31 (38.7) 8 (47) 0.5 

Echo and CMR    



LVEF at baseline, % 42.2±13.6 27±10.1 <0.01 

LVEDD at baseline, mm 57.2±8.2  70.2±6.4 <0.01 

TAPSE at baseline, mm 21.3±3.3 18±3 <0.01 

Presence of LGE, n (%) 52 (89.6) 3 (100) 1 

 
   

Abbreviations as in Table 1 and 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 1. Flowchart of the study. Clinical events and phenotype of individuals during the 

study. DCM: dilated cardiomyopathy 

 

 

 
 

 

 

 

 

 

 

 

  

 

 

 

 



Figure 2. Survival free of MACE. A. Freedom from MACE in all patients included in the study. 

B. According to the presence of DCM. C. According to muscular phenotype. 

 



 

Figure 3. Age at DCM diagnosis in individuals with DMD mutations according to gender. 

Box-plot diagram of age of DCM diagnosis reveals that DCM diagnosis in men is significantly 

earlier than in women (p<0.001).   

 

 

 

 

 

 

 

 

 

 

 

 

  



Graphical Abstract. Main Characteristics of DMD-associated DCM. DMD-associated DCM shows incomplete penetrance and a later diagnosis among DCM 

patients without concomitant skeletal myopathy. DMD mutations result in progressive cardiomyocyte death and fibrosis, leading to DCM. DCM onset is the 

major determinant of prognosis. Prognosis is similar among DMD DCM patients with or without skeletal muscle involvement.  

 

 

DCM: dilated cardiomyopathy; DMD: dystrophin gene; HF: heart failure; HT: heart transplantation; ICD: implantable cardioverter-defibrillator; LVAD: left ventricular assist device; SCD: sudden 

cardiac death.  


