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ABSTRACT

BACKGROUND Myotonic dystrophy type 1 (DM1) is associated with progressive cardiac conduction abnormalities 
(CCAs) and arrhythmias. Although genetic anticipation and CTG repeat length influence disease severity, sex-related 
differences in cardiac involvement remain underexplored.

OBJECTIVES We aimed to investigate sex differences in cardiac outcomes in a large cohort of adult DM1 patients and 
assess whether these differences persist after adjustment for generational effects.

METHODS Clinical data from 549 DM1 patients followed at 16 inherited cardiac disease clinics in Spain were analyzed. 
The primary endpoint was a composite of lifetime CCA development, device implantation, major ventricular arrhythmias, 
and cardiac syncope. Secondary endpoints included overall survival, atrial fibrillation (AF), and device implantation. Birth 
cohort (representing generation) was used as a surrogate for underlying genetic burden, as later generations tend to 
accumulate larger CTG expansions.

RESULTS When compared to females, males had a higher cumulative incidence of the primary endpoint (subdistri-
bution HR [sHR]: 1.50; 95% CI: 1.12-2.00; P = 0.006), device implantation (sHR: 1.49; 95% CI: 1.04-2.14; P = 0.029) 
and AF (sHR: 2.19; 95% CI: 1.36-3.53; P = 0.001). Males more commonly presented with first-degree atrioventricular 
block compared to females (46.7% vs 37.9%; P = 0.037), but there was no significant difference in second- or third-
degree atrioventricular block or QRS $120 ms. Sex differences in primary endpoint, device implantation, and AF per-
sisted after generational adjustment (all P < 0.05). Overall survival was similar between sexes (P = 0.472).

CONCLUSIONS In this large DM1 cohort, male sex was associated with a higher cumulative incidence of earlier 
CCA, device implantantion, and AF, beyond generational/genetic effects. These findings support sex-informed
risk stratification. (JACC Adv. 2026;5:102771) © 2026 The Authors. Published by Elsevier on behalf of the American 
College of Cardiology Foundation. This is an open access article under the CC BY license (http://creativecommons.org/ 
licenses/by/4.0/).
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M yotonic dystrophy type 1 (DM1) 
(Steinert’s disease; OMIM 

160900) is the most prevalent 
adult-onset muscular dystrophy. 1 This auto-
somal dominant disorder arises from an 
unstable CTG trinucleotide repeat expansion 
in the myotonic dystrophy protein kinase
gene, and manifests with a broad spectrum 

of neuromuscular and multisystem involve-
ment, including progressive muscle weak-
ness, myotonia, cataracts, respiratory 
insufficiency, endocrine disturbances, cogni-
tive impairment, and cardiac disease. 2-4 The 
size of the CTG expansion generally corre-
lates with disease severity, with mildly 
affected individuals typically carrying 50 to 
100 repeats, and more severely affected pa-
tients harboring 100 to 1,000 repeats. 2 

Across generations, CTG repeats tend to expand, giv-
ing rise to genetic anticipation, characterized by 
earlier onset and more severe manifestations in suc-
cessive generations. 5,6

Cardiac involvement in DM1 is a major determi-
nant of morbidity and mortality, particularly due to 
conduction abnormalities and arrhythmias, which 
may progress insidiously and are often independent 
of peripheral muscle involvement. 7,8 Current DM1 
registries face persistent challenges in elucidating 
the nature and predictors of cardiac involvement, a 
gap that is particularly critical as research advances 
toward therapeutic development. 9

Large DM1 cohorts have highlighted the impact of 
age at diagnosis, generational cohort, and CTG repeat 
length on the timing and severity of cardiac con-
duction disease, and these factors are increasingly 
recognized as key determinants of cardiac risk. In 
this context, birth cohort (representing generation) 
can be used as a pragmatic surrogate for underlying 
genetic burden, as later generations tend to accu-
mulate larger CTG expansions and show earlier and 
more severe phenotypes. 10 However, sex-specific 
differences in DM1 manifestations have been less 
thoroughly explored. Previous studies suggest that 
male may experience worse survival and
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neuromuscular and cardiopulmonary prognosis, 9 

with more severe myotonia, cardiac involvement, 
respiratory impairment, and muscle weakness, 
whereas female more frequently present cataracts, 
dysphagia, gastrointestinal dysfunction, inconti-
nence, thyroid disorders, and obesity. 9,11-14 However, 
robust data on sex-specific differences in cardiac 
conduction abnormalities(CCAs), arrhythmic events, 
and device implantation—particularly after account-
ing for generational and genetic factors—remain 
limited. A better understanding of these differences 
is clinically relevant, as it may support sex-specific 
surveillance strategies and tailored risk stratification.

In this study, using a large, nationwide DM1 
cohort, the aim was to investigate sex-specific dif-
ferences in cardiac involvement, focusing on the 
occurrence and timing of CCAs, arrhythmias, and 
device implantation. To approximate underlying ge-
netic burden, patients were additionally stratified by 
birth cohort into 3 generations, previously shown to 
mirror the progressive expansion of CTG repeats and 
the anticipation phenomenon. This design allowed 
assessment of whether sex-related differences in 
cardiac outcomes persist after adjustment for gener-
ational effects as a surrogate for genetic severity.

METHODS

STUDY POPULATION. This analysis used the identical 
multicenter cohort of 549 adult DM1 patients (mean 
age at diagnosis 33.6 ± 16.2 years; 48.1% female) with 
definite diagnosis based on clinical/neurophysiolog-
ical features and/or genetic CTG confirmation, fol-
lowed at the same 16 Spanish inherited cardiac disease 
units/cardiomyopathy clinics as in Lorca et al. 10 They 
were followed at 16 inherited cardiac disease units and 
cardiomyopathy clinics in Spain. Exclusion criteria 
were identical: congenital and childhood-onset 
forms, those without cardiovascular evaluation/ 
follow-up data, or registry refusers.

The multicenter study was approved by the Local 
Ethics Committee (CEImPA 2023.206) and conformed 
to the 1964 Declaration of Helsinki principles and its 
later amendments. The authors from each partici-
pating center guarantee the integrity of the data.

DATA ACQUISITION. Data collection mirrored the 
standardized, anonymized process detailed in Lorca 
et al, 10 including demographics (age, sex, diagnosis 
reason, and family history), neuromuscular status 
(muscular involvement and wheelchair use), cardio-
vascular tests (electrocardiogram [ECG], 24-h Holter, 
echocardiogram, and electrophysiological studies at 
baseline/follow-up/last visit), events, and available 
CTG repeats. Atrial fibrillation (AF) detection

included any validated method according to guide-
lines (ECG, Holter monitoring, or implantable de-
vices). 15 Device implantation—either pacemaker (PM) 
or implantable cardioverter-defibrillator (ICD)—as 
well as the indication and timing of electrophysio-
logical studies, were left to clinician judgment ac-
cording to local clinical practice at each participating 
center and in line with contemporary guidelines. 5,6 

Decisions regarding device therapy similarly 
involved shared decision-making, ensuring that pa-
tient values and preferences were explicitly consid-
ered when discussing potential benefits and risks.

STUDY ENDPOINTS. The primary endpoint was to 
compare a composite of adverse cardiovascular 
events between sex, including CCAs development 
over the lifetime, device implantation (PM and/or 
ICD), major ventricular arrhythmias (MVA), and/or 
cardiogenic syncope. 10

CCAs were considered when at least 1 of the 
following features was present: 1) first-degree atrio-
ventricular block (AVB) (AVB-I) defined by PR inter-
val of 200 ms plus QRS duration of 120 ms or more, 
including right and left bundle branch blocks; 2) HV 
interval equal to or longer than 70 ms in electro-
physiological evaluation; and 3) second-degree or 
third-degree AVB (AVB-II or AVB-III). 10

MVA included documented sudden cardiac death, 
aborted sudden cardiac death, sustained ventricular 
tachycardia and ventricular fibrillation. 10

Patients were stratified by the same generations 
(1920-1965 [1st], 1966 to 1990 [2nd], and 1991 to 2015 
[3rd]) as previously. 10

Secondary endpoints were a comparison of overall 
survival, device implantation and AF over lifetime. 
AVB-I, AVB-II, AVB-III, and QRS prolongation were 
also evaluated separately.

STATISTICAL ANALYSES. Categorical variables are 
presented as counts and percentages, and continuous 
variables as mean ± SD or median with IQR, as 
appropriate according to their distribution. Between-
group comparisons were performed using the 
chi-square test or Fisher exact test for categorical 
variables, and the Student’s t-test or Mann-Whitney 
U test for continuous variables, as appropriate. 

Time-to-event analyses were conducted to eval-
uate the association between sex (male vs female) 
and study outcomes. Kaplan-Meier methods were 
initially used to estimate event-free survival, and 
groups were compared using the log-rank test. 

Given the potential competing risk of death, cu-
mulative incidence functions were estimated for the 
primary endpoint and key secondary outcomes 
(AF, device implantation, and AVB-I), and
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comparisons between groups were performed using 
the Gray test. Subdistribution hazard models ac-
cording to Fine and Gray were used to assess the 
association between sex and these outcomes, ac-
counting for death as a competing event. Sub-
distribution HR (sHR) >1 indicates a higher 
subdistribution hazard (cumulative incidence) of the 
event.

Multivariable analyses were performed using Cox 
proportional hazards regression models to estimate 
HRs and 95% CIs for outcomes not analyzed under 
competing risk assumptions. Cox HR > 1 indicates 
higher cause-specific hazard. Multivariable Fine-Gray 
and Cox analyses were adjusted for generation (1920-
1965, 1966-1990, and 1991-2015) as a surrogate of ge-
netic burden. Proportional hazards/subdistribution 
assumptions verified using Schoenfeld residuals. 

Follow-up time and number of visits are presented 
as median (IQR) due to their expected non-normal 
distribution. Missing data were handled using 
complete-case analysis.

All tests were 2-sided, and a P value <0.05 was 
considered statistically significant. Statistical ana-
lyses were performed using Stata/IC (version 15.1, 
StataCorp).

RESULTS

STUDY POPULATION. Clinical information on 549 
DM1 patients was submitted from 16 Spanish

hospitals. The general characteristics of the baseline 
cohort displayed divided by male and female is pre-
sented in Table 1. Nearly half of the patients were 
females (48.1%). The median follow-up duration was 
11.10 years (IQR: 7.05-14.47), during which a median 
of 5 visits including ECGs (IQR: 3-8) were performed. 
There were no significant differences between groups 
in terms of age at diagnosis, muscular affectation/ 
need of wheelchair or in the number of CTG triplet 
expansion (Table 1). Although family screening was 
the main reason for DM1 diagnosis, when compared 
to males, females were significantly more often 
diagnosed due to symptoms (Table 1).

During lifetime, the cumulative incidence of the 
primary composite endpoint was higher in males 
compared with females with DM1, after accounting 
for death as a competing event (Central Illustration) 
(sHR: 1.50; 95% CI: 1.12-2.00; P = 0.006). The mean 
time from baseline to the primary endpoint was 
3.46 years (SD: 7.33).

However, overall survival did not differ signifi-
cantly between male and female patients (Figure 1A). 
The cumulative incidence of device implantation was 
higher in males (Figure 1B) (sHR: 1.49; 95% CI: 1.04-
2.14; P = 0.029). Likewise, the cumulative incidence 
of AF (Figure 1C) (sHR: 2.19; 95% CI: 1.36-3.53; 
P = 0.001) and AVB-I (Figure 1D) (sHR: 1.40; 95% CI: 
1.08-1.81; P = 0.011) was higher in males. No statis-
tically significant differences were observed in QRS 
prolongation (Cox HR: 1.33; 95% CI: 0.98-1.80;

TABLE 1 Clinical Characteristics of the Cohort DM1 Patients, Displayed by Sex

Total 
(N = 549)

Male 
(n = 285)

Female 
(n = 264) P Value

Age at diagnosis, y (±SD) 33.6 (±16.2) 32.8 (±17.0) 34.6 (±15.1) 0.193
Reason for diagnosis 0.018 a

Family screening 309 (56.3%) 176 (61.8%) 133 (50.4%)
Symptoms 226 (41.2%) 104 (36.5%) 122 (46.2%)
Casual 14 (2.6%) 5 (1.8%) 9 (3.41%)

Muscular affectation 487 (88.7%) 257 (90.2%) 230 (87.1%) 0.259
Wheelchair 53 (9.7%) 34 (11.9%) 19 (7.2%) 0.061
Active worker 217 (51.3%) 109 (50.9%) 108 (51.7%) 0.879
CTG-expansion 234.95 (±388.8) 261.95 (±465.0) 207.96 (±292.8) 0.251
Deaths (all-cause of death) 66 (12.00%) 37 (13.0%) 29 (11.0%) 0.472
Mean age at death 59.06 (±10.8) 58,08 (±11.4) 61.6 (±8.9)
CV deaths/deaths 12 (18.18%) 8 (21.6%) 4 (13.8%) 0.413
Mean age at CV death 58.40 (±13.5) 54.9 (±13.4) 65.2 (±13.4)
Generations 0.115

1920-1965 155 (28.23%) 84 (31.82%) 71 (24.91%)
1966-1990 322 (58.65%) 147 (55.68%) 175 (61.40%)
1991-2015 72 (13.11%) 33 (12.50%) 39 (13.68%)

Values are mean (±SD) or n (%). P values compare male and female. Cardiovascular (CV) deaths refer to deaths attributed to cardiovascular causes. CTG expansion indicates 
the number of CTG trinucleotide repeats. a Statistical significance was defined as P < 0.05.

DM1 = myotonic dystrophy type 1.
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P = 0.065), CCA (HR: 1.38; 95% CI: 0.99-1.92; 
P = 0.059), and syncope or MVA (HR: 1.66; 95% CI: 
0.75-3.67; P = 0.207).

Multivariable Fine-Gray competing risk analysis 
for the primary endpoint confirmed male sex as an 
independent predictor (sHR: 1.39; 95% CI: 1.02-1.88; 
P = 0.034) after adjustment for generation, reason for 
diagnosis and wheelchair use (Table 2). Third gener-
ation showed higher risk vs reference (sHR: 3.36; 
95% CI: 2.4-4.67; P < 0.001), whereas wheelchair use 
(sHR: 1.62; 95% CI: 1.05-2.5; P = 0.028) and symp-
tomatic diagnosis were also independently associ-
ated (sHR: 0.7; 95% CI: 0.52-0.94; P = 0.019). These 
results confirm that sex differences persist after 
comprehensive multivariable adjustment beyond 
generational/genetic effects.

Most patients with DM1 underwent PM implanta-
tion (19.7%), whereas ICD implantation was less

frequent (4.0%) (Table 3). The prevalence of AF was 
higher in male patients (17.9% vs 9.1%; P = 0.003) 
(Table 3). Of the 75 AF cases, the detection method 
was available in 74: 59 (79.7%) were identified by ECG 
or Holter monitoring and 15 (20.3%) through 
implanted devices. Device-detected AF showed a 
similar distribution between sexes (male 18.0% vs 
female 25.0%; P = 0.543).

No statistically significant differences were 
observed between sexes in the incidence of AVB-II, 
AVB-III, or QRS prolongation $120 ms (Table 3). 
However, the incidence of AVB-I was higher in male 
patients.

Indications for PM implantation (conduction 
disturbance on ECG, prolonged HV interval, 2:1 AV 
block, AVB-III, syncope) and for ICD implantation 
(primary vs secondary prevention) were similar be-
tween groups (P = 0.846 and P = 0.055), suggesting

CENTRAL ILLUSTRATION Overview of the Multicenter Registry and Sex-Specific Cardiac Event Burden
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syncope/major ventricular arrhythmias).

J A C C : A D V A N C E S , V O L . 5 , N O . 5 , 2 0 2 6 Alen et al
M A Y 2 0 2 6 : 1 0 2 7 7 1 Sex-Based Cardiac Differences in DM1: Multicentre Study

5



that differences in device indications are unlikely to 
account for the observed outcome differences 
(Table 4).

The associations between sex and the primary 
endpoint remained consistent after adjustment for 
generation at diagnosis, supporting that these find-
ings are independent of genetic anticipation.

DISCUSSION

In this large cohort of 549 adults with DM1, males 
showed higher cumulative incidence of the primary 
composite endpoint (sHR: 1.50; 95% CI: 1.12-2.00; 
P = 0.006), device implantation (sHR: 1.49; 95% CI: 
1.04-2.14; P = 0.029), AVB-I (sHR: 1.40; 95% CI: 1.08-
1.81; P = 0.011), and AF (sHR: 2.19; 95% CI: 1.36-3.53; 
P = 0.001), after accounting for competing risk of 
death (Central Illustration, Figure 1). No sex differ-
ences were observed in overall survival (P = 0.472), 
QRS prolongation (sHR: 1.33; P = 0.065), CCA (HR: 
1.38; P = 0.059), or syncope/MVA (HR: 1.66; 
P = 0.207). Baseline clinical profiles and CTG repeat 
lengths between male and female were comparable. 
These patterns confirm higher conduction disease 
and AF burden in males, driving greater device needs 
without increased mortality or ventricular risk.

A key strength of the present analysis is multi-
variable adjustment for generational cohort, used as

FIGURE 1 Sex-Based Cardiac Outcomes in Myotonic Dystrophy Type 1

(A) Kaplan–Meier curves show overall survival. Cumulative incidence functions accounting for death as a competing risk are shown for (B) device implantation, (C) 
atrial fibrillation, and (D) first-degree atrioventricular block (AVB-I). Curves are stratified by sex. Numbers at risk are displayed below each pane.

TABLE 2 Multivariable Fine-Gray Competing Risk Analysis (Primary Endpoint)

Covariate sHR Robust SE z P Value 95% CI

Sex (male) 1.39 0.22 2.12 0.034 1.02-1.88
Generations 3.36 0.56 7.2 0.000 2.40-4.67
Reason for diagnosis 0.70 0.12 − 2.34 0.019 0.52-0.94
Wheelchair 1.62 0.36 2.19 0.028 1.05-2.50

Multivariable competing risk analysis using the Fine-Gray model for the primary endpoint. Male sex (sHR = 1.39; 
P = 0.034), generation (sHR = 3.36; P < 0.001), and wheelchair use (sHR = 1.62; P = 0.028) are associated 
with a higher risk of the event.

sHR = subdistribution HRz.
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a surrogate for genetic burden and genetic anticipa-
tion. Prior analysis 10 showed that later generations, 
younger diagnosis, and larger CTG expansions were 
associated with earlier/severe cardiac events (eg, 
primary endpoint HR 35.3, 3rd vs 1st generation). 
Here, male sex effects on primary endpoint, devices, 
AVB-I, and AF persisted after generational adjust-
ment (all P < 0.05), despite similar CTG lengths be-
tween sexes (P = 0.251) (Table 1). This isolate sex as 
an independent modifier beyond genetic burden, 
implicating hormonal, biological, or conduction-
specific vulnerabilities.

Large DM1 registries 7,16-25 established conduction 
disease dominance, but sex-stratified analyses 
remain scarce. Notably, large registries such as Wahbi 
et al (n = 1,388), 18 Chong-Nguyen et al (n = 855), 22 

and Groh et al (n = 406) 23 have established conduc-
tion disease as the dominant cardiac feature, yet few 

incorporated sex-stratified analyses. Our findings 
align with Dogan et al. 11,12 (higher male conduction 
hospitalizations), Zhong et al 13 (4.8-year earlier male 
onset), Garibaldi et al 14 (male conduction risk inde-
pendent of genetics), Cudia et al 26 (male arrhythmic 
risk OR: 2.17); and others. 9,27

It is known that the prevalence of AF in the general 
population is around 2% to 4%, with significant dif-
ferences between sexes and a progressive increase in 
incidence with age, reaching a prevalence of 1 in 3 from 

the age of 55 onwards. 28,29 Notably, AF prevalence in 
this cohort (13.7%) exceeded benchmarks like 
the 3,677-patient review (10.9%; male-favoring 25 ), 
aligning with a 96-patient study showing female pro-
tection (HR: 0.08) vs younger age (HR: 0.95/year) and

CTG length (HR: 1.09/50 repeats; AF 28%, atrial flutter 
8%, overlap 6/37). 30 Device rates (PM 19.7%, ICD 4%) 
also surpassed literature reports (4.1%, 1.1% 17 ), again 
with a male ICD predominance (P = 0.015). These 
findings are consistent with the greater burden of 
conduction disease and AF observed in male, more 
pronounced than in the general population. They 
extend previous evidence by demonstrating these 
differences in a large, well-characterized cohort and 
further support a sex-specific vulnerability of the 
conduction system in DM1. There is a well-described 
sex disparity in ICD/PMs implantation rates, not fully 
explained by epidemiological differences in the

TABLE 3 Study Endpoints and Cardiac Conduction Abnormalities, Displayed by Sex

Total 
(N = 549)

Male 
(n = 285)

Female, 
(n = 264) P Value

Results
Primary endpoint 182 (33.15%) 106 (37.19%) 76 (28.79%) 0.037 a

Secondary endpoint: Overall survival 66 (12.02%) 37 (12.98%) 29 (10.98%) 0.472
Secondary endpoint: Atrial fibrillation 75 (13.66%) 51 (17.9%) 24 (9.1%) 0.003 a

Secondary endpoint: Device implantation 
Pacemaker implantation 108 (19.7%) 61 (21.4%) 47 (17.8%) 0.289
Implantable cardioverter defibrillator 22 (4.0%) 17 (6.0%) 5 (1.9%) 0.015 a

Cardiac conduction abnormalities
AVB-I 233 (42.4%) 133 (46.7%) 100 (37.9%) 0.037 a

AVB-II 30 (5.5%) 18 (6.3%) 12 (4.5%) 0.362
AVB-III 10 (1.8%) 5 (1.9%) 5 (1.8%) 0.903
QRS $120 mseg 170 (31.0%) 95 (33.3%) 75 (28.4%) 0.213

Values are n (%). P values compare male and female. The primary endpoint reflects the composite outcome defined in the Methods section. Secondary endpoints include 
overall survival, atrial fibrillation, and device implantation. Cardiac conduction abnormalities were assessed by serial electrocardiograms. a Statistical significance was defined 
as P < 0.05.

AVB-I = first-degree atrioventricular block; AVB-II = second-degree atrioventricular block; AVB-III = third-degree atrioventricular block.

TABLE 4 Indications for Pacemaker and Implantable Cardioverter-Defibrillator Implantation

Indications for PM Implantation

Total 
(N = 108)

Male 
(n = 61)

Female 
(n = 47) P Value

Conduction disturbance in ECG 12 (11.11%) 7 (11.11%) 5 (10.64%) 0.846
Prolonged HV interval 10 (9.26%) 8 (13.11%) 2 (4.26%)
2:1 AV block 35 (32.41%) 16 (26.23%) 19 (40.43%)
Third-degree AV block 40 (37.04%) 22 (36.07%) 18 (38.30%)
Syncope 11 (10.19%) 8 (13.11%) 3 (6.38%)

Indications for ICD Implantation

All 
(N � 22)

Male 
(n � 17)

Female 
(n � 5) P Value

Primary prevention 17 (77.27%) 15 (88.24%) 2 (40.0%) 0.055
Secondary prevention 5 (60.0%) 2 (11.76%) 3 (60%)

Values are number of patients and stratified by sex. Pacemaker (PM) indications included conduction distur-
bances on electrocardiogram (ECG), prolonged His–ventricle (HV) interval, 2:1 atrioventricular (AV) block, third-
degree AV block, and syncope. ICD implantation was performed for primary or secondary prevention of sudden 
cardiac death.
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prevalence of cardiomyopathies, which could imply 
undertreatment of female. 31,32

Several mechanisms may explain these differ-
ences. Maternal inheritance drives severe expansions 
via female germline instability, 3,33 yielding "classic" 
male phenotypes (myotonia, cardiac/respiratory is-
sues) vs female extramuscular features, enabling 
occult transmission. 12 Sex-dependent oxidative 
stress 34 or hormonal disparities 11 could further 
amplify male cardiac risk, as generational/CTG 
adjustment affirms.

From a clinical perspective, these results have 
several implications. First, male sex in DM1 emerges 
as a readily available risk marker for intensified sur-
veillance, earlier electrophysiological study, 35 or de-
vice requirement, even when generational and 
genetic context are considered. Equivalent female 
vigilance remains essential given substantial 
morbidity. These findings expose important limita-
tions of current risk-stratification algorithms in DM1, 
which do not yet incorporate sex, generational 
cohort, or CTG repeat length as formal risk-modifying 
factors. The present findings argue for future guide-
line updates and prospective studies to evaluate 
whether sex- and generation-informed algorithms 
can better identify high-risk DM1 patients and opti-
mize timing of device therapy and arrhythmia 
prevention.

Further research, including prospective trials, 
validating sex-generation-informed algorithms for 
high-risk patient identification and optimized de-
vice/arrhythmia management are imperative. Mech-
anistic studies incorporating detailed genetics 
(somatic instability), hormonal profiling, longitudi-
nal clinical, and electrophysiological phenotyping 
will elucidate underlying pathways and may refine 
precision strategies in DM1.

STUDY LIMITATIONS. This retrospective analysis 
shares limitations of the source cohort. 10 Detailed 
information on center-specific protocols (including 
standardized criteria for electrophysiology study) 
and on cardiovascular and noncardiovascular 
comorbidities was not systematically available, 
which may have introduced heterogeneity in clinical 
practice, selection bias, and residual confounding. In 
addition, the multicenter design spanning decades 
may have generated variability in screening

intensity, device implantation thresholds, and ge-
netic testing. Although this is the largest national 
DM1 cohort described to date, small numbers of 
events in some subgroups limit power for rare out-
comes and preclude full generalization. CTG repeat 
length was only available in approximately 50% of 
patients and somatic mosaicism was not systemati-
cally assessed, potentially underestimating genetic 
effects. Finally, no central adjudication of events or 
syncope was performed, and unmeasured con-
founders (eg, surveillance bias) may have influenced 
timing differences, underscoring the need for pro-
spective validation in diverse populations. Finally, 
AF detection relied on any available method (ECG, 
Holter, or device detection), with device-detected 
cases (20.5%) potentially introducing detection bias 
given the higher implantation rate in male.

CONCLUSIONS

In this large DM1 cohort, male sex was associated 
with higher cumulative incidence of earlier CCAs, 
device implantation needs, and AF—persisting 
beyond generational/genetic effects. 10 These findings 
advocate sex- and generation-informed risk stratifi-
cation, intensified monitoring in males, and integra-
tion into DM1 guidelines alongside generational 
factors for optimized cardiac surveillance.
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