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Aims To evaluate the clinical effectiveness of routine 24 h Holter monitoring to screen for conduction disturbances and ar
rhythmias in patients with myotonic dystrophy type 1 (DM1).

Methods 
and results

A retrospective two-centre study was conducted including DM1-affected individuals undergoing routine cardiac screen
ing with at least one 24 h Holter monitoring between January 2010 and December 2020. For each individual, the follow
ing data were collected: Holter results, results of electrocardiograms (ECGs) performed at the same year as Holter 
monitoring, presence of cardiac complaints, and neuromuscular status. Holter findings were compared with the results 
of cardiac screening (ECG+ history taking) performed at the same year. Cardiac conduction abnormalities and/or ar
rhythmias that would have remained undiagnosed based on history taking and ECG alone were considered de novo find
ings. A total 235 genetically confirmed DM1 patients were included. Abnormal Holter results were discovered in 126 
(54%) patients after a mean follow-up of 64 + 28 months in which an average of 3 + 1 Holter recordings per patient 
was performed. Abnormalities upon Holter mainly consisted of conduction disorders (70%) such as atrioventricular (AV) 
block. Out of 126 patients with abnormal Holter findings, 74 (59%) patients had de novo Holter findings including second- 
degree AV block, atrial fibrillation/flutter and non-sustained ventricular tachycardia. Patient characteristics were unable 
to predict the occurrence of de novo Holter findings. In 39 out of 133 (29%) patients with normal ECGs upon yearly 
cardiac screening, abnormalities were found on Holter monitoring during follow-up.

Conclusion Twenty-four hour Holter monitoring is of added value to routine cardiac screening for all DM1 patients.
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Introduction
Myotonic dystrophy type 1 (DM1, also known as Steinert disease) is 
a highly variable neuromuscular disease with frequent cardiac in
volvement.1 DM1 is caused by a cytosine-thymine-guanine 
(CTG)-repeat expansion on chromosome 19 and symptom severity 
has been demonstrated to correlate with increasing repeat 
lengths.2,3 At present, curative or disease modifying treatment op
tions are still unavailable, and disease management focusses on early 
detection of organ complications and improving quality of life.

Since as many as 50% of DM1 patients may experience cardiac in
volvement, and arrythmias are among the most frequent causes of 
death in the DM1 population, cardiac screening is a significant part 
of disease management.1,4 Even though strict guidelines on the car
diac management of DM1 are still lacking, consensus-based care re
commendations describe the necessity of annual screening through 
history taking and electrocardiogram (ECG).5,6 Apart from ECG, 
routine cardiac imaging and 24 h Holter monitoring are commonly 
carried out, even though the exact role of Holter monitoring has 
not yet been validated.6
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While ECG abnormalities such as prolonged PR interval, widened 
QRS complex and prolonged QTc interval are known to be common 
in DM1 patients, ambient conduction abnormalities and arrhythmias 
such as advanced (nocturnal) atrioventricular (AV) block and non- 
sustained ventricular arrhythmias could remain unnoticed on 
ECG.1,7,8 Therefore, 24 h Holter monitoring may be of added value, 
even more so since conduction disorders tend to remain asymptom
atic in most patients.8 In case of (progressive) conduction disorders 
or arrhythmias on Holter monitoring or ECG, a diagnostic electro
physiological study (EPS) and subsequent cardiac device implantation 
can be considered.9,10

The current study aims to evaluate the clinical effectiveness of rou
tine 24 h Holter monitoring to screen for conduction disturbances 
and arrhythmias in DM1 patients.

Methods
Study population
A retrospective two-centre study was conducted at the Maastricht 
University Medical Centre+ (MUMC+) and Radboud University 
Medical Centre (Radboudumc). The MUMC+ and Radboudumc form 
the Myotonic Dystrophy Expertise Centre in The Netherlands. The 
Dutch DM1 patient registry (MYODRAFT study) was used to identify 
adult DM1-affected individuals who underwent routine cardiac screening 
including at least one 24 h Holter monitoring at one of both centres be
tween January 2010 and December 2020. For each individual, the follow
ing data were collected: 24 h Holter monitoring results, results of 12-lead 
ECGs performed at the same year as the Holter monitoring, the pres
ence of cardiac complaints, the occurrence of cardiac treatment conse
quences during follow-up, baseline left ventricular ejection fraction 
(LVEF), neurological assessment consisting of muscular impairment rat
ing scale (MIRS) score, DM1 DNA analysis results consisting of the 
CTG-repeat size, and the presence of an indication for nightly non- 
invasive ventilation (NIV). Follow-up time was based on the number of 
months between the first 24 h Holter monitoring and December 2020.

Data were collected as part of the Dutch DM1 patient registry 
(MYODRAFT study) for which written informed consent was obtained. 
The study was conducted in accordance with the Declaration of Helsinki, 
and the research protocol was approved by the institutional Medical 
Ethics Committee (METC 16-4-001, approved on 18 March 2016). All 
clinical measurements were carried out as part of routine clinical care. 
The data underlying this article will be shared on reasonable request 
to the corresponding author.

Cardiac assessment
At each yearly visit of DM1 patients, history taking, physical examination, 
and resting 12-lead ECG were performed. The presence of cardiac re
lated symptoms was assessed. Twenty-four hour Holter monitoring 
was performed every other year. Echocardiography was conducted 
with a 3-year interval.

In case of (progressive) conduction disorders on resting ECG, conduc
tion disorders or arrythmias on Holter monitoring, or clinical symptom
atology (palpitations, dizziness, or (pre)syncope), an EPS was considered. 
The decision whether to perform an EPS was always left to the discretion 
of a cardiac electrophysiologist with DM1 expertise, and was performed 
independent of inclusion in the DM1 observational registry.

Twenty-four hour Holter monitoring
Holter monitoring data were evaluated by a qualified cardiac electro
physiologist and the first Holter evaluation was considered the baseline 
measurement. The following parameters were considered clinically rele
vant in DM1 follow-up: first-, second-, or third-degree AV block, bundle 
branch block, atrial fibrillation/flutter (episodes lasting .30 s), supraven
tricular tachycardia other than atrial fibrillation/flutter (episodes lasting 
.30 s), non-sustained ventricular tachycardia (NSVT; ≥3 consecutive 
ventricular beats at ≥120 b.p.m. lasting ,30 s) and sustained ventricular 
tachycardia, symptomatic sinus bradycardia ,40 b.p.m., frequent ven
tricular extrasystoles (.5% of total number of heartbeats), and sinus ar
rest .3 s.

Holter findings were compared with the results of DM1 screening 
(history taking, physical examination, and resting 12-lead ECG) per
formed at the same year. Cardiac conduction abnormalities and/or ar
rhythmias upon Holter monitoring that would have remained 
undiagnosed based on history taking and ECG alone were considered 
as de novo findings.

Electrocardiogram
Standard 12-lead ECG results, performed at the same year as each 24 h 
Holter monitoring evaluation, were collected. All ECGs were evaluated 
by a qualified cardiac electrophysiologist for the following parameters: 
cardiac rhythm, heart rate in beats per minute, heart axis, PR interval, cat
egorical assessment of AV conduction [normal PR interval (PR≤200 ms) 
or prolonged PR interval (PR . 200 ms), and further categorized into 
first-, second-degree Wenckebach, second-degree Mobitz, third-degree 
AV block], QRS duration, categorical assessment of QRS complex (nar
row in case of QRS ≤120 ms or widened in case of QRS . 120 ms), QTc 
time, and categorical assessment of QTc time (normal, or abnormal in 
case of QTc ≥450 ms in men or ≥460 ms in women).

Neurological assessment
As standard of care, DM1-affected individuals visit the neurology out
patient clinic annually to determine disease progression and muscle sta
tus. In order to define neuromuscular progression at the time of 24 h 
Holter monitoring, MIRS scores determined at the same year were col
lected. The MIRS score is a disease-specific ordinal 5-point rating scale, 
based on manual muscle testing of 11 muscle groups.11

What’s new?

• Heart rhythm or conduction abnormalities were present on 24 h 
Holter monitoring in 54% of the screened myotonic dystrophy 
type 1 (DM1) population, after a mean follow-up of approximate
ly 5 years.

• In 59% of cases, discovered abnormalities upon Holter monitor
ing were classified as de novo findings, meaning they would have 
remained undiagnosed through ECG and history taking alone. 
De novo Holter findings included second-degree AV block, AV 
block combined with bundle branch block, atrial fibrillation/flut
ter, and non-sustained ventricular tachycardia.

• Abnormalities upon Holter monitoring were not only present in 
patients with previously ascertained ECG abnormalities, but also 
in 29% of patients without ECG abnormalities upon yearly cardiac 
screening.

• Patient characteristics were unable to predict the occurrence of 
de novo Holter findings upon screening.

• Based on the current study, 24 h Holter monitoring is an import
ant tool for routine cardiac screening in all DM1 patients.
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The DM1-affected individuals with a MIRS score of 1–3, indicating 
distal muscle weakness, were categorized as having a low MIRS 
score. The DM1-affected individuals with a MIRS score of 4 or 5, indicat
ing proximal muscle weakness, were categorized as having a high MIRS 
score.

Respiratory follow-up
Respiratory involvement was assessed through history taking by the co
ordinating neuromuscular neurologist upon yearly visits. In case of (sus
pected) respiratory involvement, patients were referred to a 
pulmonologist for detailed screening consisting of pulmonary function 
testing, polysomnography (PSG), and blood gas analysis. Data on NIV in
dications were collected as part of the MYODRAFT registry. The indica
tion for NIV was based on the 207th European Neuromuscular Centre 
Workshop (21 July 2014).

DNA analysis
The DNA analysis took place at DM1 diagnosis. All CTG-repeat lengths 
were determined by analysing DNA extracted from peripheral blood 
samples through polymerase chain reaction, followed by fragment length 
analysis and Southern blot analysis.

Data analysis
Statistical analysis was performed using IBM SPSS statistics software ver
sion 25 (SPSS Inc, Chicago, IL, USA). The distribution of continuous vari
ables was assessed for normality using Shapiro–Wilk test or 
Kolmogorov–Smirnov when appropriate, and was visually evaluated by 
inspection of histograms and standardized normal probability plots. 
Continuous variables are expressed as mean + standard deviation or 
as median with interquartile range in case of skewness. Categorical vari
ables are expressed as counts (percentages). Differences between 
groups were compared using the χ2 test or Fisher’s exact test (categor
ical data), and the unpaired Student’s t-test or the Mann–Whitney U test 
(continuous variables).

Univariable binary logistic regression using pre-defined variables was 
performed to identify predictors for the presence of de novo findings 
upon 24 h Holter monitoring. Selection of variables was based on litera
ture and clinical experience of a qualified electrophysiologist with DM1 
expertise.1,12 Variables with P , 0.20 on univariable analysis were consid
ered important and were included in the multivariable logistic regression 
analysis for identification of independent predictors, presented as odds 
ratios (ORs) with confidence intervals (CI). P-values of ,0.05 were con
sidered statistically significant.

Results
Study population
The MYODRAFT registry consisted of 293 patients undergoing rou
tine cardiac evaluation in the Myotonic Dystrophy Expertise Centre 
(Figure 1). Fifty-eight patients were excluded due to reasons listed in 
Figure 1. Mean age of the study population was 46 + 14 years old. 
Patients were followed up for a mean timeframe of 64 + 28 months, 
in which an average of 3 + 1 Holters was performed per patient. The 
total number of Holters per patients can be found in Supplementary 
material online, Table S1. Other baseline characteristics are presented 
in Table 1.

Rhythm or conduction abnormalities had been discovered in 126 
out of 235 (54%) included patients by the end of follow-up. Patients 
in whom rhythm or conduction abnormalities were found on 24 h 

Holter monitoring, were significantly older than patients without ab
normalities on Holter monitoring (50 vs. 41 years old, P , 0.001, 
Table 1).

ECG abnormalities (described in Table 1) were more frequently 
present in the group of patients with abnormalities upon 24 h 
Holter monitoring compared with patients without abnormalities 
upon Holter monitoring (69 vs. 14%, P , 0.001, Table 1). 
Moreover, high MIRS score upon neurological evaluation (27 vs. 
12%, P= 0.006, Table 1) and NIV indications (48 vs. 28%, P=
0.002, Table 1) were more common in DM1 patients with abnormal
ities upon Holter monitoring. There was no significant difference in 
sex (53 vs. 49% male, P= 0.572, Table 1), median CTG-repeat size 
(150 vs. 150, P= 0.570, Table 1) or LVEF (59 vs. 60%, P= 0.277, 
Table 1). Mean follow-up time was longer in the group of patients 
with rhythm or conduction abnormalities upon Holter monitoring 
(68 vs. 59 months, P= 0.024, Table 1), with a higher mean number 
of Holters per patient (3 vs. 2, P= 0.001, Table 1).

Holter monitoring abnormalities
The incidence of abnormalities upon Holter monitoring increased 
over time (Figure 2A). Holter abnormalities mainly consisted of con
duction disorders (70%) such as intermittent first-degree AV block 
and bundle branch block (Table 2). A combination of intermittent 
first-degree AV block+ bundle branch block had been discovered 
in 10 patients by the end of follow-up. Moreover, a second-degree 
AV block was observed in 14 patients.

Arrhythmias such as atrial fibrillation/flutter were present in 
eight patients and NSVT had been observed in 5 patients by the 
end of follow-up (Table 2). Holter monitoring revealed other abnor
malities such as frequent ventricular extrasystoles, symptomatic 
bradycardia ,40 b.p.m. and sinus arrest (.3 s) in 12 patients (9%, 
Table 2).

Out of 126 patients with discovered abnormalities upon 24 h 
Holter monitoring during follow-up, 74 (59%) patients were classi
fied as having de novo findings that would have remained undiagnosed 
by ECG and history taking alone (Figure 1). The remaining 41% of pa
tients had abnormal findings on Holter monitoring that had already 
been ascertained through ECG and/or history taking. Cardiac com
plaints were present in 9 out of 126 (7%) patients with de novo find
ings upon Holter screening.

A total of 133 out of the 235 included patients had normal ECGs 
upon yearly screening during follow-up. In 39 out of 133 (29%) pa
tients, abnormal Holter findings had been discovered by the end of 
follow-up, while ECG remained normal. The incidence of de novo 
Holter findings in patients without ECG abnormalities, increased 
over time (Figure 2B). De novo findings included 4 patients with a 
(intermittent) second-degree AV block, 2 patients with NSVT, 1 pa
tient with atrial fibrillation, and 1 patient with a combination of first- 
degree AV block+ bundle branch block.

Predictors of Holter findings
Logistic regression analysis was performed to assess the impact of 
pre-defined predictors on having de novo findings upon 24 h Holter 
monitoring (Table 3). The multiple logistic regression model con
tained two independent variables (age and high MIRS score). As dis
played in Table 3, neither independent variable made a statistically 
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significant contribution to the model [age (OR 1.017, CI 0.997– 
1.038) and high MIRS score (OR 1.447, CI 0.738–2.835)]. Binary lo
gistic regression analysis was repeated to assess the impact of pre- 
defined predictors on having abnormal findings upon 24 h Holter 

monitoring in general (see Supplementary material online, Table S2). 
Age (OR 1.037, CI 1.012–1.062) and the presence of ECG abnormal
ities (OR 11.225, CI 5.600-22.502) made a statistically significant con
tribution to the multiple regression model.

Patients under
cardiac follow-up

N=293

Patients
included
n=235

Patients with
abnormalities
upon Holter

n=126

Patients with
de novo Holter

findings
n=74

Patients with
clinical treatment
consequences

n=14

Patients without
clinical treatment
consequences

n=60

Patients without
de novo Holter

findings
n=52

Patients without
abnormalities
upon Holter

n=109

14 Clinical treatment consequences:

4 EPS + PM/ICD implantation
3 EPS - no PM/ICD implantation
2 AF follow-up
2 cardiac MRI
1 direct PM/ICD implantation
1 cardiac stress test
1 CT coronary angiogram

58 exclusions:

26 Age <18 yrs
13 No Holter data available
14 PM/ICD before January 2010
5 Withdrew from MYODRAFT

Figure 1 Flow chart of included myotonic dystrophy type 1 patients. AF, atrial fibrillation; CT, computed tomography; EPS, electrophysiologic 
study; ICD, implantable cardioverter defibrillator; MRI, magnetic resonance imaging; PM, pacemaker.

http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac104#supplementary-data
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Clinical treatment consequences
In our study population, de novo findings upon Holter monitoring had 
clinical treatment consequences in 14 out of 74 (19%) patients 
(Figure 1). Treatment consequences were not solely based on the pres
ence of cardiac conduction abnormalities and/or observed arrythmias 
specific for DM1, but could also be based on other abnormalities 
such as frequent ventricular extrasystoles, described in Table 2. The de
cision whether to take clinical treatment consequences was always left 
to the discretion of a cardiac electrophysiologist with DM1 expertise.

Discussion
In a population of 235 patients with genetically confirmed DM1, ab
normalities upon 24 h Holter monitoring had been discovered in 
54% of patients after a mean follow-up of approximately 5 years. In 
59% of cases, abnormal findings were classified as de novo findings, 
meaning they would have remained undiagnosed through ECG and 
history taking alone. Abnormalities upon 24 h Holter screening 
were not only present in patients with previously ascertained ECG ab
normalities, but also in 29% of patients without ECG abnormalities 
upon yearly cardiac screening during follow-up. Even though the exact 
role of 24 h Holter monitoring has remained unclear in DM1 cardiac 
care recommendations due to lack of evidence, the current results 
demonstrate the added value of routine 24 h Holter monitoring.

Prevalence of cardiac abnormalities and 
the role of 24 h Holter monitoring in 
DM1
Conduction abnormalities such as AV blocks and bundle branch 
blocks are observed in 17–45% of patients, while atrial fibrillation/ 

flutter and ventricular arrhythmias are described to be present in, re
spectively, 5–13 and 1–4% of the DM1 population.1,13,14 In the cur
rent study, ECG abnormalities were present in 43% of patients, with 
conduction disorders being the most prevalent. In the group of pa
tients with abnormalities upon Holter monitoring, ECG abnormal
ities were even more common, which is a logical consequence of 
most ECG abnormalities also being present upon ambulatory 
monitoring.

Outcomes of Holter screening in DM1 have been evaluated in a 
small number of studies so far. A retrospective study of 47 DM1 pa
tients reported that ambulatory monitoring was unable to predict 
sudden cardiac death or other cardiovascular events, and therefore 
did not consider Holter monitoring to be useful.15 However, data of 
a second Holter were only available for 32 patients after a 5-year 
follow-up period. In several other small studies, Holter screening 
did appear to have an additional value by establishing de novo conduc
tion delay or arrhythmias in approximately 30% of patients with nor
mal baseline ECGs.7,16,17 De novo abnormalities included findings 
such as second-degree AV block, AF and NSVT warranting treat
ment consequences such as cardiac device implantation.7,16,17 Even 
though the results of these studies are in line with the current 
data, we are the first to describe 24 h Holter monitoring data in a 
large DM1 cohort with multiple measurements during follow-up in 
a multicentre setting.

Patient characteristics as predictors of 
cardiac abnormalities
Even though there seems to be a correlation between CTG-repeat 
size and the degree of clinical symptomatology in DM1 in general, the 
relationship between cardiac involvement and repeat expansion size 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline characteristics

Total (n=235) Patients with abnormalities 
upon Holter screening  
(n=126)

Patients without 
abnormalities upon Holter 
screening (n=109)

P-value

Age (years), mean + SD 46 + 14 50 + 14 41 + 13 ,0.001

Male, n (%) 120 (51%) 67 (53%) 53 (49%) 0.572

ECG abnormalities, n (%) 102 (43%) 87 (69%) 15 (14%) ,0.001

First-degree AV block 53 44 9

Second-degree AV block 1 1 0

Bundle branch block 10 6 4

Bundle branch block+ first-degree AV 

block

34 32 2

Atriumfibrillation/flutter 4 4 0

CTG-repeat size, median (IQR) 150 (120–200) 150 (120–200) 150 (100–200) 0.570

High MIRS score (4–5), n (%) 47 (20%) 34 (27%) 13 (12%) 0.006

NIV indication 90 (38%) 60 (48%) 30 (28%) 0.002

Follow-up time in months, mean + SD 64 + 28 68 + 26 59 + 30 0.024

Mean no. of Holters, mean + SD 3 + 1 3 + 1 2 + 1 0.001

LVEF, mean % + SD 59% + 6 59% + 7 60% + 5 0.277

AV, atrioventricular; CTG, cathepsin G; ECG, electrocardiogram; LVEF, left ventricular ejection fraction; MIRS, muscular impairment rating scale with high MIRS scores (4–5) indicating 
proximal muscle weakness; NIV, non-invasive ventilation; SD, standard deviation.
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has remained ambiguous.1,8 Increasing age and male sex, however, do 
seem to influence the risk of developing cardiac abnormalities over 
time.18 In our study population, median age was higher in the group 
of patients with abnormalities on Holter screening and an increased 
risk based on age could be verified for having Holter abnormalities in 
general (Supplementary material online, Table S2). Age did not increase 
the risk of having de novo abnormalities (Table 3). While more severely 
affected DM1 patients with proximal muscle weakness and NIV indica
tions presented with abnormalities upon Holter more often (Table 1), 
the presence of a NIV indication and high MIRS score did not make a 
significant contribution to the regression analysis either.

Treatment consequences
De novo findings upon Holter screening had clinical treatment conse
quences in 14 out of 74 patients (19%, Figure 1) during follow-up. 
Nevertheless, it is of importance to point out that the current study 
was merely of a retrospective observational nature. As a result, our 
data give an overview of treatment consequences taken in clinical 
practice before 2020 based on expert opinion, since guidelines 

and/or clinical care recommendations were unavailable at that 
time. Based on current knowledge, however, the actual percentage 
of patients having an indication for treatment consequences may 
be higher than described in the current study. The most recently 
published ESC guidelines on cardiac pacing recommend direct pace
maker implantation in DM1 patients with any second- or third- 
degree AV block or abnormal EPS result.9 As second-degree AV 
block was a de novo finding in 14 patients on Holter screening 
(Table 2), pacemaker implantation would have been warranted. 
Also for patients with a de novo finding of a combined AV block 
and bundle branch block, EPS and possible device implantation could 
have been advisable.8

Clinical implications
While specific guidelines for the cardiac follow-up of DM1 are still 
lacking, an overview of clinical care recommendations for cardiolo
gists treating adults with myotonic dystrophy were published in 
2020.6 Even though the publication of these expert consensus-based 
recommendations are a step forward in DM1 care, the role of Holter 
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monitoring has remained uncertain. Ambulatory monitoring is de
scribed to possibly be helpful in detecting ambient or asymptomatic 
arrhythmias, while it is advised only to perform this type of monitor
ing in case of ECG abnormalities or in patients with symptoms sug
gestive of arrhythmias.6 Based on the data presented in the current 
study, in which abnormalities on Holter were ascertained in 54% of 
the screened DM1 population and even in 29% of patients with nor
mal baseline ECGs, we believe that Holter monitoring should be con
sidered an important factor in DM1 cardiac care. In addition, de novo 
Holter findings were of such nature that they are considered clinically 
relevant and influence treatment. Another retrospective study has 
suggested that cardiac conduction abnormalities and arrhythmias 

detected through Holter monitoring seem to be predictive of future 
cardiac events and death in DM1 patients as well.19 Since only 7% of 
patients with de novo Holter findings experienced cardiac symptoms 
and specific patient characteristics such as muscle weakness, NIV in
dication or age did not seem to influence the risk of having de novo 
findings either, ambulatory monitoring should be part of DM1 
screening in all patients. Due to the slowly progressive nature of dis
ease and lack of prospective studies on the value of Holter screening, 
however, it remains difficult to determine an optimal interval for this 
screening modality at the current time. Also, future studies should 
provide more data on the prognostic value of Holter monitoring 
abnormalities.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Abnormalities on 24 h Holter monitoring

Total number of 
patients (n=126)

Patients with de novo Holter 
findings (n=74)

Patients without de novo Holter 
findings (n=52)

Conduction disorders, n (%) 88 (70%) 42 (57%) 46 (88%)

First-degree AV block 43 18 25

Second-degree Wenckebach block 13 13 0

Second-degree Mobitz block 1 1 0

Bundle branch block 21 8 13

First-degree AV block + bundle 

branch block

10 2 8

Arrhythmias, n (%) 26 (21%) 21 (28%) 5 (10%)

Supraventricular tachycardia 13 13 0

Atrial fibrillation/flutter 8 3 5

Non-sustained ventricular 

tachycardia

5 5 0

Other, n (%) 12 (9%) 11 (15%) 1 (2%)

Symptomatic bradycardia ,40 b.p.m. 2 1 1

Frequent ventricular extrasystoles 9 9 0

Sinus arrest/RR . 3 s 1 1 0

AV, atrioventricular; b.p.m., beats per minute.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Table 3 Binary logistic regression analysis for the presence of de novo Holter findings

Univariate Multivariate

OR CI P-value OR CI P-value

Age 1.017 0.998–1.037 0.087 1.017 0.997–1.038 0.095

Sex 1.101 0.634–1.910 0.733

CTG-repeat length 1.000 0.999–1.002 0.520

ECG abnormalities 1.364 0.784–2.372 0.272

Cardiac complaints 1.441 0.344–6.045 0.617

High MIRS score (4–5) 1.571 0.808–3.052 0.183 1.447 0.738–2.835 1.447

NIV indication 1.148 0.653–2.016 0.632

CI, confidence interval; CTG, cathepsin G; ECG, electrocardiographic; MIRS, muscular impairment rating scale; NIV, non-invasive ventilation; OR, odds ratio.
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Limitations
The main limitations of this study consist of its retrospective nature 
and the relatively short period of follow-up for a slowly progressive 
disorder. Moreover, patients with abnormalities upon Holter screen
ing had a longer mean follow-up time with more frequent Holter ex
aminations (Table 1). As a result, chances of abnormalities being 
present in this group were higher to begin with. Holter monitoring 
data were not compared with PSG data, while previous reports 
have described that arrhythmias may sometimes be precipitated by 
functional triggers.20 Due to the fact that this study only used data 
of patients under cardiac follow-up in the Dutch DM1 expertise cen
tre, a possible bias could have resulted from the fact that more se
verely affected patients are more likely to be under follow-up in a 
DM1-specific care centre.

Conclusion
This retrospective study evaluated the clinical effectiveness of routine 
24 h Holter monitoring in a large cohort of 235 DM1 patients. 
Abnormalities upon Holter screening were present in 54% of patients 
after a mean follow-up of approximately 5 years. In 59% of patients 
with discovered abnormalities on Holter, the ascertained conduction 
abnormalities and/or arrhythmias would have remained undiagnosed 
through cardiac screening with ECG and history taking alone. De 
novo findings were common not only in patients with ECG abnormal
ities but also in patients with normal ECGs upon yearly cardiac screen
ing. Moreover, specific patient characteristics were unable to predict 
the occurrence of de novo Holter findings. Consequently, we believe 
that 24 h Holter monitoring is of additional value to routine cardiac 
screening in all DM1 patients, even though an optimal screening inter
val is to be investigated in a prospective trial. Yet again, we would like 
to stress the need for clear DM1-specific cardiac guidelines, to im
prove cardiac care for this vulnerable patient population.
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