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Objective: Myotonic dystrophy type 1 (DM1) is a rare autosomal dominant
disorder with highly variable phenotypic expression. Some patients have diabetes
mellitus, dyslipidemia, and/or arrhythmias, which are risk factors for stroke.
However, the mechanism of stroke is poorly understood in patients with DM1. We
studied the characteristics of risk-factor profiles for stroke associated with DM1.

1 The Department of Neurology, Nara
Prefectural General Rehabilitation
Center, Shiki, Nara, Japan
2 The Department of Neurology, Nara
Medical University School of Medicine,
Kashihara, Nara, Japan

Patients and methods: We studied 77 patients with DM1 (45 men and 32
women) on the basis of the patients’ clinical histories and laboratory and genetic
examination results.
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Results: The analysis showed that 26 patients (34%) had dyslipidemia, and 16 (21%)
had diabetes. Arrhythmias were diagnosed in 46 patients (61%), including 11 (14%)
with atrial fibrillation and 9 (12%) with conduction defects. Echocardiographic
abnormalities were found in 28 patients (37%). Eight patients (11%) met the
criteria for metabolic syndrome. We identified 2 patients (2.6%) with ischemic
stroke caused by cardiogenic embolism among 77 patients with DM1. One had
paroxysmal atrial fibrillation and sick sinus syndrome, and the other had cardiac
dysfunction with an ejection-fraction of 35% and dyslipidemia. Both patients had
highly expanded numbers of CTG repeats (1000 and 1500).
Conclusion: To our knowledge, this is the first study to report a comprehensive
analysis of risk-factor profiles for stroke in patients with DM1. Stroke is a relatively
rare, but severe complication of DM1. Our results indicate that it is important to
manage risk factors for stroke, especially cardiac involvement and arrhythmias.
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Introduction
Myotonic dystrophy type 1 (DM1) is a rare neuromuscular
disorder with an incidence of approximately 1:15.000 and the

most common type of adult muscular dystrophy [1-5]. DM1 is
an autosomal dominant disorder with highly variable phenotypic
expression. The genetic basis of DM1 is an abnormal expansion
of a CTG trinucleotide repeat in the 3’-untranslated region of a
protein kinase (DMPK) gene on chromosome 19q21.3 [6].
DM1 is a multisystem disorder associated with myotonia,
progressive distal weakness/atrophy of skeletal muscles,
cataracts, and systemic manifestations. In fact, DM1 is often
complicated by dyslipidemia, arrhythmias, or abnormal glucose
tolerance which is risk factors for stroke [1-5]. However, the
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pathomechanism of stroke in patients with DM1 has not been
well established or assessed.
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Statistics

Patients and Methods

Statistical analysis was performed with the use of Statcel 3 (OMS,
Inc., Tokorozawa, Saitama, Japan). Data are expressed as the
means ± 1 standard deviation. P values of <0.05 were considered
to indicate statistical significance. All patients gave fully informed
consent before participation. This study was approved by the
Ethics Committee of the Nara Medical University School of
Medicine.

Patients

Genetic analysis

The study was conducted between April 1, 2005 and March 30,
2014 in the Department of Neurology, Nara Medical University.
Seventy-seven Japanese patients with DM1 (45 men and 32
women, mean age 51 years) were consecutively enrolled. Patients
younger than 18 years were excluded from this study. We also
excluded patients with congenital forms of DM1, since they have
been shown to have a different phenotype. Diagnosis of DM1
was attested by the results of clinical and electrophysiological
examinations. All patients showed evidence of degenerative
myopathy on clinical examinations as well as myotonia on clinical
or electromyographic examinations, or both. Neurologically,
the patients were examined and evaluated by at least three
neurologists. In this study, grip myotonia was defined as delayed
ability to relax the muscles after making a forceful grip.

Genetic studies of the expansion of CTG repeat length in the 3’
untranslated regions of myotonin protein kinase were performed
with the use of DNA obtained from leukocytes in 50 patients in
this study. Digestion with Eco RI and Bgl I restriction enzymes,
separation of DNA fragment by gel electrophoresis, transfer of
the DNA fragment to a nylon membrane by Southern blotting,
hybridization with radiolabeled DM1-specific probe, and finally
visualization by autoradiography were performed [6].

This study was designed to assess the characteristics of the riskfactor profiles associated with stroke in patients with DM1, with
the ultimate goal of providing suggestions for ways to improve
disease management.

We evaluated the characteristics of various risk-factor profiles
associated with stroke on the basis of the patients’ clinical
histories and laboratory examination results. In accordance with
current guidelines of the American Stroke Association, risk factors
were classified with respect to their strength of evidence and
potential for modification [7]. Dyslipidemia, diabetes mellitus,
and hypertension are well documented and modifiable risk factors
for stroke. Cardiogenic involvement such as atrial fibrillation is
an important risk factor for ischemic stroke. We also assessed
D-dimer levels, cigarette smoking, and alcohol consumption,
which are potentially modifiable risk factors for stroke, and
performed electrocardiography and echocardiography. In
addition, we assessed signs and consequences of atherosclerosis
by brain Magnetic Resonance Imaging (MRI) and carotid artery
ultrasonography. Moreover, the clinical and neuroradiological
features of patients who had a previous history of stroke were
analyzed. We also considered associations between the main
cause of stroke and risk factors for stroke, respectively.
Furthermore, we assessed the role of metabolic syndrome.
The criteria for metabolic syndrome were based on the joint
statement of the International Diabetes Federation Task Force on
Epidemiology and Prevention, National Heart, Lung, and Blood
Institute, American Heart Association, World Heart Federation,
International Atherosclerosis Society, and International
Association for the Study of Obesity [8]. A diagnosis of metabolic
syndrome requires the presence of at least 3 of the following
5 factors: central obesity (in Japanese: male waistline ≥ 85 cm,
female waistline ≥ 90 cm), hypertriglyceridemia (≥ 150 mg/dL), a
low High-Density Lipoprotein (HDL) cholesterol level (<40 mg/dL),
hypertension (systolic blood pressure ≥ 130 mmHg or diastolic
blood pressure ≥ 85 mmHg), and diabetes mellitus (fasting blood
glucose ≥ 100 mg/dL).
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Results
Clinical findings
A total of 77 patients with DM1 were enrolled. Patients were
predominantly male (58%), with a mean age of 51 ± 15 years
(range 24-84 years) and mean disease duration of 15 ± 12.1
years. The sociodemographic and clinical characteristics of the 77
patients with myotonic dystrophy type 1 are presented in Table
1.
Among all enrolled patients with DM1, 26 (34%) had
dyslipidemia, including hypertriglyceridemia in 23 (30%) and low
HDL cholesterol levels in 9 (12%); 16 (21%) had diabetes mellitus,
and 8 (11%) had hypertension. Arrhythmias were diagnosed in
46 patients (61%), including 11 (14%) with atrial fibrillation, 9
(12%) with conduction defects, and 5 (6.5%) with atrial flutter.
Echocardiographic abnormalities were found in 28 patients
(37%). A pacemaker was implanted in 4 patients (5.2%). On
neuroimaging including brain MRI, carotid ultrasonography, or
both, 19 patients (25%) showed atherosclerosis of the intracranial
arteries. In addition, 10 patients (13%) had high D-dimer levels.
No patient in our series had anti-phospholipid syndrome, protein
S deficiency, protein C deficiency, or hyperhomocysteinemia.
Eight patients (11%) met the criteria for metabolic syndrome.
The most common component in the patients with DM1
was hypertriglyceridemia (30%), followed by central obesity,
hyperglycemia, and low HDL levels; hypertension (11%) was the
rarest component. Metabolic syndrome was not associated with
age, disease duration, or the number of CTG repeats.
We identified 2 patients with a history of stroke. Both patients
had hemiparesis due to extensive cerebral infarction of the
middle cerebral artery territory. One had paroxysmal atrial
fibrillation and sick sinus syndrome, and the other had cardiac
dysfunction with an ejection fraction of 35%. Therefore, we
attributed the cerebral infarction to embolism from a cardiogenic
source in both patients. Neither of these patients had metabolic
syndrome.
This article is available from: //www.raredisorders.imedpub.com/
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Table 1 Clinical characteristics and risk-factor profiles for stroke in 77
patients with myotonic dystrophy type 1, including 2 patients with stroke.
Patient Characteristics

77 patients Patient 1

Patient 2

Nonmodifiable risk factors
Age (m ± SD)
Male (%)
Gender
Female (%)
Disease duration in years (m
± SD)

51 ± 14.9
58

60
Male

65
Male

42

-

-

15 ± 12.1

11

14

Well-documented or modifiable risk factors
Central obesity (%)
16
Cigarette smoking (%)
12
Alcohol consumption (%)
16
Hypertension (%)
11
-

-

Dyslipidemia (%)

34

-

+

Hypertriglyceridemia (%)
Low HDL (%)

30
12

-

+
-

Diabetes mellitus (%)

21

-

-

Arrhythmia (%)
Atrial fibrillation (%)
Conduction defects (%)
Atrial flutter (%)

61
14
12
6.5

+
+
-

-

High D-dimer (%)

13

-

-

-

-

Laboratory examinations
Arteriosclerosis on MRA (%)
7.9
Abnormal echo images of
carotid artery (%)

25

-

-

Abnormal echocardiogram (%)

37

+

+

Pacemaker implantation (%)

5.2

+

-

CTG repeat numbers (n=50)

814 ± 509

1000

1500

Metabolic syndrome (%)
Stroke (%), (n=2)

11
2.6

+

+
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fibrillation and sick sinus syndrome and underwent pacemaker
implantation. He did not have diabetes, dyslipidemia, or
hypertension, but had bilateral cataracts, hypogonadism, and
baldness. His older sister and his uncle both had DM1, but neither
had a history of stroke.
Patient 2 was a 65-year-old man. He noticed slowly progressive
distal-dominant muscle weakness of all four limbs and grip
myotonia at the age of 40 years. He visited our hospital
and showed myotonic discharge with myogenic changes on
electromyography at the age of 45 years. Genetic testing focusing
on DM1 revealed a CTG expansion of 1500 trinucleotides on one
allele of the DMPK gene, confirming the diagnosis of DM1. At
age 59 years of age, he had an acute onset of dysarthria and left
hemiparesis. The NIHSS score was 10. Brain MRI showed acute
small scattered infarcts in the right MCA territory (Figure 2).
However, magnetic resonance angiography and carotid artery
ultrasonography revealed no evidence of atherosclerosis.
Two-dimensional echocardiography showed a left ventricular
ejection fraction of 35% and enlargement of both ventricles
and the left atrium, suggesting acute heart failure. He had
bilateral cataracts, hypogonadism, and baldness. Dyslipidemia
was present, without diabetes or hypertension. His older and
younger brothers were known to have DM1, but neither had a
history of stroke.

Genetic analysis
We performed genetic examinations focusing on DM1 in 50
patients (65%). The numbers of CTG repeats on the DMPK gene
ranged from 100 to 2300 in our series (Figure 3). Two patients

SD: Standard Deviation; HDL: High Density Lipoprotein; MRA: Magnetic
Resonance Angiography.

Patient history
Patient 1 was a 60-year-old man. He noticed slowly progressive
distal-dominant muscle weakness of all four limbs and grip
myotonia at the age of 43 years. He visited our hospital at the age
of 49 years. Electromyography revealed myotonic discharge with
myogenic changes. Genetic testing focusing on DM1 showed a
CTG expansion of 1000 trinucleotides on one allele of the DMPK
gene, confirming the diagnosis of DM1. At 54 years of age, the
patient had an acute onset of right limb weakness and speech
disturbance. The acute onset of focal neurological symptoms
suggested stroke, and he was immediately transferred to our
hospital. Neurological examinations revealed global aphagia
and right hemiplegia. The National Institutes of Health Stroke
Scale (NIHSS) score was 17. Brain MRI showed acute watershed
infarction of the left Middle Cerebral Artery (MCA) territory
(Figure 1). The patient received a diagnosis of paroxysmal atrial
© Under License of Creative Commons Attribution 3.0 License

Figure 1 Magnetic resonance images of Patient 1. Diffusionweighted images showed high intensity in the
watershed area of the left middle cerebral artery
and posterior cerebral artery territories at admission
(A, B). Follow-up T2-weighted images 1 day after the
stroke showed high intensity in the same territories
(C). Magnetic resonance angiography revealed no
abnormalities (D).
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with a history of stroke had highly expanded numbers of CTG
repeats: 1000 in Patient 1 and 1500 in Patient 2. There was no
correlation between age and the number of CTG repeats in our
subjects.

Discussion
Our enrolled 77 Japanese patients with DM1 had variable
frequencies of well-documented or modifiable risk-factor
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profiles associated with stroke. Importantly, cardiac involvement
including arrhythmias was the most frequent and the most
clinically significant risk factor in our patients. Subsequently,
dyslipidemia and diabetes mellitus, which have been established
as well-documented risk factors, also became very important
factors in patients with DM1. Modifiable factors linked to lifestyle,
such as cigarette smoking and alcohol consumption, were not
among the most prevalent risk factors. To our knowledge, this is
the first study to report the results of a comprehensive analysis
of risk-factor profiles for stroke in patients with DM1.
Moreover, we identified 2 patients (2.6%) with ischemic stroke
due to cardiogenic embolism and analyzed the incidence of
stroke among the DM1 patients in our study. However, the
pathomechanism of stroke in patients with DM1 has not been
well established or assessed. A previous study reported that
the incidence of cerebral infarction in patients with DM1 was
1.6% in the US [9]. Because stroke is a relatively rare but severe
complication of DM1, it is very important to manage risk factors
for stroke to prevent its onset. In this connection, the stroke
incidence is estimated to be 0.4% for the general population
in Japan, similar to that in the US and the EU [10]. Now the
distribution of risk factors for stroke in the Japanese population
are also similar to those in the US and the EU, with the exception
of dyslipidemia.

Figure 2 Magnetic resonance images of Patient 2. Diffusionweighted images showed multiple scattered, highintensity infarcts in the right middle cerebral artery
territory at admission (A, B). Follow-up T2-weighted
images 1 day after the stroke showed high intensity
in the same territory (C). Magnetic resonance
angiography revealed no abnormalities (D).
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Figure 3 Scatter-plots of the numbers of CTG repeats of the
DMPK gene. The numbers of CTG repeats on the
DMPK gene ranged from 100 to 2300 in our patients.
Two patients (triangle) with a history of stroke showed
highly expanded numbers of CTG repeats (1000 and
1500). There was no correlation between age and the
numbers of CTG repeats in our subjects.
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Importantly, we identified 2 patients who had a history of
stroke caused by cardiogenic embolism. One patient had
paroxysmal atrial fibrillation and sick sinus syndrome, and the
other had cardiac dysfunction with an ejection fraction of 35%.
All previously reported patients had cardioembolic infarction
[9-12]. Because many patients with DM1 have arrhythmias and
cardiac dysfunction, cardiac involvement is the most important
life-threatening, prognostic factor in DM1 and accounts for
approximately one third of the deaths in this population [1315]. We believe that the strict management of cardiac function
leads to the prevention of stroke. Patients with DM1 should
therefore undergo screening for cardiac complications and risk
stratification.
Previously, the incidence of ischemic stroke was reported to
be 0.75% in patients with Duchenne’s muscular dystrophy [16].
All of the patients with stroke had cardiomyopathy with atrial
fibrillation. In addition, a young patient with limb girdle muscular
dystrophy 1B caused by the lamin A/C gene was reported to have
had cardioembolic stroke with atrial fibrillation [17]. Review
articles estimated that the prevalence of atrial fibrillation or atrial
flutter in patients with primary myopathies was 15% [18,19].
The stroke rate in patients with myopathy and atrial fibrillation/
atrial flutter was around 6.5%. However, we must not overlook
deterioration of muscle weakness due to stroke, because patients
with primary myopathies including DM1 had muscle weakness
before stroke.
Moreover, we identified 8 patients (11%) with metabolic
syndrome. The most common component in patients with DM1
was hypertriglyceridemia (26%), with hypertension (11%) being
the rarest component. The frequency of patients with metabolic
syndrome is far lower than that in the general population [20].
The prevalence of metabolic syndrome is age-dependent in the
This article is available from: //www.raredisorders.imedpub.com/
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general population. In addition, the most common component
in the general population is hypertension, whereas hypertension
was the rarest component in our series. This finding suggests
that increased blood pressure may play a crucial role in the
development of metabolic syndrome. Recently, Vujnic et al. have
reported that metabolic syndrome was diagnosed in 17% of 66
Serbian patients with DM1 [21]. However, in Serbian patients
the most common component was hypertriglyceridemia (66%),
followed by low HDL levels (35%), hypertension (18%), and
central obesity (14%), with hyperglycemia (9%) being the rarest
component. We believe that the different frequencies of risk
factors between Serbian patients and Japanese patients may
be related to environmental factors, dietary habits, and ethnic
differences.
The numbers of CTG repeats on the DMPK gene ranged from
100 to 2300 in our series. The 2 patients with a history of stroke
showed highly expanded numbers of CTG repeats (1000 and
1500). Previous studies reported that the severity of disease
in DM1 may correlate with the numbers of CTG repeats [1,5].
However, because the number of patients with DM1 who have
stroke is very small, further studies in larger study groups are
needed to define genetic effects on the incidence of stroke in
patients with DM1.
The main limitations of our study were a relatively small
sample size and the lack of a control group and data from the
general Japanese population. Because DM1 is an especially
rare neuromuscular disorder, analyses based on a single-center
study usually have significant statistical limitations. To provide
more meaningful information for Japanese patients with DM1
and to overcome the aforementioned limitations, we are now
considering a further study with participation from centers
located throughout Japan.
In conclusion, we comprehensively analyzed the frequencies
of well-documented or modifiable risk factors for stroke in 77

© Under License of Creative Commons Attribution 3.0 License
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Japanese patients with DM1 and identified 2 patients (2.6%) who
had cardiogenic embolism. Stroke is a relatively rare, but severe
complication of DM1. To prevent stroke, it is essential to manage
cardiac involvement and arrhythmias, especially atrial fibrillation.
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