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Introduction
Myotonic dystrophy type 1 (DM1) is the most common form of muscular dystrophy
and is caused by CTG (cytosine–thymine–guanine) triplet repeat expansion in the
3′ untranslated region of the myotonic dystrophy protein kinase gene.1 It is an autosomal
dominant disorder that presents with multisystemic symptoms such as myotonia; disturbance of cardiac, digestive, and metabolic function; cataracts; fatigue; and daytime
sleepiness.2 The correlation between the size of the CTG triplet repeat expansion and
symptom severity is not strong, although associations exist between small expansions
of 50–90 and mild symptoms, and between expansions of over 1,000 and congenital
DM1.3,4 Because of this symptom variety, a multidisciplinary approach that consists of
medical, rehabilitative, and psychosocial teams for the treatment and care of patients is
essential to tackle this currently incurable disease. Due to the chronic nature of DM1,
it is crucial to examine patients’ perceptions of life with the disease and whether issues
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Purpose: Myotonic dystrophy type 1 (DM1) is a common form of muscular dystrophy that
presents with a variety of symptoms that can affect patients’ quality of life (QoL). Despite the
importance of clarifying patients’ subjective experience in both physical and psychosocial
aspects for improved symptom management, there is lack of evidence concerning QoL of
patients with DM1 in Japan.
Patients and methods: A cross-sectional study was performed with 51 DM1 patients who
completed questionnaires that measured health-related QoL (HRQoL), depression, and daytime
sleepiness. Activities of daily living, body mass index (BMI), and genetic information were
also collected, together with general demographic information. Correlation analyses using
these variables were performed. Furthermore, regression analysis was utilized to assess the
relationship that HRQoL, depression, and daytime sleepiness scores have with other variables.
Results: Physical component summary (PCS) score was affected by the disease more than the
mental component summary (MCS) score among study participants. Moderate correlation was
observed between PCS and depression, PCS and Barthel index, and depression and daytime
sleepiness. Regression analysis revealed that age, sex, cytosine–thymine–guanine repeats, and
BMI did not predict the aforementioned dependent variables.
Conclusion: DM1 symptoms influenced physical component scores more than mental component scores, although the state of physical wellness seemed to affect patients’ mood. Explaining
the QoL of these patients only using biologic and genetic characteristics was not sufficient.
We conclude that social and psychological aspects of these patients’ lives and the nature of
adjustments made by patients due to DM1 to require further examination in order to improve
the standard of care.
Keywords: depression, excessive daytime sleepiness, chronic illness, psychosocial perspective
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in question are related to one’s biologic, psychological, or
social aspects. A number of previous studies on patients with
neuromuscular disease utilized measures for health-related
quality of life (HRQoL), a concept that embodies respondent’s
perception of biologic, psychological, social, economic, and
spiritual well-being.5 Existing studies on HRQoL of patients
with muscular disease, including those with DM1, have used
both generic and disease-specific instruments in assessments.6
Most studies examined the relationship between QoL and
biologic, neurologic, genetic, and psychosocial factors.7–9
Although the results differ slightly between studies, all have
concluded that DM1 has a significant influence on patients’
QoL. Regarding the QoL of Japanese DM1 patients, a study
by Fujino et al presented insightful findings on the association
between QoL and cognitive functions. While QoL in this study
was measured using the Muscular Dystrophy Quality of Life
Scale (MDQoL-60), which was developed for Japanese muscular dystrophy patients,10 some previous DM1 QoL-related
research in other countries have used generic measures that
target a range of diseases or the general population,7,9,11 such
as the Short-Form 36 Health Survey (SF-36).12,13 Disease- and
culture-specific measures such as the MDQoL-60 are relevant
in investigating the frequency and severity of particular conditions and are useful in researching outcomes, whereas generic
measures prove useful in comparisons across diseases or with
the general population.14 In this study, we aimed to explore
the perception of QoL of Japanese DM1 patients by adopting
widely employed generic questionnaires that have been used
frequently in previous studies on DM1 and other diseases that
have similar symptoms to DM1, in order to gain a perspective
on the standing of Japanese DM1 patients regarding the spectrum of QoL and other major symptoms such as depression
and daytime sleepiness. Moreover, we investigated factors that
may have influenced the QoL of study participants.

Methods
Inclusion and exclusion criteria
The study included adult DM1 patients (age, 18–69) whose
diagnoses were genetically confirmed and were autonomously mobile with or without use of assistive orthosis
or wheelchair. Autonomous mobility was included in the
criteria to control for participants’ level of physical activity.
Participants were recruited through outpatient visits at
Aomori Hospital of Namioka city, Aomori, and the National
Center of Neurology and Psychiatry (NCNP) in Tokyo and
also through publications in patient organization media.
Patients were excluded if inclusion criteria were not met.
The ethics review committees of Aomori Hospital and
NCNP approved this study (approval numbers: 29–19 and
220
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A2016-050, respectively), and patients were required to
provide written informed consent prior to their participation.
The study was conducted in accordance with the Declaration
of Helsinki. A gift voucher worth 1,000 Japanese yen was
offered to participants in return.

Study procedure and measures
Participants’ demographic data were collected from their
medical records if they were patients of Aomori Hospital or
NCNP. If not, the data were collected through direct inquiry
upon visiting for the study. Activity of daily living data were
obtained using the Barthel index questionnaire,15 and height
and weight were measured at the study sites for body mass
index (BMI) calculation. Participants then completed a set of
questionnaires, which consisted of Japanese versions of the
Short-Form 36 Health Survey, version 2 (SF-36v2); Center
for Epidemiologic Studies Depression Scale (CES-D); and
Epworth Sleepiness Scale (ESS).12,13,16–18 These data were
collected from the participants by study evaluators who went
through all questionnaires in face-to-face interviews.
The first questionnaire, SF-36v2, is a widely used selfadministered questionnaire that measures respondent’s
HRQoL and can be applied to generic target populations.
It consists of 36 items that are divided into 8 domains:
physical function, role limitations due to physical function,
bodily pain, general health, vitality, social function, role
limitations due to emotional function, and mental health.
Moreover, physical and mental component summary scores
(PCS and MCS, respectively) can be derived by combining
relevant domain scores. Standardized norm-based scoring
allows results to be compared to normative data from the
Japanese population (mean =50, SD =10).19 Second, CES-D
is a 20-item self-reported scale to assess depression in the
general population. Scores range from 0 to 60 and a score of
16 or above implies the possibility of depression. The final
measure, ESS, evaluates excessive daytime sleepiness. It consists of eight questions to which respondent self-reports, and
the score ranges from 0 to 24. Higher score implies higher
daytime sleepiness. All questionnaires were translated into
Japanese, and had confirmed validity and reliability.12,13,17,18

Statistical analyses
Descriptive statistics were calculated for demographic and
clinical data, SF-36v2 domain and summary scores, CES-D
score, and ESS score (Table 1). Pearson’s product–moment
correlation analysis was performed to examine the strength
of relationships between demographic, clinical, QoL, depression, and sleepiness data (Table 2). Furthermore, multiple
linear regression was conducted to analyze the effect of
Neuropsychiatric Disease and Treatment 2019:15
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information sheet and were provided an oral explanation by
HT and EK. All participants signed the consent form.

Table 1 Participant characteristics
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n
Age, years
Sex
Body mass index
Cytosine–thymine–guanine repeats
Breakdown
#500
500,x#1,000
.1,000
Barthel index
Short-Form 36 Health Survey, version 2
Physical component summary score
Mental component summary score
Physical functioning
Role physical functioning
Bodily pain
General health
Vitality
Social functioning
Role emotional functioning
Mental health
Center for Epidemiologic Studies Depression Scale
Epworth Sleepiness Scale

51
44.7±10.3
Male 25
Female 26
23.9±4.0
894.6±445.3

Results

9
25
17
90.4±10.3
29.0±15.0
52.3±9.3
19.3±18.5
36.3±16.3
45.4±12.5
38.2±10.1
43.0±11.3
48.0±11.5
44.6±12.3
49.7±8.9
14.3±8.5
8.6±4.9

Note: Data are presented as mean ± SD.

demographic and clinical variables on SF-36v2, CES-D, and
ESS scores (Table 3). Statistical significance was considered
at a value of P,0.05. These analyses were performed using
R software version 3.4.1 for Windows.

Ethics approval and consent to
participate
Ethics Committees of the National Hospital Organization,
Aomori Hospital, and National Center of Neurology and
Psychiatry approved the study protocol. Participants read the

During October 2016 and November 2017, 51 adult DM1
patients (25 men, 26 women; mean age ± SD: 44.7±10.3 years)
participated in the study. A flowchart of participant inclusion is shown in Figure 1. Out of the 51 patients, 48 patients
were recruited through regular outpatient visits at Aomori
Hospital; the remaining 3, who reside in Tokyo and its suburbs, joined through a recruiting notice that we publicized in
newsletters and on websites of patient organizations.
Table 1 shows demographic and clinical characteristics
of the participants, and their scores for SF-36v2, CES-D, and
ESS in mean ± SD. SF-36v2 norm-based mean scores for
PCS and MCS of the participants in this study were 29.0 and
52.3, respectively. The mean for CES-D was 14.3, thereby
not reaching the cutoff score of 16. Nevertheless, 19 patients
(37.3% of the total) scored 16 or above. Additionally, the
status of HRQoL of DM1 compared to the scores of Japanese
general population is illustrated in Figure 2.20 It shows that
mental health and social function domains of DM1 are close
to the scores of general population, whereas domains related
to physical health have wider gaps between DM1 and the
population. In Table 2, intercorrelations of demographic and
clinical characteristics, SF-36v2 summary component scores,
CES-D scores, and ESS scores are presented. Moderate correlation was observed between PCS and depression (r=-0.46,
P,0.01), PCS and Barthel index (r=0.51, P,0.01), and
depression and daytime sleepiness (r=0.44, P,0.01). Table 3
shows the results of the multiple linear regression analysis
performed for PCS, MCS, CES-D, and ESS scores. The
analysis revealed that age, sex, CTG repeats, and BMI did
not predict aforementioned dependent variables (P.0.07).

Table 2 Intercorrelations of demographic characteristics and health-related quality-of-life outcomes

Sex
CTG repeats
Barthel index
BMI
Physical component
summary (SF-36v2)
Mental component
summary (SF-36v2)
Depression (CES-D)
Daytime sleepiness
(ESS)

Age

Sex

CTG
repeats

Barthel
index

-0.24
-0.06
-0.01
-0.16
-0.24

BMI

Physical component
summary (SF-36v2)

-0.03
0.04
-0.10
0.24

-0.29*
-0.03
-0.21

0.04
0.51**

-0.22

-0.17

0.14

0.08

-0.29*

0.03

-0.19

0.21
0.06

-0.15
-0.23

-0.10
0.12

-0.16
-0.19

0.20
0.16

-0.46**
-0.38**

Mental component
summary (SF-36v2)

Depression
(CES-D)

-0.52**
-0.31*

0.44**

Notes: Sex was coded as female =0, male =1. *P,0.05, **P,0.01.
Abbreviations: BMI, body mass index; CES-D, Center for Epidemiologic Studies Depression Scale; CTG, cytosine–thymine–guanine; ESS, Epworth Sleepiness Scale; SF-36v2,
Short-Form 36 Health Survey, version 2.
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Table 3 Multiple regression models for physical and mental component summaries, depression, and daytime sleepiness scores
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Physical component summary (SF-36v2)

Mental component summary (SF-36v2)

Depression (CES-D)

Daytime sleepiness (ESS)

Independent
variables

Multiple regression statistics
B

SE

β

t-value

P-value

Age
Sex (being male)
CTG repeats
BMI
Age
Sex (being male)
CTG repeats
BMI
Age
Sex (being male)
CTG repeats
BMI
Age
Sex (being male)
CTG repeats
BMI

-0.370
4.467
-0.008
-0.926
-0.124
1.965
0.002
0.038
0.181
-1.330
-0.002
0.469
0.017
-1.988
0.001
0.176

0.204
4.107
0.004
0.509
0.137
2.757
0.003
0.342
0.121
2.438
0.003
0.302
0.071
1.431
0.002
0.177

-0.252
0.150
-0.226
-0.246
-0.137
0.107
0.073
0.017
0.219
-0.079
-0.083
0.221
0.037
-0.204
0.117
0.143

-1.812
1.088
-1.699
-1.818
-0.904
0.713
0.504
0.113
1.494
-0.546
-0.594
1.552
0.246
-1.390
0.826
0.990

0.077
0.282
0.096
0.076
0.371
0.480
0.616
0.911
0.142
0.588
0.555
0.128
0.807
0.171
0.413
0.327

Adjusted
R2
0.126

-0.039

0.031

0.006

Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; CTG, cytosine–thymine–guanine; ESS, Epworth Sleepiness Scale; SF-36v2, Short-Form 36
Health Survey, version 2.

Discussion
DM1 symptoms influenced physical component scores more
than mental component scores in the SF-36v2 among the study
participants. Compared to the mean of 2007 normative score
for Japanese individuals with two or more chronic illnesses,19
the participants’ mean PCS score was lower by 16.9. On the
other hand, the mean MCS score of this study was higher,
even than the 2007 normative score from a Japanese population without chronic illness19 by 1.3. Although results among
previous studies vary,6,7,21 a study by Laberge et al showed
a tendency similar to that in our study.9 They revealed that
SF-36 scores for physical domains in the study participants
were lower than in the general Canadian population, while the
HOLJLEOHSDWLHQWVRI
$RPRUL+RVSLWDOFRQWDFWHG
DWUHJXODURXWSDWLHQWYLVLWV

MCS scores did not differ. A Dutch study by Kalkman et al
also showed SF-36 results that were close to those of our
study participants, where scores of the domains related to
physical health were lower than emotional and social domain
scores.22 As one of the reasons for higher MCS score in DM1
population, a response shift,23 a phenomenon suggested by
past studies to explain higher QoL scores of DM1 patients,
may also apply to the participants of this study.9,11 Response
shift is a process in which patients accommodates their own
illness through changes in internal standards, values, and
concepts.23 Due to the chronic nature of the illness, this life
adjustment phenomenon can be highly relevant for patients
who live with muscular disease. Moreover, because these
1&13FRQWDFWHGE\
SDWLHQWVFDUHUZKR
VDZUHFUXLWPHQWQRWLFH
H[FOXGHGGXHWR
ORVWFRQWDFW

SDWLHQWVFRPSOHWHG
TXHVWLRQQDLUHV
H[FOXGHGGXHWR
RYHUORRNHGDJHFULWHULD
SDWLHQWV¶GDWD
DQDO\]HG
Figure 1 Flowchart of participant inclusion.
Abbreviation: NCNP, National Center of Neurology and Psychiatry.
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Figure 2 Comparisons of health-related quality of life in DM1 and Japanese general
population.
Notes: Values are shown in normative scores of the SF-36v2 scale, in which
Japanese general population scores (in dashed line) are fixed at 50. Dotted line
shows scores of a Japanese population with two or more chronic illness.
Abbreviations: BP, bodily pain; DM1, myotonic dystrophy type 1; GH, general
health; MH, mental health; PF, physical function; RE, role function – emotional; RP,
role function – physical; SF, social function; SF-36v2, Short-Form 36 Health Survey,
version 2; VT, vitality.

patients live with the disease over years, it may be difficult
for them to feel or notice any changes related to their condition that may have occurred during the past month or year,
the timeframe to which SF-36v2 questions refer.
It has also been argued in previous studies that cognitive
impairment affects DM1 patients’ perception of QoL.7–9
In a study on DM1 patients’ unawareness of their disease,
Baldanzi et al showed that despite limitations in social
function, such as inability to work or withdrawal from
relationships, patients appeared unconcerned according to
their caregivers’ accounts.24 They further argued that DM1
patients’ unawareness of their disease was related specifically
to lower scores in visuospatial memory, cognitive flexibility,
comprehension, and conceptualization. Emotional QoL that is
higher than the national average among the participants in this
study may be explained by issues concerning disease awareness in DM1. In a systematic review and meta-analysis of the
cognitive profile of DM1 patients by Okkersen et al, studies
included in the analysis showed significantly worse cognitive
performance in patients than in control participants. Large
effect sizes were observed for global cognition, intelligence,
visual memory, visuospatial perception, visuoconstruction,
psychomotor speed, and social cognition,25 domains in which

Neuropsychiatric Disease and Treatment 2019:15

findings by Baldanzi et al overlap to an extent. In terms of
social perception, our study found a similar tendency of the
SF-36v2 social function domain score (48.0±11.5) being close
to the Japanese normative score. We were unable to assess
patients’ cognitive function in this study, rendering direct
comparison with other results impossible. However, the mean
CTG repeat size of our study participants was higher than that
of participants in studies reviewed by Okkersen et al so that
we can assume that our participants may have similar cognitive symptoms. The higher CTG repeat size of 894.6 in our
study may be due to the fact that the Aomori Hospital study
site is one of the few medical institutions that are specialized
in neuromuscular diseases in the region, thereby attracting
patients with severe symptoms. Despite this fact, we view that
the study participants’ clinical states were not severe, as the
high genetic variability of disease condition and prognosis
is known to exist in DM1.26 To summarize, better emotional
and social QoL despite limitations in physical function in our
participants may have influenced the cognitive symptoms of
DM1, leading to disease unawareness among this population.
The mean score for depression in study participants
measured using the CES-D was 14.3±8.5, not reaching the
cutoff of 16, which is defined as a likely presence of depression. In a study on the development of the Japanese version
of CES-D,17 the mean score of the healthy control population
was 8.9±7.1, a score that suggests a higher prevalence of
depressive symptoms in our study participants. Prior studies
on depression in myotonic dystrophy have had mixed results,
with some concluding a higher presence and severity of
symptoms, while others found no significant depression in
this population.27–30 In fact, researchers have not yet reached
an agreement on the cause of DM1 depression.29,30 Some
studies indicated that the expression of apathy characterized
by low motivation and diminished affect and concerns may
be partially attributable to the prevalence of depression,29,31
while another emphasized the overlap of certain physical
symptoms of depression with major DM1 symptoms such as
fatigue, muscle weakness, and sleep disorder.30 Our study did
not investigate participant apathy; thus, no comparison with
these results can be made, although a recent study on Japanese
DM1 patients showed an apathy prevalence that exceeds the
cutoff score of the scale being used.8,32 In terms of fatigue,
a question is included in the vitality domain of SF-36v2, in
which our participants scored 43.0±11.3, a score that is lower
than the national average of 50. As both restricted physical
function and daytime sleepiness were also observed in our
participants, our result can be explained on the grounds of
somatic symptom overlap between depression and DM1.
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In regard to daytime sleepiness, it was present in our
study participants although the mean score did not exceed 10,
a score that is typically interpreted as a presence of excessive
daytime sleepiness.33 Our result appears to be in line with
previous studies that utilized ESS.8,34,35 Daytime sleepiness
is known to be one of the most common symptoms to affect
DM1 patients,2,36–38 and together with the presence of fatigue
they negatively influence HRQoL.35 However, it is commonly
acknowledged that there is a gap between patients’ subjectively reported sleepiness and objective data.38,39 Our mean
score, which did not reach pathologic levels of the symptom,
may also be explained by this characteristic of perceiving
sleepiness in the patients.
The mental state of study participants as derived from
SF-36v2 and CES-D did not show a significant adverse
condition, but our results also indicated that depressive
mood measured using CES-D had a moderate correlation
with PCS in SF-36v2 and daytime sleepiness assessed using
ESS. These results suggest that despite higher mean MCS
scores measured by the SF-36v2 than the national normative score, the physical condition of participants does seem
to affect their mental condition. The association between
daytime sleepiness and mental health of DM1 has already
been reported in a previous study.9 This relationship can be
understood by viewing sleep dysregulation as one of the
main symptoms in mental illness. Regarding the association observed in this study between depression and physical
function, our result is congruent with previous data that
explain this finding as a natural progression of disease that
worsens with time.7 However, there also exists contradictory data that indicate an association between depression
and earlier phases of the disease.30 It is well understood
that DM prognosis varies widely with factors such as age
of onset and type of symptoms that are present in a patient;
therefore, discussions related to disease severity and symptoms need to be considered carefully and should be based
on further studies.
While correlation was observed between PCS and CES-D
scores, a significant correlation was not detected between
PCS and MCS. The reason for this difference in results can
be partly explained by the timeframe of the questions for
each measure. SF-36v2 collects information on the respondent’s health over the past month, whereas the CES-D questions respondent’s mood and behavior over the past week.
DM1 patients may find it difficult to feel changes in their
condition during a longer period of time due to the chronic
nature of the disease. Short-term mood fluctuations may
be easier to recall as memories of recent events, to which a
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particular mood may be attached, and might be more vividly
remembered by patients. It was revealed in previous studies
where DM1 patients were followed longitudinally over years
that their QoL improved while muscular weakness worsened
when measuring using the common HRQoL questionnaires,
SF-36 and Individualized Neuromuscular Quality of Life
questionnaire.11,40 Several potential explanations such as
the speed of progression of particular symptoms, a response
shift that occurred in patients during years of living with the
disease, and other cognitive and behavioral effects of DM1
have been suggested.11,40 For use in clinical trials that aim for
therapeutic developments that cure the disease, a questionnaire’s validity, reliability, and responsiveness are crucial
in measuring improvements in disease states, such that it is
undoubtedly appropriate to attach caution in utilizing these
questionnaires.11,40,41 Nevertheless, it is also a reality that
the patients need to live with chronic diseases until a cure
is developed. Adjustment to particular symptoms and a life
with illness becomes important in coping with the disease
in terms of emotional wellbeing and functional preservation, and these results that show positive QoL despite the
significant effect of illness shed light on one of the important
aspects of DM1. To deepen our understanding further on
the cause of high mental QoL or improving QoL amidst
worsening muscle function, more studies on DM1 patients’
behavior, cognition, emotion, and interpersonal dynamics are
necessary to clarify what exactly is a good or poor adjustment for DM1.42
Finally, the multiple linear regression analysis for PCS,
MCS, CES-D, and ESS scores showed that these variables
had no significant association with a group of independent
variables comprising age, sex, CTG repeats, and BMI for
our study participants. With this result, we can assume that
the biologic and/or genetic characteristics of participants
cannot fully explain their state of QoL, but various aspects of
life such as employment or other social participation status,
relationship satisfaction, and living environment need also to
be taken into account.6,7,9 As factors that influence the QoL
of patients with myotonic dystrophy, previous studies that
are covered in Graham et al have reported variables such as
pain, disease severity, fatigue, employment status, mood,
and sex.6 Adding to these elements, Laberge et al revealed
in their study that DM1 health-related QoL was affected significantly by factors such as daytime sleepiness, psychological distress, and social participation dissatisfaction, as well
as other commonly mentioned factors such as fatigue and
unemployment.9 These findings show that it is most important
to examine various aspects of these patients’ lives in order to
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improve their standard of care, and that treatment and care
should be provided not only via a medical approach but also
include psychosocial aspects. In this respect, the results of the
OPTIMISTIC study that provided psychological intervention
in the form of cognitive behavioral therapy to DM1 patients
and caregivers as a method of maintaining and improving
DM1 patients’ function have definitely added significant
value to care improvement research.43
This study is not without its limitations. First, the sample
population consisted mostly of DM1 patients who reside in
Aomori prefecture, an area in northern Japan; thus, the results
of this study cannot be taken as representing all Japanese
patients as region-specific elements are presumed to be influencing the outcome to an extent. Second, a limited number
of samples that we were able to access restricted us when
performing some statistical analyses, such as determining
the number of variables and controlling for clinical factors
in the regression analysis. Increased sample size would have
enabled us to further clarify factors related to QoL. Finally,
and in relation to the second point, the data of some major
variables that are frequently utilized in DM1 research, such
as disease severity, disease duration, cognitive function, and
employment status, were not collected in this study due to
resource limitation. Future research can further contribute to
DM1 knowledge by collecting information concerning these
factors from a wider regional source.

Conclusion
Despite the aforementioned limitations, this study adds valuable insights to the already existing research as it is the first
study to investigate HRQoL of Japanese DM1 patients with
the use of SF-36v2. Our results suggest that for some patients,
improvement of QoL may not necessarily be equivalent to
treated disease. In this regard, care based on psychosocial
perspectives should be an effective addition to the existing
standard, and future research on the development of a supporting method or program tailored to the needs of DM1
patients is crucial.
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