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Abstract:

Objective This study attempted to clarify the current status of female dystrophinopathy carriers, including
the numbers of patients, the status of genetic screening, the status of counseling, physicians’ understanding,
and barriers to registration.

Methods We sent out questionnaires to 402 physicians registered in the Remudy dystrophinopathy registry.
The total number of responses received was 130 (response rate: 32%).

Result In total, 1,212 cases of Duchenne muscular dystrophy, 365 cases of Becker muscular dystrophy, and
132 cases of female dystrophinopathy with a confirmed genetic mutation were encountered, and genetic test-
ing was performed in the mother in 137, 23, and 12 cases, respectively. With respect to the risk of the onset
of health problems, 25% of physicians always explained, 29% usually explained, 29% sometimes explained,
and 13% never explained the risk to the mothers and female siblings of dystrophinopathy patients. The most
common reason for not explaining the risk was a lack of knowledge/information. Thirty-five percent were fa-
miliar with the guidelines for testing the heart function of carriers.

Conclusion Fewer mothers of dystrophinopathy patients have undergone genetic testing in Japan than in
other countries. A significant portion of doctors did not explain the risks of health problems due to a lack of
knowledge. We hope this survey will lead to an increased discussion of female dystrophinopathy patients.
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The life expectancy of DMD patients has improved dur-

Introduction

Duchenne muscular dystrophy (DMD) and Becker muscu-
lar dystrophy (BMD) are X-linked muscular disorders
caused by mutations in the dystrophin gene, with 60% of
mothers of DMD patients and 90% of mothers of BMD pa-
tients being carriers of the genetic mutation (1). Skeletal
muscle involvement (2), cardiomyopathy (3), psychiatric dis-
orders (4), and deterioration of symptoms after pregnancy
and delivery (5, 6) are known to occur in some carriers.

ing the last two decades (7, 8). The mean age at the time of
death of DMD patients in Japan in 1999 was 23.6 years old,
while it was 30.1 years old in 2012 (7). This disease forces
an unexpected number of patients to live at home, which
places an even greater burden on their caregivers. The health
of the mother, often the main caregiver in Japan, influences
the quality of life of the DMD patient; as such, managing
the health of the mother is vital. It has been reported that
the incidence of cardiomyopathy increases with age in fe-
male dystrophinopathy carriers (3), making it a more press-
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ing problem as the mother ages. In previous reports, DNA
testing was performed in 95% (210/222) of the mothers of
DMD patients and 67% (42/63) of the mothers of BMD pa-
tients in the Netherlands (9), 63% (645/1,021) of the first-
degree relatives of DMD patients in the UK (10), and 38%
(400/1,053) of the mothers of DMD patients in China (11).
In a South Korean report, 19% (55/285) of patients who
screened for the dystrophin  mutation
women (12). In a report of surveillance with an advocacy
group mailing list and 50 Muscular Dystrophy Association
clinics in the United States, 63% of the carriers of DMD/
BMD (n=833) were of their cardiomyopathy
risks (13). In contrast, little is known about the current
status of health management for carriers of DMD/BMD in
Japan.

We previously reported a questionnaire survey about carri-
ers of DMD/BMD aimed at genetic counsellors in The Ja-
pan’s National Liaison Council for Clinical Sections of
Medical Genetics. In that report, we revealed that 61% of
the counsellors informed carriers of the risk of cardio-
myopathy and heart failure and advised carriers to undergo
regular medical checkups (14); however, the current status
of doctors informing and advising carriers is unclear.

The objectives of this study are as follows: 1) To deter-
mine the approximate number of Japanese female dystro-
phinopathy patients and the status of implementation of ge-
netic screening; 2) to clarify the status of counseling for fe-
male family members of dystrophinopathy patients; 3) to as-
sess physicians’ understanding of female dystrophinopathy,
and 4) to identify barriers to the registration of female dys-
trophinopathy patients.

were were

aware

Materials and Methods

Subjects

In August 2015, a questionnaire survey was mailed to 402
attending physicians of dystrophinopathy patients registered
in Remudy, a Japanese national registry of patients with he-
reditary muscular disorders established in 2009 (15). As of
the end of March 2017, 1,497 dystrophinopathy patients
have been registered in the Remudy database (16).

Initially, the deadline for returning the survey question-
naire was the end of September 2015. We sent an e-mail re-
minder in October 2015, to let them know that the deadline
had been extended to the end of October 2015.

Questionnaire (Table 1)

The physicians were asked to provide the following infor-
mation: 1) the department in which they worked, 2) the
number of dystrophinopathy patients they treated as the at-
tending physician in 2014, 3) the number of mothers of dys-
trophinopathy patients who underwent genetic testing, 4) if
they explain to the mother and female siblings of dystro-
phinopathy patients that they may be carriers, 5) if they ex-
plain the health issues/risk of onset to the mothers and fe-

male siblings of dystrophinopathy patients, 6) if they know
about the Practical Guideline for Duchenne Muscular Dys-
trophy recommendations about carriers, 7) if they know that
female dystrophinopathy has been designated an “intractable
disease,” 8) opinion about the registration of female dystro-
phinopathy patients, 9) severity they think is appropriate for
the registration of female dystrophinopathy carriers, and 10)
their opinion regarding the health management/registration
of female dystrophinopathy patients/mutation carriers (open
response).

Responses to the open question were analyzed with a
qualitative content analysis, as reported elsewhere (17). Re-
sponses with similar meanings were grouped into subcatego-
ries. Similar subcategories were abstracted into main catego-
ries. These procedures were separately performed by two
physicians who have specialized in neurology for over eight
years, and disagreements were discussed to reach a consen-
sus on appropriate categories.

Statistical analyses

The number of respondents was counted with each de-
partment and divided by the number of total respondents
(Q1). The number of patients with dystrophinopathy, those
with a confirmed genetic mutation, the mothers who had un-
dergone genetic testing and the mothers with confirmed mu-
tations were counted. The median, minimum, and maximum
number of patients treated by a single physician were deter-
mined. The number of mothers of dystrophinopathy patients
who underwent genetic testing was divided by the number
of genetically confirmed dystrophinopathy patients to calcu-
late the percentage of mothers who had been tested (Q2,3).
The responses to the questions about counselling (Q4, 5)
and knowledge (Q6, 7) were counted and divided by the
number of all respondents. All data analyses was performed
using the Microsoft Excel software program, ver. 2013 and
2016.

Ethical approval

The study protocol was approved by the local ethics com-
mittee of Akita National Hospital (Clinical Research Num-
ber 27-4).

Results

Response rate
The response rate was 32% (130/402).
Department of respondents (Q1)

Seventy-two percent (93/130) were pediatricians, 27%
(35/130) were neurologists, 1% (1/130) were orthopedists,
and 1% (1/130) worked in the Department of Medical Ge-
netics.
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Table 1. Questionnaire Items.

Ql. What department do you work in?
[] Pediatrics [] Other ( )
Q2. How many patients did you treat as the attending physician from Jan. 1 to Dec. 31, 2014?

[ ] Neurology

Female dystrophinopathy : (Those with confirmed genetic mutation: )

Male DMD: (Those with confirmed genetic mutation: )

Male BMD: (Those with confirmed genetic mutation: )
Q3. How many mothers of the patients reported in Q2 have undergone genetic testing to date?

Mothers of female dystrophinopathy: (Those with confirmed genetic mutation: )

Mothers of male DMD: (Those with confirmed genetic mutation: )

Mothers of male BMD: (Those with confirmed genetic mutation: )

Q4. Do you explain to the mother and female siblings of dystrophinopathy patients that they may be carriers?

[]1. Always []2. Usually []3. Sometimes [ 4. Never
If the response is 2-4, why did you not explain it to them (multiple responses allowed)?
(] Possess limited knowledge/information about possibility of having genetic mutation
(] Out of respect for psychological impact on mother [] Not enough time to explain
(] Did not feel the need to explain
Q5. Do you explain health issues/risk of onset to the mothers and female siblings of dystrophinopathy patients?
[]1. Always [12. Usually []3. Sometimes [ ]14. Never

If the response is 1-3, what things did you explain to them (multiple responses allowed)?
[ ] CNS manifestations [] Cardiomyopathy/heart failure
[] Cardiomyopathy/heart failure during pregnancy/delivery [ ] Need for medical check-ups

(] Skeletal muscle symptoms

[] Need for regular specialized tests incl. echocardiography

If the response is 2-4, why did you not explain it to them (multiple responses allowed)?
[] Possess limited knowledge/information about health problems/risk of onset

(] Out of respect for psychological impact on mother

[] Did not feel the need to explain

Q6. Do you know that the Practical Guideline for Duchenne Muscular Dystrophy (DMD) 2014 recommends that the cardiac function of
carriers of the female dystrophin gene mutation should be evaluated once every approximately 5 years after reaching adulthood?

[J1. Yes []2.No

Q7. Did you know that muscular dystrophy was designated an intractable disease in Japan in July 2015, and that it is now possible to be
certified for female dystrophinopathy if the diagnostic criteria and severity criteria are satisfied?

[]Yes [ No
Q8. What do you think about registration of female dystrophinopathy patients/mutation carriers?
[ I'm for it.
Qo. What severity do think is appropriate for registration of female dystrophinopathy patients / carriers?

[] Not enough time to explain

[ I’'m not against it, but actual registration would be difficult (] I’'m against it.
(] Same as that for muscular dystrophy as a designated intractable disease*

] All those afflicted
Please give us your opinions regarding health management/registration of female dystrophinopathy patients/ carriers (open response).

[] Asymptomatic carriers should also be included
Q10.

* Severity criteria for registration for muscular dystrophy as a designated intractable disease is to satisfy any one of the following criteria: Modified Rankin Scale

>3 (Requires some help, but can walk without assistance.), some help is required for meals/nutritional intake, respiratory symptoms hinder sleep, or shortness of
breath occurs with activities of daily living such as getting dressed, NYHA 2 II, ventricular tachycardia, atrial fibrillation, supraventricular tachyarrhythmia,
second or third degree atrioventricular block, sick sinus syndrome, brain natriuretic peptide>50 pg/mL, and left ventricular ejection fraction<55%

DMD: Duchenne muscular dystrophy, BMD: Becker muscular dystrophy, CNS; Central nervous system,

Note; This table was written by translating the original Japanese questionnaire into English.

and female dystrophinopathy cases, respectively, and a ge-
netic mutation was confirmed in 63% (86/137), 78% (18/
23), and 50% (6/12) of cases, respectively.

Numbers of patients and status of genetic screening
(Q2, 3) (Table 2)

In total, 1,410 cases of DMD, 438 cases of BMD, and
172 cases of female dystrophinopathy were encountered,
with a genetic mutation being confirmed in 86% (1,212/

Counseling for female family members of dystro-
phinopathy patients (Q4, 5) (Table 3)

1,410), 83% (365/438), and 77% (132/172) of cases, respec-
tively. The median (minimum-maximum) number of patients
treated by a single physician was as follows: DMD [2 (0-
200)], BMD [1 (0-100)], and female dystrophinopathy [0 (O-
30)]. Genetic testing was performed in the mother in 11%
(137/1212), 6% (23/365), and 9% (12/132) of DMD, BMD,

With respect to the possibility of the mother and female
siblings of dystrophinopathy patients being carriers, 56%
(73/130) of physicians always explained, 18% (24/130) usu-
ally explained, 19% (25/130) sometimes explained, and 4%
(5/130) never explained the possibility. The most common
reason for not explaining it was “out of respect for the psy-
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Table 2. Number and Situation of Genetic Testing of Dystrophinopathy Patients and Their Mothers.

Question total pediatricians neurologists others
Q2. Number of all patients
Female dystrophinopathy 172 37%(63/172) 63%(109/172) 0%(0/172)
Male DMD 1,410  55%(782/1,410)  44%(622/1,410)  0%(6/1,410)
Male BMD 438 59%(259/438) 41%(179/438) 0%(0/438)
Number of genetically confirmed patients
Female dystrophinopathy 132 32%(42/132) 68%(90/132) 0%(0/132)
Male DMD 1,212 59%(716/1,212)  41%(496/1,212)  0%(0/1,212)
Male BMD 365 63%(231/365) 37%(134/365) 0%(0/365)
Percentage of genetically confirmed patients (number of genetically confirmed patients / number of all patients)
Female dystrophinopathy 77%(132/172) 67%(42/63) 83%(90/109) 0%(0/0)
Male DMD 86%(1,212/1,410) 92%(716/782) 80%(496/622) 0%(0/6)
Male BMD 683%(365/438) 90%(231/259) 75%(134/179) 0%(0/0)
Q3. Number of mothers undergone genetic testing
Mothers of female dystrophinopathy 12 50%(6/12) 50%(6/12) 0%(0/12)
Mothers of male DMD 137 64%(87/137) 36%(50/137) 0%(0/137)
Mothers of male BMD 23 39%(9/23) 61%(14/23) 0%(0/23)
Number of genetically confirmed mothers
Mothers of female dystrophinopathy 6 50%(3/6) 50%(3/6) 0%(0/6)
Mothers of male DMD 86 59%(51/86) 41%(35/86) 0%(0/86)
Mothers of male BMD 18 33%(6/18) 66%(12/18) 0%(0/18)
Percentage of genetically tested mother (number of tested mother / number of genetically confirmed child patients reported in Q2)
Mothers of female dystrophinopathy 9%(12/132) 14%(6/42) 7%(6/90) 0%(0/0)
Mothers of male DMD 11%(137/1,212) 12%(87/716) 10%(50/496) 0%(0/0)
Mothers of male BMD 6%(23/365) 4%(9/231) 10%(14/134) 0%(0/0)
Percentage of genetically confirmed mothers (number of genetically confirmed mothers / number of tested mother)
Mothers of female dystrophinopathy 50%(6/12) 50%(3/6) 50%(3/6) 0%(0/0)
Mothers of male DMD 63%(86/137) 59%(51/87) 70%(35/50) 0%(0/0)
Mothers of male BMD 78%(18/23) 66%(6/9) 86%(12/14) 0%(0/0)

DMD: Duchenne muscular dystrophy, BMD: Becker muscular dystrophy

chological impact.” With respect to the risk of the onset of
health problems, 25% (33/130) of physicians always ex-
plained, 28% (37/130) usually explained, 29% (38/130)
sometimes explained, and 13% (17/130) never explained the
risk. The most common reason for not explaining it was a
“lack of knowledge/information (24%, 31/130).”

Among the 130 respondents, 64% (83/130) of attending
physicians explained about musculoskeletal symptoms, 56%
(73/130) explained about cardiomyopathy and heart failure,
28% (36/130) explained the need for regular specialized
tests, including echocardiography, 19% (25/130) explained
about cardiomyopathy/heart failure during pregnancy/deliv-
ery, 18% (24/130) explained about the need for medical
checkups, and 8% (11/130) explained about central nervous
system symptoms.

Knowledge of female dystrophinopathy (Q6, 7) (Ta-
ble 3)

Thirty-five percent (45/130) were familiar with the guide-
lines on testing the heart function of female carriers, and
42% (54/130) knew that dystrophinopathy was now desig-
nated as an “intractable disease,” with the associated medical
expenses covered by the national government and prefec-
tures in Japan.

Thoughts on registration (Q8, 9)

Seventy-three percent agreed with registration (more re-
sults are available in the Supplementary material).

Content analyses of the responses to the open
question (Q10) (Table 4)

Forty-eight physicians responded to the open question,
and a total of 58 opinions were received. Regarding the re-
sults of the content analysis, 66% (38/58) of the responses
were categorized as a “matter requiring improvement,” and
24% (14/58) were categorized as having “a positive attitude
toward this study.” The subcategories of “matter requiring
improvement” problem,”
counseling-related problem,” “Financial problem,” “Lack of
information,” “Problem of young carriers,” “Problem of
asymptomatic persons,” “Support for the mother,” “Unclear
advantages of registration,” “Social system,” and “Problem
of genetic testing.” The subcategories of “a positive attitude
toward this study” included “It was enlightening,” “Impor-
tant problem,” and “Positive attitude toward registration”.

included “Delicate “Genetic
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Table 3. Difference of Answers with Pediatricians, Adult Neurologists, and Others.

total pediatricians  neurologists others
Question (n=130) (n=93) (n=35) (n=2)
Q4. Explanation to the mother and female siblings of dystrophinopathy patients that they may be carriers.
Always 56%(73/130) 65%(60/93)  34%(12/35)  50%(1/2)
Usually 18%(24/130) 18%(17/93) 20%(7/35) 0%(0/2)
Sometimes 19%(25/130) 13%(12/93)  37%(13/35) 0%(0/2)
Never 4%(5/130) 2%(2/93) 6%(2/35)  50%(1/2)
Not answered 2%(3/130) 2%(2/93) 3%(1/35) 0%(0/2)
Reason of not explained (multiple responses allowed)
Out of respect for psychological impact 22%(28/130) 18%(17/93)  31%(11/35)  50%(1/2)
Lack of knowledge / information 9%(12/130) 8%(7/93) 11%(4/35) 0%(0/2)
Not enough time to explain 5%(6/130) 3%(3/93) 9%(3/35) 0%(0/2)
Did not feel the need to explain 4%(5/130) 2%(2/93) 9%(3/35) 0%(0/2)
Q5. Explanation to the mothers and female siblings of dystrophinopathy patients about health issues/risk of onset
Always 25%(33/130) 28%(26/93) 26%(6/35)  50%(1/2)
Usually 29%(37/130) 28%(26/93)  31%(11/35) 0%(0/2)
Sometimes 29%(38/130) 25%(23/93)  43%(15/35) 0%(0/2)
Never 13%(17/130) 15%(14/93) 6%(2/35)  50%(1/2)
Not answered 4%(5/130) 4%(4/93) 3%(1/35) 0%(0/2)
Reason of not explained (multiple responses allowed)
Out of respect for psychological impact 19%(25/130) 18%(17/93) 20%(7/35) 0%(0/2)
Lack of knowledge / information 24%(31/130) 25%(23/93) 23%(8/35)  50%(1/2)
Not enough time to explain 7%(9/130) 5%(5/93) 11%(4/35) 0%(0/2)
Did not feel the need to explain 8%(11/130) 8%(7/93) 11%(4/35) 0%(0/2)
Contents of explanation (multiple responses allowed)
Musculoskeletal disorders 64%(83/130) 62%(58/93)  69%(24/35)  50%(1/2)
Cardiomyopathy / heart failure 56%(73/130) 53%(49/93)  66%(24/35)  50%(1/2)
Need for echocardiography 28%(36/130) 24%(22/93)  40%(14/35) 0%(0/2)
Cardiomyopathy during pregnancy/delivery  19%(25/130) 19%(18/93) 20%(7/35) 0%(0/2)
Need for medical check-ups 18%(24/130) 16%(15/93) 26%(9/35) 0%(0/2)
CNS manifestations 8%(11/130) 10%(9/93) 6%(2/35) 0%(0/2)
Q6. Knowing with guidelines 35%(45/130) 29%(27/93)  49%(17/35)  50%(1/2)
Q7. Knowing with designated intractable disease 42%(54/130) 33%(31/93)  66%(23/35) 0%(0/2)

Note; The rate of selecting each option included in each question item (number of selected respondents / number of all respondents) of

total, pediatricians, adult neurologist, and others are shown. CNS: Central nervous system

Differences in responses between pediatricians and
neurologists (Table 2, 3)

More female dystrophinopathy patients were treated by
neurologists (63%, 109/172) than pediatricians (37%, 63/
172) (Q2). More pediatricians (65%, 60/93) than neurolo-
gists (34%, 12/35) always explained to female family mem-
bers of dystrophinopathy patients that they might be carriers
(Q4). More neurologists than pediatricians knew about the
guideline [49% (17/35) of neurologists, 29% (27/93) of pe-
diatricians].

Discussion

Our study revealed that there were at least 130 genetically
confirmed female dystrophinopathy carriers in Japan. There
seemed to be fewer mothers who underwent genetic screen-
ing in our study (6-11%) than in previous reports from the
Netherlands (67-95%) and the UK (63%) (9, 10). As men-
tioned above, fewer females seem to undergo genetic screen-

ing in Asian countries than in Europe (11, 12). Genetic test-
ing and counseling of carriers are provided as a medical
service under the health insurance system in the Netherlands
and the UK, but not in Japan, Korea, or China, which may
be one reason why genetic testing is performed more often
in Europe than in Asian countries. In a recent report on the
US DuchenneConnect patient registry, the cost of testing
was the most commonly identified barrier to genetic screen-
ing (18). In addition, we considered two other possible rea-
sons for why fewer mothers undergo genetic examinations
in Japan: insufficient explanation of the risk of the onset
from clinicians, and a conservative attitude toward genetic
testing in general in Japan.

In terms of counseling for female family members, it ap-
pears the majority of Japanese doctors decide to explain or
not to explain the risk on a case-by-case basis on considera-
tion of the psychological impact. In contrast, doctors in the
Netherlands seem to have a more positive attitude toward
counseling, with index patients being asked to distribute
“family letters” that provide information about the disease,
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Table 4. Results of Analysis of Responses to Open Question.

Category Subcategory

Examples of the opinions

Matters requiring
improvement
(66%, 38/58)

Delicate problem

(10%, 6/58)

Being diagnosed as a carrier leaves no doubt that the disorder was
passed down from the mother, giving rise to situations where it is
very difficult to explain it to some families.

Genetic counseling-related problem (9%, 5/58) It would be difficult at institutions with no genetics specialists.

Financial problem (9%, 5/58)  Where will you get the funds for sequencing?

Lack of information (9%, 5/58)  There is still much that is unknown, so I don’t know how much I
should try to explain. I'd like to have an evidence-based guideline.

Problem of young carriers (5%, 3/58) 1don’t know what I should do with the patient who are minors.

Problem of asymptomatic persons (3%, 2/58) 1t should target people who have a subjective symptom and who
consult a doctor of their own volition.

Support for the mother (3%, 2/58) 1 hope that society becomes more supportive of the mother.

Advantages of registration are unclear (3%, 2/58)  You should clarify the advantages of registration and whether the
concerns of people diagnosed as carriers can be addressed.

Social system (3%, 2/58) 1 would like to see the early establishment of a social system.

Problem of genetic testing (2%, 1/58)  Even male patients rarely undergo genetic testing.

Other problems of registration (5%, 3/58)  Will people with Turner syndrome with coexisting

Positive attitude It was enlightening

(12%, 7/58)

dystrophinopathy be able to register? I feel like it would be unfair
if they could not register and did not get all the information they
need.

I have little knowledge, so I need to study.

toward study Important problem (7%, 4/58) 1 think it is an important problem.
(24%, 14/58) Positive attitude toward registration (3%, 2/58) 1 think that registration would be beneficial as patients may
become candidates for read through and exon skipping treatment.
Others I am actually treating carriers (7%, 4/58)  I'm currently administering beta-blocker and ACE inhibitor to
(10%, 6/58) three patients with female dystrophinopathy.
Present status of genetic counseling (3%, 2/58)  Genetic counseling is required at our institution.

Note; This table was written by translating the analysis result in Japanese into English.

inheritance, health risks, possible treatment options, and
screening to their first-degree relatives or the children of
those relatives (19). In a recent report of a survey of per-
spectives on carrier testing and communication within the
family, the importance of autonomy is emphasized (20),
which seems to differ from the traditional paternalism in old
medical and social systems in Japan (21).

Our study showed that the most common reason for not
explaining the risk in Japan is a lack of knowledge and in-
formation. Regarding female dystrophinopathy, many attend-
ing physicians were not familiar with the guideline or the
fact that it had been newly designated an “intractable dis-
ease” under Japanese law in 2015. The knowledge of attend-
ing physicians seemed to be insufficient to explain female
dystrophinopathy adequately. We therefore feel that carrying
out this survey was worthwhile, as physicians became much
more familiar with female dystrophinopathy through it.

However, regardless of the reasoning, we must not forget
that a delay in the diagnosis and insufficient explanation
may lead to a delay in treatment. We hope that barriers,
such as the cost of a diagnosis, psychosocial problems, and
lack of knowledge of the doctors, will be overcome.

In the future, more female dystrophy patients will be
openly registered in Remudy in order to collect adequate in-
formation and estimate the prevalence of female dystro-
phinopathy, the incidence of symptoms, and the prognoses

here in Japan. However, the results of our content analysis
revealed that many physicians had noted various issues with
adding female dystrophinopathy patients to a registry, even
if they agree to this addition, including ‘“Delicate problems,”
“Genetic counseling-related problems,” “Financial prob-
lems,” and “Lack of information.” Therefore, we need to
proceed carefully.

Several limitations associated with the present study war-
rant mention. First, questionnaires were only mailed to reg-
istered physicians as an anonymous survey to protect each
patient’s personal information. The response rate was lower
than initially expected, possibly due to the low interest of
some physicians in female dystrophinopathy. Second, some
patients with cardiomyopathy without skeletal muscle symp-
toms may not have been diagnosed and not included in this
study. Third, there is some bias in this study since we have
incompletely covered the population of dystrophinopathy pa-
tients in Japan. As the total number of dystrophinopathy pa-
tients is unknown in Japan, we cannot show what percent-
age of dystrophinopathy patients were included in this sur-
vey. Furthermore, the patients in this study included those
who did not want to be registered in Remudy, even if their
disease was genetically proven. As such, we cannot compare
the numbers of patients in this study with those registered in
Remudy. The numbers of patients were not precise for the
following reasons: 1) We asked for the approximate number
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of patients, 2) we did not define the criteria of female dys-
trophinopathy, and 3) as this was an anonymous survey, we
were unable to omit overlapping cases coincidentally re-
ported from different hospitals. Fourth, the responding phy-
sicians may have been more interested in the carrier prob-
lem than those who did not respond; therefore, the results
may be biased toward being more likely to explain the risks
and being more familiar with the guideline. Finally, regard-
ing the open question, it may have been difficult to respond
with a negative opinion. For female dystrophinopathy, medi-
cal and social attitudes may vary from country to country,
so it is important for us to recognize the circumstances and
related problems of each country with extensive insight.

Conclusion

In conclusion, we revealed some problems concerning fe-
male dystrophinopathy, such as the lower rate of mothers of
DMD/BMD patients having undergone genetic testing in Ja-
pan than in other countries, and a significant portion of doc-
tors lacked information and did not explain the risks of on-
set of health problems to the female family members of
DMD/BMD patients. We hope that our survey will lead to
increased discussion of female dystrophinopathy patients
and that more evidence related to female dystrophinopathy
will be gathered in the future using the registration system.

These findings were reported at the 57th Annual Meeting of
the Japanese Society of Neurology and 15th Annual Scientific
Meeting of Asian Oceanian Myology Center (AOMC).
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