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Abstract

Background: Several studies on clinical practice for Duchenne muscular dystrophy (DMD) have been conducted in Western
countries. However, there have been only a few similar studies in Asia and Oceania. Here, we investigate the steroid therapy-
related clinical practice for DMD among the local experts. In 2015, we conducted a DMD expert survey in Asia and Oceania to
acquire information regarding patients with DMD and to assess current clinical practice with the cooperation of Asian and Ocea-
nian Myology Centre, a neuromuscular disease research network.

Results: We obtained survey responses from 87 out of 148 clinicians (62%) from 13 countries and regions. In China, 1385 DMD
patients were followed-up by 5 respondent neurologists, and 84% were between 0 and 9 years of age (15% were 10–19 years, 1%
> 19 years). While in Japan, 1032 patients were followed-up by 20 clinicians, and the age distribution was similar between the 3
groups (27% were 0–9 years, 35% were 10–19 years, 38% were >19 years). Most respondent clinicians (91%) were aware of
DMD standard of care recommendations. Daily prednisolone/prednisone administration was used most frequently at initiation
(N = 45, 64%). Inconsistent opinion on steroid therapy after loss of ambulation and medication for bone protection was observed.

Conclusions: Rare disease research infrastructures have been underdeveloped in many of Asian and Oceanian countries. In this
situation, our results show the snapshots of current medical situation and clinical practice in DMD. For further epidemiological
studies, expansion of DMD registries is necessary.
� 2020 The Authors. Published by Elsevier B.V. on behalf of The Japanese Society of Child Neurology. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Duchenne muscular dystrophy (DMD) is a rare chro-
mosome X-linked disease that affects 1 in 5000–6000
newborn boys [1]. The disease follows a progressive
course of muscle weakness, including the respiratory
and cardiac muscles. Affected boys lose the ability to
ambulate independently by the age of 12 years [2].
Although multiple treatment strategies are under inves-
tigation and have shown promise for DMD [3,4], corti-
costeroids remain the only drugs with objective
confirmed effects on muscle weakness [5].

Steroid therapy can alter the course of DMD,
improve muscle function, and prolong walking ability
for 2–5 years [6]. Beneficial effects of steroids are also
observed after loss of ambulation, in terms of a reduced
incidence of scoliosis and a slower decline in upper
extremity and cardiorespiratory functions [6]. Indeed,
international guidelines for DMD treatment recommend
prednisolone and/or prednisone (PSL) (0.75 mg/kg/day)
and deflazacort (DFZ) (0.9 mg/kg/day), which are rec-
ognized to be most effective in the short term [7].

However, long-term daily steroid regimens are associ-
ated with various side effects, such as obesity, beha-
vioural changes, low stature, and bone fractures [8];
several investigations into the optimal timing, dose,
and regimen of steroid therapy are ongoing. Alternative
dosing regimens, such as weekend dosing (10 mg/kg/
week divided over 2 weekend days) [9], lower doses
[10], and alternate-day doses [11–13], have been
reported, but there is currently no consensus on which
method offers the most effective treatment with the few-
est side effects [14]. It has been reported that the regi-
mens used in practice still vary in Japan, as well as in
Western countries [15–19], all of which might have been
recommended by experts in the past.

Several studies on the current clinical practice for
DMD, using registries of the patients, have been
reported from Western countries [16,20,21]. However,
there have been only a few of such studies from Asian
and Oceanian countries [19,22–25]. We conducted an
international survey of clinicians in collaboration with
the Asian Oceanian Myology Center (AOMC) to eluci-
date the epidemiology and clinical practice in these
countries.

2. Methods

2.1. Study population and recruitment

The AOMC was established in 2001 to facilitate sci-
entific communication and collaboration in the neuro-
muscular disease field in Asian and Oceanian
countries. As of 2016, the AOMC executive board con-
sisted of 37 experts from 15 countries and regions in
Asia and Oceania (Australia, China, China Hong Kong
Special Administrative Region [SAR], India, Iran,
Japan, Malaysia, Myanmar, New Zealand, Pakistan,
Philippines, Singapore, South Korea, Taiwan and Thai-
land). The AOMC membership became the target clini-
cian survey population as they are the known experts/
referral centre heads in the field and are likely to have
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the largest clientele to capture DMD cases in their
locale.

We enrolled local experts and/or clinicians who man-
age patients with DMD from these regions, by request-
ing that the AOMC executive board members nominate
potential participants who may meet our inclusion crite-
ria. We included clinicians who: 1) had experience in
treating patients with DMD, and 2) were able to reply
to the questionnaire in English. In Japan, we enrolled
study participants via the Muscular Dystrophy Clinical
Trial Network [26].

Responses were collected electronically using Sur-
veyMonkey or by email or postal mail between Decem-
ber 2015 and June 2016. Responses by mail were entered
into SurveyMonkey upon receipt. Data analysis was
conducted in Microsoft (Redmond, WA, USA) Excel
2016.

2.2. Questionnaire

The survey consisted of 3 questions of respondent’s
background, 15 questions of clinical practice on DMD
and 2 questions of others. Questions regarding a respon-
dent clinician’s clinical practice for DMD probed: 1) the
number of patients with DMD grouped by age (0–9,
10–19, >19 years), 2) awareness of DMD care recom-
mendations published in 2010 [27,28], 3) steroid therapy
experience, 4) timing of steroid therapy initiation, 5)
steroid therapy usage after the patient’s loss of ambula-
tion, 6) experience of side effects leading to withdrawal
Fig. 1. Study flow chart. We contacted Asian Oceanian Myology Center (AO
ask for their agreement of this study and their cooperation of nominating p
criteria were: 1) those who have experience seeing Duchenne muscular dystrop
in English. The members in 13 countries agreed, nominated 148 clinicians,
address). Then, we sent out our questionnaire to the 148 clinicians and 87 c
of steroid therapy, 7) assessment of and medication for
bone health with steroids, and 8) the steroid regimen
used at initiation and for maintenance.

We extracted responses from the clinicians who had
steroid therapy experience, and analysed their habits
and practices regarding steroid usage (steroid therapy
for patients with loss of ambulation, bone assessment,
medication for bone protection, and steroid regimen)
by country. Among the question items above, item 8
(steroid regimen used at initiation and for maintenance)
alone was analysed only for physicians currently pre-
scribing steroids whereas responses to all other ques-
tions were compared among all physicians with any
history of prescribing steroids.

3. Results

3.1. Demographics

Fig. 1 shows the study flow chart. In July 2015, we
contacted the AOMC executive board members of 15
countries and regions to acquire their agreement to the
study and to obtain their cooperation in nominating eli-
gible clinicians in their country. The executive board
members of 13 countries and regions agreed with the
study and nominated 148 clinicians. (The other 2 coun-
tries and regions did not respond to our inquiry.) Sur-
veys were sent to all 148 clinicians with a response rate
of 62% (87 clinicians). Respondent characteristics are
summarized in Table 1.
MC) Executive Board Members in 14 Asian and Oceanian countries to
otential participants who might meet our inclusion criteria. Inclusion
hy (DMD) patients, and 2) those who could reply to the questionnaire
and provided their personal information (name, affiliation and email-
linicians replied.



Table 1
Demographics of the study participants.

Country Sent out (N) Valid reply
(N, [%])

Specialty Affiliation

Pediatrics/child
neurology

Neurology Genetics Other University
Hospital

General
Hospital

Clinic Other

Australia 4 3 (75) 3 0 0 0 3 0 0 0
China 6 5 (83) 0 5 0 0 3 2 0 0
Hong Kong SAR China 10 8 (80) 8 0 0 0 3 5 0 0
India 33 13 (40) 2 12 0 0 10 2 1 0
Japan 20 20 (100) 10 9 0 1 4 16 0 0
South Korea 7 5 (71) 1 2 0 2 5 0 0 0
Malaysia 2 2 (100) 1 0 1 0 2 0 0 0
Myanmar 12 8 (67) 4 4 0 0 7 1 0 0
Pakistan 22 8 (36) 2 4 0 2 6 0 1 1
Philippines 2 2 (100) 1 1 0 0 1 0 1 0
Singapore 9 6 (67) 5 1 0 0 3 2 0 1
Taiwan 11 5 (45) 5 0 0 0 4 0 0 1
Thailand 3 2 (67) 2 0 0 0 2 0 0 0
Total 141 87 (62) 44 38 1 5 53 28 3 3
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3.2. Number of patients by age

Among the 87 clinicians, 79 (91%) were aware of the
DMD care recommendations [27,28] which had been
established as a standard of care. Moreover, 83 clini-
cians (95%) reported currently managing patients with
DMD (between 2011 and 2015) and 4 clinicians (5%)
reported managing patients with DMD only before
2011.

Table 2 presents the reported number of patients with
DMD, and those treated with steroids, by age group.
The number of patients followed-up by the study partic-
ipants differed depending on the country as well as the
age group. In China, 5 neurologists followed-up 1385
patients in total and 853 patients were treated with ster-
oids, which were the highest numbers among the coun-
tries that responded to the survey. Moreover,
regarding the distribution of followed-up patients in
China, more than 80% of the patients were aged 0–
9 years, 15% were aged 10–19 years, and only 1% were
older than 19 years. In Japan, 1032 patients were
followed-up by 20 clinicians; of these patients, 27% were
aged 0–9 years, 35% were aged 10–19 years, and 38%
were older than 19 years.

3.3. Experience with steroid treatment

Among the 87 clinicians, 77 (89%) had experience
administering steroid therapy for DMD, while 70
(80%) were current prescribers (meaning they had pre-
scribed steroids between 2011 and 2015) and 7 (8%) were
past prescribers who prescribed steroids before 2011.

There were 10 (11%) clinicians who had never pre-
scribed steroids (3 Japan, 2 Myanmar, 1 Hong Kong,
1 Singapore, 1 Philippines, 1 India, 1 Taiwan). There
were several reasons provided for the decision not to
prescribe steroids: 6 answered, ‘‘I and/or my patient dis-
agree with steroid therapy;” 3 clinicians answered, ‘‘I
don’t know steroid therapy very well;” (both answers
were selected by 1 clinician.) and 2 answered, ‘‘the
patients were not able to walk.” When we further
probed into the reasons with the follow-up question as
to why the 6 clinicians reported that they and/or their
patients disagreed with steroid therapy, 3 answered, ‘‘be-
cause I am concerned about the side-effects” and 3
answered, ‘‘because my patient/patient’s family was
concerned about the side-effects.”

3.4. Age at steroid treatment initiation

Clinicians provided several reasons for determining
the age at which steroids were initiated: 40 (52%)
answered, ‘‘when the patient’s motor development
reached a plateau;” 37 (48%) answered, ‘‘when the
patient is of a suitable age;” and 5 (6%) supplied both
of these reasons.

In response to the open-ended question on steroid ini-
tiation age, among the 37 clinicians using age to deter-
mine steroid initiation, 22 (60%) considered an
appropriate age to be 4–7 years old, 5 (14%) considered
ages younger than 4 years old (youngest: 2 years old),
and 1 each considered the ages of 5–10 and 6–9 years
old. Finally, 2 (5%) clinicians responded that initiation
of treatment is appropriate ‘‘at diagnosis” or ‘‘as early
as possible,” and 2 (5%) answered ‘‘I don’t know.”
Answers were unavailable from 2 clinicians.

3.5. Steroid regimens

Fig. 2 presents the steroid regimens reported by 80
clinicians (70 current steroid prescribers and 10 non-
prescribers). Although PSL was used in all the countries
surveyed, DFZ was only used in Australia, India, Singa-
pore, and South Korea. In terms of the steroid regimen
at initiation among the current prescribers, daily admin-
istration of PSL was the most common (median dose:
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0.75 mg/kg/day), followed by PSL every other day, PSL
10 days on 20 days off, DFZ daily (median dose: 0.9 mg/
kg/day), PSL 10 days on 10 days off, PSL 2 days/week,
and DFZ every other day.

As maintenance therapy, daily administration of PSL
was used most commonly (median: 0.725 mg/kg/day),
followed by PSL every other day, PSL 10 days on
20 days off, DFZ daily (median: 0.825 mg/kg/day),
PSL 2 days/week, DFZ every other day, and PSL
10 days on 10 days off.

3.6. Steroid therapy for non-ambulant patients

Fig. 3 presents the data regarding the use of steroid
therapy for non-ambulant patients, as reported by our
respondents. We asked the clinicians 3 questions to elu-
cidate their use of steroids for these patients.

(a) ‘‘Usually, do you continue steroid therapy for your

patient after loss of walking ability as long as

side-effects (for example, bone fracture) are

controlled?”

Among steroid prescribers, 46 (59.7%) answered
‘‘Yes,” 29 (37.7%) answered ‘‘No,” and 2 (2.6%)
answered ‘‘I don’t know” to this question. More clini-
cians in Japan, Singapore, and South Korea tended to
continue steroid treatment after the loss of ambulation
than those in India and China.

(b) ‘‘Do you cut down the dose when your patient

becomes wheelchair bound?”

Among steroid prescribers, 49 (64%) answered
‘‘Yes,” 23 (30%) answered ‘‘No,” and 5 (6%) answered
‘‘I don’t know.”

In most countries, many clinicians tended to reduce
the dose after the loss of ambulation, which was differ-
ent from the practice among the clinicians in Japan.

(c) ‘‘Do you offer steroids routinely to your patient who

is wheelchair bound but never had steroids before?”

Among steroid prescribers, 21 (27%) answered
‘‘Yes,” 50 (65%) answered ‘‘No,” and 6 (8%) answered
‘‘I don’t know.” In most countries, few clinicians tended
to prescribe steroids for wheelchair-bound patients
naı̈ve to steroids.

3.7. Experience of side effects

We enquired about the experience of side effects lead-
ing to the withdrawal of steroid therapy by asking clin-
icians, ‘‘Have you ever been compelled to give up steroid
therapy because of the side effect(s)?” Among steroid
prescribers, 47 (61.0%) answered ‘‘Yes,” 27 (35.0%)



Fig. 2. Steroid regimens used by the clinicians in our survey. a) Steroid regimen at initiation by country. b) Steroid regimen for maintenance by
country. c) Steroid regimen at initiation and for maintenance by all clinicians replied. a) Prednisolone and/or prednisone (PSL) was used by clinicians
in the all 13 countries, and Deflazacort (DFZ) was used in 4 countries (India, Singapore, South Korea, Australia). Steroid regimen use was
inconsistent by country and/or clinician. b) For maintenance, intermittent PSL/DZ regimens were more used in some countries than at initiation. c)
Steroid regimens used among 70 clinicians who prescribed Duchenne muscular dystrophy patients with steroids between 2011 and 2015. Daily PSL
was most popular at initiation (45/70). Some clinicians tended to switch from daily to alternative regimens (every other day, 10 days on 20 days off) as
maintenance therapy.
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answered ‘‘No,” and 3 (3.9%) answered ‘‘I don’t
remember.”

Among the side effects that forced the clinicians to
withdraw the steroid therapy, obesity was reported most
frequently (N = 41; 87%), followed by behavioural
changes (N = 18; 38%), bone demineralization
(N = 16; 34%), bone fracture (N = 16; 34%), immune
suppression (N = 14; 30%), glucose intolerance
(N = 13; 28%), hypertension (N = 6; 13%), and others
(N = 4; 9%).

3.8. Bone health

Fig. 4 presents details of clinical practices for preserv-
ing bone health in the patients using steroids. We
assessed the treatments used by clinicians for preserving
bone health with 2 questions.

(a) ‘‘Do you assess bone health routinely?”

Among the 77 steroid prescribers, 47 (61%) con-
ducted routine bone health assessments and 30 (39%)
did not. To assess bone health, dual-energy X-ray
absorptiometry (DXA) scans were used most com-
monly, by 38 clinicians (81%), followed by biochemi-
cal markers and lateral spine X-rays. Also, more
clinicians in Japan, India, Pakistan, Hong Kong,
and South Korea than those in other countries used
Fig. 3. Steroid therapy in non-ambulant patients. a) Continued steroid trea
ambulation. c) Steroid initiation in non-ambulant patients. a) Over half (46/7
after their patients lose ambulation, while 38% (29/77) specified they did not,
as Japan, Singapore and South Korea seemed more positive to continue stero
of the clinicians (49/77) answered that they lower the steroid dosage when th
(5/77) replied ‘‘I don’t know”. Thus, clinician opinions about steroid therap
responding clinicians in most countries such as India and Pakistan agreed to
Over half of the responding clinicians (65%) disagreed with steroid initiation
seemed negative.
DXA scans, however, that was not statistically
significant.

(b) ‘‘Do you use any drugs/supplements as bone protec-

tion from steroids?”

Among steroid prescribers, 57 (74%) prescribed drug
(s) and/or supplement(s) for bone protection, and 20
(26%) did not. There was a tendency toward less medi-
cation used for bone protection among clinicians in
Japan and Myanmar than in India, Pakistan, Hong
Kong, Singapore, Taiwan, China, and South Korea.

Regarding drugs and supplements used for bone pro-
tection (multiple choice was available), vitamin D was
used most commonly, by 50 clinicians (88%), followed
by calcium by 45 (79%), bisphosphonate by 18 (32%),
and other by 1 (2%). Bisphosphonate was used more fre-
quently (40%) than other drugs or supplements among
Japanese clinicians, while calcium and vitamin D were
used more frequently in other countries, although that
was not statistically significant.

4. Discussion

Currently, increasingly more research papers regard-
ing patients’ epidemiology and/or clinical practice in
DMD cases have been published from Western coun-
tries using a research infrastructure such as a national
tment after loss of ambulation. b) Reduced steroid dose after loss of
7, 60%) of the clinicians indicated that they continue steroid treatment
and 3% (2/77) stated ‘‘I don’t know”. Clinicians in some countries such
id after loss of ambulation. b) Regarding reduced steroid dosage, 64%
e patient loses ambulation, 30% (23/77) indicated they did not, and 6%
y after loss of ambulation seemed to be different. More than half of
reduce steroid dose, that was not observed in Japan and Australia. c)
for non-ambulatory patients. Overall, the clinicians in most countries
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patient registry. Nonetheless, relevant research evidence
is still lacking in Asian and Oceanian countries; also,
research infrastructures in rare diseases have been
underdeveloped in many of these countries [29].
Fig. 4. Approaches to bone health assessment and medication among respo
from steroids. a) Routine bone health assessments were carried out by 47 o
were the most popular (81%), especially in Japan, India, Pakistan, Hong Kon
(74%) clinicians. Vitamin D was the most popular (88%), especially in Pak
treatments were inconsistent by country.
Accordingly, this study was carried out to investigate
the current clinical practice for DMD in Asia and Ocea-
nia, in collaboration with the AOMC. The AOMC
membership became the target clinician survey popula-
tion as members are known experts/referral centre heads
in the field, and are likely to have the largest clientele to
capture DMD cases in their locale. We conducted a sur-
vey of clinicians with experience in managing patients
with DMD to assess their approach to treatment and
management. However, we recognized some limitations
because of the specific setting, this study showed that
most of the local experts were aware of DMD care rec-
ommendations, and prescribed steroids for patients with
DMD, Consistent with the suggestions in these guideli-
nes, daily PSL administration was the most frequently
used therapy. However, other regimens were also used.

We observed differences in the number of patients
with DMD who were followed-up by the respondent
local experts in each age group by country. In China,
more than 80% of the followed-up patients were aged
0–9 years, which was higher than the percentage in the
other countries. Also, more adult patients were
followed-up in Japan than in the other countries.

Among the surveyed countries and region, there have
been only a few observational studies from Japan
[22,30], China [23,24], and Hong Kong [25] which
ndents a) Bone health assessment. b) Medication for bone protection
f 77 (61%) clinicians. Dual-energy X-ray absorptiometry (DXA) scans
g, South Korea. b) Bone health medication was prescribed by 57 of 77
istan, Hong Kong, Singapore, Taiwan. Bone health assessments and
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showed detailed epidemiological and/or clinical infor-
mation in patients with DMD.

So far, two DMD epidemiological studies based on
nationwide databases have reported from Japan. First,
the Muscular Dystrophy Wards Database which has
accumulated inpatients’ data with neuromuscular dis-
eases from 27 specialized wards, showed that the mean
age of the 733 DMD patients was 30.1 years in 2012
[30]. Among them, 118 were 40 years of age or older
(51.0 years of age at the oldest). Second, according to
the national patient registry of muscular dystrophy
(Remudy) in Japan, 466 out of 583 (80.0%) individuals
aged less than 20 years; however, 17 registered individu-
als were aged over 35 years [22].

From China, two papers have been reported on
DMD registry databases at a single centre in East or
South China. In the DMD/BMD database at the Chil-
dren’s Hospital of Fudan University in East China,
194 DMD patients and 35 BMD patients were registered
with all individuals aged <18 years with 152 individuals
(78.4%) aged <10 years [23]. Similarly, in the database of
the First Affiliate Hospital of Fuian Medical University,
South China, 132 DMD patients were registered with
121 individuals (91.7%) aged <10 years and 11 (8.3%)
aged between 10 and 20 years [24]. From Hong Kong,
one research paper on DMD/BMD epidemiology which
was based on a collaborative study in which all 10 neu-
rology units of the paediatric departments of all the
regional hospitals has been published [25]. The age
range among the DMD patients (n = 75) was 0.58–
34.55 years, with 48 patients (64%) aged >12 years.

Interestingly, the patients’ age-profile in Japan, China
and Hong-Kong in our study results was similar to those
published epidemiological studies [22–25,29].

It also might be possible that the difference of the
responding clinicians’ specialty had affected the patients’
age-profile in our result. As Table 1 shows, the specialty
of the clinicians from Australia and Thailand were all
paediatrics or child neurology, that might be a reason
why no patients aged >19 years were listed.

Taken together, it could be possible that our results
may reflect some differences of epidemiology, followed-
up system or life expectancy of DMD patients in each
country.

The lack of a DMD patients database may contribute
to the lack of epidemiology studies from surveyed coun-
tries, which might be one of the big differences regarding
available background information in rare disease
research from Western countries compared to non-
Western countries. In fact, according to Xu [31], social
support for patients with DMD in China is unsatisfac-
tory and government support has been insufficient to
finance research. Therefore, it has been difficult to
obtain a precise life expectancy for patients with
DMD in China, as has been established in Western
countries, because long-term follow-ups are lacking.
Most clinicians participating in this study were aware
of the DMD care recommendations published in 2010
[27,28], and prescribed steroids for patients with
DMD. However, according to previous studies [22–
25], steroid therapy does not appear to be widely used
among patients with DMD in Asian countries. In stud-
ies based on databases of patients with DMD, the ster-
oid use rate was 26.3% in East China [23], 20.5% in
South China [24], 25.3% in Hong Kong [25], and
41.0% in Japan [22]. While, the steroid use rate from
our study was 61.6% in China, 33.9% in Hong Kong,
and 39.0% in Japan. Comparing aforementioned values
with our present survey of clinicians, there is an overall
improvement in the clinical steroid use rates and appli-
cation among the present set of participating clinician
experts. However, a caveat is that given the differences
in the expert survey target population and sample size,
the findings may also relate to the greater awareness of
steroid use and practical application for DMD care
among clinicians in the participating Asian countries
in recent years. Moreover, 10 clinicians (11%) reported
that they had never prescribed steroids although 8 of
those clinicians were aware of DMD care recommenda-
tion, because they and/or their patients objected to ster-
oid therapy due to concerns about side effects (60%), or
because they were not familiar with steroid therapy
(30%); these values were similar to those in clinical prac-
tice in Europe. According to a survey of patients with
DMD in Europe, 65.2% of 704 patients with DMD aged
�9 years had used steroids; of the remaining patients
who had not used steroids, 52.8% reported that this
was because doctors had not suggested the treatment
and 44.2% answered that this was because their parents
objected to the treatment [21]. An observational study
on the clinical outcomes of DMD across many health-
care settings confirms the benefits of corticosteroid treat-
ment on ambulation, the need for scoliosis surgery,
ventilation, and, to a lesser extent, cardiomyopathy
[20]. Although earlier steroid initiation is also consid-
ered among some clinicians, as previously reported
[32], the current care standards recommend commencing
corticosteroid use around 4–6 years of age [7,27]. As
such, most clinicians consider initiating steroid therapy
at a motor development plateau and/or between 4 and
7 years of age. Although PSL was used in all the coun-
tries surveyed, DFZ was used by only 8 clinicians in 4
countries (India, Australia, South Korea, and Singa-
pore), which is consistent with previous studies from
India [33], Australia [34], and South Korea [35]. How-
ever, no studies from Singapore have been previously
published. Of note, and based on findings from this pre-
sent AOMC survey, DFZ has been available in South
Korea and India, and was also previously available in
Pakistan. A regimen of daily PSL administration was
the most popular regimen among clinicians, although
some clinicians tended to switch from a daily to an alter-
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native regimen (every other day or 10 days on 20 days
off) for maintenance. Our results also replicated the vari-
ation in steroid regimens that was previously reported in
similar studies from the US, Canada, Western Europe
and Japan [15–19].

In the present study, 61% of the clinicians who had
experience prescribing steroid therapy for DMD cases
had been compelled to stop steroid therapy because of
the side effects. Obesity was the most commonly
reported side effect that resulted in steroid therapy with-
drawal, which is consistent with a previous study from
the United States [36].

In the patients who used steroids while ambulant,
many experts have reported continued medication after
the loss of ambulation with the goal of preserving upper
limb strength, reducing the progression of scoliosis, and
delaying a decline in respiratory and cardiac functions
[7,27]. However, our present survey results indicate that
there is no apparent standard steroid therapy for non-
ambulant patients. In particular, most clinicians did
not initiate steroid treatment for non-ambulant patients,
which could be due to the lack of evidence for the effec-
tiveness of initiating steroid treatment in preventing sco-
liosis or in stabilizing cardiac or respiratory function in
these patients [7,27].

The 2010 DMD care recommendations suggest the
use of serum tests (calcium, phosphate, alkaline phos-
phatase, and 25-OH vitamin D levels) and urine tests
(calcium, sodium, and creatinine levels) to assess bone
health [31]. Both DXA scans and spine radiographs
are also indicated for bone imaging assessment purposes
[31]. In the 2018 care considerations, spine radiographs
should be prioritized over DXA in view of the need to
detect the earliest signs of bone fragility [7]. Our results
suggest that there is an inconsistency in the bone health
assessments among the countries surveyed; DXA scans
were used more frequently in Japan, India, China Hong
Kong SAR, and South Korea, while they were not used
in Malaysia or Thailand. Moreover, lateral spine X-rays
were not used in Myanmar, Singapore, Taiwan, China,
or Malaysia, and biochemical markers were not used
in Myanmar, China, South Korea, and Malaysia. These
differences might reflect the differences in availability or
accessibility of bone imaging among the countries. Fur-
ther research is needed to analyse the implications of
these inconsistencies in bone health assessments.

In addition, we observed differences in clinical prac-
tice habits regarding medications used for bone protec-
tion. The current guidelines list vitamin D, calcium,
and bisphosphonate (intravenous or oral) as possible
interventions for preserving bone health [31]. However,
a 2017 Cochrane review [37] reported that there was
no evidence from randomized clinical trials to guide
the use of treatments to prevent or treat osteoporosis,
and to prevent fragility fractures in patients with
DMD receiving corticosteroids. Interestingly, clinical
practice habits among Japanese clinicians were divided,
with half of the clinicians choosing not to prescribe med-
ication for bone health, while those who did prescribe
medication more frequently used bisphosphonate than
they did Vitamin D or calcium. Among Japanese clini-
cians, the age of patients who had been prescribed bone
health intervention(s) was similar to that of those who
were not prescribed interventions, although this was
an observational assumption.

Our present study has several strengths, including that
it is the first international epidemiological study of
expert-driven clinical practice relating to DMD in 13
countries and regions in Asia and Oceania, while previ-
ous international epidemiological studies have been con-
ducted mainly in Western countries [15,16,20,21,38]. The
TREAT-NMD study facilitated the establishment of
standardized national registries of patients with DMD
in multiple countries worldwide via the use of a standard-
ized mandatory dataset collected by each registry. Regis-
tries involve much wider population cohorts and may
demonstrate country-specific differences usually not cap-
tured by natural history (observational) clinical studies
[20]. Among the 13 countries surveyed, a DMD registry
had been established in 5 countries and regions (Aus-
tralia, China, China Hong Kong SAR, India, and Japan)
as of April 2017, in collaboration with TREAT-NMD
[39]. Although multi-national characteristics of patients
with DMD/BMD have been described in several studies
from Asian countries, epidemiological data, natural his-
tory, and information about care practice in Asia and
Oceania are still lacking. Therefore, we believe that our
study provides a snapshot which helps to reveal current
clinical practices for DMD in these countries in which
national registries of patients with DMD have not yet
been established.

Nonetheless, we also recognize that our present study
is subject to some limitations. Although the total
response rate was 62%, the number of study participants
from each country was small. In addition, there are no
available data on the total number of neurologists or
child neurologists in these countries. Therefore, there is
a potential selection bias, which may mean that our
results may not accurately reflect DMD clinical practice
in these countries. However, we believe our study likely
offers insight into the care provided by the clinicians nom-
inated by an executive committee of the AOMC that has
been dedicated to ensure an international collaboration
for developing research and treatment in patients with
neuromuscular diseases in Asia and Oceania.

Further research is required to elucidate the epidemi-
ology, natural history, and care practice for DMD in
Asia and Oceania. In particular, a full understanding
of the epidemiology and natural history of DMD
requires the establishment of a nationwide patient reg-
istry and accumulation of patient data. However, the
establishment and maintenance of a patient registry will
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require support from local health authorities, clinicians,
and patient support groups [23,25,30].

5. Conclusions

Our results from an international survey of clinicians
increase the existing knowledge of the current clinical
practice for DMD, as reported by local experts in Asia
and Oceania. We observed that most of the clinicians
were aware of DMD care recommendations, and pre-
scribed steroids for patients with DMD. As suggested
by the guidelines, daily PSL administration was the
most frequently used therapy. However, other regimens
were also used. In contrast, there were inconsistencies
among the clinicians’ strategies for steroid therapy in
non-ambulant patients and for bone health medication,
both of which continue to be controversial worldwide.

We suggest that it is important to expand the reg-
istries of patients with DMD in Asia and Oceania, and
to accumulate real-world longitudinal patient data.
These strategies will aid the study of the epidemiology
and natural history of DMD and could improve treat-
ment and care for patients with DMD worldwide.
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