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ABSTRACT: Introduction: Duchenne muscular dystrophy (DMD)
is an incurable neuromuscular disorder of childhood. Health-
care, caregiving, and other resource needs of affected individu-
als are thought to be substantial; however, the economic
burden associated with DMD has not yet been assessed specif-
ically in Australia. Methods: Australian households with a child
with DMD were asked to complete a cross-sectional survey.
Data were collected on annual resource utilization including
hospital and medical services, equipment, home modifications,
informal care, and working days lost. Results: Mean healthcare
costs were found to be $10,046 Australian dollars per affected
individual and were markedly higher than average Australian
health expenditures at each age group. The mean total cost
was $46,700 (median $32,300), with healthcare costs contribut-
ing 22% of total costs. Conclusions: The annual economic cost
of DMD was found to be high, reflecting a significant socioeco-
nomic burden, especially in boys who reach adulthood, where
household resource use and caregiving burden is highest.
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Duchenne muscular dystrophy (DMD) is a rare,
X-linked neuromuscular disorder caused by muta-
tions affecting the gene encoding the protein dys-
trophin. DMD is thought to affect between 1 in
3,5001 and 1 in 5,0002 male births. The disorder is
characterized by progressive muscle weakness and
deterioration, resulting in permanent loss of ambu-
lation by the early teens and ineffective cough and
impaired ventilation due to loss of respiratory mus-
cle strength.3 Cardiomyopathy has been identified
as a major clinical comorbidity in boys with DMD,
with the incidence and severity of cardiac involve-
ments increasing with age.4 The life expectancy of
boys with DMD has improved significantly over the
past few decades due to introduction of at-home
nocturnal ventilation to reduce respiratory failure,
surveillance and early treatment of cardiomyopa-
thy, and spinal surgery to treat scoliosis.5,6

Standard guidelines have been published to
provide a framework to help families and health
providers coordinate the multidisciplinary care
required to manage the primary musculoskeletal
deterioration associated with DMD as well as moni-
toring for pulmonary and cardiac complications.7,8

Utilization of healthcare services in patients with
DMD is, therefore, expected to be high; however,
baseline healthcare use and costs in this rare dis-
ease population has not been measured in
Australia.

A measure of economic burden to the health
system is a useful tool in the first instance to
inform health resource allocation and planning
decisions by policy makers.9 These baseline data
also contribute to the cost component in the eco-
nomic evaluations of new medical therapies for
DMD. Evidence of cost-effectiveness has been a
requirement for drug subsidization in Australia for
over 2 decades and is now necessary for drug
licensing by many other regulatory bodies.

Cost-effectiveness, demonstrated by economic
evaluation, has been coined the “fourth hurdle” of
the approval process for new pharmaceuticals,
after the regulatory hurdles of efficacy, safety, and
quality assurance have been achieved.10 This infor-
mation will be important for the review of DMD
therapies under consideration for the Australian
Life Saving Drugs Programme, whereby expensive
and life-saving drugs are subsidized and made
accessible to patients with rare and otherwise fatal
diseases.11

With new, disease-altering drugs for DMD
reaching the end of the pharmaceutical develop-
ment pipeline, baseline costs of disease will be a
necessity for manufacturers to present complete
economic data when seeking public funding by the
Australian health system. Information on the eco-
nomic burden of DMD will also be useful to illus-
trate the unmet need in this population and to
help compete for funding amidst the plethora of
other rare diseases.

METHODS

Study Population. Families with at least 1 child
diagnosed with DMD living in Australia were tar-
geted for inclusion in our study. With ethics
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approval from the University of Western Australia
(UWA) Research Ethics Committee, families across
Australia were invited to complete a Web-based
survey about the annual levels of resource utiliza-
tion associated with their child with DMD.

Data Collection. National and state-specific muscu-
lar dystrophy charities, advocacy groups, and dis-
ability providers were approached to invite known
families with 1 or more children diagnosed with
DMD to complete a cross-sectional cost survey. The
Duchenne Foundation, a national DMD-specific
charity was 1 of the core groups that forwarded
the survey to all families registered with a diag-
nosed child, which included a broad range of dem-
ographics. Muscular dystrophy patient support
organizations were also contacted to encourage
survey participation by families in their region. A
preliminary survey was piloted to ensure all rele-
vant resource use and costs were included, and sur-
vey length was acceptable.

Survey. The cost survey tool was designed by a
multidisciplinary team at UWA to collect retrospec-
tive self-reported healthcare use and other DMD-
associated costs in the previous 12 months. Survey
responses were collected anonymously using the
online survey software QualtricsTM. Hardcopy sur-
veys were also available to families upon request.
The survey also collected information on health-
related quality of life using the parent-report Pedi-
atric Quality of Life Inventory (PedsQLTM),12 a
validated instrument used widely in the litera-
ture.13 The PedsQLTM instrument was also used as
the secondary outcome measure in the Phase 2b
trial of Ataluren for nonsense mutations in DMD
patients.14 The physical health summary score, the
score of the physical dimension of the PedsQLTM

tool was also included in the analysis as a surrogate
measure of disease severity in individuals with
DMD. In an attempt to maintain an adequate sur-
vey response rate, survey length was kept at a mini-
mum, so questions regarding socio-economic status
were removed following piloting.

Data Analysis. Descriptive statistics were generated
for demographic variables and patient characteris-
tics. Data were analyzed from online surveys using
SPSS 22 and STATA 13.

Mean healthcare costs per family were calcu-
lated by multiplying reported (annual) utilization
rates by national unit costs obtained from public
sources. All costs are quoted in 2014 Australian
dollars. Costs taken from previous years were
adjusted to 2014 prices using appropriate health
deflators.

National unit costs were assigned to each
health resource item in accordance with the Man-

ual of Resource items and their associated costs,15

using the Medicare Benefits Schedule Book,
National Hospital Cost Data Collection, Depart-
ment of veterans’ Affairs Allied Health schedules,
and Pharmaceutical Benefits Scheme. Costs were
evaluated from the societal perspective, to include
all important direct and indirect costs associated
with DMD.

Annual rental costs were used to assign costs
for household resource use to reflect the opportu-
nity cost and depreciation of durable equipment
and were obtained from websites of medical and
rehabilitation equipment retailers in Australia.
House and vehicle adaptations and purchases were
annuitized using product life years reported in an
Australian survey by Access Economics.16 Formal
(paid) care costs were calculated using hourly
wage rates of full-time employees of the formal
care reported. Informal care and working days lost
due to caregiving were measured using the human
capital approach to estimate the productivity losses
of caregivers at the full wage rate of the average
Australian.17

Statistical Analysis. Costs are presented as mean
annual cost per person to represent the total cost
burden and median costs, to reflect the expected
cost to the family. Mean annual health expendi-
tures per individual with DMD were also compared
with those of the average Australian to provide
information on costs additional to those expected
for children of the same age. The one-way analysis
of variance test was used to assess the statistical sig-
nificance of differences in mean costs between
groups. This was applied to natural log-
transformed data to address the skewed distribu-
tion of costs in this population.

RESULTS

Study Population. One hundred four households
with a child with DMD completed the survey; 95
unique responses were completed online, and 9
responses were in hardcopy. Ages ranged from 1
to 33 years, mean 13.3 years, and median 13 years.
Table 1 lists the characteristics of the DMD sample
population, including the proportion of individu-
als on glucocorticoid treatment (GCC), prevalence
of major comorbidities, and physical domain score
for the PedsQLTM. Low response numbers were
observed in the youngest and oldest age groups;
this reflects the average age of diagnosis of 5
years18 and the limited life expectancy of early
adulthood.19 The vast majority of surveys were
completed by the parent or primary caregiver.
Nine percent of families reported having 2 chil-
dren diagnosed with DMD. Half of the families
reported the mother was an identified carrier of
the DMD mutation, with 46% noncarriers and 4%
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of respondents reporting they “didn’t know” the
mother’s carrier status. GCC therapy (prednisolone
or Deflazacort) was used in the majority of boys
(69%), with particularly high use in the 5- to 14-
year-olds (86%). This is consistent with the Treat-
NMD guidelines, which recommend steroid intro-
duction at ages 4–8 years in the “plateau” stages of
ambulation before function begins to decline.7

Healthcare Costs. Levels of annual healthcare uti-
lization reported by parents are reported in Table
2a and 2b, with frequency of use and mean and
median utilization. The mean annual healthcare
cost was $10,046 per individual with DMD, with a
median of $4,509 (Table 3). The discrepancy
between the mean and median cost illustrates a
highly skewed distribution of healthcare costs, with
10% of individuals accounting for approximately
51% of total healthcare costs for this population.
The highest health costs were driven largely by
overnight hospital admissions related to a few
major surgical procedures, respiratory conditions,
and cardiac complications. These admissions con-
tributed to 78% of the total hospital cost in this
population.

Annual health cost by quartiles was $2,306,
$4,509, $8,856, and $209,560. Costs at 90%, 95%,
and 99% were 4 to 21 times higher than the
median cost: $18,941, $23,648, and $96,846.

Health costs were dominated by hospital care,
which contributed to 57% of mean costs. The
majority (84%) of healthcare costs was attributable
to 3 categories of health services; hospital admis-
sions (including 7% due to day admissions, and
49% due to overnight admissions), allied health
therapy (16%), and physician and specialist visits
(11%).

A breakdown of annual healthcare costs of indi-
viduals with DMD stratified by age is listed in Table
4. Overall, mean healthcare costs increased with
age up to 15–24 years. However, the oldest individ-
uals (25–34 years) exhibited the lowest health
costs, owing to the absence of any hospital admis-
sions in this group.

Prescription medication costs saw an overall
increase with age, and both mean and median
costs were highest in the oldest boys. One individ-
ual in our study was reported to be in the Ataluren
(TranslarnaTM) open-label clinical trial; however,
the cost of therapy was not included in the

Table 1. Characteristics of individuals with Duchenne muscular dystrophy.

Medical comorbidities (%)
HR-QOL (PedsQLTM)

Age group, years n (%) Steroid use Respiratory Learning/behavioral Other reported Physical functioning score

0–4 7 (7) 43% 29 43 14 50.3
5–14 57 (55) 86% 15 32 24 29.1
15–24 35 (34) 49% 66 40 31 13.4
25–34 5 (5) 0% 100 60 100 2.3
All ages 104 (100) 69% 37 37 29 23.9

HR-QOL, health-related quality of life.

Table 2a. Annual levels of healthcare utilization and cost for
individuals with DMD (medical)*

Healthcare service
Utilization

(%)
Mean
visits

Median
visits

Mean cost
(median)

Primary Care Practitioners $464 ($287)
GP 92 5.0 4
Practice Nurse 22 0.7 0
Health Visitor 13 1.7 0
Specialist Physicians* 94 $617 ($513)
Neurologist 73 1.6 2
Pediatrician 38 1.0 0
Orthopedic specialist 20 0.4 0
Cardiologist 71 1.2 1
Respiratory Physician 64 1.3 1
Geneticist 9 0.1 0
Other Reported:

Endocrinologist 12 0.36

Table 2b. Annual levels of healthcare utilization and cost of indi-
viduals with DMD

Allied Health Therapy* 93 $1,641 ($902)
Physiotherapist 71 6.4 2
Speech Therapist 28 1.9 0
Occupational Therapist 64 3.5 2
Hydrotherapy 20 5.3 0
Wheelchair Clinic 24 0.5 0
Psychologist 17 0.7 0
Genetic Counsellor 5 0.1 0
‘Other’ reported:

Orthotics 12 0.24
Dietician 14 0.38

Hospital visits (incl. ED) $5,802 ($0)
Any hospital encounter 43 1 0
Day stay 34 0.58 0
Overnight admission (days) 25 1.92 0
Prescription medication* 85 $567 ($353)
Prednisolone 46
Deflazacort 19
ACE inhibitor/cardiac glycoside 38
Diagnostic test* 53 $476 ($136)
Blood test 43
Bone Density Scan 25
ECG 22
Sleep Study 19
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analysis, as it skewed pharmaceutical costs dramati-
cally, from a mean cost of $567 to $2,669.

Comparison to Mean Population Costs. Individuals
with DMD showed much higher mean health
expenditures compared with the Australian mean
at each age group (Table 3). This difference was
largest in 5- to 14- and 15- to 24-year-olds, who had
health expenditures over 10 times that of the per
capita mean.

Nonmedical Costs. In addition to direct healthcare
costs, nonmedical resource use was measured and
individually costed. Parents were asked to list all
equipment or items used in the home to assist in
activities of daily living, if they purchased or modi-
fied a vehicle for wheelchair access, and type of
home renovations/modifications carried out in the
past year to accommodate for their child’s chang-
ing needs. Levels of additional paid (formal) and
unpaid (informal) care received in the home were
also measured and included in nonmedical costs.
These costs exceeded health costs for families with
a child with DMD at an average of $33,557 per
household per year. Expenditures rose dramati-

cally as boys aged into their teenage years and
adulthood, and individuals over age 25 years exhib-
ited the highest mean costs of $95,404 per annum.

The largest nonmedical component was formal
care (36%), including paid childcare, followed by
home modifications (25%), vehicle modifications
(9%), household equipment (19%), and informal
care (12%). The annual cost of formal care
showed a clear increasing trend with age, with stat-
istically significant differences in costs between age
groups (P 5 0.0001).

Levels of informal care were collected through
the average number of hours of unpaid assistance
received per week by friends, other relatives, neigh-
bors, or through social disability services. Mean
annual cost attributed to informal care was $4,151.
Informal care was highest in the oldest age group
($12,733) followed by the youngest individuals (0–
4 years) with $9,948 per annum.

Direct annual costs were calculated as the sum
of healthcare and nonmedical costs. Figure 1 dem-
onstrates the general trend of increasing direct
costs with age and with decreasing physical func-
tion measured through the PedsQLTM physical
domain score (Physical QoL). The oldest individu-
als aged 25 and above incurred the highest direct
expenditures, with a mean total of $109,509 per
annum.

Indirect Costs. The indirect costs associated with
caring for an individual with DMD were measured
as the annual productivity losses of the working
parent. The cost survey asked each household to
report the number of days working parents took
off from their jobs to care for their children with
DMD in the past year.

Working parents reported a mean loss of 11.7
working days in the last 12 months, (median: 4
days). This can be compared with an average of
only 3.5 working days lost found in the Dependent
Care study by the Institute of Family Studies in
Australia.20 These productivity losses translate to
an average of $3,066 per working parent per year.

Table 3. Mean annual healthcare costs for individuals with DMD
compared to Australian average

Age group
DMD
mean

National
mean* Ratio

DMD
Median

0–4 years $5,672 $2,272 2.5 $4,047
5–14 years $7,587 $759 10.0 $4,764
15–24 years $15,808 $1,498 10.6 $4,258
25–34 years $3,861 $2,320 1.7 $3,073

*Allocated health expenditure AIHW 2008–2009, †All costs reported in
2014 Australian dollars

Table 4. Annual per person costs of care for individuals with
DMD by age

0–4 y† 5–14 y† 15–24 y† 25–34 y† Total

Age Group n 5 7 n 5 57 n 5 35 n 5 5 n 5 104

Direct costs
Mean 27,195 26,542 66,718 99,265 43,603
Median 16,012 18,761 43,871 127,319 29,989

Healthcare
Mean 5,672 7,587 15,808 3,681 10,046
Median 4,047 4,764 4,258 3,073 4,509

Non-medical
Mean 21,523 18,955 50,909 95,404 33,557
Median 10,908 12,991 37,085 122,524 23,872

Indirect costs
Mean 1,288 4,256 1,487 1,338 3,008
Median 1,163 872 0 0 582

Total costs
Mean 28,482 30,947 68,205 100,603 46,669
Median 17,013 24,451 45,187 127,319 32,799

* All costs are reported in 2014 Australian dollars †y: years of age

FIGURE 1. Annual Total costs and physical health-related qual-

ity of life for individuals with DMD, by age. *All costs are

reported in $AUD 2014, †QoL: quality of life.
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The highest indirect costs were observed in individ-
uals aged 5–14 years ($4,405), and within this
group the highest costs were in 5- to 7-year-olds
($6,152).

Total Annual Cost of Care. The annual total cost
per person with DMD was calculated as the sum of
the mean annual direct cost and indirect costs
(productivity losses). The mean annual total cost
was found to be $46,669 per person, with a median
of $32,799 (SD $50,043) per year (Table 3.). Total
direct costs, comprised of nonmedical and health-
care costs were responsible for the vast majority of
annual costs, contributing 72% and 22%, respec-
tively. Productivity losses only contributed 6% of
the total annual cost.

Costs by Steroid Use. Mean healthcare costs attrib-
utable to individuals on GCC therapy were $8,137
compared with $13,810 for individuals not on ste-
roid therapy. In terms of overall annual costs, GCC
therapy also conferred lower total costs at $41,718
compared with $56,428 for those not using steroid
therapy. These differences between health and
total annual costs did not reach statistical
significance.

In terms of physical functioning, those on ste-
roids had significantly higher physical quality of
life (QOL) scores (27.3 vs. 16.6) compared with
those not on steroids (P 5 0.03) and also had
higher overall health-related QOL scores (46.1 vs.
39.9). Individuals not on steroids were significantly
older than steroid users, means 16.6 years and 11.7
years, respectively (P < 0.001).

The lower average age of steroid users is indica-
tive of the dwindling prevalence of steroid use in
the older age groups with DMD (Table 1), as only
one-third of individuals above the age of 18 years
were on GCC therapy. This drops to 0% in individ-
uals over age 25 years.

Costs by Wheelchair Use and Comorbidities. Level
of wheelchair use (measured on a Likert scale
from “Never” to “All the time”) was used as a rela-
tive measure of ambulation in boys with DMD.
Direct costs varied with level of wheelchair depend-
ence, with significant differences in cost seen
between those who “Never” use a wheelchair and
those completely wheelchair bound (P 5 0.001).
Total costs (sum of direct and indirect costs) also
differed with level of wheelchair use. The highest
costs were observed in individuals who were
entirely wheelchair dependent ($65,050), which
were significantly different from the total cost of
individuals with no wheelchair use (P 5 0.003).

In terms of reported medical comorbidities,
individuals with respiratory conditions had signifi-
cantly higher total costs (P 5 0.0028), which were

on average $37,015 more than those without a
reported respiratory condition. Individuals with
“Other” reported comorbidities (most commonly
reported were heart conditions and asthma) had
over 3 times higher healthcare costs (P 5 0.1165)
and 60% higher total costs than those without
such comorbidities (P 5 0.0067).

DISCUSSION

This study reports mean annual healthcare
costs and total costs for a diverse sample of individ-
uals with DMD. The mean annual healthcare cost
was AU$10,046, and the mean total cost was found
to be AU$46,669 per annum. Using the recent
worldwide pooled prevalence estimate for DMD of
4.78 per 100,000 males,21 our study is expected to
capture approximately 19% of cases of DMD in
Australia. Applying our annual total cost to the
estimated Australian population with DMD, we esti-
mate the national annual burden of DMD in Aus-
tralia to be AU$26,181,309.

We found that individuals with DMD had sub-
stantially higher health costs compared with the
average Australian across each age group, particu-
larly for 15–24 year olds who had the highest
healthcare costs and the largest difference in costs
compared with the per capita average for this age
group. Overall, mean annual costs increased with
age, with the oldest individuals incurring by far the
highest annual costs. Individuals who were com-
pletely wheelchair dependent (nonambulant) and
those with a reported respiratory condition had
significantly higher total costs.

Total costs generally increased with age, while
the opposite trend was seen in physical function-
ing as illustrated in Figure 1. This is what we
expect to see with total costs increasing year on
year as the severity of the condition (measured
through physical quality of life score) worsens with
increasing age. Interestingly, there was a plateau in
both total costs and level of physical functioning at
ages 10–15 years. This is surprising, as boys with
DMD typically start losing ambulation and transi-
tion into wheelchairs at this age, reflected in the
increase from 36% to 68% of individuals using
wheelchairs “All or Most of the time”; a drop in
the parent-perceived physical quality of life would
be expected at this time. It may be that parents
have come to terms with their child’s illness by this
period and see that wheelchair use perhaps stea-
dies functional ability and does not cause a sudden
drop in physical health as anticipated.

This study found a marked difference between
mean and median costs for boys with DMD, as
median costs were consistently and substantially
lower than mean costs in healthcare and nonmedi-
cal categories (Table 4). The consistent median
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health costs seen across age groups indicates that
the typical family with a child with DMD can
expect to incur a yearly healthcare cost of $4,509,
with the exception of the oldest group which had
the lowest median and mean costs of any age
group.

Adult DMD Group. Surprisingly, the oldest individu-
als aged 25 years and above exhibited the lowest
health costs due to an absence of hospital admis-
sions, which is not in line with the trend of
increasing length of hospital stay with age. This is
likely to reflect survival bias, such that by the early
twenties the more severe DMD cases have died,
leaving a smaller pool of healthier individuals with
less deleterious mutations and a milder DMD phe-
notype, closer to a Becker phenotype. As there is
no abrupt diagnostic line between Becker and
Duchenne, there is no way of telling from our sur-
vey data which individuals have BMD and which
are DMD without taking into account mutation
type and its consequences on muscle function. We
acknowledge that the lack of hospital visits in adult
DMD patients could lead to confusion, however, it
is likely that the comprehensive medical and nurs-
ing care provided to older patients at home under-
lies this finding.

Of particular importance is noninvasive ventila-
tion (NIV), which has been found to reduce pneu-
monia and hospital events. These are common in
older patients with respiratory insufficiency, and
NIV extends life-expectancy.22,23 This is likely to be
the case in the oldest patients surveyed, in which 4
of 5 patients reported using nocturnal NIV (posi-
tive airway pressure) at home. Additionally, it has
been recognized that early management and sur-
veillance of cardiomyopathy extends life-
expectancy for DMD patients with cardiac involve-
ment.24,25 Patients who reported cardiac issues in
the oldest group all reported use of standard phar-
macological treatment, either an angiotensin-
converting enzyme (ACE) -inhibitor or ivabradine.
Although the adult group had unexpectedly low
health costs, this group had substantially higher
nonmedical expenditures and exhibited the high-
est annual cost per person compared with other
age brackets. This reflects the high financial bur-
den of specialist medical equipment, customized
vehicles, and the range of home modifications nec-
essary to provide daily care to adult patients living
at home.

Comparison with Other Studies on Muscular

Dystrophy. Several studies on muscular dystrophy
have been undertaken internationally, including 2
in the United States,26,27 2 in Germany,28,29 and
the most comprehensive multi-center burden of
DMD study by the TREAT-NMD group.30 However,

not all studies measured costs specific to the Duch-
enne form of muscular dystrophy, and none meas-
ured costs of patients specifically with DMD in the
Australian population.

In terms of international dollars (adjusted for
currency exchange rates), the total annual cost
associated with DMD in Australia was found to be
$31,326. This is lower than the total annual costs
found in the international study by the TREAT-
NMD group.30 This is not a direct comparison, as
our study did not include the associated loss of
income due to parents reducing working hours or
stopping work completely; this contributed to 26–
43% of total annual costs in Germany, Italy, the
United Kingdom, and the United States In terms
of levels of health care utilization, only 1 study in
Germany by Schreiber-Katz el al.29 reported the
proportion of patients using health services. The
use of “rehabilitative services,” including physio-
therapy was comparable to our study (92% vs.
93%); however, the reported costs of rehabilitation
were over 5.5 times higher than in our study after
conversion to constant (2014) US dollars ($6013
vs. $1069, respectively). Use of other medical serv-
ices was higher in Australia compared with Ger-
many, including outpatient medical consultations
(77% vs. 94%), dietician visits (5% vs. 14%), sleep
studies (9% vs. 19%), and drug treatment (62% vs.
85%). This indicates high levels of healthcare utili-
zation in Australia and Germany, both countries
with established systems of Universal health care.

Costs of Raising a Child in Australia. According to
the National Centre for Social and Economic Mod-
elling (NATSEM) the marginal cost of raising a
first child in Australia in 2012 was $14,612 per
year.31 This was a comprehensive estimate includ-
ing other components outside the scope of our
study, such as food, transportation, education, and
recreation. Therefore, in comparison, ours is an
underestimate of the mean annual cost of raising a
child with DMD. However, the NATSEM estimate
is substantially lower than the mean total cost of
$46,700 per year for a child with DMD found in
this study, which reflects the fact that DMD is
among the more severe pediatric conditions in
terms of physical disability and care needs. The
estimated lifetime costs to bring up 2 children
from birth till they leave home was found to be
$812,000 in a middle income Australian family in
2012.31

Corticosteroid Use. Boys with DMD who reported
use of prednisolone or Deflazacort, were signifi-
cantly younger compared with individuals not on
steroid treatment. This likely reflects the observa-
tion that clinicians often stop prescribing steroid
therapy when boys become nonambulant, and the
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severe side effects of chronic steroid use often out-
weigh the drug’s ability to slow the deterioration
of muscle function. This was also reported in the
United States in a privately insured group with
muscular dystrophy.26

With regards to the impact of steroid use on
annual costs, we observed lower healthcare costs
and lower total costs in boys on steroid treatment.
However, this finding was not statistically
significant.

This study adds to the limited literature on the
impact of steroid use on healthcare costs and total
costs of DMD. As our findings regarding steroid
use did not reach statistical significance, there is a
need for studies with a larger cohort of individuals,
especially in older boys with DMD, to investigate
the economic impact to the health system of GCC
therapy. Data are needed to evaluate the costs and
benefits of long-term steroid use in DMD patients,
including weighing the preservation of cardiac and
respiratory function and reduced incidence of sco-
liosis against the costly side-effects, including verte-
bral fractures.32

Informal Care. The highest levels of informal care
were observed in the oldest age groups (over 25
years). This is not unexpected, as it reflects the
intensive and increased care required by older
individuals in the late nonambulatory stages of
DMD to carry out activities of daily living. Informal
care was also high in the youngest group, however,
how much of this is care related to DMD symptoms
and how much is just childcare or babysitting nec-
essary for an average young child, is difficult to dif-
ferentiate from our survey data. Overall, the high
levels of informal care reported are indicative of
the high unseen caregiving burden on parents and
reflect the constant supervision required for indi-
viduals with DMD at home, especially in older indi-
viduals who have very limited motor skills and are
likely to be on assisted ventilation.

Indirect Costs. The indirect costs or productivity
losses, measured through the lost wages of the
working parent associated with days taken off work
to care for the affected child were found to be
only a small proportion of total costs (6%). Com-
pared with productivity losses reported in Ger-
many, Italy, the United Kingdom, and the United
States by the TREAT-NMD group, our estimate was
much lower. This is because our study did not
include the household loss of income associated
with the reduction in parent working hours or
from stopping work completely, which could not
be accurately costed due to a lack of survey data
(e.g., salary, hours of work reduced etc.). The esti-
mate of productivity losses associated with DMD in
Australia is, therefore, an underestimate, as many

parents have reduced their working hours to
accommodate increased caregiving instead of tak-
ing more days off in their current job. Our results
also showed a higher proportion (57%) of parents
who report reduced working hours due to the
caregiving demands of their child, and an addi-
tional 5% who reported moving to a lower paying
job. Notably, 21% of parents reported stopping
work entirely, and more than 29% reported reduc-
ing working hours due to their child’s condition.
The economic implications of this are 2-fold; it
both reduces the household income when the
remaining working parent becomes the sole bread
winner, and it is also a loss to the national econ-
omy as productive individuals prematurely leave
the workforce to care for their disabled child.

Cost of DMD Therapeutics Going Forward. With the
emergence of targeted, disease-altering therapies
for rare disorders, discussion around the afford-
ability of these new technologies is becoming
increasingly pertinent, especially in light of the
accelerated European marketing approval for Ata-
luren (TranslarnaTM) for DMD.33 The costs of
orphan drugs are anticipated to be high even after
commercial approval,34 with the outright cost of
Ataluren expected to be a minimum of
AU$356,000 per year. Expensive new drugs for
DMD such as Ataluren will have significant implica-
tions on health budgets as well as family finances,
including the Life-Saving Drugs Program in Aus-
tralia, with DMD patients competing with other
rare diseases for public funding.

A limitation of the study was in the cross-
sectional questionnaire, whereby recall bias could
have impacted on the self-reporting of resource
use. However, this is likely to be minimal, as recall
was limited to 12 months and the survey was
piloted to maximize validity. A second limitation is
that, as there are no comprehensive national data
on DMD prevalence in Australia, it was not possi-
ble to calculate the proportion of the national
population captured in our survey; however, this
was estimated using an international prevalence
estimate. We were also unable to assess the level of
response bias in the survey data due to a lack of
information on nonresponders.

CONCLUSIONS

In light of recent advances in DMD therapies
and the results of a major cost-of-illness study cov-
ering the United States and Europe, this study fills
a gap in the literature with regards to measuring
baseline healthcare use and provides an estimate
of the annual cost associated with caring for a
child with DMD in Australia. Mean healthcare
costs were found to be substantially higher in every
age group compared with per capita health
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expenditure, highlighting the need for disease-
altering therapies for affected individuals at target
ages. The mean total cost associated with DMD was
found to be $46,669 per year; however, this is likely
to be an underestimate. The baseline data generated
in this study are a stepping-stone to further studies
assessing the cost-effectiveness of new drugs and
assistive technologies for this debilitating disease.
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