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Executive Summary
Duchenne muscular dystrophy (DMD) is a rare, X-linked, recessive genetic disease 
and the most common type of muscular dystrophy affecting children. The incidence 
rate is estimated at 1 in 5000 live male births and the global prevalence rate is  
4.8 per 100 000 (95% CI: 3.6-6.3 per 100 000). 

The aim of this paper is to present the World Duchenne Organization’s position on 
newborn screening (NBS) for DMD based on families’ experiences and scientific 
developments. The World Duchenne Organization is an umbrella organization of 
national patient organizations for DMD and Becker MD (BMD) around the world. 
This organization aims to inform parents and people with DMD/BMD based on latest 
research, promote good standards of care, and actively participate in efforts develop 
safe and effective treatments for DMD/BMD and find a cure. 

For more than 25 years, a steady majority of parents have been in favor of  
implementing NBS for DMD. Key reasons for this include the following: 
»	� avoiding the diagnostic delay, which interferes with “supportive parenting”,  

that is, parents’ ability to provide their children with the support, care,  
and understanding they need

»	� ensuring timely and appropriate early intervention for their infant,  
thereby maximizing the therapeutic window of opportunity

»	� mitigating the challenges in therapy development for the early phase  
(e.g., 0- to 4-years of age)

»	� understanding reproductive options and enabling families to make  
informed choices

»	� being realistic that there is no such thing as a “carefree period” – parents’  
concerns arise long before a diagnosis of DMD is confirmed

Also, the discussion of implementing NBS programs for DMD has been ongoing 
around the world since the 1970s and different programs have been started and 
discontinued. Renewed interest to include DMD in NBS programs can be attributed 
to advancements in testing technology to minimize false-positive and false-negative 
cases, growing evidence that emerging therapies may be most effective in the early 
phase when muscle damage is still limited (e.g., early years between 0- to 4-years), 
and the evolving landscape of novel therapeutics in development. Indeed, DMD has 
been included in the NBS program in Taiwan since 2021 and universal NBS for DMD 
will begin the American states of New York, Ohio, and Minnesota in 2024.
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In sum, there are combination of factors that indicate that the time to implement 
NBS for DMD is now: unacceptable risks associated with perpetuating diagnostic 
delays; modern perspectives on NBS policy criteria that recognize the importance of 
the patients’ and parents’ perspective; evidence for two-tiered testing and advanced 
testing technology to minimize false-positive and false-negative cases; international  
collaboration of stakeholders to develop and update practice guidelines; and a 
growing number of approved therapeutics and emerging therapies, including gene 
therapy. The recently published EURORDIS principles for NBS can help guide the 
policymaking, implementation, and evaluation processes. 
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1.	� Parents Are Enthusiastic About  
Newborn Screening Programs

Duchenne muscular dystrophy (DMD) is the most common type of muscular  
dystrophy affecting children. It is a rare, X-linked, recessive genetic disease  
characterized by progressive and irreversible muscle damage and degeneration that 
leads to premature death. The incidence rate is estimated at 1 in 5000 live male 
births (Ellis et al., 2013; Mendell & Lloyd-Puryear, 2013; Mendell et al., 2012)  
and the global prevalence is around 4.8 per 100 000 (95% CI: 3.6-6.3 per 100 000) 
(Salari et al., 2022). An overview of the disease and its natural history is provided  
in Appendix 1.

For more than 25 years, a steady majority of parents have been in favor of newborn 
screening (NBS) for DMD. From the 67% of parents surveyed at the 1997 European 
Duchenne Meeting, findings from subsequent studies have indicated increasing 
rates of support among parents ranging from 87.5% to 100%. High rates of  
support are observed among parents of children with DMD who opted for NBS  
in pilot studies, parents whose sons were diagnosed later, and among expectant  
parents (Chung et al., 2016; Parsons et al., 2002; Plass et al, 2010; Wood et al., 
2014). Reasons why parents strongly advocate the implementation of NBS  
programs for DMD are discussed in the next section. 
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2.	� Reasons the Time to Implement  
NBS for DMD Is Now

2.1	� To avoid the diagnostic delay, which interferes with 
supportive parenting (and more)

Despite the advances in multidisciplinary management of patients with DMD in 
preceding decades, diagnostic delay persists (see Box 1). The mean age of diagnosis 
remains around 4- to 5-years of age with an average delay of 1.1 to 2.2 years  
between the first signs of DMD and diagnostic confirmation (Crossnohere et al., 
2022; Jackson, 2020; Thomas et al., 2022; Vry et al., 2016).

Box 1. Diagnostic delay in numbers

» �Delays range from 0 to 10 years with an average  
between 1.1 to 2.2 years.

» �Families seek help from an average of three health  
professionals before receiving a diagnosis.

» �Nearly 1 in 3 families seek help from four or more  
health professionals.

The protracted process leaves parents feeling stressed, frustrated, anxious, and 
guilty. They also experience feelings of anger with the health system, of having 
concerns being dismissed by others, and of self-doubt with their parenting ability 
(Wong et al., 2015). Delayed diagnosis can perpetuate parents’ misunderstanding of 
their child’s behavior (e.g., wanting to be carried), and prevent them from responding 
to and caring for their child in the best possible way (i.e., “supportive parenting”). 
Arguments against NBS that early diagnosis could disrupt parent-infant bonding or 
have a negative psychosocial impact are unfounded (Campbell & Ross, 2003; Chung 
et al., 2016; Parsons et al., 2002). 



6   |   The Time to Start NBS for Duchenne Is Now — White Paper

“Our son wasn’t diagnosed until he was 6 years old. 
We all babied him on one hand, but we often  
chastised him for being slow or clumsy. He masked  
everything, telling us he didn’t want to get dirty when 
really he knew he couldn’t do these things. His father 
was ashamed to watch him play soccer and only went 
to one match.”

Parent of a 14-year-old boy with DMD 

“‘Go faster; climb the stairs, concentrate’… 
the remorse caused by misplaced demands  
is rarely discussed.”

Parent from France 

2.2	  �Timely and appropriate early intervention  
for their child

Irreversible muscle damage and degeneration begins at birth. Also, other domains 
of child development can be affected in early life and observed as early as 2- to 
3-months of age. These include communication, adaptive behavior (e.g., emotional/
behavioral dysregulation), personal/social behavior (e.g., inattention/hyperactive; 
obsessive and compulsive features), intelligence (e.g., learning difficulties)  
(Connolly et al., 2014; Connolly et al., 2013; Darmahkasih et al., 2020;  
van Dommelen et al., 2020). There is higher prevalence for neuropsychiatric  
disorders such as autism spectrum disorder, attention-deficit hyperactivity disorder, 
and obsessive-compulsive disorder among children with DMD (Hendriksen & Vles, 
2008; Pascual-Morena et al., 2022). 

“�Muscles lost  
are lost forever.”
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“It’s more important than ever that parents are able  
to receive the diagnosis early and not go through a 
long diagnostic journey. Some of the new treatments, 
in fact, our gene therapy that was recently approved  
is only for 4- and 5-year-olds right now. So if you  
are diagnosed at 6 or 7 or even later, you miss your 
window of opportunity.” 

Mother of a now 14-year-old boy (WTHR, 2024)

During the diagnostic journey, a child may inadvertently receive treatment that is 
harmful to their muscles and may accelerate loss of function. In addition, without 
NBS, young children between 0- to 4-years of age who are still undiagnosed miss 
the opportunity of starting treatments that can preserve their muscles and delay  
the loss of function. Examples of treatments include glucocorticosteroids (Connolly 
et al., 2019) and exon-skipping therapies (Mercuri et al., 2023). Furthermore,  
those with neuropsychiatric needs will miss out on early interventions, resulting in 
lower quality of life (Thangarajh et al., 2018). Delays in diagnosis also means that 
evaluations and resources are not in place when they start their school careers,  
further impeding their cognitive development.

Early intervention also comprises immediate monitoring of the infant and timely 
access to multidisciplinary care and emerging therapies. It also includes education 
and support for parents on how to care for their child and provide future perspective. 
With regards to emerging therapies, a handful of gene therapy products have been 
approved in the USA and a number are in the development pipeline (see Appendix 
2; Tables A1 & A2). However, if the implementation of NBS for DMD is delayed, 
children may unnecessarily miss out on benefiting from these emerging therapies. 
Indeed, the time required to organize and launch NBS programs can be two years  
or longer (Bailey et al., 2021). This was unfortunately the situation experienced by 
the spinal muscular atrophy (SMA) community (European Alliance for Newborn 
Screening in SMA, 2021).

Findings from a recent survey of parents with siblings with DMD to gain insight into 
their lived experiences of early diagnosis indicate that their overall perception was 
positive. Benefits related to avoiding the diagnostic odyssey (younger siblings were 
diagnosed an average of 2 years earlier than older ones), support services, school 
preparedness, and treatment evaluation. A common downside was increased worry. 
Youngest siblings started DMD-approved therapies an average of a year earlier than 
older ones and a higher percentage of the youngest were still ambulatory at age 10 
(62.3% versus 37.1% of oldest) (Bhattacharyya et al, 2024). 
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“It is never a good time to hear your child has  
Duchenne, but knowing allows you to prepare  
and make decisions and be a better parent.”

@FilippoBucella (Duchenne Parent Project Italy)

2.3 Mitigate the dilemma in drug development

One of the ongoing discussions related to implementing NBS for DMD is that  
therapeutics for the 0- to 4-years age group are not yet approved. However, a key 
obstacle to developing therapeutics for this age group is that young children are not 
being reliably diagnosed at this age and results in an insufficient pool of potential 
clinical trial participants. No participants result in no data, no drug development,  
no market approval, and no access to new drugs. This conundrum can only be  
solved by implementing NBS. Also, drug development for older children is hampe-
red by the existing diagnostic delay, which shortens the time frame that children 
have for participating in clinical trials (Crossnohere et al., 2022; Farrar et al., 2023).

2.4 Reproductive choice

Timely diagnosis by NBS will mean parents have early access to genetic counseling 
and guidance and education about reproductive options for genetic carriers. Such 
support helps educate families about reproductive options, facilitate family planning, 
and enable families to make informed choices in full awareness (Campbell & Ross, 
2003; Crossnohere et al., 2022; Jackson, 2020; Parsons et al., 2002).

2.5 No such thing as a “carefree period” 

Another argument against NBS is the concern that early diagnosis takes away  
parents’ enjoyment of the first carefree years with their child before learning that 
their child is affected with DMD. However, survey findings indicate that parents with 
a child with DMD diagnosed later in life had significantly more worries during the 
first year of life than the general population. As such, a true carefree period does  
not exist and parents prefer early diagnosis as it would allow them to give their 
children the best possible care from the outset (Ellis et al., 2013). Indeed, early diag-
nosis would mean that parents would have time to come to terms with the diagnosis 
before their son was aware (Parsons et al., 2002). In addition, they would be able to 
plan other important life decisions such as where to live and work and best options 
for their child’s schooling (Crossnohere et al., 2022; Parsons et al., 2002).
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“Our little boys know from a very early age that they 
are growing weaker and not stronger, they must be 
confused and sad and have feelings of inexplicable 
inadequacy because they are last at everything.” 

“A lot of doctors patronize that it is nice for parents  
to be ignorant but if someone has cancer and not  
long to live, it would be reprehensible not to tell  
the patient of any age...our children’s muscles are 
dying from the beginning and there is a horrific mess 
under their skin.”

Perspectives of two parents from the Netherlands
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3.	� Modern Perspectives on NBS for DMD
The discussion of implementing NBS programs for DMD has been ongoing since 
the 1970s and different programs have been started and discontinued in the past. 
There is a renewed interest to include DMD in NBS programs due to three factors. 
These include advancements in testing technology to minimize false-positive and 
false-negative cases, growing evidence that emerging therapies may be most effec-
tive when muscle damage is still limited (e.g., early years between 0- to 4-years), 
and the evolving landscape of novel therapeutics in development (Birnkrant et al., 
2018a). Indeed, DMD has been included in the NBS program in Taiwan since 2021 
(Chien et al., 2022) and universal NBS for DMD will begin the American states of 
Ohio, New York, and Minnesota in 2024 (Parent Project Muscular Dystrophy, 2023a, 
2023b, 2024a). In this section, we discuss developments in NBS policy making such 
as the parents’ perspective, healthcare professionals’ perspective, and evolutions in 
the NBS screening process. 

3.1	 DMD is both actionable and treatable

Traditionally, public health policies on NBS have been based on 10 criteria proposed 
by Wilson & Jungner in 1968. At the time, the criteria were mainly developed with 
“chronic diseases of adults” in mind, and the authors did not intend for the criteria  
to serve as dogma nor remain unchanged over time (Wilson & Jungner, 1968;  
Andermann et al, 2008). The 10 principles are presented in Appendix 3. 

Modern perspectives on NBS policy criteria recognize the importance of including 
the patients’ and parents’ perspectives, and that the focal point of assessing the 
benefits and risks should be the interest of the child (Cornel et al., 2014). These 
perspectives are expanding the original concept of a disease having to be treatable 
(Wilson & Jungner, 1968) to that of being actionable (EURORDIS Rare Diseases  
Europe, 2021; see Box 2). With this evolution, consideration is given to benefits 
beyond disease modification. These relate to the net health and psychosocial  
benefits of early detection (e.g., early surveillance and access to appropriate care; 
supportive parenting; psychosocial well-being of the family unit; restoring the  
reproductive options of genetic carriers), which potentially outweigh concerns  
related to receiving a diagnosis for a disorder without an approved medical  
intervention that modifies disease progression (Farrar et al., 2023; see Box 3). 
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Box 2. Three features of actionable diseases

» Early intervention for the newborn leads to health gains.

» �A lengthy diagnostic odyssey can be avoided thanks to early  
diagnosis. 

» �Reproductive options are available to parents with regards to  
subsequent pregnancies. 

Indeed, the model of care for DMD has evolved to a holistic and proactive  
approach that addresses issues such as concerns within family unit, psychosocial 
care, life transitions, and disease modification. Multidisciplinary care guidelines were 
developed in 2012 and updated in 2018 by international DMD Care Considerations 
Work (Birnkrant et al., 2018a, 2018b, 2018c). Advancements have led to among 
others, longer life expectancy. An overview the management of DMD is provided  
in Appendix 1. This overview includes tables summarizing emerging therapies  
such as gene therapy that have been approved or are under development (Table A1 
and A2). 

“In progressive muscle wasting conditions [like DMD], 
lost muscle tissue cannot be recovered...Therapies are 
becoming available. In the US, Japan, and Israel, there 
are already antisense oligonucleotides (ASOs) that  
can be given in infancy, and there are many ongoing 
trials including next generation ASOs for which  
much greater clinical benefit is anticipated, and a  
rapid approval pathway. ASOs, but also AAV gene 
therapy which is likely to receive approval in 2024,  
can only work if there is muscle available for them  
to exert their actions.”

Prof. dr. Francesco Muntoni (University College London)
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Box 3. Net health and psychosocial benefits of NBS for 
the infant with DMD, its family, and health care system

» �Timely knowledge enables parents to provide their child with the 
best possible care, fostering supportive parenting.

» Parents have time to plan. 

» �The diagnostic odyssey and associated negative psychosocial  
consequences can be prevented. 

» �A child’s inadvertent exposure to harmful treatment during the  
diagnostic journey, which can accelerate loss of function, can be  
prevented.

» �Early detection means infant can be immediately monitored  
and receive timely access to developmental assessments,  
multidisciplinary care including speech and/or autism therapies, 
glucocorticosteroids, and emerging therapies, and may be enrolled  
in innovative clinical trials.

» �The family has an increased time frame during which their infant’s 
participation in clinical trials can be considered. 

» �Parents gain control over their reproductive options and family  
planning since the recurrence risk of having another child with  
DMD are known. 

» �Health care systems will benefit from avoiding resource waste from  
a protracted diagnostic process (e.g., unnecessary and irrelevant  
testing, consultations, referrals, and treatment). 
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3.2	 The healthcare professionals’ perspective

Perspectives on NBS for DMD among of physicians working at Certified Duchenne 
Care Centers across the USA were recently explored by survey. Results indicated 
that the vast majority (82%) of physicians saw benefit in NBS for DMD. With  
regards to follow-up after NBS, the majority recommended multiple interventions  
as follows (Armstrong et al., 2022):
»	 early assessment of social and language development 
»	 testing maternal carriers and screening siblings
»	 genetic counseling 
»	 referral to early intervention services
»	 discussing clinical trials and potential participation
»	 discussing exon skipping and other therapies
»	 initiating approved therapies much earlier than the typical age of diagnosis 

With regards to early intervention, 67% of clinicians would prescribe corticosteroids 
within the first two years of a child with symptoms and another 23% would initiate 
corticosteroids between 2- to 4-years of age. Also, more than half would prescribe 
a child diagnosed with DMD corticosteroids before the age of 2 years even if he was 
asymptomatic. In terms of exon-skipping therapy, 81% of clinicians would prescribe 
this therapy to children during their first year of life if they were symptomatic and 
had an amenable pathogenic variant (Armstrong et al., 2024).

“Newborn screening is important to identify patients 
[with Duchenne] early. This will allow timely care  
intervention and for some patients an opportunity to 
start treatment early. It also gives parents more time  
to plan and make decisions about trial participation  
and treatment options.”
Prof. dr. Annemieke Aartsma-Rus (Leiden University Medical Center)
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3.3	 Proof-of-concept for two-tiered testing

The proof-of-principle of NBS for DMD was established in 1975; it involved  
measuring creatine kinase (CK) levels from dried blood samples (DBSs) (Zellweger 
& Antonik, 1975). Building on this, proof-of-concept for two-tiered testing based on 
CK measurement followed by DMD gene testing was established in 2010 (Mendell 
& Lloyd-Puryear, 2013; Mendell et al., 2012). In general, this two-tiered approach 
begins with measuring the concentration of CK from a DBS collected from a heel 
prick. Thresholds for interpretation of CK concentrations are based on the timing of 
test in terms of days postpartum. Infants with an elevated CK level are referred for 
genetic testing to confirm diagnosis.

Recently, a pilot study evaluated the two-tier approach in the state of New York, 
USA (Tavakoli et al., 2023) and another is being planned in Australia (Farrar et al., 
2023). During the 2-year study period of the New York study, close to 37 000  
babies were screened. Of these, 42 babies (25 males, 17 females) were referred  
for second-tier gene testing. In the end, four males were found to have deletions  
or duplications consistent with DMD or BMD and one female was identified as  
a genetic carrier (Tavakoli et al., 2023). Subsequently, NBS was submitted to  
the Registered Uniform Screening Panel for review (Parent Project Muscular  
Dystrophy, 2024c). Universal two-tiered NBS for DMD will begin the American 
states of Ohio, New York, and Minnesota in 2024 (Parent Project Muscular  
Dystrophy, 2023a, 2023b, 2024a). 

Reflecting the need for NBS programs to consider local healthcare system  
infrastructure, and economic, political, and cultural issues, the exact nature of the 
screening process can vary. For example, a three-step approach (i.e., initial DBS, 
repeat DBS if borderline or elevated CK level on initial DBS test, and genetic test 
if persistently elevated CK) has been included in the NBS program in Taiwan since 
2021 (Chien et al., 2022). Also, a pilot study using this approach was recently  
completed in the province of Guangzhou, China (Jia et al., 2023).

The detection of other (genetic) conditions during NBS for DMD remains a  
possibility and a concern. An overview of the number of other diagnoses found  
in recent pilot studies and implemented programs is provided in Appendix 4.  
Care for these infants and their families are embedded in NBS programs built upon 
recommended principles such as that of EURORDIS: “The family of the newborn 
who has been diagnosed through NBS should be provided with psychological,  
social and economic support by the competent national health authorities”  
(principle 3; See Appendix 5 for all 11 EURORDIS principles).
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3.4	 Genetic testing process

Best practice guidelines on genetic testing recommend a stepwise approach. Initial 
confirmatory genetic testing should focus on determining the presence of dystrophin 
gene deletion and duplication. These mutations represent 70% of all those observed 
in patients with DMD. Multiplex ligation-dependent problem amplification (MLPA) 
or comparative genomic hybridization (CGH) array is preferred (Birnkrant et al., 
2018a). If single- or multi-exon mutations are not detected, then genetic sequen-
cing (Sanger sequencing) is recommended to screen for remaining small mutations. 
Finally, if results of these genetic tests are negative, then a muscle biopsy is taken  
to evaluate the localization, amount, and size of dystrophin protein using Western 
blot and immunohistochemistry (Birnkrant et al., 2018a; Duan et al., 2021).  
Ongoing development indicate that the use of genetic panels (e.g., exome sequen-
cing, whole genome sequencing, massive parallel sequencing) may become possible 
in the future (Duan et al., 2021; Farrar et al., 2023). Next generation sequencing 
(NGS) for DMD is a potentially cost-effective alternative to the stepwise approach 
as NGS can identify all mutation types and can be upscaled to be used in screening 
procedures (Fratter et al, 2020).
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3.5	 NBS is not just a test but a program

NBS is a general term to describe tests used to identify various congenital health 
conditions in the neonatal period. The aim of NBS programs is to identify affected 
infants who would benefit from early diagnosis and treatment and management, 
thereby extending life expectancy and functional ability (Grosse et al., 2006; Scarpa 
et al., 2022; Therrell et al., 2015). It is critical to remember that NBS is not just about 
the test itself but also includes the follow-up care thereafter. 

As with all NBS programs, proper governance, stakeholder involvement, and special 
attention for vulnerable groups (e.g., rural, indigenous, or minority communities) is 
essential (Farrar et al., 2023; Ke et al., 2017; Parsons et al., 2002). Various guidance 
documents exist to inform the policy making and screening process (Dobrow et al., 
2018; EURORDIS Rare Diseases Europe, 2021). Relevant points for different  
stakeholders are as follows: 
»	� For parents: standard participation (with opt-out) versus voluntary (opt-in),  

informed consent, the way positive results and unintended findings are  
communicated, protection of privacy and rights, and the follow-up care 

»	� For public health systems: informing the public, adequate surveillance  
infrastructure, staff training, blood spot sampling and storage, laboratory  
procedures, confirming diagnosis and treatment, protection of privacy and rights, 
continuity of care with broader health care system and patient organizations, 
funding, quality assurance, program evaluation

»	� For healthcare providers: communication of results, data sharing, continuity of 
care, protection of privacy and rights

»	� For policy makers: continuity of care, evaluation of benefits and harms, health 
economic evidence, protection of privacy and rights, funding, quality assurance, 
program evaluation
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4.	 Other Considerations
4.1	 Health economic benefits of NBS for DMD

Evidence on the health economic benefits of NBS for DMD is limited. Nevertheless, 
results from a Canadian study indicate that costs of NBS for DMD are comparable 
to that for metabolic disorders (Rosenberg et al., 1993). Also, there will be benefits 
from avoiding resource waste and lost workdays for caregivers due to a protracted 
diagnostic process (e.g., unnecessary and irrelevant testing, consultations, and  
referrals) and irrelevant/inappropriate treatment. Indeed, a recent US study estima-
ted that families accrue more than US $211 000 in medical and productivity loss 
costs across the diagnostic odyssey (Every Life Foundation for Rare Diseases, 2023).
Furthermore, prolonging a child’s function with timely intervention has financial  
benefits for the family and society. That is, while the predicted loss of earnings  
of mothers with sons with DMD who were older than 4-years of age and  
non-ambulatory was nearly US $24 000 annually, no loss of earnings was  
observed if boys were still ambulatory (Soelaeman et al., 2021).

4.2	 Ethical issues

4.2.1 Risks of not implementing NBS for DMD
Bayley & Laing argue that permitting diagnostic delays to persist and placing  
families at risk to have multiple boys affected with DMD is not ethically justifiable 
(Bayley & Laing, 2012). In addition, with recently approved therapeutics and  
many under approval or clinical development, as well as therapeutic candidates 
receiving orphan drug designation, DMD is evolving into a treatable condition. Given 
this evolution and the fact that expanding NBS programs to include DMD will take 
time, decisions to delay the diagnosis of DMD and the risk of missed opportunities 
for appropriate and timely treatment, are unethical.

4.2.2 Participation in NBS programs for DMD
Past and current NBS programs for DMD differ in terms of how parental autonomy 
is protected. Procedures to ensure informed consent (e.g., providing education about 
NBS during prenatal check-ups and reviewing again before postnatal testing) and 
options to either opt-in or opt-out from participation can respect parental autonomy. 

4.2.3 Health equity
While evidence supports the use of a two-tiered test, this testing approach is not 
feasible in all parts of the world. Factors that influence feasibility include how  
testing locations and storage are set up (e.g., does the DBS stay in the same testing 
location or it is transported to different locations), existing laboratory infrastructure, 
and available funding. In some countries, NBS using repeated CK assays without 
genetic testing or dystrophin protein analysis may be the only affordable and  
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“�Without NBS, infants and 
children with DMD between  
0- to 4-years of age  
will continue to miss out 
on the benefits of early  
intervention and  
have an unacceptable risk  
of being inadvertently 
harmed by inappropriate 
treatments.”
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feasible option. In others, the initial confirmatory genetic test is often limited to  
multiplex quantitative polymerase chain reaction (PCR) testing, which can only 
detect gene deletions and has poor accuracy (Duan et al., 2021; Fratter et al, 2020). 
These health inequities can further increase when gene panels, which have been 
identified as the future of NBS, are approved as not all public health systems may  
be able to afford them. 

The inclusion or exclusion of screening newborn girls in NBS programs for DMD  
is an issue that each potential program needs to deliberate upon along with other 
public health considerations. Nevertheless, as there are health and reproductive 
consequences for female carriers, exclusion would contribute to the health  
inequity of these infants and their families. Recently, an algorithm for the screening, 
diagnosis, and follow-up management of female carriers has been published  
(Gruber et al., 2022).

5.	 Conclusion
The discussion of implementing NBS programs for DMD has been ongoing since 
the 1970s and for more than 25 years, a steady majority of parents have been in 
favor of NBS for DMD. Given the combination of 1) unacceptable risks associated 
with perpetuating diagnostic delays; 2) modern perspectives on NBS policy criteria 
that recognize the importance of patients’ and parents’ perspectives; 3) evidence for 
two-tiered testing and advanced testing technology to minimize false-positive and 
false-negative cases; 4) international collaboration of stakeholders to continually 
develop and update practice guidelines; and 5) a growing number of approved  
therapeutics and emerging therapies (e.g. gene therapy), the time to implement  
NBS for DMD is now.
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Appendix 1
Duchenne muscular dystrophy, the disease

DMD is caused by mutations in the dystrophin gene on the X-chromosome (Birn-
krant et al., 2018a). A wide range of gene mutations exist. Approximately 60%-65% 
of the mutations are deletions, 5-10% duplications, and 25-35% small mutations 
(Farrar et al., 2023; Neri et al, 2020). In about two-thirds of patients with DMD,  
mothers are diagnosed as carriers of a DMD gene mutation; in the remaining one-
third, spontaneous germ line mutation is the underlying cause (Caskey et al., 1980; 
Chen et al., 2013). If female carriers have another son, the son’s chance of having 
DMD is 50%; if female carriers have a daughter, the daughter’s chance of being a 
carrier is 50%. Female noncarriers with a son with DMD have a 4.3% to 8.6%  
chance of recurrence due to germ line mosaicism depending on the type of  
transmission (Helderman-van den Enden et al., 2009).

The dystrophin gene is responsible for the production of dystrophin. Dystrophin is a 
structural protein located underneath the membrane (i.e., sarcolemma) of skeletal, 
cardiac, and smooth muscle cells. Smaller amounts of dystrophin gene expression 
also occur in the brain (Falzarano et al., 2015; Farrar et al., 2023). Dystrophin com-
bines with various other proteins to form structures known as dystrophin-associate 
protein complexes (DAPCs). DAPCs contribute to the structural stability, contractile 
activity, and signaling of muscle fibers (Duan et al., 2021).

Mutations in the dystrophin gene affect the production of functional dystrophin, and 
thus the formation of DAPCs (Birnkrant et al., 2018a; Duan et al., 2021). As a result, 
dystrophin-deficient muscle is mechanically unstable, vulnerable to tearing during 
contraction, and susceptible to muscle fiber necrosis (Duan et al., 2021). In addition, 
the ability of muscle cells to regenerate is impaired (Birnkrant et al., 2018a;  
Falzarano et al., 2015). As the amount of muscle fiber damage increases and  
accumulates, outward signs of diminishing muscle function become noticeable.

Natural history of DMD

DMD is characterized by progressive and irreversible muscle damage. Muscle  
degeneration begins at birth and leads to premature death. While clinical  
presentation may vary between persons with DMD, common signs and symptoms 
are muscular weakness, delays in motor development, loss of walking ability,  
difficulty breathing, and heart muscle disease (cardiomyopathy). Swallowing,  
gastric emptying, intestinal paresis, and bladder and urinary tract functioning  
may also be impaired (Birnkrant et al., 2018a, 2018b; Duan et al., 2021).
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Other domains of child development that can be affected in early life and observed 
as early as 2- to 3-months of age. These include communication, adaptive behavior 
(e.g., emotional/behavioral dysregulation), personal/social behavior (e.g., inattention/
hyperactive; obsessive and compulsive features), intelligence (e.g., learning difficul-
ties) (Darmahkasih et al., 2020; van Dommelen et al., 2020). A recent systematic 
review has reported that there is higher prevalence for neuropsychiatric disorders 
such as autism spectrum disorder and attention-deficit hyperactivity disorder among 
children with DMD (Pascual-Morena et al., 2022).

Changes in gross motor function over time are summarized in Figure 1. Difficulty 
walking and climbing stairs, increased difficulty in keeping up with peers, compensa-
tory postures, and frequent falls may be first observed around 2- to 3-years of age. 
Loss of ambulation may occur between 8- to 15-years of age with a mean around 
10- to 12-years (Szabo et al., 2021; Vry et al., 2016). The average age of onset for 
scoliosis is around 14 years (Szabo et al., 2021). 

Loss of arm function also occurs in the teenage years, resulting in the need for  
assistance with self-care activities such as bathing, toileting, dressing, and eating. 
Cardiac and respiratory symptoms can also emerge around this time with the need 
for ventilatory support occurring between 15- to 18-years of age (Szabo et al., 
2021). Cardiac and respiratory failure account for the majority (approximately 80%) 
of deaths; the remaining 20% are attributable to noncardiopulmonary causes such 
as injury-related pulmonary embolism, stroke, gastrointestinal complications, and 
unnatural causes (Wahlgren et al., 2022). Median life expectancy with ventilatory  
support is between 29.9 to 31.8 years and without between 19.0 to 19.4 years 
(Landfeldt et al., 2020).

Figure 1. Changes in gross motor function over time in boys with Duchenne muscular dystrophy 

duchenne timeline
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Clinical presentation of female carriers

Female carriers may or may not become symptomatic. The age of symptom onset 
can vary widely (e.g., 1-50 years) as can the clinical presentation (Silva et al., 2020). 
Symptoms of female carriers may include a history of weakness and clumsiness  
in childhood, asymmetric muscle weakness and compensatory movements,  
enlargement of calf muscles (i.e., pseudohypertrophy), muscle cramps, myalgia, 
unexplained abdominal pain or chest pain, and rapid heart rate (i.e., tachycardia)  
of unknown origin (Gruber et al., 2022; Silva et al., 2020). 

A recent review reported that the incidence of skeletal muscle damage among 
symptomatic and asymptomatic female carriers can range between 2.5% to 19% 
and that of dilated cardiomyopathy between 7.3% to 16.7% (Ishizaki et al., 2018). 
Myocardial fibrosis can develop in female carriers in a similar way to male patients 
with DMD (Florian et al., 2016). In addition, subclinical deterioration of systolic  
cardiac function has been observed in asymptomatic carriers (Kincl et al., 2020).

Appendix 2
Management of DMD

The diagnosis and treatment for patients with DMD is organized around multidis-
ciplinary care. The multidisciplinary team includes medical specialists, allied health 
professionals (nurses, physiotherapists, occupational therapists, speech language 
pathologists, respiratory therapists), and genetic counselors. Best care guidelines 
exist, providing recommendations for managing neuromuscular, respiratory, cardiac, 
orthopedic, endocrinological, gastrointestinal, nutritional, urological, and neuro- 
developmental and neuropsychological issues. Guidelines also address psychosocial 
concerns and challenges with transitioning into adulthood. Advancements during 
the past 30 years have led to gains in functional outcomes, quality of life, and life 
expectancy (Birnkrant et al., 2018a, 2018b, 2018c; Duan et al., 2021). 

Specialized treatment centers for DMD exist around the world and they serve local, 
national, and international patients. In addition, patient organizations have a critical 
role in advocacy and providing a safety net of support to families who receive  
the unexpected news after NBS. Fellow parents can help educate new families, 
provide perspective that a good life is still possible, and share strategies for coping. 
The Duchenne patient community is an active partner in clinical research and a fore-
runner in developing digital infrastructure to ensure DMD-related data are findable, 
accessible, interoperable, and reusable (van Lin et al., 2021; Verhaart et al., 2019).
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Management is patient-centered and is aligned to the stage of disease. Interventi-
ons aim to slow disease progression, prevent and manage symptoms, and address 
psychosocial issues to optimize a patient’s participation in society and achievement 
of life goals. Nonpharmaceutical treatment include physiotherapy and assistive  
devices to prevent contractures and scoliosis, and surveillance of respiratory and 
cardiac function (Duan et al., 2021). 

Standard pharmaceutical treatment include ACE-inhibitors and corticosteroids. 
ACE-inhibitors are prescribed as prophylactic cardiac treatment; nonprophylactic 
treatment is started once cardiomyopathy is diagnosed. Corticosteroids (prednisone 
or deflazacort) are effective in increasing muscle strength and delaying the loss of 
ambulation as well as pulmonary disease progression (McAdam et al., 2012;  
McDonald et al., 2018a; McDonald et al., 2018b; Merlini et al., 2020; Vry et al., 
2016). Also, long-term corticosteroid use prevents the development of scoliosis  
and need for spinal surgery (Lebel et al., 2013; McAdam et al., 2012). Side effects of 
corticosteroids include weight gain and glucocorticoid-induced osteoporosis (Duan 
et al., 2021; Lamb et al., 2018; Mayo et al., 2012). Treatment regimens may vary  
to optimize the balance between benefits and risk.

A new development is vamorolone, a novel dissociative steroid that modifies the 
downstream activity of glucocorticoid receptors without customary side effects  
such as impaired bone metabolism (Guglieri et al., 2022). Vamorolone has  
recently received approval for use in patients 2 years and older by the Food & Drug 
Administration (FDA) and in patients aged 4 years and older by the European  
Medicines Agency (EMA) (Santhera Pharmaceuticals Holding AG, 2023).

The landscape of gene therapy for DMD to restore or replace dystrophin is evolving 
rapidly. So-called exon-skipping therapies are an emerging class of therapeutics. 
While exon-skipping therapies do not cure DMD, they may help delay the loss of 
muscle function in about 30% of the DMD population with certain exon mutations. 
Exon-skipping therapies correct the reading frame of the dystrophin gene in such a 
way to allow the production of a shortened piece of dystrophin (Duan et al., 2021).

In June 2023, the FDA approved the first gene therapy for DMD called Elevidys.  
An overview of approved therapeutics to restore or replace dystrophin is provided  
in Table A1. Therapeutics under development are summarized in Table A2.
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Table A1. Summary of approved therapeutic approaches for restoring or  
replacing dystrophin as of January 31, 2024 in the USA, Europe, United Kingdom, 
and Japan1–4 

aConditional approval
Abbreviations: AAV, adeno-associated virus; FDA, Food & Drug Administration
1Japan Agency for Medical Research and Development, 2020; 2Parent Project Muscular Dystrophy, 2024b; 3National Institute 
of Health Care and Excellence, 2023; 4World Duchenne Organization, 2024.

Therapeutic  
approach

Product
(Manufacturer)

Approving  
regulatory agency Indication in DMD

Exon skipping

Casimersen 
(Sarepta Therapeutics) FDA Amenable to exon 45 skipping

Eteplirsen
(Sarepta Therapeutics) FDA Amenable to exon 51 skipping

Golodirsen 
(Sarepta Therapeutics) FDA Amenable to exon 53 skipping

Viltolarsen 
(NS Pharma, Inc) FDA, Japan Amenable to exon 53 skipping

Nonsense mutation 
read-through

Ataluren 
(PTC Therapeutics, Inc.) UKa

Ambulatory patients 2 years of age  
and older with a nonsense mutation  
in the dystrophin gene

Gene therapy
(AAV-vector based)

Elevidys
(Sarepta Therapeutics) FDA Patients 4-5 years of age with  

confirmed DMD gene mutation 
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Table A2. Summary of clinical trials of therapeutics aiming to restore or replace  
dystrophin as of (January 31, 2024)1–3 

1Parent Project Muscular Dystrophy, 2024b; 2Genethon, 2021; 3World Duchenne Organization, 2024.

Therapeutic 
approach 

Medication 
(Sponsor; trial number)

Phase of  
development Indication in DMD

Exon  
skipping

SRP-5051
(Sarepta Therapeutics,  
NCT04004065; NCT03675126)

Phase II Generation eteplirsen;  
amenable to exon 51 skipping

NS-089/NCNP-02
(NS Pharma; NCT05996003) Phase II Amenable to exon 44 skipping

DS-5141b
(Daiichi Sankyo; NCT04433234) Phase II Amenable to exon 45 skipping

DYNE-251
(Dyne Therapeutics; NCT05524883) Phase I/II Amenable to exon 51 skipping

WVE-N531
(Wave Life Sciences; NCT04906460) Phase I/II Amenable to exon 53 skipping

AOC 1044
(Avidity Biosciences; NCT05670730) Phase I/II Amenable to exon 44 skipping

scAAV9.U7.ACCA
(Audentes Therapeutics; 
NCT04240314)

Phase I/IIa Amenable to exon 2 skipping

PGN-EDO51
(Pepgen; NCT06079736) Phase I Amenable to exon 51 skipping

BMN 351
(Biomarin) Pre-clinical Amenable to exon 51 skipping

Gene 
therapy 
(AAV-vector 
based)
 

PF-06939926
(Pfizer; NCT03362502) Phase III DMD confirmed by medical history  

and genetic testing

rAAVrh74.MHCK7.micro-dystrophin  
(SRP-9001)
(Sarepta; NCT05096221, 
NCT05967351, NCT04626674)

Phase III/ 
open label

DMD confirmed by medical history  
and genetic testing; ambulatory and 
between 4-7 years of age

 SCAAV9.U7.ACCA
(Nationwide Children’s Hospital; 
NCT04240314)

Phase I/II For patients with a duplication of  
exon 2 in the DMD gene

RGX-202
(REGENXBIO; NCT05693142) Phase I/II

DMD gene mutation in exons 18 and  
above, and a clinical picture consistent  
with typical DMD

RAAVRH74.MCK.GALGT2
(Nationwide Children’s Hospital; 
NCT03333590)

Phase I/II Confirmed mutations 1,2

SGT-003
(Solid Biosciences; NCT06138639) Phase I/II

SGT-003 is designed to produce func-
tional dystrophin protein containing the 
neuronal nitric oxide synthase (nNOS) 
domain in skeletal and cardiac muscles

GNT-0004
(Généthon/Sarepta) Phase I/II DMD confirmed by medical history  

and genetic testing
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Appendix 3
Wilson & Jungner Public Health Criteria for Screening Programs  
(Wilson & Jungner, 1968)

1.	 The condition sought should be an important health problem.

2.	 There should be an accepted treatment for patients with recognized disease.

3.	 Facilities for diagnosis and treatment should be available.

4.	 There should be a recognizable latent or early symptomatic stage.

5.	 There should be a suitable test or examination.

6.	 The test should be acceptable to the population.

7.	� The natural history of the condition, including development from latent  
to declared disease, should be adequately understood.

8.	 There should be an agreed policy on whom to treat as patients.

9.	� The cost of case-finding (including diagnosis and treatment of patients  
diagnosed) should be economically balanced in relation to possible expenditure 
on medical care as a whole.

10.	Case-finding should be a continuing process and not a “once and for all” project. 
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Appendix 4
Table A3. Creatine kinase cut-off points on dried blood spot testing and the rate of 
diagnosing other neuromuscular conditions after further evaluation in recent pilot 
studies and currently implemented programs. 

aTime after birth; bCut-off values for babies born prematurely; cCut-off values for babies born at full term.
Abbreviations: BMD, Becker muscular dystrophy; DMD, Duchenne muscular dystrophy; GAA, Acid alpha glucosidase; MD, 
muscular dystrophy; NA, not applicable; n, number of patients. 

Creatine kinase-MM  
cut-offs

Author 
(Year)

Location of 
NBS pilot  
study or 
program

Number 
of infants 
screened

Age at  
collectiona

Borderline 
cut-off  
(for  
rescreen)

Referral 
cut-off for 
further  
evaluation

Number  
of infants  
diagnosed 
with DMD 
or as  
carriers

Other  
diagnoses 
(number)

Mendell 
et al 
(2012)

Ohio, USA 37 649 NA NA Initially  
≥ 600 U/L  
(3 SDs from 
the mean), 
then ≥ 750 U/L

DMD (n=6) Limb-girdle 
MD (n=3)

Chien 
et al
(2022)

Taiwan 50 572 48-72h 650 ng/mLb

750 ng/mLc

300 ng/mL DMD (n=3) Pompe di-
sease (n=13); 
GAA defici-
ency (n=5); 
partial GAA 
deficiency 
(n=8)

Jia et al 
(2022)

Guangzhou, 
China 

62 553 48h-7d ≥ 800 ng/mL ≥ 400 ng/mL DMD (n=4) Other  
muscular 
developmen-
tal disorder 
(n=1)

Tavakoli 
et al
(2023)

New York, 
USA

36 781 0-47h

48-71h

72-167h

≥ 168h

≥ 1990 ng/mL

≥ 1430 ng/mL

≥ 571 ng/mL

NA

≥ 4000 ng/mL

≥ 4000 ng/mL

≥ 860 ng/mL

≥ 571 ng/mL

Diagnosed 
DMD/BMD 
(n=4)

Carrier (n=1)

Alagille 
syndrome 
(n=1); carrier 
of LAMA2 
MD (n=2); 
limb-girdle 
MD (n=1); 
carrier limb- 
girdle MD 
(n=2); carrier 
MD-dystro- 
glycanopathy 
(n=1);  
cerebral 
palsy with 
neuro- 
muscular 
respiratory 
weakness 
(n=1)
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Appendix 5
EURORDIS Key Principles for Newborn Screening  
(EURORDIS Rare Diseases Europe, 2021)

1.	� Screening should identify opportunities to help the newborn and the family  
as broadly as possible. That is, screening should identify actionable diseases 
including treatable diseases.

2.	� NBS should be organised as a system with clearly defined roles, responsibilities, 
accountability and communication pathways that are embedded into the national 
health care system and recognised as a mechanism for earlier diagnosis of  
actionable conditions as part of the broader care pathway.

3.	� The family of the newborn who has been diagnosed through NBS should be 
provided with psychological, social and economic support by the competent  
national health authorities.

4.	� All stakeholders should be included in the different stages of the NBS process.

5.	� Transparent and robust governance for expanding NBS programmes is needed. 
Every country/region should have a clearly defined transparent, independent, 
impartial and evidence-based process for deciding which conditions are covered 
by the NBS programme that includes all stakeholders.
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6.	� Governance of NBS programmes should be explicit, comprehensive, transparent 
and accountable to national authorities.

7.	� The evaluation process on the inclusion/exclusion of diseases in NBS program-
mes needs to be based on the best available evidence, reflecting health  
economic evidence but not determined only by health economics.

8.	� Information and education of all stakeholders on rare diseases and the  
whole NBS process is essential for a broad and fair implementation of  
NBS programmes.

9.	� European-wide standards addressing the timing, sample collection methods,  
follow-up, and information shared with parents are needed to guarantee  
uniformity and quality throughout the process.

10.	�Blood spot samples should be stored in national biobanks for research purposes 
while ensuring appropriate safeguards for data protection and data access are  
in place.

11.	�ERN affiliated centres should be integrated in the care pathways of the  
different Healthcare systems and should be considered as preferential partners 
in providing recommendations on NBS policies.



30   |   The Time to Start NBS for Duchenne Is Now — White Paper

References
Andermann, A., Blancquaert, I., Beauchamp, S., Déry, V., 2008. Revisiting Wilson and Jungner in the genomic 

age: a review of screening criteria over the past 40 years. Bull. World Health Organ., 86(4), 317-9. doi: 

10.2471/blt.07.050112

Armstrong, N., Apkon, S., Berggren, K. N., Braun, C., Ciafaloni, E., Connolly, A., Kennedy, A., Kuntz, N., Mathews, 

K., McGuire, M., Parad, R., Scavina, M., Scharf, R. J., Waldrop, M., 2024. The early care (0-3 years) in Du-

chenne muscular dystrophy meeting report. J. Neuromuscul. Dis., 11, 525-533. doi: 10.3233/jnd-230180

Armstrong, N., Schrader, R., Fischer, R., Crossnohere, N., 2022. Duchenne expert physician perspectives on Du-

chenne newborn screening and early Duchenne care. Am. J. Med. Genet. C. Semin. Med. Genet., 190(2), 

162-168. doi: 10.1002/ajmg.c.31993

Bailey, D. B., Jr., Porter, K. A., Andrews, S. M., Raspa, M., Gwaltney, A. Y., Peay, H. L., 2021. Expert Evaluation of 

Strategies to Modernize Newborn Screening in the United States. JAMA Netw. Open, 4(12), e2140998. 

doi: 10.1001/jamanetworkopen.2021.40998

Bayley, K. L., Laing, N. G., 2012. Is newborn screening for Duchenne muscular dystrophy ethically justifiable? 

Future Neurol., 7(4), 363-365. doi: 10.2217/FNL.12.33

Bhattacharyya, O., Campoamor, N. B., Armstrong, N., Freed, M., Schrader, R., Crossnohere, N.L., Bridges, J. F. P., 

2024. Assessing the benefits and harms associated with early diagnosis from the perspective of parents 

with multiple children diagnosed with Duchenne muscular dystrophy. Int. J. Neonatal Screen., 10(2), 32. 

doi: 10.3390/ijns10020032

Birnkrant, D. J., Bushby, K., Bann, C. M., Apkon, S. D., Blackwell, A., Brumbaugh, D., Case, L. E., Clemens, P. R., 

Hadjiyannakis, S., Pandya, S., Street, N., Tomezsko, J., Wagner, K. R., Ward, L. M., Weber, D. R., 2018a. 

Diagnosis and management of Duchenne muscular dystrophy, part 1: diagnosis, and neuromuscular, re-

habilitation, endocrine, and gastrointestinal and nutritional management. Lancet Neurol., 17(3), 251-267. 

doi: 10.1016/s1474-4422(18)30024-3

Birnkrant, D. J., Bushby, K., Bann, C. M., Alman, B. A., Apkon, S. D., Blackwell, A., Case, L. E., Cripe, L., Had-

jiyannakis, S., Olson, A. K., Sheehan, D. W., Bolen, J., Weber, D. R., Ward, L. M., 2018b. Diagnosis and 

management of Duchenne muscular dystrophy, part 2: respiratory, cardiac, bone health, and orthopaedic 

management. Lancet Neurol., 17(4), 347-361. doi: 10.1016/s1474-4422(18)30025-5

Birnkrant, D. J., Bushby, K., Bann, C. M., Apkon, S. D., Blackwell, A., Colvin, M. K., Cripe, L., Herron, A. R., Kennedy, 

A., Kinnett, K., Naprawa, J., Noritz, G., Poysky, J., Street, N., Trout, C. J., Weber, D. R., Ward, L. M., 2018c. 

Diagnosis and management of Duchenne muscular dystrophy, part 3: primary care, emergency manage-

ment, psychosocial care, and transitions of care across the lifespan. Lancet Neurol., 17(5), 445-455. doi: 

10.1016/s1474-4422(18)30026-7

Campbell, E., Ross, L. F., 2003. Parental attitudes regarding newborn screening of PKU and DMD. Am. J. Med. 

Genet. A., 120a(2), 209-214. doi: 10.1002/ajmg.a.20031

Caskey, C. T., Nussbaum, R. L., Cohan, L. C., Pollack, L., 1980. Sporadic occurrence of Duchenne muscular 

dystrophy: evidence for new mutation. Clin. Genet., 18(5), 329-341. doi: 10.1111/j.1399-0004.1980.

tb02293.x

Chen, W. J., Lin, Q. F., Zhang, Q. J., He, J., Liu, X. Y., Lin, M. T., Murong, S. X., Liou, C. W., Wang, N., 2013. Molecular 

analysis of the dystrophin gene in 407 Chinese patients with Duchenne/Becker muscular dystrophy by 

the combination of multiplex ligation-dependent probe amplification and Sanger sequencing. Clin. Chim. 

Acta, 423, 35-38. doi: 10.1016/j.cca.2013.04.006



31

Chien, Y. H., Lee, N. C., Weng, W. C., Chen, L. C., Huang, Y. H., Wu, C. S., Hwu, W. L., 2022. Duchenne muscular 

dystrophy newborn screening: the first 50,000 newborns screened in Taiwan. Neurol. Sci., 43(7), 4563-

4566. doi: 10.1007/s10072-022-06128-2

Chung, J., Smith, A. L., Hughes, S. C., Niizawa, G., Abdel-Hamid, H. Z., Naylor, E. W., Hughes, T., Clemens, P. R., 

2016. Twenty-year follow-up of newborn screening for patients with muscular dystrophy. Muscle Nerve, 

53(4), 570-578. doi: 10.1002/mus.24880

Connolly, A. M., Florence, J. M., Cradock, M. M., Eagle, M., Flanigan, K. M., McDonald, C. M., Karachunski, P. I., Dar-

ras, B. T., Bushby, K., Malkus, E. C., Golumbek, P. T., Zaidman, C. M., Miller, J. P., Mendell, J. R., 2014. One 

year outcome of boys with Duchenne muscular dystrophy using the Bayley-III scales of infant and toddler 

development. Pediatr. Neurol., 50(6), 557-563. doi: 10.1016/j.pediatrneurol.2014.02.006

Connolly, A. M., Florence, J. M., Cradock, M. M., Malkus, E. C., Schierbecker, J. R., Siener, C. A., Wulf, C. O., Anand, 

P., Golumbek, P. T., Zaidman, C. M., Philip Miller, J., Lowes, L. P., Alfano, L. N., Viollet-Callendret, L., Flani-

gan, K. M., Mendell, J. R., McDonald, C. M., Goude, E., Johnson, L., Nicorici, A., Karachunski, P. I., Day, J. W., 

Dalton, J. C., Farber, J. M., Buser, K. K., Darras, B. T., Kang, P. B., Riley, S. O., Shriber, E., Parad, R., Bushby, 

K., Eagle, M., 2013. Motor and cognitive assessment of infants and young boys with Duchenne muscular 

dystrophy: results from the Muscular Dystrophy Association DMD Clinical Research Network. Neuromus-

cul. Disord., 23(7), 529-539. doi: 10.1016/j.nmd.2013.04.005

Connolly, A. M., Zaidman, C. M., Golumbek, P. T., Cradock, M. M., Flanigan, K. M., Kuntz, N. L., Finkel, R. S., McDo-

nald, C. M., Iannaccone, S. T., Anand, P., Siener, C. A., Florence, J. M., Lowes, L. P., Alfano, L. N., Johnson, L. 

B., Nicorici, A., Nelson, L. L., Mendell, J. R., 2019. Twice-weekly glucocorticosteroids in infants and young 

boys with Duchenne muscular dystrophy. Muscle Nerve, 59(6), 650-657. doi: 10.1002/mus.26441

Cornel, M. C., Rigter, T., Weinreich, S. S., Burgard, P., Hoffmann, G. F., Lindner, M., Gerard Loeber, J., Rupp, K., 

Taruscio, D., Vittozzi, L., 2014. A framework to start the debate on neonatal screening policies in the EU: 

an Expert Opinion Document. Eur. J. Hum. Genet., 22(1), 12-17. doi: 10.1038/ejhg.2013.90

Crossnohere, N. L., Armstrong, N., Fischer, R., Bridges, J. F. P., 2022. Diagnostic experiences of Duchenne families 

and their preferences for newborn screening: A mixed-methods study. Am. J. Med. Genet. C. Semin. Med. 

Genet., 190(2), 169-177. doi: 10.1002/ajmg.c.31992

Darmahkasih, A. J., Rybalsky, I., Tian, C., Shellenbarger, K. C., Horn, P. S., Lambert, J. T., Wong, B. L., 2020. Neuro-

developmental, behavioral, and emotional symptoms common in Duchenne muscular dystrophy. Muscle 

Nerve, 61(4), 466-474. doi: 10.1002/mus.26803

Dobrow, M. J., Hagens, V., Chafe, R., Sullivan, T., Rabeneck, L., 2018. Consolidated principles for screening based 

on a systematic review and consensus process. CMAJ, 190(14), E422-e429. doi: 10.1503/cmaj.171154

Duan, D., Goemans, N., Takeda, S., Mercuri, E., Aartsma-Rus, A., 2021. Duchenne muscular dystrophy. Nat. Rev. 

Dis. Primers, 7(1), 13. doi: 10.1038/s41572-021-00248-3

Ellis, J. A., Vroom, E., Muntoni, F., 2013. 195th ENMC International Workshop: Newborn screening for Duchenne 

muscular dystrophy 14-16th December, 2012, Naarden, The Netherlands. Neuromuscul. Disord., 23(8), 

682-689. doi: 10.1016/j.nmd.2013.05.008

EURORDIS Rare Diseases Europe, 2021. Key principles for newborn screening [WWW Document]. Available at: 

https://www.eurordis.org/publications/key-principles-for-newborn-screening/ (accessed: 01.11.2023)

European Alliance for Newborn Screening in SMA, 2021. Spinal muscular atrophy: screen at birth, save lives 

[WWW Document]. Available at: https://nbs-alliance-assets.gpm.digital/Spinal_muscular_atrop-

hy_Screen_at_birth_save_lives_Whitepaper_SMA_NBS_Alliance_v2_25_NOV_2021_aa4fca4159.pdf 

(accessed: 01.11.2023)



32   |   The Time to Start NBS for Duchenne Is Now — White Paper

Every Life Foundation for Rare Diseases, 2023. The impact of delayed diagnosis in Duchenne [WWW Docu-

ment]. Available at: https://everylifefoundation.org/wp-content/uploads/2023/09/DuchenneInfo_PDF.pdf 

(accessed: 01.03.2024)

Falzarano, M. S., Scotton, C., Passarelli, C., Ferlini, A., 2015. Duchenne muscular dystrophy: from diagnosis to 

therapy. Molecules, 20(10), 18168-18184. doi: 10.3390/molecules201018168

Farrar, M. A., Kariyawasam, D., Grattan, S., Bayley, K., Davis, M., Holland, S., Waddel, L. B., Jones, K., Lorentzos, 

M., Ravine, A., Wotton, T., Wiley, V., 2023. Newborn screening for the diagnosis and treatment of Du-

chenne muscular dystrophy. J. Neuromuscul. Dis., 10(1), 15-28. doi: 10.3233/jnd-221535

Florian, A., Rösch, S., Bietenbeck, M., Engelen, M., Stypmann, J., Waltenberger, J., Sechtem, U., Yilmaz, A., 2016. 

Cardiac involvement in female Duchenne and Becker muscular dystrophy carriers in comparison to their 

first-degree male relatives: a comparative cardiovascular magnetic resonance study. Eur. Heart J. Cardio-

vasc. Imaging, 17(3), 326-333. doi: 10.1093/ehjci/jev161

Fratter, C., Dalgleish, R., Allen, S. K., Santos, R., Abbs, S., Tuffery-Giraud, S., Ferlini, A., 2020. EMQN best practice 

guidelines for genetic testing in dystrophinopathies. Eur. J. Hum. Genet. 28(9), 1141-1159. doi: 10.1038/

s41431-020-0643-7

Genethon, 2021. Genethon announces first patient dosed in clinical trial of investigational gene therapy GNT 

0004 for Duchenne muscular dystrophy [Press release] 20 April. Available at: https://www.genethon.fr/

app/uploads/2021/04/PR_GENETHON_DMD.pdf

Grosse, S. D., Boyle, C. A., Kenneson, A., Khoury, M. J., Wilfond, B. S., 2006. From public health emergency to pu-

blic health service: the implications of evolving criteria for newborn screening panels. Pediatrics, 117(3), 

923-929. doi: 10.1542/peds.2005-0553

Gruber, D., Lloyd-Puryear, M., Armstrong, N., Scavina, M., Tavakoli, N. P., Brower, A. M., Caggana, M., Chung, W. 

K., 2022. Newborn screening for Duchenne muscular dystrophy-early detection and diagnostic algorithm 

for female carriers of Duchenne muscular dystrophy. Am. J. Med. Genet. C. Semin. Med. Genet., 190(2), 

197-205. doi: 10.1002/ajmg.c.32000

Guglieri, M., Clemens, P. R., Perlman, S. J., Smith, E. C., Horrocks, I., Finkel, R. S., Mah, J. K., Deconinck, N., Goe-

mans, N., Haberlova, J., Straub, V., Mengle-Gaw, L. J., Schwartz, B. D., Harper, A. D., Shieh, P. B., De 

Waele, L., Castro, D., Yang, M. L., Ryan, M. M., McDonald C. M., Tulinius, M., Webster, R., McMillan, H. J., 

Kuntz, N. L., Rao, V. K., Baranello, G. I., Spinty, S., Childs, A-M., Sbrocchi, A. M., Selby, K. A., Monduy, M., 

Nevo, Y., Vilchez-Padilla, J. J., Nascimento-Osorio, A., Niks, E. H., de Groot, I. J. M., Katsalouli, M., James, 

M. K., van den Anker, J., Damsker, J. M., Ahmet, A., Ward, L. M., Jaros, M., Shale, P., Dang, U. J., Hoffman, 

E. P., 2022. Efficacy and safety of vamorolone vs placebo and prednisone among boys with Duchenne 

muscular dystrophy: a randomized clinical trial. JAMA Neurol., 79(10), 1005-1014. doi: 10.1001/jama-

neurol.2022.2480 

Helderman-van den Enden, A. T., de Jong, R., den Dunnen, J. T., Houwing-Duistermaat, J. J., Kneppers, A. L., Gin-

jaar, H. B., Breuning, M. H., Bakker, E., 2009. Recurrence risk due to germ line mosaicism: Duchenne and 

Becker muscular dystrophy. Clin. Genet., 75(5), 465-472. doi: 10.1111/j.1399-0004.2009.01173.x

Hendriksen, J. G., Vles, J. S., 2008. Neuropsychiatric disorders in males with Duchenne muscular dystrophy: 

frequency rate of attention-deficit hyperactivity disorder (ADHD), autism spectrum disorder, and obsessi-

ve-compulsive disorder. J. Child Neurol., 23(5), 477-81. doi: 10.1177/0883073807309775

Ishizaki, M., Kobayashi, M., Adachi, K., Matsumura, T., Kimura, E., 2018. Female dystrophinopathy: review of cur-

rent literature. Neuromuscul. Disord., 28(7), 572-581. doi: 10.1016/j.nmd.2018.04.005



33

Jackson, A., 2020. Living with Duchenne & Becker in Australia: supporting families waiting for a cure [WWW 

Document]. Available at: https://cdn.shopify.com/s/files/1/0506/8367/4813/files/McKell_Institute_-_Equi-

ty_Economics_-_Report_into_Duchenne_and_Becker_-_SOSDF_-_Final_Version_PDF.pdf?v=1614568181 

(accessed 30.10.2023)

Japan Agency for Medical Research and Development, 2020. Marketing approval of NS-065/NCNP-01 (“viltolar-

sen”) for the treatment of Duchenne muscular dystrophy [Press release] 27 March. Available at: https://

www.amed.go.jp/en/news/release_20200327.html

Jia, C., Zhao, D., Li, Y., Gao, Y., Zhang, X., Li, X., Lv, S., Li, R., Zhu, X., Liu, S., 2023. Newborn screening and genomic 

analysis of duchenne muscular dystrophy in Henan, China. Clin. Chim. Acta, 539, 90-96. doi: 10.1016/j.

cca.2022.11.024

Ke, Q., Zhao, Z. Y., Griggs, R., Wiley, V., Connolly, A., Kwon, J., Qi, M., Sheehan, D., Ciafaloni, E., Howell, R. R., 

Furu, P., Sazani, P., Narayana, A., Gatheridge, M., 2017. Newborn screening for Duchenne muscular dys-

trophy in China: follow-up diagnosis and subsequent treatment. World J. Pediatr., 13(3), 197-201. doi: 

10.1007/s12519-017-0036-3

Kincl, V., Panovský, R., Pešl, M., Máchal, J., Juříková, L., Haberlová, J., Masárová, L., 2020. Echocardiographic signs 

of subclinical cardiac function impairment in Duchenne dystrophy gene carriers. Sci. Rep., 10(1), 20794. 

doi: 10.1038/s41598-020-77882-6

Lamb, M. M., Cai, B., Royer, J., Pandya, S., Soim, A., Valdez, R., DiGuiseppi, C., James, K., Whitehead, N., Peay, 

H., Venkatesh, S. Y., Matthews, D., 2018. The effect of steroid treatment on weight in nonambulatory 

males with Duchenne muscular dystrophy. Am. J. Med. Genet. A., 176(11), 2350-2358. doi: 10.1002/

ajmg.a.40517

Landfeldt, E., Thompson, R., Sejersen, T., McMillan, H. J., Kirschner, J., Lochmüller, H., 2020. Life expectancy at 

birth in Duchenne muscular dystrophy: a systematic review and meta-analysis. Eur. J. Epidemiol., 35(7), 

643-653. doi: 10.1007/s10654-020-00613-8

Lebel, D. E., Corston, J. A., McAdam, L. C., Biggar, W. D., Alman, B. A., 2013. Glucocorticoid treatment for the 

prevention of scoliosis in children with Duchenne muscular dystrophy: long-term follow-up. J. Bone Joint 

Surg. Am., 95(12), 1057-1061. doi: 10.2106/jbjs.L.01577

Mayo, A. L., Craven, B. C., McAdam, L. C., Biggar, W. D., 2012. Bone health in boys with Duchenne Muscu-

lar Dystrophy on long-term daily deflazacort therapy. Neuromuscul. Disord., 22(12), 1040-1045. doi: 

10.1016/j.nmd.2012.06.354

McAdam, L. C., Mayo, A. L., Alman, B. A., Biggar, W. D., 2012. The Canadian experience with long-term deflaza-

cort treatment in Duchenne muscular dystrophy. Acta Myol., 31(1), 16-20. 

McDonald, C. M., Gordish-Dressman, H., Henricson, E. K., Duong, T., Joyce, N. C., Jhawar, S., Leinonen, M., Hsu, 

F., Connolly, A. M., Cnaan, A., Abresch, R. T., 2018a. Longitudinal pulmonary function testing outcome 

measures in Duchenne muscular dystrophy: Long-term natural history with and without glucocorticoids. 

Neuromuscul. Disord., 28(11), 897-909. doi: 10.1016/j.nmd.2018.07.004

McDonald, C. M., Henricson, E. K., Abresch, R. T., Duong, T., Joyce, N. C., Hu, F., Clemens, P. R., Hoffman, E. P., 

Cnaan, A., Gordish-Dressman, H., 2018b. Long-term effects of glucocorticoids on function, quality of 

life, and survival in patients with Duchenne muscular dystrophy: a prospective cohort study. Lancet, 

391(10119), 451-461. doi: 10.1016/s0140-6736(17)32160-8

Mendell, J. R., Lloyd-Puryear, M., 2013. Report of MDA muscle disease symposium on newborn screening for 

Duchenne muscular dystrophy. Muscle Nerve, 48(1), 21-26. doi: 10.1002/mus.23810



34   |   The Time to Start NBS for Duchenne Is Now — White Paper

Mendell, J. R., Shilling, C., Leslie, N. D., Flanigan, K. M., al-Dahhak, R., Gastier-Foster, J., Kneile, K., Dunn, D. M., 

Duval, B., Aoyagi, A., Hamil, C., Mahmoud, M., Roush, K., Bird, L., Rankin, C., Lilly, H., Street, N., Chandra-

sekar, R., Weiss, R. B., 2012. Evidence-based path to newborn screening for Duchenne muscular dystrop-

hy. Ann. Neurol., 71(3), 304-313. doi: 10.1002/ana.23528

Mercuri, E., Seferian, A. M., Servais, L., Deconinck, N., Stevenson, H., Ni, X., Zhang, W., East, L., Yonren, S., Munto-

ni, F., 2023. Safety, tolerability and pharmacokinetics of eteplirsen in young boys aged 6-48 months with 

Duchenne muscular dystrophy amenable to exon 51 skipping. Neuromuscul. Disord., 33(6), 476-483. doi: 

10.1016/j.nmd.2023.03.008

Merlini, L., Cecconi, I., Parmeggiani, A., Cordelli, D. M., Dormi, A., 2020. Quadriceps muscle strength in Du-

chenne muscular dystrophy and effect of corticosteroid treatment. Acta Myol., 39(4), 200-206. doi: 

10.36185/2532-1900-023

National Institute for Health and Care Excellence, 2023. Ataluren for treating Duchenne muscular dystrophy 

with a nonsense mutation in the dystrophin gene [WWW Document]. Available at: https://www.nice.

org.uk/guidance/hst22/resources/ataluren-for-treating-duchenne-muscular-dystrophy-with-a-nonsen-

se-mutation-in-the-dystrophin-gene-pdf-50216315955397 (accessed: 23.01.2024)

Neri, M., Rossi, R., Trabanelli, C., Mauro, A., Selvatici, R., Falzarano, M. S., Spedicato, N., Margutti, A., Rimessi, P., 

Fortunato, F., Fabris, M., Gualandi, F., Comi, G., Tedeschi, S., Seia, M., Fiorillo, C., Traverso, M., Bruno, C., Gi-

ardina, E., Piemontese, M. R., Merla, G., Cau, M., Marica, M., Scuderi, C., Borgione, E., Tessa, A., Astrea, G., 

Santorelli, F. M., Merlini, L., Mora, M., Bernasconi, P., Gibertini, S., Sansone, V., Mongini, T., Berardinelli, A., 

Pini, A., Liguori, R., Filosto, M., Messina, S., Vita, G., Toscano, A., Vita, G., Pane, M., Servidei, S., Pegoraro, 

E., Bello, L., Travaglini, L., Bertini, E., D’Amico, A., Ergoli, M., Politano, L., Torella, A., Nigro, V., Mercuri, E., 

Ferlini, A., 2020. The genetic landscape of dystrophin mutations in Italy: a nationwide study. Front. Genet., 

3(11), 131. doi: 10.3389/fgene.2020.00131

Parent Project Muscular Dystrophy, 2023a. Duchenne newborn screening milestone - first state with universal 

newborn screening for Duchenne! [WWW Document]. URL https://www.parentprojectmd.org/duchen-

ne-newborn-screening-milestone-first-state-with-universal-newborn-screening-for-duchenne/ (acces-

sed 13.11.2023)

Parent Project Muscular Dystrophy, 2023b. Duchenne added to New York State’s newborn screening panel. 

[WWW Document] URL https://www.parentprojectmd.org/duchenne-added-to-new-york-states-new-

born-screening-panel/ (accessed 28.02.2024)

Parent Project Muscular Dystrophy, 2024a. Duchenne added to Minnesota’s newborn screening panel. [WWW 

Document] URL https://www.parentprojectmd.org/duchenne-added-to-minnesotas-newborn-scree-

ning-panel/ (accessed 28.02.2024)

Parent Project Muscular Dystrophy, 2024b. Duchenne drug development pipeline. [WWW Document] URL htt-

ps://www.parentprojectmd.org/duchenne-drug-development-pipeline/ (accessed 31.01.2024)

Parent Project Muscular Dystrophy, 2024c. Update on PPMD’s newborn screening efforts. [WWW Docu-

ment] URL https://www.parentprojectmd.org/update-on-ppmds-newborn-screening-efforts/ (accessed 

28.02.2024)

Parsons, E. P., Clarke, A. J., Hood, K., Lycett, E., Bradley, D. M., 2002. Newborn screening for Duchenne mus-

cular dystrophy: a psychosocial study. Arch. Dis. Child Fetal Neonatal Ed., 86(2), F91-95. doi: 10.1136/

fn.86.2.f91



35

Pascual-Morena, C., Cavero-Redondo, I., Reina-Gutiérrez, S., Saz-Lara, A., López-Gil, J. F., Martínez-Vizcaíno, 

V., 2022. Prevalence of neuropsychiatric disorders in Duchenne and Becker muscular dystrophies: a 

systematic review and meta-analysis. Arch. Phys. Med. Rehabil., 103(12), 2444-2453. doi: 10.1016/j.

apmr.2022.05.015

Plass, A. M., van El, C. G., Pieters, T., Cornel, M. C., 2010. Neonatal screening for treatable and untreatable disor-

ders: prospective parents’ opinions. Pediatrics, 125(1), e99-106. doi: 10.1542/peds.2009-0269

Rosenberg, T., Jacobs, H. K., Thompson, R., Horne, J. M., 1993. Cost-effectiveness of neonatal screening for 

Duchenne muscular dystrophy--how does this compare to existing neonatal screening for metabolic 

disorders? Soc. Sci. Med., 37(4), 541-547. doi: 10.1016/0277-9536(93)90289-g

Salari, N., Fatahi, B., Valipour, E., Kazeminia, M., Fatahian, R., Kiaei, A., Shohaimi, S., Mohammadi, M., 2022. Glo-

bal prevalence of Duchenne and Becker muscular dystrophy: a systematic review and meta-analysis. J. 

Orthop. Surg. Res., 17(1), 96. doi: 10.1186/s13018-022-02996-8

Santhera Pharmaceuticals Holding AG, 2023. Santhera’s AGAMREE® (Vamorolone) approved in the European 

Union for the treatment of Duchenne muscular dystrophy [Press release]. 18 December. Available at: 

https://www.santhera.com/assets/files/press-releases/2023-12-18_EC-approval_e_finalx.pdf (accessed: 

04.03.2024)

Scarpa, M., Bonham, J. R., Dionisi-Vici, C., Prevot, J., Pergent, M., Meyts, I., Mahlaoui, N., Schielen, P., 2022. Ne-

wborn screening as a fully integrated system to stimulate equity in neonatal screening in Europe. Lancet 

Reg. Health Eur., 13, 100311. doi: 10.1016/j.lanepe.2022.100311

Silva, T. H. D., Anequini, I. P., Fávero, F. M., Voos, M. C., Oliveira, A. S. B., Telles, J. A. R., Caromano, F. A., 2020. 

Functional performance and muscular strength in symptomatic female carriers of Duchenne muscular 

dystrophy. Arq. Neuropsiquiatr., 78(3), 143-148. doi: 10.1590/0004-282x20190168

Soelaeman, R. H., Smith, M. G., Sahay, K., Tilford, J. M., Goodenough, D., Paramsothy, P., Ouyang, L., Oleszek, J., 

Grosse, S. D., 2021. Labor market participation and productivity costs for female caregivers of minor male 

children with Duchenne and Becker muscular dystrophies. Muscle Nerve, 64(6), 717-725. doi: 10.1002/

mus.27429

Szabo, S. M., Salhany, R. M., Deighton, A., Harwood, M., Mah, J., Gooch, K. L., 2021. The clinical course of Du-

chenne muscular dystrophy in the corticosteroid treatment era: a systematic literature review. Orphanet J. 

Rare Dis., 16(1), 237. doi: 10.1186/s13023-021-01862-w

Tavakoli, N. P., Gruber, D., Armstrong, N., Chung, W. K., Maloney, B., Park, S., Wynn, J., Koval-Burt, C., Verdade, 

L., Tegay, D. H., Cohen, L. L., Shapiro, N., Kennedy, A., Noritz, G., Ciafaloni, E., Weinberger, B., Ellington, 

M., Jr., Schleien, C., Spinazzola, R., Sood, S., Brower, A., Lloyd-Puryear, M., Caggana, M., 2023. Newborn 

screening for Duchenne muscular dystrophy: a two-year pilot study. Ann. Clin. Transl. Neurol., 10(8), 

1383-1396 doi: 10.1002/acn3.51829

Thangarajh, M., Spurney, C. F., Gordish-Dressman, H., Clemens, P. R., Hoffman, E. P., McDonald, C. M., Henricson, 

E. K., 2018. Neurodevelopmental needs in young boys with Duchenne muscular dystrophy (DMD): obser-

vations from the Cooperative International Neuromuscular Research Group (CINRG) DMD Natural History 

Study (DNHS). PLoS Curr., 10. doi: 10.1371/currents.md.4cdeb6970e54034db2bc3dfa54b4d987

Therrell, B. L., Padilla, C. D., Loeber, J. G., Kneisser, I., Saadallah, A., Borrajo, G. J., Adams, J., 2015. Current 

status of newborn screening worldwide: 2015. Semin. Perinatol., 39(3), 171-187. doi: 10.1053/j.sempe-

ri.2015.03.002



36   |   The Time to Start NBS for Duchenne Is Now — White Paper



37

Thomas, S., Conway, K. M., Fapo, O., Street, N., Mathews, K. D., Mann, J. R., Romitti, P. A., Soim, A., Westfield, 

C., Fox, D. J., Ciafaloni, E., 2022. Time to diagnosis of Duchenne muscular dystrophy remains unchanged: 

findings from the Muscular Dystrophy Surveillance, Tracking, and Research Network, 2000-2015. Muscle 

Nerve, 66(2), 193-197. doi: 10.1002/mus.27532

van Dommelen, P., van Dijk, O., de Wilde, J. A., Verkerk, P. H., 2020. Early developmental milestones in Duchen-

ne muscular dystrophy. Dev. Med. Child Neurol., 62(10), 1198-1204. doi: 10.1111/dmcn.14623

van Lin, N., Paliouras, G., Vroom, E., t Hoen, P. A. C., Roos, M., 2021. How patient organizations can drive FAIR 

data efforts to facilitate research and health care: a report of the virtual second international meeting on 

Duchenne data sharing, March 3, 2021. J. Neuromuscul. Dis., 8(6), 1097-1108. doi: 10.3233/jnd-210721

Verhaart, I. E. C., t Hoen, P. A. C., Roos, M., Vroom, E. 2019. Meeting on data sharing for Duchenne 21-22 

March 2019 Amsterdam, the Netherlands. Neuromuscul. Disord., 29(10), 800-810. doi: 10.1016/j.

nmd.2019.08.010

Vry, J., Gramsch, K., Rodger, S., Thompson, R., Steffensen, B. F., Rahbek, J., Doerken, S., Tassoni, A., Beytía, M. 

L., Guergueltcheva, V., Chamova, T., Tournev, I., Kostera-Pruszczyk, A., Kaminska, A., Lusakowska, A., 

Mrazova, L., Pavlovska, L., Strenkova, J., Vondráček, P., Garami, M., Karcagi, V., Herczegfalvi, Á., Bushby, K., 

Lochmüller, H., Kirschner, J., 2016. European cross-sectional survey of current care practices for Duchenne 

muscular dystrophy reveals regional and age-dependent differences. J. Neuromuscul. Dis., 3(4), 517-527. 

doi: 10.3233/jnd-160185

Wahlgren, L., Kroksmark, A. K., Tulinius, M., Sofou, K., 2022. One in five patients with Duchenne muscular dys-

trophy dies from other causes than cardiac or respiratory failure. Eur. J. Epidemiol., 37(2), 147-156. doi: 

10.1007/s10654-021-00819-4

Wilson, J. M. G., Jungner, G., 1968. Principles and practice of screening for disease. Public Health Papers, 34.

Wong, S. H., McClaren, B. J., Archibald, A. D., Weeks, A., Langmaid, T., Ryan, M. M., Kornberg, A., Metcalfe, S. A., 

2015. A mixed methods study of age at diagnosis and diagnostic odyssey for Duchenne muscular dys-

trophy. Eur. J. Hum. Genet., 23(10), 1294-1300. doi: 10.1038/ejhg.2014.301

Wood, M. F., Hughes, S. C., Hache, L. P., Naylor, E. W., Abdel-Hamid, H. Z., Barmada, M. M., Dobrowolski, S. 

F., Stickler, D. E., Clemens, P. R., 2014. Parental attitudes toward newborn screening for Duchenne/

Becker muscular dystrophy and spinal muscular atrophy. Muscle Nerve, 49(6), 822-828. doi: 10.1002/

mus.24100

World Duchenne Organization, 2024. Drug pipeline [WWW Document]. URL https://www.worldduchenne.org/

drug-pipeline/ (accessed 28.02.2024)

WTHR, 2024. Mom fighting for ‘Duchenne’ to be on newborn screening [WWW Document]. YouTube. URL 

https://www.youtube.com/watch?v=ni3dQA1OHOw (accessed 06.05.2024)

Zellweger, H., Antonik, A., 1975. Newborn screening for Duchenne muscular dystrophy. Pediatrics, 55(1), 30-34.



38   |   The Time to Start NBS for Duchenne Is Now — White Paper

Contributors
The World Duchenne Organization expresses its appreciation to following  
individuals who contributed to this white paper at various stages of its development.

Authors
Elizabeth Vroom, World Duchenne Organization, Netherlands
Anne Smaal, Rivierenland Hospital, Netherlands

Expert Reviewers
Prof. dr. Annemieke Aartsma-Rus, Leiden University Medical Center, Netherlands
Prof. dr. Martina Cornel, Amsterdam University Medical Center, Netherlands
Prof. dr. Alessandra Ferlini, S. Anna University Hospital & University of Ferrara, Italy

World Duchenne Organization NBS Working Group
Niki Armstrong, Parent Project Muscular Dystrophy, USA
Dimitrios Athanasiou, World Duchenne Organization, Greece,
Klair Bayley, Save Our Sons, Australia
Sally Hofmeister, World Duchenne Organization, Germany
François Lamy, AFM-Telethon, France
Françoise Salama, AFM-Telethon, France
Elizabeth Vroom, World Duchenne Organization, Netherlands
Ilaria Zito, Parent Project Italy, Italy

Medical Writing Support 
Kimi Uegaki, iWrite, Netherlands

Design & Layout
Hans Bulthuis, Hans. Concept & ontwerp, Netherlands

Figure 1 Credits 
Justus Kuijer & Hans Bulthuis, Netherlands

Photo Credits
Title page, pp. 36, 40 by Arimvideo, Rome, Italy
Remaining by Duchenne Parent Project Netherlands 

Publication Date
May 2024



39

About the World Duchenne Organization 
The World Duchenne Organization is an umbrella organization of national patient 
organizations for DMD and Becker MD (BMD) around the world. This organization 
aims to inform parents and people with DMD/BMD based on latest research,  
promote good standards of care, and actively participate in efforts develop safe  
and effective treatments for DMD/BMD and find a cure.

www.worldduchenne.org

Landjuweel 34
3905 PG Veenendaal
The Netherlands

+31 20 62 750 62
info@worldduchenne.org

© 2024 World Duchenne Organization. All rights reserved.



www.worldduchenne.org


