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Abstract.
Background: Emerging evidence underscores the high prevalence of neurobehavioral difficulties like ADHD, ASD and OCD,
in patients with Duchenne muscular dystrophy (DMD). The substantial impact of these complex behavioral challenges in
addition to motor function decline on the well-being of affected individuals and their families is increasingly evident. However,
a uniform approach for effective screening, assessment and management of the neurobehavioral symptoms remains elusive.
Objective: We explored strategies used by healthcare professionals with clinical expertise in DMD to address neurobehavioral
symptoms, in order to uncover diverse practices and to identify potential directions for clinical approaches in managing DMD
neurobehavioral symptoms.
Methods and results: Twenty-eight respondents from 16 different countries completed an online survey. Only 35% of the
centers systematically screened for neurobehavioral difficulties in their DMD population. Predominant screening methods
included history taking and clinical observation. Common neurobehavioral difficulties encompassed learning challenges,
dependency from adults, anxiety, concentration difficulties, and social deficits. The participating centers frequently employed
parental counseling and liaison with psychosocial healthcare professionals for psychosocial intervention.
Conclusion: This study underscores the complex behavioral landscape in DMD, highlighting the need for validated screen-
ing, assessment and management strategies and collaborative efforts in implementing these. We advocate for international
consensus recommendations for screening, assessment and management of neurobehavioral difficulties in DMD to enhance
patient care and communication across healthcare settings.
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INTRODUCTION

Duchenne muscular dystrophy (DMD) is a severe
neuromuscular disorder caused by a mutation in the
dystrophin gene, resulting in progressive muscle atro-
phy and weakness [1]. In addition, an accumulating
body of evidence underscores the complex overlap
with cognitive and behavioral comorbidities, referred
to as neurobehavioral difficulties in this paper [2–8].
These neurobehavioral symptoms are recognized as
intrinsic components of the disease, manifesting
an important impact on the overall quality of life
of affected individuals and their caregivers [2–8].
Patients with DMD are at elevated risk of develop-
ing psychiatric disorders, including attention deficit
and hyperactivity disorder (ADHD), autism spec-
trum disorder (ASD), obsessive-compulsive disorder
(OCD), as well as anxiety and depressive disorders
[9, 10]. Moreover, research has shown that patients
may exhibit multiple psychiatric diagnoses or dis-
play combinations of disruptive behavioral patterns
that do not neatly fit into conventional psychiatric
classifications [4, 6, 11, 12]. This diversity in neu-
robehavioral difficulties has been attributed to the
multifactorial nature of DMD, including the inter-
play of genetic, environmental, and psychosocial
factors [5]. Despite growing scientific knowledge,
a noticeable gap persists between the management
of the physical symptoms and the neurobehavioral
aspects associated with DMD. This discordance mir-
rors within clinical guidelines, which provide detailed
guidance for the physical facets but offer less explicit
direction regarding the neurobehavioral problems
[13, 14].

The evolving therapeutic landscape, particularly
with the emergence of gene therapy, introduces an
additional layer to contemplate. These therapies pre-
dominantly target the muscular challenges linked
to DMD, with potential extension of patient lifes-
pan [15]. However, the neurobehavioral dimensions
remain relatively under-addressed. With prolonged
life expectancy, behavioral challenges will become
even more important to address in order to enhance
the overall quality of life for both patients and their
families [16].

This study investigated how healthcare profession-
als in diverse countries, screen, assess and manage
neurobehavioral symptoms in the clinical care for
DMD patients, and which neurobehavioral symptoms
are frequently reported. By gaining insights from
a multidisciplinary cohort of healthcare profession-
als across different centers in different countries, we

aimed to chart current practices to learn which next
steps are essential to more effectively address the
neurobehavioral difficulties interwoven with DMD.

MATERIAL AND METHODS

To answer these research goals, an explorative
study was conducted through an online survey
directed to clinical DMD experts. The survey con-
sisted of 20 questions to be completed via the online
tool “Google Forms” (Appendix 1). All questions
were composed and approved by a team of paediatric
neurologists (LDW and NG) and child behavioral
specialists (SG and JL) with expertise in DMD.
The first ten questions were about the occupational
context of the participating healthcare professionals,
followed by five questions concerning the method-
ologies they use to screen for behavioral difficulties
in boys with DMD within their respective clinical set-
ting. Further, one question probed how frequently 45
different types of behavior were seen in their DMD
population, one question asked how they screen,
assess, and manage neurobehavioral symptoms in
their clinical practice and another question evaluated
their opinion on how neurobehavioral symptoms in
DMD should be approached. The last two questions
were open questions for comments or to express their
interest to collaborate around this topic.

A link to this survey was emailed to 64 clini-
cians working with children and adults with DMD
or research experts who had published about brain,
cognition, or behavior in DMD. Eligible participants
were selected by NG based on the participant list
of the 2018 World Muscle Society congress. A first
email was sent on 13 June 2019 and a reminder email
was sent on 5 July 2019. The survey was closed on
15 July 2019.

Before starting the survey, participants had to indi-
cate if they gave permission to use their answers for
research and publication goals. All results were pro-
cessed anonymously.

Data analysis

Data analysis was explorative and therefore
descriptive. Frequencies and percentages of
responses were calculated using SPSS v28 [17].
Four questions existed of a 5-point Likert-scale
(question 14, 16, 17 and 18). The responses of those
questions were as follows:
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- Question 14: Never; Rarely; When indicated;
Systematically; Always

- Question 16 & 17: Never; Rarely; Sometimes;
Often; Very often

- Question 18: I strongly disagree; I disagree; Neu-
tral; I agree; I strongly agree

RESULTS

Participants

Twenty-eight DMD experts (43,75%) completed
the survey. Table 1 gives an overview of the main char-
acteristics of the participants. We have representation
of 4 different continents: Europe (n = 20), North
America (n = 5), South America (n = 2) and Aus-
tralia (n = 1). Most of the responders were working
in a hospital (n = 23), a rehabilitation center (n = 3),
a university (n = 1) or a research facility (n = 1). All
participants indicated to be part of a multidisciplinary
team.

Table 1
Demographical variables

n

Total participants 28
Different countriesa 16
What is your discipline?

(Child) Neurologist (15) 18
General pediatrician 4
Rehabilitation specialist 3
Psychologist 1
General practitioner 1
Social worker 1

How many patients with DMD do you treat?
>200 8
150–200 3
100–150 4
50–100 6
0–50 7

How many years of experience do you have with DMD?
>10 years 24
5–10 years 3
0–5 years 1

What kind of patients do you see?
Children & adolescents 17
Children, adolescents & adults 9
Adults 2

aBelgium (n = 4), United States of America (n = 2), Czech Repub-
lic (n = 1), Italy (n = 1), The Netherlands (n = 3), United Kingdom
(n = 5), Turkey (n = 1), Argentina (n = 1), Canada (n = 3), Germany
(n = 1), Norway (n = 1), France (n = 1), Switzerland (n = 1), Den-
mark (n = 1), Australia (n = 1), Chile (n = 1).

Screening for behavioral difficulties

Thirty-five percent of the participants responded
that screening for behavioral difficulties in boys
with DMD is performed systematically. The major-
ity of respondents (54%) stated that active screening
for such difficulties is conducted, albeit without a
standardized approach. Two participants reported to
solely engage in screening upon parental request,
while one participant does not perform screening at
all. Seventy-eight percent of the participants (n = 22)
reported the lack of a dedicated protocol to screen for
neurobehavioral functioning in boys with DMD. The
responsibility to screen lies with the medical special-
ist (n = 19), followed by the psychologist within the
team (n = 15), a social worker (n = 6), a nurse (n = 3),
or a physiotherapist (n = 1). Forty percent of the par-
ticipants do not have a psychologist or behavioral
specialist in their team and even more participants
(about 65%) reported to not have a speech therapist
in their team. Further insights into the multidisci-
plinary composition of the multidisciplinary teams
of the participants is presented in Table 2.

History taking and clinical observation emerged
as predominant techniques for screening (Fig. 1).
Behavioral questionnaires, intelligence tests, and
other neuropsychological assessments are primarily
employed on an as-needed basis. However, one par-
ticipant consistently incorporates these tools, while
six participants report to administer them across a
wide age range, but not systematically following a
protocol. Semi-structured interviews are predomi-
nantly only conducted when deemed appropriate.

Reported neurobehavioral symptoms

Figure 2 depicts the types of neurobehavioral
symptoms consistently reported by experts as being
most frequently observed in boys with DMD within
their clinical practice. Predominant neurobehav-
ioral problems included learning difficulties, reliance

Table 2
Rate of disciplines represented in neuromuscular teams

Discipline n (%)

Physiotherapist 28 (100%)
Nurse 26 (93%)
Occupational therapist 19 (68%)
Dietician 19 (68%)
Social worker 18 (64%)
Psychologist 17 (61%)
Speech therapist 10 (36%)
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Fig. 1. Which instrument do you use to screen for behavioral problems? This figure represents the number of answers that were given to this
question by experienced clinical experts in the DMD field (n = 28).

on adults, manifestations of anxiety, concentration
issues, and social challenges. Between 65% and 85%
of participants indicated that they encounter these
neurobehavioral problems often or very often dur-
ing their clinical practice. Occurrence of suicidal
thoughts was exceptionally rare, with 85% of partici-
pants noting these instances as occasionally or never
encountered.

Management of neurobehavioral problems

Among interventions to address neurobehavioral
problems in boys with DMD, participants commonly
resort to parental counseling, with 78% indicating
frequent utilization (Fig. 3). Additional interventions
include predominantly liaising with other healthcare
professionals (71% often to very often), referring for
psychosocial support (68% often to very often), and
conducting neuropsychological assessments (62%
often to very often). Behavioral therapeutic strate-
gies appear to be more frequently used compared
to other forms of psychotherapeutic interventions.
Psychopharmacological approaches are occasionally
implemented among participants.

Opinion about management of behavioral issues
in DMD

In the survey, participants were asked to give
their opinion on 12 statements about management
of behavioral issues in the field of DMD. Figure 4
shows these statements with a rate of agreement of the
participants on those statements. Most participants
(75%) totally agreed with the statement that there
should be a behavioral specialist in a team taking care
of boys with DMD. Almost all participants agreed or
totally agreed with the statements that there should be
more attention for behavioral problems in boys with

DMD in their center (96%) and that those behavioral
aspects are generally underestimated (100%).

DISCUSSION

The present study sheds a first light on which neu-
robehavioral difficulties in individuals with DMD are
most often encountered by different DMD experts
in different countries and healthcare institutions.
Further, it explores how screening, assessment and
management is performed in different neuromuscu-
lar centers. In the majority of participating healthcare
centers, the responsibility to screen for neurobe-
havioral symptoms primarily falls upon medical
specialists, primarily pediatricians. This seems intu-
itively sensible given their regular and proximate
interactions with patients and their families. Nev-
ertheless, previous research in the context of other
medical conditions has showed that many doctors
and pediatricians often encounter substantial barri-
ers in fulfilling this role [18]. They report several
constraints such as limited time, inadequate train-
ing, insufficient expertise, and diminished confidence
when it comes to screening for neurobehavioral issues
and counselling for patients and their families on
these difficulties [19]. This reflects in the current
study, where nearly half of the respondents report
insufficient knowledge about neurobehavioral diffi-
culties in DMD. Furthermore, almost all participants
strongly agree on the need for behavioral special-
ists, guidelines, and tools to address neurobehavioral
difficulties in DMD. These findings are of partic-
ular relevance, especially considering the fact that
the complexity of care for DMD patients increases
with time, and a multifaceted approach is essential to
address all aspects of their well-being [13, 14].

While a multitude of multidisciplinary teams boast
the inclusion of physical health specialists such
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Fig. 2. How often do you see this type of behavior in boys with DMD in your clinical practice? This figure represents the number of answers
that were given to this question by experienced clinical experts in the DMD field ranked from most frequent to less frequent reported, based
on average scores (n = 28).

as physiotherapists and nurses, access to psychol-
ogists remains relatively scarce, with fewer than
two-thirds of the teams having direct access to this
service. A notable disparity was found between the
perceived necessity for psychologist involvement
and their reported presence within multidisciplinary
teams. This incongruity might stem from gaps in
the distribution of resources. Some centers may have

the resources to integrate psychosocial profession-
als into their neuromuscular teams, while others
may rely on networks of mental healthcare providers
for referrals in cases of significant neurobehavioral
difficulties. Unfortunately, some centers may lack
access to these resources entirely. Consequently,
DMD patients may receive different care for the
neurobehavioral aspect of their disease based on geo-
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Fig. 3. Which types of interventions do you use and how often? This figure represents the number of answers that were given to this question
by experienced clinical experts in the DMD field (n = 28).

Fig. 4. Do you agree with following statements on the management of behavioral issues in boys with DMD? This figure represents the
number of answers that were given to this question by experienced clinical experts in the DMD field (n = 28).

graphical location, rather than clinical need. This
discrepancy contradicts clinical practice guidelines
advocating for a standardized approach across coun-
tries, regions, and centers. While referral for profound
neurobehavioral problems is a crucial first step, the
integration of psychosocial care within a team enables
early interventions that can help in the prevention
of the development of psychopathological behavior.
In general, our findings corroborate existing litera-
ture, pointing out the need for systematic screening,
assessment and management strategies tailored to the
specific needs of this population [20].

Future directions

Our findings underscore the diverse nature of
behavioral issues in DMD, including learning diffi-
culties, reliance on adults, manifestations of anxiety,
concentration issues, and social challenges. Undoubt-
edly, not every behavior represents a neurobehavioral
difficulty, and certain behaviors may align with
typical developmental stages. However, the survey
questions were designed to gather input from experts
regarding the behaviors most commonly encoun-

tered in their clinical practice. We operated under
the assumption that behaviors discussed or per-
ceived as significant by experts are indicative of a
notable burden or challenge. It follows that normal,
non-disturbing behaviors would be less frequently
mentioned in a clinical context. Consequently, our
study captures a selective group of behaviors deemed
significant by clinicians, reflecting the challenges
encountered in the care of individuals with DMD. The
current study aimed to inventory specific behaviors
without categorizing them into domains of function-
ing or psychiatric classification models. However, the
findings suggest the importance of future research in
this area.

The diverse nature of these neurobehavioral diffi-
culties emphasizes the need for a systematic approach
with proper screening and assessment, and multi-
disciplinary management. However, they also reveal
a strong agreement that neurobehavioral problems
in DMD are still underestimated by parents and
clinicians, and they receive inadequate attention in
clinical practice and in research. Despite a consen-
sus that neurobehavioral problems should be a focus
point in clinical care, our results align with previ-
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ous findings that clinicians face challenges such as
time constraints, lack of suitable instruments, and
an insufficient network for psychosocial referrals
[18]. Furthermore, the variations in reported screen-
ing tools, interventions, and perceptions related to
psychological healthcare professionals call for a
collective effort to establish uniformity, standard-
ized assessment tools, and evidence-based guidelines
[21–23]. Achieving such consensus within the DMD
community would not only ensure comprehensive
biopsychosocial patient care, but also facilitate coher-
ent communication across diverse healthcare and
research settings.

Exemplifying this need, initiatives in the Human
Immunodeficiency Virus (HIV) and Tuberous Scle-
rosis Complex (TSC) communities demonstrate how
international collaboration can elevate awareness
and standardize communication, resulting in consen-
sus recommendations for managing neurobehavioral
difficulties in these populations [24–30]. Notably,
the successful implementation of the concept TSC-
Associated Neuropsychiatric Disorders (TAND) and
related initiatives in the TSC community have pro-
vided a unified nomenclature, improving clinical
and research communication and emphasizing the
importance of addressing complex neurobehavioral
dimensions in TSC [31]. Inspired by these efforts,
we propose the term DuMAND (Duchenne Muscular
Dystrophy-Associated Neurobehavioral Difficulties)
as umbrella term for the full range of manifesta-
tions associated with DMD that relate to behavior,
psychiatric disorders, and intellectual, academic,
neuropsychological, and psychosocial disabilities.
Next steps should involve the identification of all
manifestations specific to DMD and the develop-
ment of an international consensus on a more uniform
clinical care approach for screening, assessment and
management of these DuMAND symptoms.

Several limitations warrant consideration when
interpreting the findings of this study. Firstly, the
sample selection, although comprised of promi-
nent and experienced DMD centers, might limit its
representativeness for smaller or less experienced
institutions. We took a deliberate approach in select-
ing participants for our study, ensuring invitations
were extended only to experts affiliated with recog-
nized neuromuscular centers engaged in international
collaboration and participation in international con-
gresses. Despite varying backgrounds, the majority
of respondents (26 out of 28) were trained as medical
specialists. Furthermore, most participants possess
over a decade of experience in the DMD field, with

75% of them treating more than 50 patients annually.
While a larger sample size would have been favor-
able, DMD remains a rare disease, with expertise
concentrated in specific centers within each coun-
try. Nevertheless, we believe we have successfully
reached a substantial portion of the most renowned
DMD experts globally. Secondly, as the study’s
methodology relied on a survey approach, responses
could be influenced by recall bias or misunderstand-
ing of certain wordings. Due to the reliance on
self-reporting, the potential for social desirability bias
cannot be entirely dismissed. Finally, the scope of our
investigation was confined to a specific (pre-COVID-
19) time frame, and therefore longitudinal insights or
dynamic changes over time may not have been fully
captured. The recent interest in scientific literature
focusing on neurobehavioral difficulties suggests an
increased awareness for this aspect of the disease,
potentially leading to advancements in clinical care.
However, the need for consistent screening methods
remains and consensus regarding the standard of care
for management of these difficulties is still missing.

In conclusion, our study underlines the complex
and diverse nature of neurobehavioral difficulties in
DMD and the challenge of addressing these in clini-
cal practice. Our findings emphasize the urgent need
for international collaboration in developing unified
protocols that enhance the quality of care for individ-
uals and their families struggling with the complex
behavioral dimensions of DMD.
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