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Abstract.

Background: Patients with Duchenne muscular dystrophy (DMD) face a higher risk of neurobehavioral problems, yet an
international consensus on screening, assessing, and managing these difficulties is lacking.

Objective: This report introduces the term Duchenne Muscular Dystrophy-Associated Neurobehavioral Difficulties
(DuMAND) to comprehensively cover the spectrum of neurobehavioral issues in DMD patients, including behavior, psychi-
atric disorders, and various cognitive, academic, and psychosocial deficits. To facilitate screening, the DuMAND Checklist,
a 43-item tool with five subscales, was developed.

Methods and results: DUMAND categories were derived through literature review, parent (48 mothers and 37 fathers),
and expert (n=28) input and feedback. The DuMAND Checklist subscales were developed iteratively, incorporating item
selection, expert panel (n=10) assessment for face validity, comprehensiveness, and a pilot validation study in a DMD
sample (n =20). DUMAND encompasses five categories: cognition and learning, social responsiveness, emotion regulation,
externalizing behavior, and eating and sleeping. Preliminary validation of the DUMAND Checklist indicates acceptable-to-
excellent internal consistency and construct validity.

Conclusion: By introducing the DuMAND concept, this study seeks to inspire a consensus approach for screening, assessing,
and managing neurobehavioral issues in DMD. Incorporating screening, using the DuMAND Checklist, in addition to medical
follow-up will facilitate early intervention, addressing a critical gap in identification of neurobehavioral disorders in DMD.
Future research is needed to further evaluate psychometric properties of the DuMAND Checklist and investigate the natural
course of DuMAND.
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Highlights:

— This report introduces the term Duchenne Mus-
cular Dystrophy-Associated Neurobehavioral
Difficulties (DuMAND) to comprehensively
cover the spectrum of neurobehavioral issues in
DMD patients, including behavior, psychiatric
disorders, and various cognitive, academic, and
psychosocial deficits.

— DuMAND encompasses five categories: cog-
nition and learning, social responsiveness,
emotion regulation, externalizing behavior, and
eating and sleeping.

— Preliminary validation of the DUMAND Check-
list indicates acceptable-to-excellent internal
consistency and construct validity.

INTRODUCTION

Duchenne muscular dystrophy (DMD) is a pro-
gressive neuromuscular disorder, caused by a muta-
tion in the dystrophin gene on the X-chromosome,
hindering dystrophin protein production and expres-
sion in various body tissues [1]. In muscles,
dystrophin deficiency results in progressive mus-
cle degeneration and motor function difficulties [2].
However, dystrophin also plays a role in brain devel-
opment and function as distinct dystrophin isoforms
contribute across different stages of neuronal growth,
and disruption in their production correlates with
elevated incidence of cognitive, neuropsychologi-
cal, and behavioral issues [3, 4]. There is a higher
prevalence of intellectual disorders in patients with
DMD compared to the general population [5]. DMD
patients tend to have a discrepant neuropsychologi-
cal profile, with often an impaired working memory
[6]. Furthermore, the risk of neurodevelopmental
disorders such as attention deficit hyperactivity dis-
order (ADHD), autism spectrum disorder (ASD) and
learning disorders is elevated [4]. DMD patients
also encounter psychiatric problems like obsessive-
compulsive disorder (OCD) and anxiety disorders
(AD) more frequently than the general population [7].
Recent research underscores that a substantial pro-
portion of individuals with DMD experience not only
one, but multiple neurodevelopmental or psychiatric
issues, presenting a broad spectrum of behavioral
challenges [8, 9]. Furthermore, the neurobehavioral
profile in DMD patients is notably heterogeneous.
The conventional categorical diagnostic approach,
such as that outlined in DSM-5, may prove imprac-

tical for a considerable number of DMD patients,
despite the profound impact of these behavioral chal-
lenges on their daily functioning [7, 8]. Additionally,
as motor function diminishes, behavioral expression
can change and differ from behavioral criteria used
within the general population. Overall, the current
knowledge about the underlying pathophysiological
mechanisms and empirical support for management
of DMD-related neurobehavioral challenges remains
limited. Clinical care guidelines provide compre-
hensive insights into monitoring and handling of
the physical consequences of DMD, yet recom-
mendations on screening for and managing of the
neurobehavioral phenotype are only briefly covered
[10]. Moreover, no consensus exists on the opti-
mal assessment approach for this population, and
the questionnaires commonly used in pediatric psy-
chology and child and youth psychiatry often lack
adaptation to the specifics of this disease.

This issue extends beyond DMD patients and mir-
rors situations in other medical conditions involving
the central nervous system associated with neu-
robehavioral comorbidities. Communities dealing
with Human Immunodeficiency Virus (HIV) and
Tuberous Sclerosis Complex (TSC) have pioneered
concepts like HIV-associated neurocognitive disor-
ders (HAND) and TSC-associated neuropsychiatric
disorders (TAND) [11, 12]. The TSC community
developed the TAND-L and TAND-SQ Checklists
to facilitate screening for TAND in clinical routine
follow up of these patients [13—15]. This initiative
eventually yielded consensus recommendations for
screening and management of TAND by the TAND
Consortium [16].

Inspired by these successful examples, we propose
the term Duchenne Muscular Dystrophy-Associated
Neurobehavioral Difficulties, DuMAND, as a com-
prehensive concept that encompasses the full range
of manifestations associated with DMD that relate
to behavior, psychiatric disorders, and intellectual,
academic, neuropsychological, and psychosocial dis-
abilities. The primary objective of this study is
to establish a clear conceptualization of the term
DuMAND by determining the specific manifesta-
tions covered by this umbrella term. Additionally, this
research manuscript outlines the initial stages in the
development of a DUMAND screening tool intended
for clinical practice. The resulting tool, named the
DuMAND Checklist, aims to serve as a resource for
healthcare professionals and families, aiding in the
screening for DUMAND and facilitating an action
plan for next steps.
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METHODOLOGY

The conceptualization of the term DuMAND and
the development of the DuMAND Checklist con-
sisted of a series of distinct steps in a multi-method
design, as depicted in Fig. 1. The conceptualization
of the term DuMAND started with the identification
of prevalent behavioral, cognitive, psychological,
and psychiatric issues associated with DMD. This
process involved a comprehensive analysis of data
from three primary sources: scientific literature, input
from parents of DMD patients, and expert healthcare
professionals working in the field of DMD. Subse-
quently, to develop the DuMAND Checklist, a set of
specific items was curated to compose a comprehen-
sive questionnaire in alignment with these DuMAND
symptoms. Finally, a group of psychologists criti-
cally evaluated this first version of the questionnaire,
which was consequently modified and subjected to
pilot testing within a cohort of DMD patients. Each
of these steps is described in the subsequent sections.

The study was approved by the Ethical Commit-
tee of the University Hospitals Leuven (S67617) and
conducted in accordance with the principles outlined
in the Declaration of Helsinki.

Identification of DuMAND symptoms

Literature review

The PICO model was used to find relevant arti-
cles for a scoping literature review [17]. We devised
arefined search query by defining the following com-
ponents:

e Population: patients of all age groups diagnosed
with DMD.

e Intervention: studies employing specific instru-
ments such as observations, questionnaires,
neuropsychological tests, and interviews, among
others, to measure the outcomes elucidated
below.

e Comparison: against the general population.

e Outcomes: all outcomes related to behavior, cog-
nition, psychology, or psychiatry.

Utilizing this model, our search string in
PubMed was formulated as: (“Muscular Dystrophy,
Duchenne’’[Mesh]) AND (“Behavior’’[Mesh] OR
“Cognition’’[Mesh] OR “Mental disorders’’[Mesh]
OR “psychological phenomena’’ [Mesh]). Our search
was initially conducted in March 2019 at the project’s
inception and re-run in August 2023 during the draft-
ing of this article to check for new studies. Newly

published studies were included in this manuscript
and checked for new evidence but didn’t alter the
conclusions.

Subsequently, the studies identified through this
search underwent an initial screening process led by
SG, which involved evaluating the titles and abstracts
by using the software Rayyan [18]. Studies were
considered for inclusion if they aligned with the
objectives outlined by the PICO model and if they
were available in the English language. Studies con-
centrating on animal models, those only focusing
on quality of life, and those exploring psychologi-
cal impact on parents or siblings of DMD patients
were deliberately excluded from this review.

Neurobehavioral difficulties reported by parents
of DMD patients

To identify prevalent behaviors within the con-
text of DMD, we engaged both fathers and mothers
of DMD patients in completing the Child Behavior
Checklist (CBCL) [19]. This questionnaire encom-
passes 113 items reflecting a spectrum of behaviors
and emotions. Parents scored the occurrence fre-
quency of each item over the preceding 6 months
on a scale of 0 (never), 1 (sometimes), or 2 (a
lot). Rather than computing scale scores, we har-
nessed scores from individual items to pinpoint the
most severe and most frequently reported neurobe-
havioral issues associated with DMD. The parental
participants encompassed both mothers and fathers of
DMD patients aged 6-18 years. Eligible patients were
those under the care of the Neuromuscular Reference
Center (NMRC) for children at the UZ Leuven, a
university hospital in Belgium. Inclusion criteria stip-
ulated genetically confirmed diagnosis of DMD, aged
between 6-18 years old and Dutch as the native lan-
guage. Prior to participation, parents provided written
informed consent, while children aged 12 and above
provided assent.

Given the dynamic evolution of behaviors across
age, we dissected the outcomes into two age groups
(6-11 years and 12-18 years) for each respondent
(fathers and mothers). As an indicator of the severity
of each item, we calculated the average item scores,
referred to as the severity score, alongside the per-
centage of parents reporting the specific item, the
frequency score. Items with a reported severity score
above 0.80 (corresponding with the 90™ percentile)
or reported by more than 50% of at least one of the
parents in at least one age group, were categorized as
highly prevalent DMD neurobehavioral difficulties.
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Fig. 1. Overview of different steps for the conceptualization of DuMAND and the development of the DUMAND Checklist.

Neurobehavioral difficulties reported by clinical
experts in DMD

In 2019, we launched an online survey directed
at clinical experts ((child) neurologists, pediatri-
cians, rehabilitation specialists and a psychologist
and social worker) specializing in the field of DMD,
to investigate their experience with occurrence and
management of neurobehavioral symptoms in clin-
ical practice. One section of the survey, detailed
and elaborated upon elsewhere (manuscript submit-
ted), focused on assessing the prevalence of specific
behavioral, cognitive, psychological, and psychiatric
symptoms encountered in their clinical interactions
with DMD patients and families. Experts were asked
to indicate the frequency with which each symptom
manifests in their experience with DMD patients.
Responses were categorized into levels represent-
ing “very often” (5), “often” (4), “sometimes” (3),
“rarely” (2), or “never” (1). The average scores on
this five-point scale were then computed. Symptoms
receiving an average score of three out of five or
higher were categorized as highly frequent DMD
neurobehavioral difficulties.

Conceptualization of DuMAND

The previous stages of our study led to the iden-
tification of neurobehavioral difficulties frequently
seen in patients with DMD. To structure this list,
two experienced child psychologists (SG and JL)
examined the list, organizing behaviors into cohe-
sive groupings based on their shared characteristics.
This process led to the emergence of five distinct
categories: cognition and learning, social responsive-
ness, emotion regulation, externalizing behavior, and
eating & sleeping. The proposed categorization was
then deliberated upon by the entire author group to
ensure consensus and agreement with this division.
These categories constitute the fundamental concept
of the term DuMAND, and form the structure and
subscales of the DuUMAND Checklist.

Item selection for the DuMAND Checklist

In the subsequent step, items representing
DuMAND symptoms within each category were
carefully selected. We achieved this by looking
at different items of well-established instruments
known for their validity in the pediatric domain,
including the Child Behavior Checklist (CBCL),
Strengths and Difficulties Questionnaire (SDQ)
[20], Personal Adjustment and Role Skills Scale-IIT
(PARS-II) [21], and the TAND-L Checklist [12].
These instruments were independently reviewed by
two experienced child psychologists (JL and SG).
They assessed these items by assigning a rating (0 or
1) based on their representativeness for the DUMAND
categories (cognition and learning, social respon-
siveness, emotion regulation, externalizing behavior,
and eating & sleeping). Only items that achieved
unanimous agreement between the raters (100%)
were incorporated and utilized in the formulation
of items for the DUMAND Checklist. Subsequently,
duplicate or highly similar items were eliminated, and
the phrasing and wording were refined to better suit
a population with physical limitations.

Expert opinion: face validity and
comprehensiveness

Finally, a panel of 10 child and youth psycholo-
gists working in the DMD domain was assembled
to evaluate the individual items within the check-
list. To test face validity, participants were asked
to allocate the items to the respective DuMAND
category they perceived to be representative for
the item’s nature. Furthermore, input was gath-
ered from the psychologists regarding item phrasing,
clarity, comprehensiveness, and relevance for the
DMD population. Items that were inaccurately allo-
cated or formulated were modified based on the
feedback provided, to ensure face validity and
comprehensiveness.
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Pilot validation

Procedure

The first version of the DUMAND Checklist was
administered to parents of patients with DMD from
the NMRC for children at the University Hospitals
Leuven, Belgium. Participants were included if their
child had a confirmed genetic diagnosis of DMD and
was 6-18 years old. Parents from DMD patients who
participated in the earlier phase of this study were not
included in the pilot validation. Different from the
previous phase (described in section 2.1.2), only one
parent (mother or father) was asked to participate.
Parents needed to have Dutch as their native lan-
guage. Due to the behavior regulating effects, parents
of DMD patients treated with psychopharmaceutical
drugs, were also not included.

The DuMAND Checklist was completed by indi-
cating how frequent the behavior was seen in their
child over the past 3 months. Parents could rate this
as “never” (1); “rarely” (2); “sometimes” (3); “often”
(4) or “very often” (5). For every DUMAND category,
a subscale score was calculated by adding up the item
scores representing the category.

After completion of the DuMAND Checklist, qual-
itative feedback was asked from the parents regarding
clarity, comprehensiveness, and ease of use. This was
done during a small conversation after completing the
questionnaires. The opportunity was provided to give
feedback on individual items or on the questionnaire
in general.

To assess construct validity, parents were requested
to complete well-validated and widely recognized
rating scale measures tailored for the evaluation of
specific cognitive, behavioral, or psychiatric prob-
lems in children. In particular, we employed the
school scale from the CBCL to examine the construct
validity of the subscale cognition and learning. To
assess the construct validity of the subscale social
responsiveness, the total scale score of the Social
Responsiveness Scale — second edition (SRS-2) was
used [22]. For the subscale emotion regulation, con-
struct validity was explored using the emotional
symptoms scale and the internalizing scale from the
SDQ, as well as the anxiety/depression scale and
withdrawal scale from the PARS-III. For the sub-
scale externalizing behavior, we examined construct
validity by considering the scales related to conduct
disorders, hyperactivity, and externalizing behavior
from the SDQ, along with the hostility scale from the
PARS-III. The subscale eating and sleeping was not
assessed on construct validity in this phase.

Statistical analyses

SPSS Version 29 was used for statistical analysis
[23]. Descriptive statistics were used to calculate fre-
quencies, percentages, means and standard deviations
(SD).

Internal consistency assessment of the DuMAND
Checklist involved the calculation of Cronbach’s
alpha coefficient («) for each category. The interpreta-
tion of Cronbach alpha values was guided by Streiner
etal. (2003) [24], categorizing them as excellent (o >
0.9), good (0.7 < @ < 0.9), acceptable (0.6 < @ <
0.7), poor (0.5 < @ < 0.6), or unacceptable (¢ <
0.5).

The analysis of construct validity relied on the
Pearson correlation coefficient (r) to determine the
strength of the relationship between the outcomes on
the DuUMAND Checklist subscales and the respective
subscales of the chosen validation tools. Correlation
strength was interpreted as strong (>0.7), moderate
(0.4 t0 0.7), or low (<0.4) [25].

RESULTS

Identification of DuMAND symptoms

Literature search

The flowchart depicting the outcome of the scop-
ing literature review is presented in Fig. 2. Following
the step-by-step selection process, a comprehensive
total of 118 studies emerged as candidates for anal-
ysis. An exhaustive overview of these studies and
the results derived from the comprehensive analysis
is documented in detail in Supplementary Table 1.
The majority of these studies (109) exclusively
encompassed DMD patients, whereas 20 studies
also included Becker muscular dystrophy (BMD)
patients. We decided to also include studies with
BMD patients as they may represent additional infor-
mation on intermediate phenotypes with DMD-like
features. Among all studies, six case studies, two
guideline documents, one editorial letter, two meet-
ing reports, three narrative reviews and 13 systematic
reviews were included. Original research was pre-
sented in 89 studies.

Eighty studies reported about cognitive develop-
ment and intellectual functioning, while 39 more
deeply assessed neuropsychological aspects encom-
passing working memory, executive functioning, and
attention domains. Additionally, 23 studies included
anuanced assessment of language-related capacities,
including expressive and receptive language abili-
ties, and reading and speech competence. Twenty-five



Table 1
DMD behaviors frequently reported by parents
Mothers Fathers
6-11 years 1218 years 6-11 years 12—-18 years
(n=24) (n=24) (n=20) (n=17)
CBCL item Neurobehavioral item Sev Freq Sev Freq Sev Freq Sev Freq
1 Acts too young for his/her age 0.71 63% 1.04 71% 0.95 74% 1.12 76%
4 Fails to finish things he/she starts 0.63 58% 0.46 46% 0.63 53% 0.47 41%
5 There is very little he/she enjoys 0.58 46% 0.50 38% 0.53 37% 0.59 53%
8 Can’t concentrate, can’t pay attention for long 1.17 83% 0.75 58% 1.32 95% 0.88 59%
9 Can’t get his/her mind off certain thoughts 0.63 54% 0.63 54% 0.84 58% 0.47 35%
11 Clings to adults or too dependent 0.83 67 % 1.29 79% 0.95 79 % 1.00 71%
17 Daydreams or gets lost in his/her thoughts 0.92 63% 0.71 58% 0.58 42% 0.41 35%
19 Demands a lot of attention 1.08 71% 0.92 67 % 1.00 63% 0.82 65%
22 Disobedient at home 0.58 58% 0.25 21% 0.47 42% 0.18 12%
36 Gets hurt a lot, accident prone 0.42 38% 0.17 17% 0.84 68 % 0.35 29%
42 ‘Would rather be alone than with others 0.42 38% 0.63 54% 0.47 37% 0.35 29%
45 Nervous, highstrung, or tense 0.58 54% 0.42 33% 0.58 47% 0.29 24%
62 Poorly coordinated or clumsy 0.63 54% 0.33 29% 0.47 47% 0.59 41%
74 Showing off or clowning 0.38 33% 0.21 17% 0.63 53% 0.18 12%
75 Too shy or timid 0.58 50% 0.67 50% 0.37 32% 0.71 53%
78 Inattentive or easily distracted 1.17 79% 0.54 50% 0.95 74% 0.41 35%
86 Stobburn, sullen, or irritable 0.79 63% 0.58 54% 1.00 74% 0.53 41%
95 Temper tantrums or hot temper 0.58 54% 0.42 38% 0.58 47% 0.35 24%
102 Underactive, slow moving, or lacks energy 0.46 38% 0.83 58% 0.53 37% 0.53 35%
109 Whining 0.88 63% 0.46 38% 0.63 58% 0.29 24%
112 Worries 0.50 46% 0.67 54% 0.26 21% 0.41 35%

Items meeting the criteria (severity score above 0.80 or a frequency exceeding 50% by at least one parent in any age group) are highlighted in bold. Severity scores are reported as means with a
range from 0-2; frequency scores are reported as percentages. CBCL = Child Behavior Checklist; Sev = severity score: Freq = frequency score.
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Search string in PubMed on 03-08-2023:
(*Muscular Dystrophy, Duchenne”[Mesh])
AND ("Behavior"[Mesh] OR
"Cognition"[Mesh] OR "Mental
disorders"[Mesh] OR "psychological
phenomena”[Mesh])

Articles excluded based on title and

Selected articles - Wrong outcome: n = 86
n=436 - Language: n=24
- Not human: n =114
- Wrong population: n =25

Articles excluded based on full
text:

Selected - Wrong outcome: n = 18 Selected
articles -Language:n=4 articles
n=187 - Not human: n =22 n=118
- Wrong population: n = 13
- Full text not found: n =12

Fig. 2. Flowchart with distinct steps of the article selection process.

studies focused on psychiatric diagnoses, whereas
39 studies demonstrated the spectrum of behaviors
within the DMD population.

Cognitive functioning and intellectual challenges
manifested as prevalent comorbidities among DMD
boys. Concomitant with these are learning disorders,
accompanied by distinct neuropsychological issues
such as impaired working memory, implicit learning
difficulties, and more complex higher-order exec-
utive function deficits such as sustained attention
complications, attention control issues, and inhibi-
tion challenges. Neurodevelopmental disorders like
ASD and ADHD, and psychiatric disorders like affec-
tive disorders, emerged as prominently mentioned
in literature. Some studies additionally delineated
the occurrence of OCD. The behavioral dimension
encompassed a spectrum of manifestations, including
anxiety-related issues, affective dysregulation, chal-
lenges in emotion coping, and tendencies towards
aggressive behaviors.

Parents

A total of 48 families of DMD patients partici-
pated in this study, with an average patient age of
11.83 years (SD =4.20, age range: 6 to 18 years). All
48 mothers and 37 fathers in the sample returned the
completed CBCL questionnaires. A comprehensive
overview of the most frequently reported neurobe-
havioral difficulties, and the difficulties identified
as the most severe, stratified by age group and
respondent, is provided in Table 1. Supplementary
Tables 2-5 present these issues, ranked by frequency,
for each age group, categorized by the respondents.

DMD professionals

Twenty-eight clinical DMD experts from 16 dif-
ferent countries completed the survey: 15 child
neurologists, 3 adult neurologists, 4 pediatricians,
3 rehabilitation specialists, 1 child psychologist, 1
general practitioner, and 1 social worker (manuscript
submitted). All of them had substantial experience in
the field of DMD, with 24 of them having more than
a decade of experience, and 15 of them seeing over

Table 2
Neurobehavioral difficulties in DMD frequently reported by clin-
ical experts

Neurobehavioral item N  Score
Learning problems 26 4.0
Dependent from adults 24 4.0
Anxiety 26 3.9
Concentration problems 27 39
Social problems 26 3.8
Problems with reading 24 3.6
Worrying 26 3.6
Shyness 26 35
Problems with math 24 35
Rigide thoughts 25 34
Doesn’t take initiative 25 33
Claiming to adults 23 33
Is clumsy 24 33
Temper Tantrums 25 32
Unappropriate eye contact 25 32
Demands a lot of attention 26 32
Compulsive behavior 26 32
Acts too young for his age 25 32
Doesn’t pay attention 25 32
Doesn’t have friends 25 32
Stubborn 26 3.1
Obsessive toughts 25 3.1
Sleeping problems 25 3.1
Depressive feelings 26 3.1
Can’t let go of specific thoughts 26 3.0
Can’t be alone 26 3.0
Can’t see things from the point of views of others 24 3.0

Scores are average scores on the survey with arange from 1 (never)
— 5 (very often). Only items with an average score above 3.0 are
displayed.

100 DMD patients each year. All experts indicated
the frequency with which each symptom manifests
in their experience with DMD patients. Table 2 dis-
plays the items with an average score of 3 out of 5
or higher, which we consider as frequently reported
neurobehavioral difficulties in DMD.

Conceptualization of DuMAND

The selected items were systematically organized
into different categories under the umbrella term
DuMAND. We have identified five distinct behavior
categories frequently associated with difficulties in
DMD patients: cognition and learning, social respon-
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siveness, emotion regulation, externalizing behavior,
and eating & sleeping. Table 3 displays the allocation
of specific evidence to the respective categories.

Item selection for the DuMAND Checklist

In a comprehensive item selection process, a total
of 205 items drawn from the SDQ, TAND Checklist,
PARS-III, and CBCL 6-18 years were assessed for
their representativeness to the predefined DuMAND
categories. This process was conducted indepen-
dently by two experienced psychologists, SG and JL.
Among these items, it was mutually agreed upon by
both researchers that 89 were not suitable for cate-
gorization within any of the predefined categories.
Additionally, there was insufficient consensus on 22
items, resulting in their exclusion from the DuMAND
Checklist. Ultimately, both psychologists reached
a consensus on 94 items that were deemed repre-
sentative of one of the five designated DuMAND
categories. After filtering to remove highly similar
items and to ensure suitability for a population with
physical limitations, 43 items were retained. These
were distributed as following: seven items for cat-
egory 1, ten items for category 2, twelve items in
category 3, ten items in category 4, and four items in
category 5.

The following example illustrates this process.
Anxiety emerged as abehavioral symptom mentioned
across all three sources, leading to its categoriza-
tion within the emotion regulation category. Within
the DUMAND Checklist, Anxiety is assessed by the
item “He is afraid of many things or easily becomes
anxious”. This formulation was distilled by amalga-
mating items such as “many fears, easily scared” from
the SDQ, “difficulties with anxiety” from the TAND
Checklist, and two items from the CBCL: “fears
certain animals, situations, or places” and “is too anx-
ious or easily scared”. By synthesizing items from
well-validated questionnaires, we aimed to ensure the
comprehensiveness and accuracy of the DuMAND
Checklist items.

Expert opinion: face validity and
comprehensiveness

The above 43 items were presented to an expert
panel of 10 clinical psychologist working with boys
with DMD in Belgium (Flanders) or the Netherlands.
A total of twenty-eight items received major consen-
sus, as seven or more participants from the expert
group allocated them to their original category. In

two instances, experts unanimously agreed on the
allocation, however their allocation differed from the
original category. In response, these items were re-
categorized to align with the experts’ consensus.
Conversely, for the remaining thirteen items, con-
sensus was not achieved based on initial allocation.
These items underwent further discussion, with
rephrasing to enhance clarity and alignment with one
category, guided by feedback from the experts. Addi-
tionally, all (n=43) items were refined as necessary,
incorporating feedback provided by the expert group.
This resulted in the refined items displayed in Table 4.

Pilot validation study

Descriptive results

Parents of 20 DMD patients (mean age=13.37
years, SD=3.68 years) participated in this phase.
These were individuals who did not take part in the
previous phase described in Section 3.1.2. Supple-
mentary Table 6 provides an overview of the average
outcomes on the subscales of the DuMAND Check-
list and of the relevant subscales of the instruments
used to investigate construct validity.

Qualitative feedback

Completion time of the DuMAND Checklist
was 4-11 minutes. All twenty parents found the
DuMAND Checklist to be comprehensive, easy to
use, and efficient in its administration. We received
seven qualitative comments from parents, primar-
ily providing additional details to make items and
situations more specific to their child. Overall,
the feedback regarding the administration of the
DuMAND Checklist was positive.

Internal consistency

The items in the cognition and learning subscale
showed good internal consistency (« = 0.799). The
items in the social responsiveness subscale (¢ =
0.798) and in the emotion regulation subscale (o« =
0.788) also generated a high « value. The items
of the subscale externalizing behavior generated an
excellent @ value (¢ = 0.930), while the internal con-
sistency of the category eating and sleeping was very
poor (o = 0.281).

Construct validity

The school subscale in the CBCL is a measure
of positive results and a strong negative correlation
was demonstrated between the results on this CBCL
subscale and the DuMAND Checklist subscale cog-
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Table 3
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Overview DuMAND categories

Source

Literature Parents Expert

Category 1: Cognition and learning
Cognitive and intellectual deficits
Learning disorders
Neuropsychological deficits

Problems with executive functioning
Concentration problems

Poorly coordinated or clumsy
Inattentive or easily distracted
Category 2: Social responsiveness
Autism-like features

Can’t get his/her mind off certain thoughts
Would rather be alone than with others
Too shy or timid

Rigid though, stubborn
Unappropriated eye contact

Doesn’t have friends

Can’t let go of specific thoughts

Can’t see things from the point of view of others

Social problems

Category 3: Emotion regulation
Dependent from adults, clings to adults
Anxiety, nervousness, tensed
Worrying

Shyness

Compulsive behavior

Obsessive thoughts

Depressive feelings

Can’t let go of specific thoughts
Can’t be alone

There is very little he/she enjoys
Category 4: Externalizing behavior
Temper Tantrums

Hyperactivity

Demands a lot of attention
Doesn’t pay attention
Disobedient

Verbal or physical aggression
Showing of or clowning

Whining

Category 5: Eating & sleeping
Sleeping problems

Selective eating

Eating too much/ too little
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nition and learning (r=-0.76,p <0.001). A moderate
correlation was revealed between the results on the
subscale social responsiveness and the total score
on the SRS-2 (r=0.69, p<0.001). The results on
the DuMAND Checklist subscale emotion regulation
showed a strong correlation with the results on the
emotional symptoms scale and the internalizing scale
from the SDQ (respectively r=0.78, p<0.001 and
r=0.76, p<0.001) and the anxiety/depression scale
of the PARS-III (r=0.73, p <0.001), and a moderate
correlation with the results on the withdrawal scale
from the PARS-III (r=0.50, p<0.05). Results on

the subscale externalizing behavior of the DUMAND
Checklist showed a strong correlation with the results
on the conduct disorder and externalizing behavior of
the SDQ (respectively r=0.80,p <0.001 and r=0.76,
p=0.001) and the hostility scale from the PARS-III
(r=0.75, p<0.001), and a moderate correlation with
the hyperactivity scale of the SDQ (r=0.52, p <0.05).

DISCUSSION

In this study, we aimed to introduce and conceptu-
alize the term DuMAND, which stands for Duchenne
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Table 4
Items per category selected for the DuMAND Checklist

Category 1: Cognition and learning

There are difficulties with reading

He often forgets what he needs to do when asked

There are difficulties with spelling

He struggles to concentrate or focus on his work

He has difficulty speaking or speaking fluently in certain situations
There are difficulties with math

It’s challenging for him to complete a task he has started

He acts younger than his age

Category 2: Social responsiveness

He struggles to engage in conversation with people other than his family members
He is noticably shy

He finds it difficult to consider the feelings of others

He has difficulty connecting with new people

He exhibits rigid behavior and struggles with changing routines

He has difficulty seeing things from other people’s perspectives

He becomes angry when things don’t go the way he wants
He is closed-off and shows little of what’s going on inside him

He prefers to do things the same way

He doesn’t make eye contact when speaking to people.

Category 3: Emotion regulation

He is afraid of many things or easily becomes anxious
He displays repetitive behavior, such as repeating the same action over and over

He frequently worries or has excessive thoughts

He is hesitant to do things without adults or clings to them
He has trouble letting go of certain thoughts or ideas

He exhibits strange or bizarre behaviors
He appears unhappy or sad

He seems to worry a lot

It’s difficult for him to be alone

His mood or feelings change suddenly

He lacks initiative or doesn’t know what he wants to do

Category 4: Externalizing behavior

He is restless, overly active, and cannot sit still for long
He frequently has tantrums or outbursts of anger

He is demanding and often bossy
He displays impulsive behavior

He is difficult to control and seems unaffected by rewards or punishments

He frequently argues or seeks out conflicts

He is disobedient
He whines a lot or asks many questions

Small details can trigger restlessness or anger

He demands a lot of attention
Category 5: Eating and sleeping

He has difficulty falling asleep

He has poor appetite

He experiences sleep problems

He is inexplicably tired

Muscular Dystrophy-Associated Neurobehavioral
Difficulties. DuMAND serves as an umbrella term
encompassing the diverse array of manifestations
related to behavior, psychiatric disorders, as well as
intellectual, academic, neuropsychological, and psy-
chosocial deficits frequently seen in DMD patients.
The term DuMAND was developed through a multi-
step process starting from identification of the most
prevalent neurobehavioral difficulties in DMD. Based

on a scoping literature review and input gathered from
both parents of individuals with DMD and clinical
experts in the field, we identified five categories in
which patients with DMD may exhibit neurobehav-
ioral difficulties.

In addition, this study developed, and pilot val-
idated a tool for efficient screening of DuMAND
manifestations in a clinical setting. The resultant
DuMAND Checklist is formed by 43 items dis-
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tributed across five subscales that correspond to the
five DUMAND categories. Caregivers can complete
the checklist, aiding clinicians in systematic screen-
ing for DUMAND symptoms by rating the prevalence
of each item over the past three months on a 5-point
Likert scale. The DuMAND Checklist was developed
by an iterative process with feedback from clinical
DMD experts to improve face and content validity.
Moreover, evaluation of internal consistency and con-
struct validity suggested that the DUMAND Checklist
has acceptable-to-excellent psychometric properties.
These findings suggest that the DuMAND Check-
list may be a valuable instrument for identification of
issues related to the following five categories identi-
fied as highly prevalent among DMD patients.

The first category pertains to cognition and learn-
ings. Difficulties in these domains are most frequently
cited in literature and encompass cognitive problems,
intellectual disorders, as well as specific neuropsy-
chological deficits such as executive functioning,
attention problems, working memory deficits, and
learning disorders. It is important to note that these
challenges can significantly impact daily function-
ing, particularly in the context of school performance,
academic achievement, and psychosocial develop-
ment [26].

The second category is centered on problems
related to social responsiveness, which can be defined
as an individual’s capacity to effectively engage with
and adapt to the demands and expectations of their
social environment [27]. This consists of the abil-
ity to respond to evolving societal values and norms
and extends to being proactive in recognizing and
responding to social needs, rather than merely react-
ing to them. Difficulties with social responsiveness
can result in behavior that is incongruent with the
social context, leading to challenges in social inte-
gration and even social isolation. Furthermore, it may
cause a burden on the immediate environment, poten-
tially manifesting in challenging social interactions
and misaligned expectations [28].

Category three encompasses issues related to emo-
tion regulation, which involves a child’s capacity
to efficiently manage and adjust their emotional
responses across diverse situations [29]. This facet of
emotional development includes the strategies chil-
dren acquire during psychosocial development to
recognize, express, and effectively cope with their
emotions in a manner that is not only adaptive but also
socially appropriate [29]. When a child struggles with
emotion regulation, it can have several adverse con-
sequences, including heightened anxiety, decreased

overall well-being, and challenges in forming healthy
relationships, excelling academically, and navigating
life’s obstacles with increasing independence from
parents [30].

In the fourth category externalizing behavior is
addressed, encompassing a spectrum of behaviors
and actions directed outwardly or externally. These
behaviors are typically characterized by the potential
to disrupt the external environment, influence inter-
actions with others, and transgress societal norms
and rules [31]. Externalizing behaviors may man-
ifest as acts of aggression, defiance, impulsivity,
hyperactivity, and conduct problems that directly
impact the individual’s interactions and surround-
ings. Importantly, these behaviors can impose a
significant burden on both the individuals themselves
and their immediate environment [31, 32].

Category five serves as a miscellaneous category
encompassing difficulties related to eating and sleep-
ing. The items in this subscale did not appear to have
good internal consistency, which is not unexpected
as items questioning eating behavior not necessarily
are related with items measuring sleeping behavior.
Due to the unique composition no construct valida-
tion was performed for this specific subscale. While
issues with eating and sleeping may not be as preva-
lent as those in other categories, they are of particular
significance due to their association with fundamental
human needs [33]. Disruption in eating and sleep-
ing patterns can potentially have a cascading effect,
impacting various aspects of an individual’s life. Con-
sequently, addressing these challenges is important
to ensure holistic care for and well-being in DMD
patients.

It is important to note that these categories are
not mutually exclusive in individual DMD patients.
On the contrary, they often significantly overlap.
Hence, a DMD patient may simultaneously manifest
neurobehavioral symptoms that fall into multiple cat-
egories, creating a DuMAND profile. Furthermore,
the DuMAND profile of a DMD patient will likely
evolve over time as they progress through various
stages of psychosocial development and disease pro-
gression.

Further validation studies will facilitate the imple-
mentation of the concept DuMAND and integration
of the DuMAND Checklist into the standards of
care for DMD patients. The implementation of
annual screening for DuMAND manifestations could
potentially bridge the gap in identification of neu-
robehavioral disorders in DMD, paving the road
towards earlier and more proactive treatment of these
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difficulties. Addressing these problems may involve a
spectrum of actions, ranging from psycho-education,
parental guidance or providing information regarding
self-care strategies, to referral to a specialist setting
for further evaluation and eventual psychotherapeutic
and/or psychopharmaceutic treatment if needed. Ini-
tiatives such as TAND in TSC [12], have played an
important role in raising awareness and establishing
a shared language for description, assessment, diag-
nosis and management of neurobehavioral issues in
TSC [16].

Despite the encouraging preliminary findings from
this pilot study, it is essential to acknowledge the
limitations. We only measured internal consistency;
other reliability measures, such as test-retest reliabil-
ity, were not assessed. The investigation of the various
psychometric properties of the DuMAND Checklist,
as well as validation in a larger and more diverse
international cohort of DMD individuals, will be a
next step in the research process. Importantly, we aim
to involve focus groups with patients and parents in
this next step to ensure their perspectives are incor-
porated as well. While the conceptualization of the
term DuMAND was based on a literature search and
insights from international clinical experts in DMD,
it is important to note that data obtained from par-
ents and the pilot validation phase were collected
from a DMD population aged between 6-18 years
old followed in a single center in Belgium. Many
of these patients receive standard of care treatment
with daily deflazacort. It is crucial to recognize that
the behavioral side effects of corticosteroid treatment
may differ based on the regimen or the age. Therefore,
replication of this study in an international cohort
with different steroid regimens and age groups is
necessary before these findings can be considered
representative for the entire DMD community.

CONCLUSION

By introducing and defining the term DuMAND,
we hope to have taken the initial step to catalyze
a similar process aimed at reaching a consensus
approach for the screening, assessment, and man-
agement of neurobehavioral difficulties in DMD,
which is urgently needed [34]. Moreover, our find-
ings strongly suggest that the DuMAND Checklist
is a valuable screening tool for identification of indi-
viduals with DMD who are at risk of neurobehavioral
difficulties and is suitable for implementation.
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