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Abstract 

Background  Myotonic dystrophy type 1 (DM1) is a rare autosomal dominant inherited multi-systemic disease affect-
ing neuromuscular, cognitive, and cardiac function. Congenital DM1 (CDM) is the most severe form of the disease 
and is associated with learning difficulties, autism-like traits, and cardiac conduction defects. There is no approved 
pharmacological therapy for CDM. While music interventions have been shown to positively impact children 
with similar brain and heart symptoms, like cerebral palsy and autism, this type of non-pharmacological intervention 
has not been tested in CDM. Therefore, this convergent mixed-methods study will assess the tolerability and feasibility 
of a 10-week music and movement intervention for children with CDM.

Methods/design  Participants will be recruited from the pediatric neuromuscular clinic at the Children’s Hospi-
tal of Eastern Ontario (CHEO). In a dyad participation model, parents of participants will also engage to inform 
the overall feasibility. There will be two groups with 6–8 participants each. Group allocation will not be randomized 
but will be based on age and physical and mental ability. A baseline visit will be followed by a 10-week intervention 
phase with one music and movement intervention session per week. Sessions will include physical assessments 
and questionnaires. The primary outcome is the feasibility and tolerability of these music interventions. Secondary 
outcome measures include cognitive and physical assessments, as well as measures of quality of life, sleep quality, 
and biomarkers.

Discussion  This study will demonstrate the feasibility and tolerability of music and movement intervention for pedi-
atric participants with CDM, while providing an indication of its impacts on brain and heart function for this multi-sys-
tem disease. Results from this study will inform the implementation of a larger-scale trial as well as the development 
of other non-pharmacological feasibility studies in this population.
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Trial registration  Clinicaltrials.gov number: NCT06809049. Registered 30 Jan 2025. https://​clini​caltr​ials.​gov/​study/​
NCT06​809049?​id=​NCT06​80904​9&​rank=1.
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Background
Myotonic dystrophy type 1 (DM1) is a rare autosomal 
dominant inherited neuromuscular disease, which was 
first described by Hans Steinert in 1909. The prevalence 
of DM1 is estimated to be 9.27 per 100 000 individuals 
[1] and as high as 1:500 in some regions, such as Québec, 
Canada, due to founder effects—the loss of genetic vari-
ation due to the establishment of a new population by 
a small number of individuals [2]. The main symptoms 
are progressive muscle weakness, ptosis, myotonia, and 
motor fatiguability [3]. In recent years, DM1 has been 
shown to also involve other organ systems, leading to 
cardiac complications, cognitive impairment, cataracts, 
and dysfunction of endocrine, respiratory, and gastroin-
testinal systems [4].

In 1992, the genetic cause of DM1 was discovered, 
namely an unstable CTG repeat expansion within the 
DMPK gene on chromosome 19q13.3 [5]. The length of 
the CTG triple repeat is responsible for the highly vari-
able clinical presentation of DM1 [6]. Healthy individu-
als have 5 to 35 CTG repeats, while more than 50 repeats 
cause DM1. DM1 has four clinical phenotypes distin-
guished by the age of onset, clinical presentation, and 
CTG repeat size: mild (50–150 repeats, adult-onset), 
classic (50–1000 repeats, onset in the second or third 
decade of life), juvenile (>800 repeats, onset in the first 
decade of life), and congenital (more than 1000 repeats, 
present at or before birth) [7].

Congenital DM1 (CDM) is the most severe form: 
50% of affected newborns have respiratory insufficiency 
and require ventilator support, while 30–40% of those 
affected will die due to the disease. Daytime sleepiness 
and learning difficulties are the most common non-mus-
cular symptoms, with a significant impact on quality of 
life, and are patient-priorities for therapy development 
[8–10]. Sleep disturbances, such as sleep apnea, are com-
mon with DM1, exacerbating daytime sleepiness and 
altering mood, cognition, and cardiovascular function 
[11–13]. In addition, cardiac involvement (conduction 
defects, ventricular and atrial arrhythmias) occurs in 
more than 75% of patients and is a major cause of mor-
tality [14, 15]. Finally, individuals with DM1 frequently 
have chronic gastrointestinal dysfunction (diarrhea, con-
stipation, bowel obstruction) [16] that is likely to impact 
their microbiome [17] and thereby heart and brain func-
tion [18, 19]. There are no disease-modifying treatments 
for DM1, although symptomatic treatments such as 

modafinil (for excessive daytime sleepiness) and mexile-
tine (for myotonia) are commonly used.

Non-pharmacological therapies in the form of cogni-
tive behavioral therapy with optional graded exercise 
therapy have previously been investigated in a large 
multicenter trial with 255 adult patients with DM1. An 
increased capacity for activity and social participation 
was shown after 10 months [20]. Similarly, exercise, 
aerobic, and strength training interventions have been 
explored in the adult DM1 population with mixed results 
[21–25]. However, at this time there is a lack of non-
pharmacological interventions specifically designed for, 
and assessed in, the pediatric DM1 population.

The University of Ottawa’s Brain-Heart Intercon-
nectome (BHI) is a ground-breaking interdisciplinary 
research program in collaboration with the University of 
Saskatchewan and McGill University aimed at accelerat-
ing prevention, detection, treatment, and care of brain-
heart disorders, supported by a $109 million grant from 
the Canada First Research Excellence Fund (CFREF-
2022-00007). The BHI seeks to improve the diagnosis, 
treatment, and prevention of concurrent brain-heart-
mind conditions through integrated collaboration among 
brain, heart, and mental health researchers; patients, 
physicians, and partners across academia, industry, and 
government; and community organizations. As part of 
the BHI program, we took a holistic approach to consider 
the multi-system aspects of CDM and non-pharmacolog-
ical treatments.

Rationale
Due to the lack of disease-modifying treatments and a 
desire to study holistic approaches that address outcomes 
beyond neuromuscular impairment, we identified music 
and movement as a novel intervention for CDM. Multi-
ple trials have previously shown that music intervention 
can have a positive impact on brain and heart symptoms 
among participants with autism, cerebral palsy, or cardio-
vascular diseases. When applied to children with severe 
cerebral palsy, music therapy sessions were found to 
improve visual contact and motor participation, possibly 
acting through the psychomotor aspects of manual func-
tion [26]. Additionally, a study of children with neuro-
logical diseases found music therapy to have a stabilizing 
effect on heart and respiratory rates and oxygen saturation 
when conducted during physical therapy [27]. In partici-
pants with autism, music intervention leads to improved 

https://clinicaltrials.gov/study/NCT06809049?id=NCT06809049&rank=1
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skills in social interaction, verbal communication, initiat-
ing behavior, and social-emotional reciprocity [28, 29]. 
The described impacts may be due to the positive effect 
of music-based interventions on neuroplasticity, due to 
the consistent bidirectional transmission of information 
between the sensory and motor areas of the brain [30, 31].

A study by Centala et  al. showed that listening to 
fast-tempo, instrumental music significantly increased 
maximal power output and electromyographic fatigue 
threshold in healthy males during exercise. While physi-
ological performance improved, there were no sig-
nificant changes in heart rate or perceived exertion, 
suggesting fast-tempo music may improve exercise toler-
ance by distracting from the feeling of fatigue [32]. We 
hypothesize that the proposed music intervention may 
similarly improve participant motor function by reduc-
ing their feeling of fatigue. A 2014 case report found 
that a 6-week tap dance program improved static and 
dynamic balance in a 6-year-old girl with CDM. The 
study suggests that enjoyable, rhythm-based activities 
could be beneficial for motor control and compliance in 
pediatric rehabilitation [33].

Blood biomarkers were selected for analysis to capture 
those known to be dysregulated in DM1 patients as well 
as markers previously reported in association with music 
intervention. In their systematic review, Khan et al. iden-
tified a possible association between music listening and 
a decrease in serum cortisol levels which may be reflected 
in other markers of stress and inflammation (e.g., inter-
leukin-6) by acting on the hypothalamic-pituitary adrenal 
axis [3, 34, 35]. Metabolic and endocrine abnormalities 
known to occur in DM1, such as abnormal TSH and 
elevated HbA1c [36], have been investigated in previous 
music intervention studies in participants with diabetes 
or thyroid disorders with results suggesting improved 
regulation of these levels [37, 38]. Through pre- and post-
intervention measurements, we aim to identify markers 
(including proteomic and transcriptomic) which indicate 
a response to music therapy.

The gut microbiome has been shown to be altered in 
DM1 patients [17, 39]. Previous studies have indicated a 
possible response of the gut microbiome to music inter-
ventions, a connection we are hoping to explore further 
in this study [40, 41].

To our knowledge, there have been no similar studies 
of music and movement intervention involving partici-
pants with neuromuscular diseases. Music-based inter-
ventions may be especially useful for children with CDM, 
as they often exhibit intellectual disability and autism-
like symptoms which have been shown to be responsive 
to such therapy [42, 43]. Additionally, a holistic approach 
to improving brain-heart symptoms of DM1 may be of 

particular benefit in the pediatric population as it pro-
vides a low-risk, interactive intervention.

Protocol development
This protocol (version 1.1, version date 05 March 2025) 
was co-designed using a patient-centered and interdis-
ciplinary approach, including the perspectives of patient 
partners (parents of children with CDM), research coor-
dinators, neuromuscular specialists, music educators, 
and clinician-scientists with expertise in drug screening, 
metabolomics, and neurocognitive testing. This group 
met in three virtual focus groups organized into distinct 
blocks—Music Intervention Approaches and Adapta-
tions, Logistics, and Data Collection—during which the 
outcome measures, timing, and overall organization of 
the study were determined. Detailed discussion notes 
were collected by a research assistant. These focus groups 
provided rich information on the needs of this patient 
population in terms of their cognitive, physical, and 
behavioral differences and support needs, which aided in 
the later development of the music intervention curricu-
lum. Particularly, they allowed for a better understanding 
of the stamina of participants, informing the types and 
durations of movement activities to be included in the 
curriculum. The input of patient partners was critical in 
addressing the unique needs of children with CDM: they 
advised us on specific issues relating to the implementa-
tion of the study (e.g., use of wearables, organization of 
study assessments) and provided early feedback on the 
feasibility of the study protocols.

Methods
Study aims
The primary aim of this study is to demonstrate the toler-
ability and feasibility of music and movement interven-
tion for children with CDM. The secondary aims are to:

•	 Demonstrate impacts of music and movement inter-
vention on neuromotor, cardiac, and cognitive func-
tion (Fig. 1).

•	 Identify biomarker correlation to disease severity 
and response to intervention (e.g., metabolomics, 
inflammation markers, proteomics, cardiac markers, 
miRNA).

•	 Determine impacts of music and movement inter-
vention on participant quality of life, mood, and sleep 
(Fig. 1).

Study design
This study uses an interventional convergent mixed-
methods pre-post design (see Fig.  2) to evaluate the 
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tolerability, feasibility, and impact of music and move-
ment intervention on different aspects of DM1.

The intervention is music and movement education—
one session per week for 10 weeks—led by a trained 
music educator certified in adaptive music education. 
Participants will be children with genetically confirmed 
congenital or infantile-onset DM1, placed into two 
cohorts of 6–8 children with one cohort of younger par-
ticipants (≤age 12) and one cohort of older participants 
(≥age 12). Cohort allocation is not randomized, but is 
primarily guided by participant age with consideration 
for abilities based on baseline assessments and discus-
sions with parents. The use of two separate cohorts will 
allow for a larger sample size and wider participant age 
range, while keeping cohorts within an optimal size for 
personalized instruction and group activities.

All participants will undergo the same study proto-
col, although music intervention sessions will be tai-
lored to the specific abilities of each group. As shown in 
Table 1, physical, cardiac, and cognitive function, as well 
as quality of life and sleep, will be assessed at baseline 
approximately 1 week prior to the first music interven-
tion session and approximately 1 week following at the 
end of the 10-week intervention. Blood, urine, and stool 
samples will be collected at baseline and post-interven-
tion for multiomics and biomarker testing. During the 

intervention phase, we will collect saliva samples and 
blood pressure measurements from participants at the 
1st, 4th, 7th, and 10th music intervention session. In 
addition, participants will be fitted with wearable devices 
during each music intervention session and for two 7-day 
at-home periods at baseline and post-intervention to cap-
ture heart rate, sleep, and activity levels. The dyad design 
will have parents complete questionnaires within 48 h of 
each music intervention session to capture immediate 
changes in mood, sleep, or social interactions. Parents 
will also participate in three focus groups via Zoom after 
the first, second, and last music intervention to discuss 
the contents of the music sessions and the immediate 
effects of the intervention.

Study population
Participants will be recruited through multiple pathways: 
the neuromuscular clinic at the Children’s Hospital of 
Eastern Ontario (CHEO) in Ottawa, Canada, or by self-
referral through The Neuromuscular Disease Network 
for Canada (www.​nmd4c.​ca), a patient organization (e.g., 
Muscular Dystrophy Canada), or patient registry. A total 
of 12–16 patients will be recruited according to the fol-
lowing inclusion and exclusion criteria, as determined by 
the principal investigator (PI):

Inclusion criteria:

•	Participants between the ages of 6 to 18 years with 
genetically confirmed congenital or infantile-onset 
myotonic DM1.

•	Participants willing to stay on stable medication 
from the day of screening to end of study.

Exclusion criteria:

•	Insufficient English language skills to complete 
required assessments and questionnaires.

•	Participant is non-verbal.
•	Failure to provide signed informed consent by 

participant or designated decision-maker (i.e., par-
ent, legal guardian, or power of attorney).

•	Failure to provide signed informed consent by par-
ents for dyad participation.

•	Participant is not a resident of Canada, due to risk 
of attrition.

•	Patients for whom—in the opinion of the inves-
tigator—it would not be safe to participate in the 
study.

Participants in the study will be selected and informed 
about the study by a clinician or research coordinator 
during regular outpatient visits to the neuromuscular 

Fig. 1  Graphical representation of the study design displaying 
the intended impact of the intervention on heart, brain, and muscle 
and the methods to assess these impacts

http://www.nmd4c.ca
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Fig. 2  Diagram of the planned convergent mixed-methods design

1Cognitive assessments detailed in Table 4
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clinic at CHEO. Written informed consent for the par-
ticipant and his or her parent will be obtained by the 
study coordinator at this appointment for interested par-
ticipants. Children will also be informed about the study 
with information adapted to the child’s age and cogni-
tive abilities and asked to provide a declaration of assent. 
The child’s ability to give informed consent will be rede-
termined at each study visit and the declaration of con-
sent obtained if the child is deemed capable. Participants 
can terminate their involvement in the study at any time 
without reason and without consequences for their clini-
cal treatment.

Music and movement intervention
The proposed music and movement intervention is par-
tially inspired by an adaptive music education method 
called Dalcroze Eurhythmics, founded by Émile Jaques-
Dalcroze, which combines music, movement, and 
rhythm to enhance physical coordination, cognitive func-
tion, and emotional expression. Dalcroze Eurhythmics is 
a holistic approach that integrates mind and body, widely 
recognized as a practice for music education and therapy 
[44]. The activities often include rhythmic multi-tasking 
movements and aim for multi-sensorimotor integra-
tion. The Dalcroze approach was applied to special needs 

populations as early as the mid-twentieth century, and 
is an effective, accessible, and sustainable intervention 
[45–47]. The method was adapted to help individuals 
with various physical and cognitive disabilities, enabling 
them to reconnect with their bodies, express emotions, 
and improve motor skills through rhythm and movement 
exercises.

The curriculum for this study was developed as a flex-
ible music and movement approach that would include 
movement-based activities to allow for experiential 
learning of basic musical elements such as pitch, rhythm, 
improvisation, and music listening while adapting for the 
needs of the participants [48]. The approach is student-
centered, with the certified adaptive music instructor 
acting as a guide and facilitator, loosely following peda-
gogies and activities from Dalcroze and STOMP!. The 
Dalcroze method emphasizes experiencing and mak-
ing music through movement and improvisation, which 
will allow the participants to influence musical choices 
and activities over the course of each session, following 
their own interests and creativity. By using music and 
movement as central tenets of the class curriculum, the 
focus will be on coordinating kinesthetic movement to 
the music, creating a multi-sensory experience, through 
the use of pitched and non-pitched instruments, 

Table 1  Schedule of assessments

a Cognitive assessments detailed in Table 4
b Pre- and post-intervention questionnaires include PedsQL and PANAS-C. Intervention questionnaires include Mood and Feelings Questionnaire and State-Trait 
Anxiety Inventory—5
c Pre-intervention: demographic questionnaire. Post-intervention: end-of-study questionnaire. Questionnaires administered at pre- and post-intervention sessions are 
outlined in Table 3. Intervention questionnaire: parent questionnaire

Study period

Pre-intervention Intervention Post-intervention

Location CHEO Lotus Music CHEO

Week 1 2 3 4 5 6 7 8 9 10 11 12

Music intervention x x x x x x x x x x

Cognitive assessmentsa x x

Participant questionnaireb x x x x x x x x x x x x

Parent questionnairec x x x x x x x x x x x x

10mW/RT x x

6MWT x x

ECG x x

Gait mat x x x x x x x x x x

Blood pressure x  x x x x x 

Blood sample x x

Saliva sample x x x x x x

Stool sample x x

Urine sample x x

Wearable devices x (7-day) x x x x x x x x x x x (7-day)

Parent focus groups x x x
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vocalization, body percussion, and critical listening 
skills. Sessions will include methods from STOMP! ped-
agogy, which encourages composition and improvisa-
tion of music through the use of household items (e.g., 
measuring cups, spoons, pans, brooms, and buckets) 
to mimic sounds of the world around them and create 
compositions using those household items by combining 
“intensity, melody, and tone with rhythm” to give form to 
the group improvisations [49].

Specific activities will also be adapted from the book 
Playing Music with the Whole Body by Eva Nivbrant 
Wedin [50] to focus instruction on gait and balance activ-
ities and on creating music through percussion instru-
ments to develop a sense of rhythm. The music educator 
will use methods including active music listening and 
movement activities and adapt them to the physical abili-
ties of the participant and will encourage the use of dif-
ferent musical instruments and STOMP! instruments to 
improve fine and gross motor coordination. At the end of 
each session, a variety of yoga poses and breathing exer-
cises will be used to focus on balance alongside music.

All participants will receive the music and movement 
intervention. Participants will attend a 10-week block of 
weekly music sessions, each lasting 45 min. The sessions 
will be held at Lotus Music in Ottawa on weekend days. 
The session timing and intervention lengths were deter-
mined through discussion with patient partners to meet 
research aims while minimizing burden and encouraging 
adherence.

During the sessions, a research assistant will be present 
to take observational notes, which will contain details 
about the performed activities as well as the physical 
movements and affect of each participant. After each 
session, the music educator will write a summary about 

each participant, regarding his or her social engagement, 
interactions, participation, and perceived enjoyment. 
Adherence will be monitored through participation dur-
ing sessions and attendance to the intervention sessions 
as noted by the research assistant.

While no long-term follow-up is planned as part of this 
study, participants and their parents will be asked if they 
would consider attending these music sessions for a sec-
ond 10-week block to gauge level of interest in a longer 
intervention period.

Outcomes
The primary outcome of this study will assess the toler-
ability and feasibility of the music intervention. Feasibil-
ity will be assessed quantitatively through the average 
attendance rate of the music sessions and the attrition 
rate. Additionally, participants and their parents will pro-
vide qualitative feedback throughout the study via par-
ent focus groups and questionnaires. Tolerability will be 
assessed through parent responses to the end-of-study 
questionnaire (see Supplementary Material 2). These out-
comes will inform the progression criteria of this study to 
a full-scale trial, as described in Table 2. While progres-
sion criteria are largely dependent on the above quan-
titative data, the qualitative data from the parent focus 
groups and questionnaires will provide valuable feedback 
to inform potential next steps.

Secondary outcomes will analyze indications of effec-
tiveness of the intervention as measured by cognitive and 
physical assessments, wearable devices, functioning and 
daily living assessments, and biomarkers. These will be 
measured at the pre- and post-intervention visits. Details 
regarding concurrent therapies (e.g., physiotherapy) will 

Table 2  Progression criteria

*Response to question 6: “How practical were the music sessions for your child to attend?” as rated on a 5-point Likert scale
† Response to question 11: “How satisfied were you with the study and intervention overall?” as rated on a 5-point Likert scale

Area of focus [51] Progression criteria Go—proceed with full trial Amend—discuss and 
amend

Stop—do not proceed

Demand Feasibility of attendance
Do participants attend the 
music sessions?

If average attendance ≥6/10 
music sessions (≥60%)

If average attendance >3/10 
to <6/10 music sessions 
(30–60%)

If average attendance ≤3/10 
music sessions (<30%)

Practicality Feasibility of attendance 
for families
How do parents rate the practi-
cality of attending the sessions?*

If ≥60% rate “extremely” 
or “very” practical to attend

If >30 to <60% rate “extremely” 
or “very” practical to attend

If ≤30% rate “extremely” or “very” 
practical to attend

Implementation Attrition rate
How many participants did not 
complete the study?

If ≥60% complete the study If >30 to <60% complete 
the study

If ≤30% complete the study

Acceptability Overall satisfaction
How do parents rate the study 
and the interventions?†

If ≥60% rate “very satisfied” 
or “satisfied”

If >30 to <60% rate “very satis-
fied” or “satisfied”

If ≤30% rate “very satisfied” 
or “satisfied”
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be captured at the pre-intervention visit and considered 
for their possible effects on these outcomes.

Assessments
Focus groups: Parents of participants will be asked to 
participate in a total of three focus groups held over 
Zoom. These groups will be moderated by a member of 
the research team. Focus groups will be held following 
the first two music sessions, where parents will be asked 
to provide their opinions to assess whether changes in 
the approach or curriculum are necessary to meet the 
needs of the participants. Following the last session of 
the 10-week block, they will be asked to discuss their 
observations throughout the course of the intervention 
and whether they viewed the intervention as overall ben-
eficial for the participant. These focus groups will not be 
recorded; however, a research assistant will be present to 
take detailed notes of the discussion. Identifying infor-
mation will not be recorded in these notes.

Functioning: Participants’ parents will be asked to com-
plete questionnaires covering various areas of functioning. 
The following questionnaires will be completed on paper:

•	 Demographic questionnaire: Will be completed by 
parents at baseline visit to capture participant age, 
gender, ethnicity, level of education, motor mile-
stones, level of mobility, previous diagnoses, medi-
cation, and previous experience with music therapy. 
After the intervention phase, this information will be 
reviewed with the parents for any changes.

•	 At the baseline and post-intervention visits, parents 
and participants will complete questionnaires (see 
Table  3) assessing functioning, quality of life, sleep, 
and mood.

•	 Following each music session, parents and partici-
pants will complete short questionnaires on paper 
or via REDCap survey to assess short-term changes 

in mood, focus, and engagement. This includes the 
Mood and Feelings questionnaire—child short form 
[56] and State-Trait Anxiety—short form question-
naire [57]. This should take a maximum of 5 min and 
should be completed within 48 h of a music session.

Physical assessments:

•	 Clinician-completed CDM Rating Scale: an 11-item 
5-point rating scale to describe clinical phenotype 
that assesses the severity of individual symptoms 
such as myotonia, fatigue, or walking ability in the 
last week [58]. This will be completed at the pre- and 
post-intervention visits.

•	 10-meter walk/run test (10mW/RT): measure of the 
time it takes an individual to walk or run a distance 
of 10 m to assess functional exercise capacity [59, 60]. 
With a trained physiotherapist, three trials will be 
completed at baseline and post-intervention.

•	 6-minute walk test (6MWT): assessment of endur-
ance via the distance an individual can walk in 6 min 
[61, 62]. Assessed by a trained physiotherapist with 
one trial at the pre- and post-intervention visits.

•	 Gait analysis (e.g., stride length and speed) via walk-
ing barefoot on a 20′ GaitRite gait mat during each 
music session [63, 64].

Cognitive assessments: At pre- and post-intervention 
visits, trained staff will administer neuropsychological 
tests, as described in Table 4.

Cardiac assessments:

•	 Cardiac health will be assessed pre- and post-inter-
vention via an electrocardiogram (ECG) and blood 
pressure measurement. Blood pressure will also be 
measured before and after the 1st, 4th, 8th, and last 
music intervention session.

Table 3  Questionnaires used to assess different areas of functioning

Measure Questionnaire Time

Adaptive functioning (communication, daily living skills, 
socialization)

Vineland Adaptive Behaviour Scale [52] 20–60 min

Quality of life Pediatric Quality of Life Inventory (PedsQL) [53]
- Child form
- Parent form

5 min

Mood Positive Affect and Negative Affect Schedule (PANAS-C) [54] 5 min

Sleep quality Child’s Sleep Habits Questionnaire (CSHQ) [55] 10 min

Areas of concern/normal functioning Questions for parents:
- Top 3 concerns
- Opinions on child’s confidence, self-esteem, peer interactions, positivity, frus-
tration/agitation, and musical engagement

10 min
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•	 At the pre-intervention visit, participants will be 
provided with an ECG chest strap (H10, Polar). 
They will be asked to wear this device for two 7-day 
periods, one at baseline and one at the end of the 
intervention, as well as during each music session.

Activity: Participants will be provided with an accel-
erometer (wGT3X-BT, Actigraph) at the pre-interven-
tion visit. They will be asked to wear this device for two 
7-day periods at baseline and at the end of the interven-
tion, as well as during each music session.

Sleep quality: Participants will be provided with a 
Muse electroencephalogram (EEG) headband at the 
pre-intervention visit. They will be asked to wear this 
device overnight for two 7-day periods at baseline and 
at the end of the intervention to assess sleep quality. 
Participants will also complete a sleep diary throughout 
these periods to aid with analysis.

Biomarkers: The following biological samples will be 
obtained from participants at baseline and at the end of 
the study to assess the following laboratory values:

•	 Whole blood will be collected in a standardized 
manner from all participants at baseline and at the 
end of the study. This will be used for comprehen-
sive analysis of:

o	 DNA: expansion of CTG repeats in dystrophia 
myotonica-protein kinase (DMPK)  gene (pre-
intervention only)

o	 Inflammation markers: full blood count, D-dimer, 
IL-6

o	 Metabolic and endocrine markers: TSH, free T4, 
glucose, HbA1c, liver enzymes, GGT, ALP, biliru-
bin, LDL and HDL cholesterol, iron, CRP, ESR

o	 Cardiac markers: CK and CK-Mb, troponin T, 
BNP

o	 Serum cortisol
o	 Multiomics: proteomic analysis, metabolomic 

analysis

•	 Saliva samples will be collected at the pre- and post-
intervention visits as well as before and after the 
week 2, 5, 8, and 11 music sessions for cortisol test-
ing.

•	 Urine samples will be collected at the pre- and post-
intervention visits for metabolic analysis.

•	 Stool samples will be collected following pre- and 
post-intervention visits for microbiome analysis. Par-
ticipants will complete the Bristol stool scale.

Harms and incidental findings
Adverse events (AEs) occurring during or following 
the pre-intervention visit and until the end of the post-
intervention visit will be collected as they are reported 
to the study team by participants. Details will be docu-
mented and maintained with participant study records 
and assessed for severity and causality by the PI. Seri-
ous and unexpected AEs, as defined by international 
guidance documents, will be promptly reported to the 
research ethics board (REB) in accordance with institu-
tional policy.

Incidental findings identified during study participa-
tion will be disclosed to the participant and, with permis-
sion, shared with his or her care provider for appropriate 
follow-up.

Withdrawal procedures
The study investigator may decide to withdraw a par-
ticipant from the study based on his or her clinical judg-
ment. This decision may be made if an adverse event 
occurs or if symptoms arise that make the treatment 
intolerable. Participants who are withdrawn from the 
study will remain part of the study and will be included 
in the analysis, unless they specifically request to have 
their data excluded. All reasons for withdrawal will be 
documented.

Data collection and management
The local PI is responsible for ensuring the accuracy of 
all data entered and recorded in the case report forms 
(CRFs) and the database for his or her site. A data moni-
toring committee is not required for this minimal-risk 
feasibility study.

Data will be collected by the PI or his or her delegate 
on a paper CRF, which will then be transcribed into 
the electronic CRF (eCRF), a locally hosted REDCap 

Table 4  Cognitive assessments

Cognitive domain Test Time

Global IQ Wechsler Abbreviated Scale of Intelli-
gence (WASI-II)—Two-subtest Form [65]

15 min

Peabody Picture Vocabulary Test (PPVT-
5) [66]

15 min

Attention Bells Test [67] 5 min

Conners Continuous Performance Task 
(CPT-3)

15 min

Working memory NIH—List Sorting Working Memory 
Test [68]

7 min

Executive functioning NIH—Dimensional Change Card Sort 5 min

Behaviour Rating Inventory of Executive 
Function (BRIEF2)—Child Form [69]

10 min

Visuospatial skills Rey Complex Figure—Copy [70] 10 min

Memory NIH—Picture Sequence Memory Test 8 min
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instance. Entered data will be verified for accuracy by 
a second member of the study team. Both physical and 
electronic data storage must ensure the security of the 
data and protect participant confidentiality. Laboratory-
derived blood test results will be stored in local clinical 
databases in accordance with local regulations and poli-
cies. Participants will be identified solely by their study 
identifier on all paper data collection forms (i.e., ques-
tionnaires, physical, cardiac, and cognitive assessments), 
gait mat, and wearable device data. Qualitative data col-
lection (i.e., focus group and music session notes) will be 
de-identified prior to analysis.

Statistics and data analysis
Sample size: We will recruit 12–16 participants, who will 
be divided into two cohorts of 6–8 participants each, 
based on age and ability. Sample size is determined with 
consideration for the number of DM1 patients followed 
at the CHEO neuromuscular clinic, budget constraints, 
and physical space limitations for the music sessions, 
while providing an indication of the feasibility of music 
intervention sessions in this population. We believe this 
sample size to be sufficient to address the feasibility ques-
tion “Can it work?”, with focus on practicality, acceptabil-
ity, and implementation [51].

Planned data analysis: Missing data will be exam-
ined and handled depending on the amount and type. If 
missing from the baseline assessments, the correspond-
ing data from the post-intervention assessment will be 
removed from analysis (or vice versa). Data will be ana-
lyzed both on an individual level and through group 
comparison of all participants pre- and post-interven-
tion. The two cohorts will be combined for analysis pur-
poses, as cohort-cohort comparison is not of interest at 
this time.

Data from the accelerometer is collected at 30 Hz and 
will be included in analysis only when a minimum wear 
time of >8 h per day and >2 days per 7-day period is met. 
Data will be cleaned of artifacts and validated to exclude 
non-wear times. Analysis will include comparison of aver-
age step count per day throughout the 7-day periods. Data 
from the ECG chest strap will be included in analysis only 
when a minimum wear time of >8 h per day and >2 days 
per 7-day period is met. Heart rate variability (HRV) will 
be analyzed using Kubios HRV software and analyzed 
with comparison to normal ranges for age. Data from the 
EEG headband will be included only when a minimum 
wear time of >4 h per night and >2 days per 7-day period 
is met. Sleep architecture will be analyzed for sleep stage 
scoring with particular attention to timing in rapid eye 
movement  (REM) sleep. Feasibility questions regarding 
the wearable devices will be analyzed in association with 

the wear times to evaluate feasibility and tolerability of 
these devices for future trials.

The frequency of cognitive impairment for each partic-
ipant will be calculated at both Time 1 (pre-intervention) 
and Time 2 (post-intervention) for each of the cognitive 
measures. Impairment will be defined as a z-score equal 
to, or lower than, 1.5 standard deviations below the mean 
when using published normative data (from the test pub-
lisher, or, when not available, from a representative sam-
ple). Individuals will be classified as cognitively impaired 
overall if they fall below this cut-off on two or more tests 
in the battery. Group comparisons including all partici-
pants will be performed using ANOVAs and will evalu-
ate any differences in these frequencies between the time 
points. Furthermore, ANOVAs will evaluate any change 
in cognitive performance (i.e., the raw test scores) from 
pre- to post-intervention.

Because of the small sample size, and because group 
analyses can mask significant individual differences (as 
can practice effects), reliable change indices (RCI) that 
account for the small sample and for potential practice 
will also be employed. RCI scores will be calculated for 
each person, for each cognitive task, using the following 
formula:

where SEDiff is the standard error of the difference of the 
change score distribution if no change had occurred. 
Practice effects will be determined (when possible) by 
examining the change in performance of a healthy nor-
mative sample between baseline and follow-up assess-
ments for each cognitive task. For more details about this 
RCI methodology, please consult Shilling et al. [71]. RCI 
scores will be considered statistically significant if they 
fall outside ±1.64 (90% confidence interval). Thus, RCI 
scores above 1.64 will indicate improvement following 
the music intervention. Performance on each cognitive 
task will be considered improved if the majority of par-
ticipants who completed that task show RCI values above 
1.64.

Analysis of biomarkers will compare measurements 
to the pre-intervention values using the paired t-test. 
10mW/RT trials will be averaged for each time point and 
compared using the paired t-test.

Qualitative data obtained during the music sessions 
(observer and instructor notes) and parent focus groups 
will be analyzed using NVivo 14 qualitative data analy-
sis software. Thematic coding and descriptive analysis 
of these notes will be conducted to identify key themes 
and patterns in participant development and engage-
ment. Coding categories will be based on relevance to 
the intervention and correlation with other categories. 

RCI =
(Time 2− Time 1)− Practice

SEDiff
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Detailed analysis will focus on key functioning categories 
of participant ability (physical and musical), affectations, 
attention, engagement, and social interactions. Attrib-
utes will be graded according to notability and impact on 
the participant and other group members. Integration of 
qualitative and quantitative findings will occur following 
analysis of both data types. Integration will focus on cor-
relation of qualitative and quantitative measures of toler-
ability and feasibility (i.e., questionnaires, focus groups, 
and observer notes) as well as indications of participant 
functioning, quality of life, and sleep.

Discussion
CDM is a severe multi-system neuromuscular disor-
der that affects both children and adults. To our knowl-
edge, this is the first study to investigate the feasibility 
and tolerability of a music and movement intervention 
for children with DM1. Furthermore, it is the first non-
pharmacological trial in pediatric CDM. This study 
will provide important information about the feasibil-
ity of holistic clinical trial participation for this severely 
affected patient population, including the use of wearable 
devices, an increasingly popular method of obtaining 
outcome measures in trials [72].

The broad selection of outcome measures will enable us 
to assess multiple aspects of this disease across muscular, 
cardiac, and cognitive health and target those most likely 
to benefit in a future trial. However, we recognize that 
the numerous assessments, questionnaires, and wearable 
devices may pose significant burden to participants and 
their families, impacting the feasibility. Given the cogni-
tive impairment often seen in this pediatric population, a 
degree of non-compliance with the wearable devices and 
assessments is expected. We aim to identify and select 
only those which are relatively easy to use and unobstruc-
tive for the user, while introducing them to participants 
in a comfortable manner.

Direct feedback from participants and their parents 
will be of the utmost importance as we seek to under-
stand the benefits and challenges associated with attend-
ing the music intervention sessions. Through parent 
focus groups, parents of participants will be able to guide 
the delivery of the intervention and inform curriculum 
development in an ongoing manner.

This is primarily a feasibility study and is therefore 
designed to be particularly open and versatile. Limita-
tions of this study include the small sample size, which 
limits the power of statistical analysis, particularly of 
quantitative measures. In the future, larger samples and 
expansion to multiple sites may be useful, as recruitment 
from a single geographical area is a limitation of the cur-
rent study protocol. The small sample size in this study is 

primarily due to the small number of patients within the 
region, as CDM is a rare disease, but also due to a prefer-
ence for smaller groups to allow sessions to be personal-
ized. For the development of future, larger-scale studies, 
the parent feedback obtained through questionnaires, 
and particularly in the focus groups, will be important 
to determine an optimal selection of outcome measures, 
intervention length, and recommended adaptations.

We hope the results of this study will inform the ben-
efits of music and movement activities for patients with 
CDM and integrate more non-pharmacological thera-
pies into clinical care as a complement to pharmaceutical 
treatments.
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