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A B S T R A C T

Nemaline myopathy (NM) is among the most common of the congenital myopathies, characterized by hypotonia 
and muscle weakness. Despite its prevalence and morbidity, NM remains underrepresented in studies of lived 
experience and the impact on patients and caregivers. To expand upon the current knowledge, we conducted an 
international cross-sectional survey to systematically characterize patient and caregiver perspectives, including 
daily challenges, medical complications across age groups, and priorities for future treatment development. All 
respondents reported facing daily challenges, regardless of disease severity. The most frequently cited challenges 
related to NM included mobility, fatigue, respiratory, and mental health. Our results indicated that children more 
frequently were reported as having severe phenotypes, and adults often present with milder forms, likely due to 
survival bias. While 7% of participants reported congenital-onset cardiac complications, 16% reported cardiac 
complications developing during childhood or adulthood. This study provides the first comprehensive assess
ment of NM patient and caregiver perspectives across age groups, severity levels, and 33 countries. By uncov
ering previously unreported insights, these findings establish a more complete understanding of NM that 
strengthens the patient-centered translational impact for future study and therapeutic development.

1. Introduction

Nemaline myopathy (NM) is one of the most common congenital 
myopathies and is broadly characterized by hypotonia and muscle 
weakness [1–3]. Weakness is often most pronounced in the axial and 
proximal muscles, leading to difficulties with feeding, speech, respira
tion, and mobility, along with bone malformations [1,4–8]. Diagnosis 
may be established through histopathologic detection of nemaline rods 
on muscle biopsy, but genetic testing has become the gold standard and 
is more often being used in the prenatal and neonatal periods [9]. To 
date, pathogenic variants in at least 12 genes have been identified as 
causative of NM [10]. Among these genes, NEB, which encodes nebulin, 
and ACTA1, which encodes skeletal α-actin, are the most commonly 
implicated [9,11–14]. Histopathologically, NM is defined by the pres
ence of nemaline rods within muscle fibers, most readily identified by 

electron microscopy and Modified Gomori Trichrome stain [1,9,15]. 
Rod burden varies across fibers and muscles and does not correlate with 
disease severity or prognosis, suggesting that rods represent a secondary 
manifestation of the disease process rather than a direct cause of muscle 
dysfunction [1,6,11,16].

NM is non-dystrophic and generally stable, with modest improve
ments in strength or function possible through physical therapy; 
although fluctuations in strength and function may occur due to changes 
in body size, physical activity, aging, comorbidities, and other factors [6,
7]. Patients with ACTA1, NEB, and TPM3 subtypes are more likely to 
experience worsening respiratory function as adolescents or adults [4,
17]. Ventilatory failure is a common and often disproportionate 
complication resulting from diaphragmatic weakness and is the leading 
cause of morbidity and early mortality across all levels of NM severity 
[2,4,7,11,18–20]. Cardiac involvement is uncommon and usually a 
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sequela of untreated ventilatory failure [17]. Clinically, NM exhibits 
wide phenotypic variability, ranging from mild muscle weakness with 
preserved motor function to severe forms marked by akinesia and no 
ability to feed or breathe [1,6,19,20]. The degree of impairment can 
vary significantly within the same gene subtype, and even within the 
same genotype or extended family [11,21].

There is currently no curative treatment for NM; however, preclinical 
research is ongoing, and continued translation of these approaches may 
lead to future clinical trials [6,22–24]. Therefore, management of NM 
remains supportive, primarily addressing respiratory insufficiency, 
musculoskeletal weakness, feeding and swallowing impairment, GI 
dysfunction, orthopedic malformations, and communication difficulties 
[4]. Despite the condition’s prevalence and substantial morbidity, the 
lived experience of NM from the perspectives of affected individuals and 
family caregivers has not been systematically studied. Understanding 
the patient’s perspective is essential, as it provides insight into the as
pects of the disease that have the greatest impact on daily life and 
therefore should be prioritized in current clinical care and future ther
apeutic development. Patient-reported experiences highlight the sub
stantial, lifelong burden of the disease, extending beyond muscle 
weakness to encompass limitations in physical functioning, participa
tion, independence, and psychosocial well-being. The present study 
addresses this unmet need by documenting patient and caregiver ex
periences and perspectives to optimize patient-centered care, guide 
supportive resource development, inform clinical trial design, and 
define the priorities most meaningful to the NM community. This is 
expected to help align future clinical care, advocacy efforts, and 
research initiatives with the priorities identified by the NM community.

2. Methods

2.1. Study team

The study team comprised academic researchers, advisory board 
members from A Foundation Building Strength for Nemaline Myopathy 
(AFBS), patient experts, and clinical researchers from Radboud Uni
versity Medical Center (Radboudumc) and the University of Oxford.

The NM Perspectives and Priorities Survey was developed by our 
team members at AFBS using a professional version of a survey drafting 
and implementation platform called SurveyMonkey. The AFBS Scientific 
Advisory Board (SAB), a volunteer group consisting of scientists, clini
cians, patients, and family caregivers, was invited to provide feedback 
on the draft survey. The draft then underwent review by the AFBS 
Community Engagement Committee, a volunteer group tasked with 
ensuring community relevance. Subsequently, the AFBS Community 
Advisory Board (CAB), comprising seven members representing a 
diverse range of severity levels of nemaline myopathy, patient and 
caregiver perspectives, genders, and national backgrounds, completed a 
pilot test of the survey. Feedback from the CAB informed refinements to 
question wording and response options, thereby improving survey 
accessibility and validity.

2.2. Survey purpose and design

The study was conducted as an English-language survey led by AFBS. 
The survey was conceived and designed in 2025 with the purpose of 
documenting patient and caregiver experiences and perspectives to 
optimize patient-centered care, guide supportive resource development, 
inform clinical trial design, and define the priorities most meaningful to 
the NM community. This project was launched by AFBS operating under 
internal organizational ethical guidelines for non-clinical research, 
which did not require formal institutional review board approval. To 
ensure the ethical treatment of all human subjects, protocols were 
designed to maintain participant anonymity and data privacy 
throughout the analysis.

The first page of the survey introduced the survey sponsor, purpose, 

and provided directions for completing the survey. It was also explained 
that if there are two or more in that family with NM, the survey-taker 
may complete the survey separately for each person to provide the in
dividual's experience and medical history. The first survey question (Q1) 
collected respondents’ role and age range and also functioned as a 
screening item. One response option allowed individuals to indicate that 
neither they nor their relatives were affected by NM. Respondents 
selecting this option were not eligible to continue and were automati
cally redirected to the Foundation’s website.

Page two of the survey began with a statement that informed re
spondents that the questionnaire was intended for NM patients and 
family caregivers and should be completed by someone 18 years of age 
or older. It then provided a brief statement regarding data privacy, ex
pected completion time, and the number of questions. The AFBS Com
munity Engagement Committee recommended breaking the survey into 
multiple pages instead of presenting one long list of questions, believing 
that showing smaller sets at a time would feel more comfortable to re
spondents. Accordingly, three additional page breaks were inserted, 
dividing the remaining question items into distinct sections.

The survey permitted multiple submissions from a single IP address, 
an option configurable within the survey platform. This feature was 
intentionally enabled given the occurrence of multiple affected in
dividuals within some NM families.

Randomization was applied to the multiple-choice questions for 
which it was appropriate, helping to prevent order-related bias.

Some questions were presented as matrix items, which support 
weighted answer options. By assigning a numerical value to each 
response choice, the survey platform could convert qualitative selections 
into quantifiable data, making it possible to compute overall scores or 
weighted averages.

The survey, including the instructions provided to participants, is 
available in the Supplementary Materials Appendix.

2.3. Recruitment and implementation

Affected individuals with a clinical or genetic diagnosis of nemaline 
myopathy and family caregivers of patients living with the disorder 
anywhere in the world were eligible to take the survey. The survey was 
promoted through the Congenital Muscle Disease International Registry 
(CMDIR), the Dutch patient organization for muscle diseases (Spier
ziekten Nederland), the AFBS patient and family contact list, and NM- 
focused social media pages to invite patients and families to partici
pate. The survey was open to respondents from April through October of 
2025. Participants were directed to click a link to be brought to the 
online survey.

2.4. Data analysis

Data were analyzed using IBM SPSS Statistics software (version 
28.0.0.0), developed by SPSS, Inc., Chicago, IL and SurveyMonkey, San 
Mateo, California, USA. For each analysis done, all subjects with avail
able information were included. Descriptive statistics were predomi
nantly used to analyze the patient’s characteristics and perspectives. The 
group was divided based on age, <18 years old and ≥18 years old, 
ambulatory status (currently walks independently without support, 
never has walked independently at age-appropriate times, currently 
walks only short distances, such as within the house, currently walks 
long distances but may need mobility assistance sometimes, currently is 
too young to walk, used to walk but no longer does), self-reported 
severity, and gene subtype. The groups were compared using Chi 
Squared tests. Fig.s were made using R software.

The single open-ended question included in the survey, Q24 (“What 
aspects of your NM condition are poorly managed by your medical 
professionals?”), was analyzed separately using NVivo qualitative data 
analysis software. Responses (n = 156) were analyzed using an inductive 
thematic analysis approach following Virginia Braun and Victoria 
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Clarke’s [25] method to identify, analyze, and interpret patterns within 
the data, which were then collated into overarching themes. Two re
spondents answered with non-words, so their responses could not be 
analyzed. Given the brevity of survey responses for Q24, the approach 
was adapted for this data. Themes were developed at a semantic level, 
focusing on patterns in respondents’ explicit accounts. A full list of 
defined themes is provided in the supplemental materials.

Data cleaning occurred as needed, such as editing a response where 
the text that was typed into a comment box clearly corresponded to an 
existing multiple-choice option. Where appropriate and feasible, the 
study team contacted participants about their answers. Issues related to 
ascertainment bias were discussed among team members to mitigate any 
such effects.

3. Results

3.1. Study cohort

A total of 299 individuals initiated the survey. One hundred re
spondents exited the survey after the first question, which assessed age 
range, respondent role, and confirmation of nemaline myopathy within 
the family; therefore, no additional data were collected from these 100 
cases. Responses were further excluded if respondents reported no 
affected family members with nemaline myopathy, living or deceased, 
including the respondent, or if an alternative (non-nemaline myopathy) 
genetic diagnosis was reported. Duplicate submissions from individuals 
reporting a single affected family member were also identified, and 
those respondents were notified by email that only their initial sub
mission was retained for analysis. Original entries were preserved in a 
separate dataset for record-keeping purposes.

A total of 33 countries are represented in the dataset which were 
organized into geographic regions using standard international con
ventions Supplemental table 1. A large portion of the group (45%) were 
from the United States of America.

Respondents included affected adults and adolescents, as well as 
family caregivers of children or adults with nemaline myopathy. Eighty- 
five affected individuals were <18 years old, 86 were ≥18 years old, and 
8 were no longer living, with the age at the time of death unknown. 
Patients with any genetic mutation resulting in a diagnosis of NM were 
invited to participate. The genes reported by respondents are depicted in 
Supplemental table 1.

Fifty percent of respondents reported a mild presentation (Fig. 1). A 
statistically significant difference was found between children and 
affected adults, with children being more severely affected and adults 
more mildly affected. No differences were found in reported severity for 

the various genetic mutations.

3.2. Symptoms and challenges

When asked about their challenges, all respondents (100%) reported 
at least one or more challenges caused by NM. Participants most often 
reported being challenged in the areas ‘mobility limitations related to 
NM’, ‘fatigue’, and ‘breathing limitations related to NM’ (Fig. 2). In our 
cohort, 50% reported being challenged by mental health issues, but we 
found no statistically significant differences between ages, severity 
levels, and ambulation status. Challenges such as 'undependable 
nursing-level care at home’, ‘feeding limitations’, ‘speech limitations’, 
and ‘having time just to myself’ were more frequently mentioned in 
relation to affected children. Among affected adults, the most frequently 
reported challenges were ‘fatigue’, ‘pain’, and ‘finding romance’. Fa
tigue was reported consistently in affected adults, who tended to have 
milder presentations, and affected children, who tended to have more 
severe presentations of NM. When looking into differences between gene 
subtypes, ACTA1 respondents more often reported feeding limitations 
related to NM (55%). In general, the participants reporting a worse 
ambulatory status more often report having additional challenges 
related to NM. However, among the additional challenges reported, we 
found no significant differences between ‘having a fulfilling social life’, 
‘able to find a job with flexibility’, and ‘fatigue’, with regard to ambu
lation status.

Muscle involvement patterns differed markedly based on patient 
ambulatory status. Among the subgroup of patients who had never 
walked independently, diaphragm weakness was most pronounced, 
affecting 89% of cases. The most reported affected muscle groups were 
the proximal muscles (81%), followed by distal muscles (75%) and then 
the neck muscles (66%) (Fig. 3). However, for those too young to walk, 
proximal muscle weakness was reported in 50% and distal in 36%.

The majority of participants were able to walk at least a few steps, 
with 25% of participants able to walk without support (Table 1). Forty- 
six participants (29%) have never been able to walk, or used to walk but 
currently don’t. A statistically significant difference was found between 
the different mutations for the ambulation status, with ACTA1 having 
the largest group for ‘never has walked independently’, and KBTBD13 
having the largest group for ‘currently walks independently’. Most of our 
participants (71%) reported using at least one form of mobility aid. In 
supplemental Fig. 1, the different mobility aids are presented.

Participants mostly reported ‘dental and orthodontic’ when asked 
about orthopedic and bone complications. This was followed by ‘facial, 
jaw, and/or soft palate anomalies’, and ‘gait abnormalities’ (Fig. 4). 
Table 1 shows the subdivision of heart problems, scoliosis, and feeding 

Fig. 1. Self-reported severity for A) adults and B) children. Mild: (independent movement of all body parts with some difficulty, independent walking attained at 
some point, independent breathing at least during waking hours, and able to safely swallow). Moderate: (a combination of the severe and mild signs, or something in 
between). Severe: (little or no independent movement, capacity to breathe, and ability to safely swallow).
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problems. The degree of scoliosis was lowest among those with the 
KBTBD13 subtype, consistently a mild phenotype. Scoliosis was most 
severe among individuals with the NEB subtype and also among in
dividuals who had never walked or who previously had independent 
ambulation but not at the time of the survey. Feeding difficulties were 
predominant in pediatric patients and reported more frequently in the 
ACTA1 subtype, in which tube feeding was also more commonly 
required. When asked if they needed assistance with age-appropriate 
activities of daily living and self-care, 38% of the participants 

responded that they need ‘a lot of assistance’, 39% that they need ‘some 
assistance’, and 23% require ‘no assistance’. The participants with an 
ACTA1 mutation, and children, were reported as needing ‘a lot of 
assistance’ significantly more often than the other gene subtypes or the 
affected adults.

Fifty participants (32%) reported not using a respiratory device. Of 
those, 9 participants had received recommendations to use one or more 
respiratory devices by their clinicians but chose not to use any. The most 
used respiratory device was a bilevel positive airway pressure (BPAP) 

Fig. 2. Challenges. Participants selected which challenges from a list applied to their lives.

Fig. 3. Affected muscle groups. Participants selected which muscles experience weakness or dysfunction from a list of options.
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device (39%), followed by a nebulizer (35%) and cough assistance de
vice (34%) (Supplemental Fig. 2). Those who are able to walk inde
pendently and the affected adult respondents were least often reported 
to use any type of respiratory aid. However, independent of ambulatory 
status, respiratory aids are often used (Table 2).

Bulbar or Eustachian tube dysfunction was reported as a comorbidity 
by 61% of respondents. The gastrointestinal (GI) system, specifically the 
pyloric sphincter, intestinal motility, and rectum, was reported as 
adversely affected in 34% of respondents. The other body systems re
ported on are depicted in Supplemental Fig. 3. For children, GI system 
issues were followed in frequency by skin-related issues like bruising or 
eczema (25%) and immune problems (20%). In affected adults, GI 
symptoms were followed by hearing-related issues such as Eustachian 
tube dysfunction (38%) and vision difficulties (37%). No differences 

Table 1 
Information about current clinical condition.

Ambulation status (N(%)) (n=158)

Currently is too young to walk (under 18 months of age) 14 (9%)
Currently walks independently without support 39 (25%)
Currently walks only short distances, such as within the house 35 (22%)
Currently walks long distances but may need mobility assistance sometimes 24 (15%)
Used to walk but no longer does 11 (7%)
Never has walked independently at age-appropriate times 35 (22%)

Heart problems (N(%)) (n¼179)

At birth 13 (7%)
Later in life 24 (16%)
Total 32 (18%)

Scoliosis (N(%)) (n¼158)

Sub-clinical: <10 degrees 79 (50%)
Mild: 10-30 degrees 22 (14%)
Moderate: 31-50 degrees 23 (15%)
Severe: ≥50 degrees 34 (22%)

Feeding issues (N(%)) (n¼158)

No 67 (37%)
Tube feedings were needed in the past 23 (13%)
Some foods need to be specially prepared 12 (7%)
Sometimes tube feeding along with oral nutrition 14 (8%)
Tube feedings are used for all meals 48 (27%)

Fig. 4. Orthopedic and bone complications. Participants selected which complications affect their lives from a list of options.

Table 2 
Use of a respiratory aid depicted per ambulatory status.

Ambulation status N(%) 
Needing respiratory 
aid

Currently is too young to walk (under 18 months of age) 9 (64.3%)
Currently walks independently without support 16 (41%)
Currently walks long distances but may need mobility 

assistance sometimes
16 (66.7%)

Currently walks only short distances, such as within the 
house

27 (77.1%)

Never has walked independently at age-appropriate times 35 (100%)
Used to walk but no longer does 8 (72.7%)
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were found between the various gene subtypes.
In an open-ended question, participants were asked to identify as

pects of their condition they felt were inadequately managed by their 
clinical care teams. After categorizing the answers, the majority (69%) 
indicated at least one area of care being insufficient. The most 
commonly identified category was “symptom management failure” 
(44%), indicating that interventions were either lacking or did not meet 
appropriate standards of care. Fig. 5 presents a chart of all the identified 
categories. A description of the categories can be found in the supple
mental material in Table S2.

3.3. Treatment outcomes

When asked to rate various treatment outcomes on importance, the 
most important outcome was ‘better use of the lower body for tran
sitioning, standing, walking, climbing steps, etc.’, followed by reducing 
fatigue, and improving life expectancy (Fig. 6). No significant 

differences were found for the top 3 important outcomes between chil
dren and adults. There were, however, significant differences when 
comparing the ambulatory status (Supplemental Fig. 4) and self- 
reported severity (Supplemental Fig. 5). In general, those with little to 
no ambulatory difficulty rate the treatment outcomes less important. 
Mild or moderately affected participants report ‘better use of the lower 
body’, ‘reducing fatigue’, and ‘improving life expectancy’ as most 
important. Severely affected participants, however, report ‘improving 
life expectancy’, ‘better use of the upper body’, and ‘reducing de
pendency’ as the top three. The respondents who reported relying upon 
assisted ventilation, either non-invasive or invasive, were more likely to 
rate reducing their dependency on mechanical ventilation as an 
important treatment outcome, with 43.2% reporting it as ‘extremely 
important’.

Most participants (92.4%) reported being ‘very’ or ‘somewhat’ 
willing to try new treatments, even in the presence of uncertainty or 
potential risk. No significant differences were observed between affected 

Fig. 5. Poorly managed aspects. Open-ended question for participants to describe the aspects of their condition that are mismanaged by their medical professionals.

Fig. 6. Important treatment outcomes. Participants selected how important each treatment outcome would be in their lives using an ordinal scale.
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adult respondents and caregivers of affected children.
All response data can be found in the Supplementary Materials 

appendix.

4. Discussion

This study included a broad international cohort of individuals with 
NM and family caregivers, with a relatively balanced distribution be
tween affected children and affected adult patients. Participants repre
sented 33 countries, although nearly half were from the United States, 
and most affected adults were reported to have mild presentations, 
which may influence the generalizability of findings. Most participants 
reported being willing to try new treatments, which may be an example 
of volunteer bias. We will discuss the main findings below.

Children were significantly more likely to be reported as having se
vere phenotypes, whereas adult patients more often reported having 
milder presentations of NM. This pattern most likely reflects survival 
bias and the fact that mild cases may not present to a physician until 
adulthood, but there also could be some nuances in perception of disease 
severity [26]. In our cohort, patient-reported severity varies, consistent 
with the broad range of clinical phenotypes observed both between and 
within genotypes of NM. Our results indicated that those with ACTA1 
subtypes tended to have more severe impairment than their 
self-reported classification suggested. As expected, the level of impair
ment influenced the reported priorities for treatment outcomes.

Ambulatory status differed significantly between those with ACTA1 
subtypes, which were associated with more severe motor impairment, 
and KBTBD13 subtypes, which were associated with better ambulation. 
As noted previously, KBTBD13 phenotypes tend to be milder [27] while 
ACTA1 phenotypes can be experienced along a spectrum of mild to se
vere based on an individual’s presentation. Joureau and colleagues 
found that ACTA1 genotypes comprised up to 50% of the severe phe
notypes reported [12]. Although ACTA1 genotypes are more often re
ported as severe, Amburgey and colleagues found that there were no 
statistically significant differences between ACTA1 and NEB patients in 
the number of supports needed in areas such as feeding, breathing, and 
ambulation [2]. It is important to note, however, that even those pa
tients with the mildest forms of NM report daily functional difficulties 
that adversely impact their quality of life. Similar findings have been 
reported in other published studies [18,28].

All respondents (100%) noted challenges in daily life caused by NM. 
Affected children were more often reported as having challenges related 
to finding reliable nursing-level caregivers, feeding, communication, 
and limited personal time or respite for parents, whereas affected adults 
more frequently reported fatigue, pain, and difficulties finding romantic 
relationships. These differences are likely due to developmental life 
stages and different priorities in adulthood, in addition to the severity 
level of the disorder in affected children versus affected adults 
completing the survey, reflecting selective survival of individuals with 
milder forms of NM into adulthood.

Comorbidities such as scoliosis, respiratory impairment, and feeding 
difficulties were frequently reported, in addition to the direct effects of 
skeletal muscle weakness that are most often thought of as associated 
with NM. These comorbidities can be more severe than the skeletal 
muscle weakness, yet may go unrecognized or improperly managed by 
treating physicians [10,20]. Respiratory muscle weakness is common 
among all severity levels of NM and it can present initially as nocturnal 
hypoventilation, then daytime hypoventilation, with hypoxia and hy
percapnia commonplace [10,20,29]. If the breathing impairment is not 
properly treated using a bilevel positive airway pressure device with 
optimized settings via a mask interface, or tracheostomy in severe cases, 
the respiratory failure can progress to pulmonary hypertension and cor 
pulmonale [4,6,17,30,31]. Respiratory muscle weakness is the most 
life-threatening of the under-recognized or mismanaged comorbidities 
of NM. Interdisciplinary care with clinical specialists who understand 
how NM affects the various organ systems is critically important for 

better outcomes.
The mental health implications of NM have been largely under

studied, but our results show that it is a significant category of challenge 
for patients and family caregivers (50%). This aligns with previous 
studies which have shown that people with NM experience more 
emotional distress than healthy peers [10,18]. There is a general 
consensus that people with neuromuscular disease are more likely to 
experience psychological difficulties such as anxiety and depression, and 
having multiple comorbidities, as many of our participants indicated, 
has also been associated with higher levels of anxiety [32–35]. Physical 
limitations, stigma, and recurring medical complications that signifi
cantly disrupt daily life are frequently cited causes of significant stress 
for these patients [31,36]. The current study did not formally assess 
specific psychiatric comorbidities among participants, but our findings 
and comparative studies underscore that this warrants more sustained 
clinical and research attention, especially considering that many mental 
health symptoms are potentially treatable.

When considering treatment priorities, participants consistently 
ranked improvements in gross motor function as most important, fol
lowed by reducing fatigue, and increasing life expectancy. These pri
orities were consistently reported across age groups, although some 
variation was observed when stratified by ambulatory status, suggesting 
that functional motor level influences perceived treatment needs. Most 
respondents indicated a willingness to try new treatment options, sug
gesting a strong interest in clinical trial participation. No significant 
differences in willingness were observed across respondent age groups 
or respondent roles.

4.1. Limitations

The patients’ medical histories were self-reported by the partici
pants; therefore these data were not independently verified through a 
review of clinical medical records. However, in some cases where the 
respondent answered questions in contradictory ways, study staff con
tacted them for clarification.

Since the survey permitted multiple submissions from a single IP 
address, if a respondent forgot that they had already taken the survey 
and took it again, their new responses were recorded as new data from a 
new respondent at the same IP address. This feature was intentionally 
enabled given the known occurrence of multiple affected individuals 
within some NM families, but it had the effect of permitting duplicate 
responses from the same and only affected person within one NM family. 
In practice, almost none of the families with multiple affected members 
completed the survey more than once to provide additional clinical 
histories or perspectives. In hindsight, disabling the multiple-submission 
feature would have been preferred with this cohort.

Dividing the survey across multiple pages may have inadvertently 
created the impression for some respondents that the survey had 
concluded at earlier page breaks, causing the premature survey termi
nation that was observed to occur precisely at page breaks following Q1 
(N=179), Q11 (N=158), and Q24 (N=154). The attrition of participants 
after Q1 may be due to one of several different factors, depending on the 
individual. For some non-English-speaking participants, the translation 
burden may have discouraged continued participation after Q1. Others 
may have accessed the survey out of curiosity only, completing Q1 (the 
screening question) in order to access the questions on the following 
page without intending to answer them. Finally, related to initial and 
later attrition, some participants may not have perceived sufficient value 
in completing the entire survey. While this technical attrition reduced 
our sample size for the later questions, there is no indication that this 
drop-out was caused by participant fatigue or symptom severity, mini
mizing the risk of systemic selection bias.

Our study size was limited, and sampling bias is always a consider
ation. With a rare disease like NM, there are very limited means to 
identify and recruit affected individuals and their family caregivers to 
participate. Recruitment in this study relied heavily on patient advocacy 
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networks and community engagement, which may preferentially cap
ture individuals who are more connected, engaged, or motivated to 
participate. As a result, the sample may not fully represent the broader 
NM population, including those with limited access to specialty care, 
lower health literacy, limited internet use, or differing socioeconomic 
and geographic backgrounds.

Because recruitment was conducted primarily in English, potential 
language and educational selection biases must be considered. In non- 
Anglophone nations, English literacy and access to translation re
sources heavily correlate with higher socioeconomic status and 
advanced education. Consequently, this demographic skew may limit 
the generalizability of our findings to the broader global NM population.

The study did not include a control group, by design. As such, all 
findings are intended to characterize the specific experiences, priorities, 
and perceptions of this NM population rather than establish comparative 
differences with a healthy population.

People who choose to participate in a survey may differ from those 
who do not choose to participate in their degree of general willingness to 
contribute.

4.2. Strengths

To our knowledge, this study provides the first comprehensive 
assessment of challenges and priorities across age groups, severity 
levels, and countries for individuals affected by NM. This study offers 
insights that are underrepresented in the clinical literature, including 
daily challenges, care gaps, and treatment priorities, thereby informing 
clinical care and trial design with a more complete understanding of the 
patient perspective. The mixed-methods approach enabled integrated 
qualitative and quantitative analyses, including subgroup comparisons.

Finally, our collaborative framework involving patients, caregivers, 
patient organizations, and researchers facilitated recruitment of a 
diverse cohort, improved contextual interpretation of findings, and 
supported the identification of clinically relevant priorities, strength
ening scientific validity and translational relevance. Meaningful patient 
involvement throughout the research process ensured that the study 
addressed questions and outcomes that are most relevant to those living 
with NM. Such co-creation is increasingly recognized as an essential 
component of high-quality rare disease research, as it enhances the 
relevance, acceptability, and potential impact of study findings. By 
incorporating lived experience into study design, data interpretation, 
and prioritization of research objectives, patient participation helps 
bridge the gap between clinical research and real-world needs, ulti
mately supporting the development of patient-centered care and ther
apies that address outcomes of greatest importance to affected 
individuals and their families.

4.3. Future directions

Among the understudied factors associated with NM, gastrointestinal 
and mental health problems stood out as being commonly reported as 
part of the disease impact.

We show that GI complications, including those involving impaired 
motility and elimination, are common yet underreported features of the 
disease. Further study of this aspect is critical considering these symp
toms are potentially treatable, especially when the underlying NM- 
related causes of these complications are properly addressed.

A clearer and more accurate understanding of the mental health 
landscape of NM can lead to better resource offerings targeted for this 
population. Proactive diagnosis is essential, since addressing potentially 
treatable psychological concerns can help mitigate the overall hardship 
these symptoms impose [35]. Evidence from clinical trials, observa
tional studies, and lived experience supports the integration of tailored 
psychological interventions into routine multidisciplinary care for in
dividuals with neuromuscular disorders and their families.

5. Conclusion

A comprehensive understanding of NM requires moving beyond the 
traditional medical model and adopting a patient-centered framework 
that recognizes caregiver and patient agency, priorities, and lived 
experience. As found in the Stinissen and colleagues [37] “Lessons 
Learned” study, integration of the patient perspective is essential to 
ensure that future study designs, including clinical trials, reflect out
comes that are impactful to those living with NM and caring for someone 
with NM. Utilizing qualitative methods, such as semi-structured in
terviews or focus groups, may provide a more nuanced understanding of 
the lived experience and perceived needs among patients and caregivers. 
Including patient and caregiver perspectives and priorities serves to 
improve research design, ensures that outcome measures reflect 
real-world needs, increases patient participation, and ultimately can 
improve health outcomes.
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