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Abstract

INTRODUCTION –—The prevalence and impact of symptoms affecting individuals with 

pediatric forms of myotonic dystrophy type-1 (DM1) are not well understood.

METHODS –—Patients from United States, Canada, and Sweden completed a survey that 

investigated 20 themes associated with pediatric-onset DM1. Participants reported the prevalence 

and importance of each theme affecting their lives. Surveys from participants were matched with 

surveys from their caregivers for additional analysis.

RESULTS –—The most prevalent symptomatic themes included problems with hands or fingers 

(79%) and gastrointestinal issues (75%). Problems with urinary/bowel control and gastrointestinal 

issues were reported to have the greatest impact on patients’ lives. Responses between participants 

and their caregivers had varying levels of agreement among symptomatic themes.
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DISCUSSION –—Many symptoms have meaningful impact on disease burden. The highest 

levels of agreement between caregivers and individuals with pediatric forms of myotonic 

dystrophy were found for physical activity themes.
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INTRODUCTION

Myotonic dystrophy type-1 (DM1) is an autosomal dominant, multisystem disorder 

associated with a CTG repeat expansion in the DMPK gene on chromosome 19q13.3.1–

3 It affects approximately 1 in 8000 adults; presenting symptoms vary but can include 

myotonia, weakness, fatigue, or an early onset of cataracts. CTG repeat length is unstable 

and can expand from generation to generation, contributing to the phenomenon of genetic 

anticipation.4 In past studies of pediatric-onset DM1, patients have been classified as having 

congenital myotonic dystrophy (CDM) when manifestations are present in-utero or at birth 

and as having childhood myotonic dystrophy (ChDM) when symptoms present before the 

age of 10, with an uneventful pre- and neonatal history and with normal psychomotor 

development during the first year of life.5,6 Regardless of the exact classification and 

timing of onset of symptoms, there is agreement that the impact and spectrum of disease 

manifestations throughout all of childhood require further study.

The incidence of CDM is approximately 1 in 47,000 live births.7 Diagnosis of CDM can 

occur prenatally with polyhydramnios and reduced fetal movements.8 At birth, symptoms 

can include hypotonia, respiratory distress, feeding difficulties, and clubfoot deformity.9 

Infants often require an intensive level of care and may need prolonged respiratory support 

with mechanical ventilation.10 Children with CDM can have profound dysarthria and 

other gastrointestinal complications and may require gastric tube feedings. Interestingly, 

individuals that survive the neonatal period show improvement during childhood in many 

aspects of the disease.11 This contrasts with adult-onset, which has a slowly progressive 

worsening time course. These differences of disease progression need further investigation.

Intellectual disability is common and CDM is associated with higher rates of 

social communication and autism spectrum disorder (ASD) as well as attention-deficit-

hyperactivity disorder (ADHD).12–14 Children with ChDM have later onset of similar 

symptoms as children with CDM, but typically these symptoms are not as severe and have a 

lesser number of manifestations.

Previous studies have explored symptomatic themes in pediatric forms of DM1 through 

qualitative interviews with patients and caregivers.15 A recent study described the impact 

of pediatric DM1 disease burden using parent-reported surveys.16 Caregivers reported 

that individuals with pediatric forms of myotonic dystrophy were most affected by 

communication issues, problems with hands or fingers, and fatigue. However, this study 

did not assess disease burden from the patient’s perspective. This study seeks to better 
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understand the impact of DM1 disease burden by assessing patient-reported surveys and 

comparing them to previously published parent-reported surveys.

METHODS

Participants

Participants included individuals with an onset of myotonic dystrophy before the age of 

18 years. In the United States, participants were identified from the National Registry of 

Myotonic Dystrophy and Facioscapulohumeral Muscular Dystrophy Patients and Family 

Members.17 In Canada, participants were identified from the Canadian Neuromuscular 

Disease Registry and from the site investigator’s (CC) neuromuscular clinic.18 In Sweden, 

participants were identified via rehabilitation center directors. Paper surveys were distributed 

to all identified individuals. Respondents in the United States and Canada had the option 

of completing the survey by telephone. Caregivers were asked to assist in completing the 

survey depending on the age of the participant. All participants were given a 3-month period 

to complete the survey.

Instrument design

The survey inquired about potential symptomatic themes previously identified through 

qualitative interviews with individuals with pediatric onset DM1 and their parents.15 

Participants identified if they currently experienced the symptom and rated the relative 

impact using a Likert scale. Participants 5–7 years of age utilized a 3-point Likert while 

participants aged 8 years of age and older utilized a 5-point Likert scale. Survey question 

wording was reviewed by a pediatric neuropsychologist for age appropriate comprehension. 

For example, to query about limitations with mobility and ambulation, participants aged 5–7 

were asked to comment on “It is hard for me to walk or run”, participants aged 8–17 were 

asked to use comment on, “It is hard for me to walk, run, or get around,” and participants 

aged over the age of 18 years were asked to comment on “Limitations with mobility and 

walking.” In addition, there was a picture depicting the action for those participants aged 

5–7. Demographics, medical history, and developmental milestones were also collected from 

each participant.

An established systematic translation process was used to create the Swedish version of the 

surveys.19 A native English speaker fluent in Swedish translated the survey into Swedish. 

Two bilingual Swedish speaking physicians revised the translation for fluency and syntax. 

A native Swedish speaker fluent in English then back-translated the survey from Swedish to 

English. Final corrections were made after the two English versions were compared.

All surveys and methods were approved by local ethics boards (Institutional Review Board). 

Patients and their caregivers gave consent to the study and to the publication.

Statistical analysis

The prevalence of each theme was determined. Average life impact scores (a score ranging 

from 0 to 4 that measures the relative importance of a symptom to a participant) were 

calculated based on the responses from participants who stated they experienced the theme. 
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Numerical values were assigned to each response for participants with an age of 8 or older 

as follows: 0=‘This never happens to me’; 0=‘I experience, but this does not affect my life’; 

1=‘This affects my life a little’; 2=‘This affects my life somewhat’; 3=‘This affects my 

life very much’; 4=‘This affects my life severely’. To enhance responder comprehension, 

numerical values were assigned to each response from participants with an age of 7 or 

younger as follows: 0= ‘This does not happen to me’; 2=‘This is a little problem for me’; 

4=‘This is a big problem for me’ (Supplemental Methods 1). The population impact score 

(also a score ranging from 0 to 4) was calculated as the average life impact score multiplied 

by the prevalence of the symptom.20

Participant responses were categorized in several ways to identify changes associated with 

age, CTG repeat length, and age of disease onset. Responses were examined based on the 

age of the individual with DM1. Age subgroups included: 5 to 7 years, 8 to 11 years, 12 to 

17 years, 18–28 years, and older than 28 years. These age subgroups were selected based 

on developmental age after consultation with a pediatric neuropsychologist. Responses were 

also categorized based on the CTG repeat length of the participant. CTG repeat length 

subgroups included: 0 to 500, 501 to 1000, 1001 to 1500, and over 1500. Age of disease 

onset subgroups included: disease onset less than one year of age and disease onset greater 

than one year of age. Prevalence, average life impact scores, and population impact scores 

for each theme were calculated for each subgroup. Fisher’s exact tests were used to compare 

the prevalence of each theme across all different subgroups. Kruskal-Wallis tests were 

employed to compare average life impact scores across different subgroups. A two-tailed p 
value less than or equal to 0.05 was considered significant. Multiple comparison adjustment 

was not used in this study as it is considered exploratory.21,22

Participant responses were compared to responses from their parents or primary caregivers. 

If participants over the age of 18 were living independently, their parent or primary care 

giver was not required to be living with the participant at the time of the survey. Parents 

and primary caregivers received the same survey as the individuals with pediatric forms 

of myotonic dystrophy and their responses were reported previously.15 Weighted Cohen’s 

Kappa Coefficients were utilized to measure agreement between participants and caregivers. 

Traditional labels to describe the strength of agreement associated with kappa values 

include: poor (<0); slight (0–0.20); fair (0.21–0.40); moderate (0.41–0.60); substantial 

(0.61–0.80); and almost perfect (0.81–1.0).23 Caregivers were categorized into subgroups 

for additional analysis and compared to their child. Affected caregivers were defined as 

individuals with a diagnosis of myotonic dystrophy. Unaffected caregivers were defined as 

individuals who do not carry a diagnosis of myotonic dystrophy. Mothers were defined as 

individuals who were the biological mother of a child who may or may not have a diagnosis 

of myotonic dystrophy. Fathers were defined as individuals who were the biological father 

a child who may or may not have a diagnosis of myotonic dystrophy. Caregivers were also 

categorized into two other subgroups depending on the age of their child at the time of 

survey completion.
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RESULTS

Demographics

One-hundred and twenty-nine participants responded from the 340 surveys distributed. 

There was an overall response rate of 38% (48% US registry, 34% Canadian, and 26% 

Swedish). There were five participants that did not have a matching parent or caregiver 

survey completed and these participants were excluded. 71 participants were from the 

United States, 21 participants were from Canada, and 32 patients were from Sweden. The 

number of participants over the age of 18 years at the time of the study was nearly 55%. 

Demographic data and other participant characteristics are provided in Table 1.

Prevalence and impact of themes

Overall prevalence, average life impact score, and population impact scores for each theme 

are reported in Supplemental Table 1. The most prevalent themes reported included: 

problems with hands or fingers; gastrointestinal issues; and fatigue. Themes with the 

greatest average life impact scores included: problems with urinary or bowel control; 

gastrointestinal issues; and communication issues. Themes with the greatest population 

impact scores included: gastrointestinal issues; fatigue; and communication issues. Theme 

prevalence, average life impact score, and population impact score by age are reported in 

Figure 1, Supplemental Table 2, and Supplemental Table 4. Theme prevalence, average life 

impact score, and population impact score by CTG repeat length are reported in Figure 2, 

Supplemental Table 3, and Supplemental Table 5. CTG repeat length was reported by 57% 

of participants.

Agreement between caregivers and participants

Weighted kappa values with corresponding confidence intervals are reported in Table 

3. When comparing responses from all participants and their caregivers, none of the 

symptomatic themes had a perfect agreement between patients and caregivers. One theme 

had moderate agreement, 15 themes had fair agreement, and 4 themes had a slight agreement 

between the two groups. The themes with the highest weighted kappa values included: 

problems with urinary or bowel control; limitations with mobility and ambulation; and hip, 

thigh, and knee weakness. The themes with the lowest weighted kappa values included: 

problems with vision hearing, or smell; difficulty thinking; and changed body image.

Agreement between participants and their caregivers was also compared in various 

subgroups. The highest weighted kappa values included: problems with urinary or bowel 

control when compared between father and child; problems with urinary or bowel control 

when compared between unaffected caregiver and child; and impaired sleep or daytime 

sleepiness when compared between father and child. The lowest weighted kappa values 

included: decreased social situation performance when compared between affected caregiver 

and child; decreased social situation performance when compared between mother and 

child; and decreased social situation satisfaction when compared between affected caregiver 

and child.

Hunter et al. Page 5

Muscle Nerve. Author manuscript; available in PMC 2024 March 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



DISCUSSION

This study provides patient insight into the wide spectrum of disease burden experienced by 

individuals with childhood-onset myotonic dystrophy. It addresses a primary question that is 

commonly asked by clinicians and researchers: what manifestations of a disease matter the 

most to affected individuals?

CTG repeat length and average life impact score did not significantly correlate among 

themes. Disease severity does not always relate to CTG repeat length and that there are 

likely many other genetic and environmental factors contributing to disease severity. 24–

26 There was no correlation between symptom theme impact and age, supporting recent 

evidence suggesting that pediatric-onset myotonic dystrophy is more complex and dynamic 

than previously understood and that the disease has a nonlinear relationship with age.11 

Responses from this population demonstrate that the most prevalent symptoms do not 

always have the greatest impact on disease burden. For example, problems with urinary 

or bowel control were prevalent in only 39% of the population but this theme had the 

greatest average impact in affected individuals. Emphasis should be placed on identifying 

and treating symptoms that have a great impact on the patient condition even if they are not 

as prevalent.

Participants reported issues which have not typically been highlighted as problematic 

symptoms for those clinically managing pediatric-onset myotonic dystrophy. This 

observation was also seen when surveying individuals with adult myotonic dystrophy.20 

Results from both adult and pediatric population groups showed that fatigue and impaired 

sleep were themes with higher average life impact scores compared to themes related to 

problems with hands or fingers and limitations with mobility and ambulation.

This study supports prior work in myotonic dystrophy that showed differences exist between 

the perception of disease burden between individuals with disease manifestations and 

individuals without disease manifestations.27 Ideally, a patient’s input should be prioritized 

when discussing their disease burden; however, due to cognitive or age restrictions in certain 

cases it may be both necessary and reasonable to obtain input from individuals who spend 

the greatest time with the patient.

Levels of agreement were highest between participants and their fathers than in any other 

subgroup. Five themes were in ‘substantial’ agreement and three themes were in ‘almost 

perfect’ agreement. Fathers may be more in agreement with their child given congenital 

DM1 primarily occurs when the mother is the parent affected by DM1. Two-thirds of 

responding mothers reported a diagnosis of DM1 while one-third of responding fathers 

reported a diagnosis of DM1. Parental disease burden may have contributed to caregivers’ 

responses. Agreement between affected caregivers and child was lower than the agreement 

between unaffected caregivers and child.

There are other possible factors contributing to the level of agreement among patients and 

caregivers. Proxy bias, age and development differences between parent and child, and 

the influence of a child’s disease on a caregiver’s own life may all have contributed to 

the level of agreement among the two groups. It may be that caregivers relate more to 
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physical or extrinsic issues compared to other issues their child faces. Many of the themes 

with higher levels of agreement were themes associated with the outward appearance of 

the disease (urinary or bowel control; limitations of mobility and ambulation; hip, thigh, 

knee weakness) and many of the themes with lower levels of agreement were themes 

associated with more intrinsic manifestations of the disease (problems with vision, hearing, 

smell; decreased social situation performance; difficulty thinking). Other studies comparing 

parent-proxy surveys and child reported surveys have found similar patterns of discordance 

with generally good agreement between parents and their child in physical activity domains 

and poor agreement in domains reflecting social and emotional issues.28

The prevalence and impact of themes affecting individuals with childhood-onset DM1 are 

distinct from those reported in adult-onset DM1.20 The approach to managing childhood-

onset myotonic dystrophy should be different than adult-onset myotonic dystrophy and 

emphasis should be placed on the symptoms that have the greatest importance to the given 

population.

Limitations of this study must be considered. Demographic and clinical data was obtained 

by self or proxy report and not confirmed by a review of medical records. The response rate, 

though reasonably high for this type of study, was less than 50% for every participating 

country. There is potential for sampling bias as our study may overrepresent patients 

with DM1 who have the cognitive capabilities and physical function needed to participate 

in research and may underrepresent individuals with a more severe disease state. The 

population group in this study included individuals in the United States, Canada, and 

Sweden. This patient population probably does not completely represent the world’s 

population of pediatric-onset DM1 patients. Although individuals in these three countries 

appeared to provide similar responses, it is unknown how patients outside these countries 

may have responded to similar survey questions.20 It is plausible that symptoms could 

have a higher impact on patients residing in less developed countries; further studies would 

be needed to evaluate this suspicion. National registries were used to identify individuals 

for the study in United States and Canada. Individuals participate in these registries on 

a voluntary basis and it is likely that there are individuals with pediatric onset myotonic 

dystrophy residing in these countries who are not represented. In Sweden, only individuals 

with pediatric-onset myotonic dystrophy who seek rehabilitation care were represented in 

this population. This was an exploratory study and subsequent studies should be conducted 

to confirm the observed associations between symptom impact, age, and CTG repeat length.

This study demonstrates that it is feasible to use a patient-centered approach to identify 

the most common and most important issues of a pediatric disease even if the disease 

is rare and has a vast range of clinical manifestations. A systematic approach like this 

may be beneficial in other disease states. Studies comparing patient-reported severity of 

symptoms and functional outcome measures is still needed for future clinical trials in 

pediatric myotonic dystrophy populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Prevalence, Average Life Impact, and Population Impact by age. (a) Prevalence of themes. 

(b) Average Life Impact. (c) Population Impact. ***Indicates p<0.05
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Figure 2. 
Prevalence, Average Life Impact, and Population Impact by CTG repeat length. (a) 

Prevalence of themes (b) Average Life Impact. (c) Population Impact. ***Indicates p<0.05
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Table 1:

Demographic, developmental, and intellectual characteristics of study participants with pediatric-onset 

myotonic dystrophy type 1

Characteristic Data Field

Number of Individuals with DM1 studied 124

Individuals with DM1, sex (n)

Male 74

Female 50

Mean age of participant with DM1, (SD) 21 years 1 month (10 years 3 months)

Age 5–7 years, (%) 11 (8.9)

Age 8–11 years, (%) 12 (9.7)

Age 12–17 years, (%) 33 (26.6)

Age 18–28 years, (%) 39 (31.4)

Age 29+ years, (%) 29 (23.4)

Age of onset less than 1 year, (%) 54 (44)

Mean age of disease onset, (SD) 4.7 (5.3)

Mean CTG repeat length, (SD) 820.5 (522.7)

Race (%)

Asian 7.9

Caucasian 88.2

Hispanic 3.3

Other 4

Requiring Assistance in School (%) 61

Requiring Speech Therapy (%) 49

Characteristic Data Field

Requiring Occupational Therapy (%) 35

Requiring Physical Therapy (%) 26

Participated in smaller classroom sizes in school (%) 35

Obtained test modifications during school (%) 45

Require assistive devices for ambulation (%) 65

Require wheelchair for mobility (%) 14

Diagnosed with scoliosis (%) 15

Diagnosed with Autism Spectrum Disorders (%) 17

Diagnosed with Attention Deficit Hyperactivity Disorder (%) 28

Unemployed >18 years (%) 54
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