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Abstract

Aim: To study long-term disease course for females with early-onset dystrophinopa-
thy, including common (female) symptoms, challenges in social participation, the
need for care, and current healthcare management to support guideline development.
Method: Twelve females with early-onset dystrophinopathy were followed for a me-
dian period of more than 17years (range 1-36).

Results: One patient died owing to end-stage cardiac failure. Cardiac abnormalities
were observed in three of the remaining 11 participants. Respiratory function was
reduced in seven of 10 participants. Fatigue, myalgia, lower back pain, and arthralgia
were reported in more than six of the participants. Functional status varied from
exercise intolerance to wheelchair dependency. Most or all of the 10 participants re-
ported restrictions in participation in work (n = 10), household duties (n = 10), sports
(n =9), and education (n = 8). Only a few participants received followed-up pulmo-
nary (n = 2) or rehabilitation (n = 3) care.

Interpretation: Females with early-onset dystrophinopathy experience a wide range
of impairments, comorbidities, limitations in activities, and restrictions in social
participation. The whole spectrum should be acknowledged in the healthcare set-
ting. Neuromuscular and cardiac follow-up are indispensable. Additional respira-
tory assessment and rehabilitation care are expected to improve health status and
support daily activities and participation.

Dystrophinopathies are X-linked recessive disorders resulting
from pathogenic variants of the large dystrophin gene located
at Xp2l. The resulting lack of (normal) dystrophin protein
typically leads to a multi-system disorder with limb-girdle
muscle weakness, and cardiorespiratory involvement mani-
festations in male children.' There is a growing body of lit-
erature showing that female carriers of pathogenic variants in

the dystrophin gene can also become symptomatic.”™ Several
mechanisms can explain the development of dystrophinopa-
thy in females with a pathogenic dystrophin gene variant.”™
Clinical features and age at onset in females with dys-
trophinopathy vary widely. An epidemiological review de-
scribed clinical and genetic characterizations in a series of
93 patients; 42 of these were diagnosed before 20 years of age,
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and nine before 2 years of age. Fifteen per cent of the patients
were non-ambulatory, and two presented with respiratory
dysfunction. This and two other studies reported cardiac
abnormalities in approximately two-thirds of the females
with dystrophinopathy, including asymptomatic left ventri-
cle systolic dysfunction, particularly in females older than
40years.>'®!" Other frequent symptoms are fatigue and ex-
ercise intolerance.>'* Furthermore, cognitive impairments
are also reported in females with dystrophinopathy.>'*

Muscle weakness is, in contrast to males with dystrophi-
nopathy, often asymmetric. A recent magnetic resonance im-
aging study in symptomatic and asymptomatic females with
a dystrophin gene variant showed an increased fat fraction of
the upper and lower leg muscles in 72% of the participants.’
According to a large Scottish study, the average life expec-
tancy was not reduced, and cardiomyopathy was not a major
cause of death for females with dystrophinopathy."?

The rarity of dystrophinopathy in young females con-
tributes to a diagnostic delay, particularly in the absence
of a positive family history.>® The few studies on females
with early-onset dystrophinopathy showed that signs and
symptoms of muscle weakness, cognitive impairment,
and cardiomyopathy may manifest at a young age.>'>'*™'¢
Unfortunately, the long-term disease course, knowledge of
comorbidity, specific female symptoms (e.g. related to men-
strual cycle and reproduction), the consequences for social
participation, and with all this the exact need for care, are
largely unknown. By studying a relatively large cohort of fe-
males with childhood-onset dystrophinopathy, we aimed to
improve counselling on long-term prognosis and implemen-
tation of adequate follow-up programmes.

METHOD
Participants

Females with early-onset dystrophinopathy (i.e. onset of
symptoms before the age of 16years) were traced with the
collaboration of three medical centres in the Netherlands
and were invited to participate in a structured visit in 2021.
Written informed consent was requested from all partici-
pants and/or from their parents. Data were anonymized and
handled according to guidelines for good clinical practice.
This study was approved by the Medical Ethics committee
for Research Involving Human Subjects Region Arnhem and
Nijmegen, the Netherlands (no. 2020-7126).

Data collection

Data from the initial diagnostic trajectory were collected
from the medical files of the participants, which included
age and symptoms at onset, age at the first investigation by a
paediatrician, age at diagnosis, and results of ancillary inves-
tigations (serum creatine kinase, muscle biopsy, and genetic
analysis including pattern of X-chromosome inactivation in

What this paper adds

o No standard diagnostic procedures seem
to exist for female patients suspected for
dystrophinopathy.

o Female participants with early-onset dystrophi-
nopathy experienced a broad scope of burdening
symptoms, such as fatigue, myalgia, lower back
pain, and arthralgia.

o None of participants worked full time, all felt re-
stricted in paid work, and most felt restricted in
education.

o Most participants showed decreased lung func-
tion, while only one was symptomatic.

o Availability of rehabilitation care may improve
support for daily activities and participation for
females with early-onset dystrophinopathy.

leukocytes). Age at onset was defined as the age at which the
first symptoms were noticed by the parents. Age at diagno-
sis was the age that the dystrophinopathy was confirmed.
Follow-up duration was defined as the time between the age
at diagnosis and the visit in 2021.

Outcome measures

The visit in 2021 consisted of a semi-structured interview by
a neuromuscular specialist, cardiological screening, and a
visit with a physiotherapist, who also performed spirometry.
Outcome measures were classified in body functions and struc-
tures, activities, and participation, in line with the International
Classification of Functioning, Disability and Health."”'®

Body functions and structures

Anthropometric measures were conducted. Heart rate,
blood pressure, cardiac ultrasound, and electrocardiogra-
phy were used to screen for cardiac abnormalities. Normal
heart rate was defined as 50 to 100 beats per minute. Blood
pressure was defined as high above 140/90 mmHg. Cardiac
ultrasound assessed the ventricular volumes and func-
tion.""'>?% Spirometry (the mean of three measurements was
used) assessed the forced vital capacity, the first second of
forced expiration, and peak expiratory flow, maximal expir-
atory pressure, and maximal inspiratory pressure. The pas-
sive ranges of motion of upper and lower extremities were
measured.

We used the list of symptoms that was previously used
in males with Duchenne muscular dystrophy (DMD),*! and
supplemented these with specific female topics such as ‘men-
strual problems’ and ‘pregnancy’. The list evaluated the oc-
currence of symptoms and their impact or perceived burden
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on daily activities on a scale from 1 to 10, which was cal-
culated in percentages (0-100%). Cognitive symptoms and
comorbidities were asked separately.

Activities

Functional status was assessed using the Vignos Scale
for Lower Extremity and the Brooke Scale for Upper
Extremity,”>** the Motor Function Measure,** the North
Star Ambulatory Assessment,” and the Performance Upper
Limb, version 2.0.>%%

Social participation

The degree of participation was surveyed during the semi-
structured interview with the participants; in addition, the
Utrecht Scale for Evaluation of Rehabilitation-Participation
(USER-P) was administered. The USER-P originally con-
sisted of 11 domains, distributed over three subscales: (1)
frequency of participation, (2) experienced participation
restrictions, and (3) satisfaction with participation.”*?
The frequency domain is divided into ‘frequency A' (hours
a week, for education, [paid] work, and household duties)
and ‘frequency B' (times a montbh, for sports, going out, vis-
iting friends and family, leisure activities, and digital con-
tacts). The sum scores for the frequency, restrictions, and
satisfaction scales were converted to a centile score from 0
to 100; the higher the percentage, the better the outcome
(higher frequency, less restrictions, higher satisfaction).”**°
Additionally, the restriction and satisfaction subscales were
dichotomized; ‘restrictions’ were present when the activity
was performed ‘with difficulty’, ‘with assistance’, or when
‘not possible’. ‘Satisfaction’ was present when participants
reported satisfaction as ‘very satisfied’ or ‘satisfied” on do-
mains of the USER-P.

Statistical analysis

Descriptive analyses were used; continuous variables were
expressed in median (range), dichotomous variables were
expressed in frequencies (percentage).

RESULTS
Participants' characteristics at diagnosis

We traced 12 females with early-onset dystrophinopa-
thy (Table 1). The median age at onset of symptoms was
4years, and the median age at diagnosis was 8years.
Early symptoms, presenting at preschool age, were de-
layed milestones in speech and/or motor development,
and feeding difficulties. Frequent symptoms manifesting
at primary school age were exercise intolerance, fatigue,

and myalgia. Most participants were referred because of
elevated serum creatine kinase levels. Two out of 12 par-
ticipants had a positive family history for dystrophin mu-
tations. Participant 9 was diagnosed after her two sons
were diagnosed with DMD. Different underlying genetic
mechanisms were identified. The median age at the visit
in 2021 was 23 years, the median follow-up duration was
17 years 2 months. Participant 3 unfortunately died owing
to dystrophinopathy-related cardiac failure at the age of
37years. She was non-ambulant and had limited arm
function before she passed away, according to her relative.

To illustrate specific features in clinical presentation and
consequences for social participation, Appendix S1 provides
detailed case descriptions of two participants.

Body functions and structures
Anthropometrics

Median body height of the outgrown participants of our
population (excluding participant 10) was 161.5cm (range
146.3-170.0). Median body weight was 65.6kg (range
48.0-105.0). Median body mass index was 23.9 (range
17.6-40.0).

Cardiorespiratory status

A normal heart rate was found in 10 out of 11 participants
(one exception of 109) (Table 2). Blood pressure was el-
evated in one participant (participant 2, 160/65 mmHg).
In three out of 11 participants, minor abnormalities were
seen in electrocardiography or cardiac ultrasound (no
symptoms). Left ventricular ejection fraction was less than
55% in participant 8 (no symptoms). Spirometry was per-
formed optimally in eight out of 11 participants; in two
participants, the forced vital capacity was less than 60%;
participant 2 had no symptoms, and participant 12 used
non-invasive ventilation. The maximal inspiratory pres-
sure was low for participant 5, who avoided aerobic train-
ing because of shortness of breath.

Symptoms and comorbidity

Figure 1 shows the 10 most frequent symptoms, prevalent
in five or more participants. The complete list can be found
in Table S1. Most prevalent were fatigue (n = 8), followed
by myalgia, low back pain, and arthralgia (all n = 6), and a
relatively large number perceived constraint in daily activi-
ties (median>50%). Other common symptoms were mus-
cle cramps, daytime sleepiness, constipation, obesity, and
coldness of feet and hands. Most symptoms were often not
treated. One participant experienced pelvic floor instability
and dyspareunia; no other female-specific symptoms were
mentioned.
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FIGURE 1 Presence of symptoms, received treatment, and perceived constraint. Presence: number of participants who experienced the symptom
(n). Received treatment: number of participants who received treatment according to the participant (advice, medication, or therapy). Perceived
constraint (median): percentage of participants who perceived constraints in daily activities due to the symptom; on a scale from 1 to 10, higher scores

indicate more perceived constraint (burden) in daily activities; median 1-10

FIGURE 2 Equinovarus deformity of patient 2

Low blood pressure, epilepsy, arthrosis, asthma,
attention-deficit/hyperactivity disorder, autism spectrum
disorder, and depressive feelings were all reported once
among the total study population. Anxiety was reported
twice and cognitive impairments were reported three times.

The passive range of motion was decreased in four out of
10 participants, mainly in the long finger flexors, supination
of the forearms, dorsal flexion, and equinovarus deformities
(Figure 2).

Activities

Maximal Vignos and Brooke scores were obtained for
six out of 11 participants (Table 3). Of the remaining five
participants, two experienced difficulties in climbing
stairs, two could walk short distances with assistance, and
one was fully wheelchair bound. The timed tests, Motor

Function Measure, North Star Ambulatory Assessment, and
Performance Upper Limb scores largely matched with the
Vignos and Brooke scores.

Social participation

Table 4 describes the living situation, education/occupation,
daily activities, and individual USER-P scores.

USER-P

The USER-P scores described a median of 20% and 40% re-
spectively on the frequency A and B subscales. A median re-
striction of 60% was experienced by the participants, and the
median satisfaction score was 89%. All participants experi-
enced restrictions in performing paid work and household
duties (Figure 3). Participants were most satisfied with the
items that were not much restricted.

Care management

All participants had regular follow-up with a neuromuscular
specialist. Nine participants had received cardiac follow-up
during the previous 5years. Two participants were seen by a
pulmonologist. Three participants were seen in a rehabilita-
tion centre for (intermittent) multidisciplinary guidance; one
participant received physiotherapy within her care setting.

DISCUSSION

The visit of females in 2021 with early-onset dystrophi-
nopathy showed a wide range of burdening symptoms and
decreased social participation. One participant died owing
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FIGURE 3

Experienced restrictions and satisfaction on different domains of the Utrecht Scale for Evaluation of Rehabilitation-Participation.

Percentage of participants experiencing restrictions due to the dystrophinopathy (total group of 10 participants). Percentage of participants experiencing
satisfaction (total group of nine participants). Sports also included physiotherapy sessions

to end-stage cardiac failure; in the other participants, car-
diac abnormalities were minor and only present in three
participants. Respiratory function, however, was de-
creased in seven of 10 participants. Fatigue, myalgia, lower
back pain, and arthralgia were common and limited daily
activities. Moreover, participation was restricted consid-
erably, especially in paid work, education, and household
activities.

The disease onset in the participants with manifesting
muscle weakness before the age of 4 years mimics the onset
in male patients with DMD of the same age, including de-
layed motor milestones, delayed speech development, and
feeding difficulties.”’ The disease course in females is milder
than in male patients, despite the underlying genetic mech-
anisms. Besides, clinical severity was not clearly related to
the pathogenic variant in this cohort. A possible explanation
is that analysis of X-chromosome inactivation in leukocytes
does not reflect inactivation in (all) muscle cells, while addi-
tional determinants may influence dystrophin transcription
and X-chromosome inactivation.®’

The diagnostic delay was remarkably long and consisted
of both patient and doctor delay, as is also seen in other X-
linked disorders.* Interestingly, routine diagnostic proce-
dures for neuromuscular disorders (e.g. electromyography,
magnetic resonance imaging, and muscle ultrasound) were
not regularly performed. New diagnostic guidelines are
needed to enhance timely diagnoses for females presenting
with exercise intolerance, fatigue, and myalgia in childhood;
also in the absence of a positive family history.

Anthropometrics of the outgrown participants showed
a relatively short mean adult height (161.5cm) com-
pared with the mean height of Dutch females (170.7 cm);*®
this corresponds to the known short stature in male pa-
tients with DMD.?* Two participants were obese, and one

participant was underweight according to the World Health
Organization guidelines for healthy weight;> moreover,
obesity was considered a large constraint in daily activities
as reported by our participants. Losing weight can be more
difficult as exercise is often restricted and resting expendi-
ture energy is decreased in affected muscle tissue.” We be-
lieve that preventive measures, such as limited dietary intake
and exercise, are important and female patients with dys-
trophinopathy should be educated on this topic after being
diagnosed.

As for cardiac involvement, although one participant
died at age 37 years owing to end-stage cardiac failure, other
participants showed fewer and minor cardiac abnormalities
compared with other studies.*'>" This low prevalence likely
relates to the young age of our population, and (in accordance
with this) is similar to the cardiac involvement of 19% found
in young females by Mercier et al.'* Nevertheless, cardiac
screening is important because cardiac abnormalities may
remain asymptomatic for a long time, while medical treat-
ment is indicated and lifesaving in case of cardiomyopathy.

Reduced respiratory function has been reported less fre-
quently in the literature about female patients with dystro-
phinopathy, while our study showed a decreased forced vital
capacity in seven of 10 participants who performed spirom-
etry. We hypothesize that gradual progression of the disease
and restrictions in sports causes habituation in participants
and that limited respiratory capacity remains unnoticed.
However, failure to recognize these symptoms can have
major consequences, as shown in participant 12. Therefore,
we recommend including respiratory assessment in the stan-
dards of care for female patients with dystrophinopathy.

The symptoms that were prevalent in the current study,
such as fatigue and musculoskeletal pain, are similar to the
symptoms previously described in a male cohort of patients
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with DMD.*! Interestingly, Reumers et al.*> showed fatigue
and exercise intolerance were also frequent symptoms in a
study of carriers of manifest X-linked myotubular myopathy.
Symptoms such as cognitive impairments, anxiety, and au-
tism also frequently occurred in our participants, which is in
line with the findings in the male population with DMD.***’
The phenotype-genotype correlation for cognitive im-
pairment was found particularly in participants who had
pathogenic variants in the distal dystrophin region, which
was previously reported both in males and in females.'>**
Problems on specific female items such as menstrual cycle,
pregnancy, and sexual functions were not prominent in our
study; however, we can imagine those systems could also
be affected. Participants may have been hesitant to discuss
these issues and the sample of our population could have
been too small. Overall, despite the high prevalence of many
symptoms, the participants reported that most symptoms
were not treated. Thus, subsequent management of a broad
scale of symptoms needs attention.

The activity level of our participants showed a variety of
exercise intolerance and fatigue at one end and loss of ambu-
lation with a limited hand function (Brooke Scale 4, Motor
Function Measure 59.4) at the other. Most of our study pop-
ulation were still ambulant and the age at losing ambulation
was older than 20 years.

Social participation was very restricted in the partici-
pants in the current study, especially (paid) work, household
duties, and sporting activities. The USER-P scores of our
participants are comparable to patients with spinal muscu-
lar atrophy and spinal cord injury.”>** In comparison, male
patients with DMD report more restrictions in social activi-
ties instead of in vocational items, and they are also relatively
satisfied.”! We hypothesize that females with dystrophinop-
athy have higher expectations from work and household
activities than their male peers and therefore feel more re-
stricted. However, they report high satisfaction, which may
be the reason why they do not easily ask for support or have
rehabilitation goals. Some participants in our study felt that
their symptoms were not always taken seriously by those
around them, and tended to overburden themselves in ful-
filling their ‘duties’. Besides, the disease progresses slowly, so
the participants tended to become accustomed to their situ-
ation. The presence of cognitive impairments may also have
had a great impact on their participation. Acknowledgement
and proactive assessment of symptoms as well as support of
activities, with the help of aids and/or rehabilitation pro-
grammes, could better match the patients' abilities, which
may result in an improvement in participation.

All participants in the current study were increasingly
embedded in a care setting, with regular visits to a neuro-
muscular specialist and cardiologist. However, only a few of
them were embedded in respiratory care or rehabilitation
settings. As we learned that respiratory symptoms are prev-
alent, that many symptoms limit the daily activities of the
participants, and that social participation was restricted in
most of the domains, we expect respiratory and rehabilita-
tion care can have added value for this population.

There were some limitations to this study. Despite the
rarity of females with early-onset dystrophinopathy, we
were able to perform a long-term assessment of 11 pa-
tients. Of course, this number is limited compared with
studies in male patients. Notably, during data collection,
we found that the disclosure of this research increased
awareness of females with dystrophinopathy among cli-
nicians and patients. Further international research is
needed to enlarge the sample size of female patients with
(early-onset) dystrophinopathy, which was the topic of
the 263rd European Neuromuscular Center workshop.
Irrespective of the small sample size, this study further
contributes to a better understanding of a broad range of
symptoms and entry points to improve care management.
Another consideration for further research is to include
specific outcome measures to estimate the personal and
environmental factors, which are also domains of the
International Classification of Functioning, Disability
and Health model,'® and can further complete the scope
of care needs for this population.

CONCLUSION

Our study shows that females with early-onset dystrophinop-
athy have had a diagnostic delay, often have decreased res-
piratory functions, experience a wide range of burdensome
symptoms, and have a reduced social participation. This
knowledge can contribute to the development of diagnostic
and follow-up guidelines for this group of patients. We em-
phasize the importance of acknowledgement of symptoms;
therefore we strongly recommend that all females with early-
onset dystrophinopathy should be seen by a neuromuscular
specialist and a cardiologist. Also, low-threshold additional
respiratory screening and referral to a multidisciplinary re-
habilitation setting is indicated.
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SUPPORTING INFORMATION

The following additional material may be found online:
Appendix S1: Case descriptions.

Table S1: The complete list of symptoms: their presence, if the
symptom is treated and the median perceived constrained.
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