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Chapter 1

Introduction and Research Objectives

1.1 Overview of thesis

Duchenne Muscular Dystrophy (DMD) is a progressive, chronic neuromuscular disorder,
affecting 1 in 5,000 boys. It is characterized by gradual loss of muscle strength resulting
in profound physical disability and premature death. Due to the life-limiting and chronic
nature of this disease, maximizing quality of life in these children is of the utmost
importance. This thesis aims to provide a comprehensive description of quality of life and
health-related quality of life in children with DMD from the children’s and parents’
perspectives. Furthermore, the relationship between the broader concept of quality of life
and the narrower concept of health-related quality of life is investigated. Finally, this
thesis explores the clinical and demographic factors associated with quality of life and
health-related quality of life in children with DMD.

1.2 Background

1.2.1  Quality of life and health-related quality of life in children with
chronic ilinesses
Advances in medicine have expanded the focus of healthcare from extending life to also
include improving quality of life. The World Health Organization Quality of Life group
has defined quality of life as an ‘individual’s perception of their position in life, in the
context of culture and value systems in which they live and in relation to their goals,
expectations, standards, and concerns’ (“The World Health Organization quality of life
assessment (WHOQOL),” 1995). Health-related quality of life (HRQOL) narrows the
scope of quality of life (QOL) and focuses specifically on the impact of illness and
treatments on a person’s life (De Civita et al., 2005; Guyatt et al., 1993; Spieth & Harris,
1996). HRQOL does not pertain to aspects of life such as environmental quality and
political stability (Guyatt et al., 1993; Taylor et al., 2008), which are important, but



cannot be influenced by healthcare intervention. The primary focus of this thesis is on
HRQOL, with one component aimed at distinguishing and exploring the relationship
between QOL and HRQOL. Although there has not been a complete consensus on the
operational definition of HRQOL, two recurrent characteristics that underlie most
measurements of HRQOL have emerged: they are subjective and multidimensional
(Matza et al., 2004). Subjectivity refers to the fact that HRQOL measures patient’s own
perception of their health or life, in contrast with objective clinical measures such as
blood pressure; multidimensionality refers to measurement of HRQOL from multiple

aspects of a person’s life, for example, the physical, psychological and social aspects.

Rationale for studying HROOL in children with chronic illnesses

As survival rates and life expectancy for many childhood illnesses increase, improvement
in quality of life for these children becomes increasingly important. The rationale for
studying HRQOL in children with chronic illnesses is manifold. First, HRQOL is an
important component of outcome assessment and provides information not captured by
traditional clinical measures. More often, patient-reported outcomes such as HRQOL are
being recognized as important end-points of clinical trials in conjunction with traditional
clinical measures (Drotar, 2004; Eiser & Morse, 2001a). Apart from clinical trials,
HRQOL measures may also be used to evaluate the success of interventions and services
in clinical settings (Eiser & Morse, 2001a). Second, while traditional medical care tends
to rely on physiological measurements such as blood pressure, there are evidence that
these measures are not always of the most importance to patients (Guyatt et al., 1993;
Ronen et al., 2011). Furthermore, physiological measures do not necessarily correlate
well with subjective well-being. Two patients who exhibit the same physical symptoms
may have very different subjective experiences (Eiser & Morse, 2001a; Guyatt et al.,
1993).Thus, management of physical symptoms is no longer sufficient in the treatment of
a chronic illness. HRQOL studies allow researchers and clinicians to elucidate the
determinants of HRQOL, identify risk factors for poor HRQOL, and ultimately improve
HRQOL, which some have argued is the ultimate goal of managing chronic illnesses
(Eiser & Morse, 2001b; Payot & Barrington, 2011).



Considerations in assessing QOL and HRQOL in children

There are a number of conceptual and methodological considerations when studying
childhood QOL and HRQOL. Three of these considerations: the distinction between
quality of life and health-related quality of life; the existence of generic and disease-

specific measures, and the existence of child and parent reports, are discussed below.

Quiality of life and health-related quality of life

Quality of life and health-related quality of life are terms that are often used
interchangeably, but in fact represent different concepts. A systematic review of
paediatric QOL and HRQOL measures (Davis et al., 2006) identified eleven different
definitions of QOL and HRQOL across fourteen generic and 25 disease specific
measures. Although it is recognized that there should be distinction between QOL and
HRQOL, few studies have empirically differentiated these two concepts (Davis et al.,
2006; De Civita et al., 2005; Eiser & Morse, 2001a; Gill & Feinstein, 1994; Guyatt et al.,
1993; Ronen et al., 2011). It has been suggested that two global ratings, one for overall
QOL, and one for HRQOL be used (Gill & Feinstein, 1994). Despite these
recommendations, to our knowledge, there is only one example in paediatric patients
where the distinction between QOL and HRQOL has been examined. Feldman et al.
(2000) designed the Quality of My Life (QoML) questionnaire to ask children and their
parents to rate the child’s ‘overall’ quality of life (QOL) and their quality of life
‘considering my health’ (HRQOL) and found that both children and their parents
differentiated between these two constructs, and that HRQOL only explained 30% of the
variability in QOL. This was done in a sample of children being treated for rheumatoid
arthritis. Thus, there exist empirical support for the distinction between QOL and
HRQOL.

Another reason for examining the relationship between QOL and HRQOL is the notion
of ‘disability paradox’, which is the phenomenon whereby people with disabilities report
good or excellent QOL, when external observers might assume they have quite poor QOL
(Albrecht & Devlieger, 1999). As part of the development of the QoML measure,

Feldman et al. (2000) conducted qualitative debriefing with children and parents, many



of whom reported that health contributed only in small part to overall QOL. People may
attach different weights to the various aspects they deem to contribute to their QOL.
Therefore it is possible for someone to have good or excellent QOL despite poorer
HRQOL and it is reasonable to assume that the relationship between the two may change
at different stages of disease progression. Determining the factors that contribute to QOL
beyond HRQOL is especially important to patients with DMD, where physical
deterioration is inevitable but a good QOL may be achievable.

Generic and disease-specific measures

HRQOL measures can be divided into generic and disease-specific. Generic measures are
applicable across different disease populations and thus are often used to compare of
HRQOL in groups with various diseases and to those in the general population. Disease-
specific questionnaires include items that are pertinent to a particular condition.
Compared to generic measures, disease-specific measures have greater sensitivity and
specificity, and are better at detecting treatment effects and changes across time (Eiser &
Morse, 2001a; Quittner et al., 2003; Spieth & Harris, 1996), however, they do not allow
for comparison to other disease groups or to a general population. Therefore, it has been
recommended that both disease—specific and generic measures be used in a

complementary fashion (Spieth & Harris, 1996).

Child self-reports and parent proxy-reports

Assessing QOL and HRQOL in children has its unique challenges. Children were once
considered incapable of reliably reporting their own QOL or HRQOL out of concerns
they were not cognitively able to understand measures of QOL or HRQOL, and parent-
proxy measures were used instead (Eiser & Morse, 2001c; Quittner et al., 2003).
However, it has since been recognized that children, like adults, are the best informants
on their own subjective experiences and should report their own QOL and HRQOL
whenever possible. There are evidence supporting the reliability and validity of children’s
report of their health state (Drotar, 2004). Children as young as five have been found able
to reliably report their HRQOL (Varni et al., 2007a). Furthermore, parents may not

always be able to accurately interpret their children’s emotional state or be able to



directly observe their social interactions (Quittner et al., 2003). On the other hand, in
situations where the child is too young, sick or cognitively impaired to report their QOL
and HRQOL, parent-proxy measures need to be used. In addition, parent reports are still
important because of parents’ influence on healthcare decisions for their children
(Palermo et al., 2008). Both child and parent perspectives offer unique information and
thus it has been recommended that QOL and HRQOL be collected from multiple
informants (Drotar, 2004; Eiser & Morse, 2001d; Palermo et al., 2008).

1.2.2  Duchenne Muscular Dystrophy

Genetics and pathology

Duchenne Muscular Dystrophy (DMD) is the most common and severe form of
childhood muscular dystrophy. It is the result of mutations in the dystrophin gene, located
on the X-chromosome (Hoffman et al., 1988). Due to the X-linked mode of inheritance,
almost all affected individuals are male. The incidence for DMD is estimated to be in the
range of 1 in 3600-6000 live-born male infants (Emery, 1991). A retrospective study
carried out in Nova Scotia found that the incidence of DMD has remained stable between
the years of 1969 and 2008 (Dooley et al., 2010).

Dystrophin proteins are thought to play a structural role in muscle cell membrane,
maintaining its integrity. Absence of dystrophin results in muscle cells being more prone
to damage from mechanical stress (Deconinck & Dan, 2007; McDonald et al., 1995). In
DMD patients, skeletal muscles are affected at birth, but most boys do not show
symptoms of the disease until they are between 3 to 5 years of age. With increasing
availability and efficiency of molecular technology, genetic testing has become the gold
standard diagnostic tool (Bushby et al., 2010a).

Clinical features

Progressive muscle weakness

Proximal, lower extremity muscles are the first to show signs of degeneration. As muscle
deterioration progresses, the boys lose ambulation. Age of loss ambulation has
historically been between the ages of 7 to 12 (Biggar, 2006; Brooke et al., 1989). Loss of



ambulation happens rapidly, over the span of a few weeks to a few months. By mid-teens,
almost all boys are in wheelchairs. As the disease progresses, the affected individual
becomes gradually weaker in the upper limbs, eventually losing the ability to perform
daily activities. It has been thought that there are two ‘plateaus’ in the progression of
DMD: the period between diagnosis and loss of ambulation and the period from loss of
ambulation to significant cardio and respiratory compromises. During these plateau

phases, the health of the child with DMD can remain relatively stable.

Throughout the progression of DMD, initial diagnosis and loss of ambulation are perhaps
the two most life-altering events faced by the affected child and his family. Parents report
that they are overwhelmed and devastated by the diagnosis of DMD in their child (Green
& Murton, 1996), often more so than the children themselves. Parents have also reported
experiencing increased stress and emotional upheaval around the time their son loses
ambulation (Bothwell et al., 2002; Bray et al., 2011; Erby et al., 2006). However, as with
any other major stress, families adjust to it (McCubbin & McCubbin, 1993). The periods
immediately after diagnosis and after loss of ambulation may be particularly vulnerable
times for the child and his family and warrant closer scrutiny.

Orthopedic complications

One of the most concerning complications related to DMD is the development of
scoliosis. Various studies have reported that between 74% and 100% of DMD subjects
develop scoliosis (Muntoni et al., 2006). In addition to causing discomfort, scoliosis
further impedes respiratory function, which is already compromised in DMD patients.
Bone fractures are common, occurring in 21% to 44% of boys (Kornberg & Yiu, 2008).
Some patients have lost mobility permanently due to bone fractures (McDonald et al.,
2002). Taken together, these complications indicate bone health of boys with DMD is

compromised, and may have serious impact on their quality of life.

Pulmonary function decline

Boys with DMD begin to experience respiratory problems between the ages of 9 and 11
years due to loss of respiratory muscle strength. Respiratory insufficiency first manifests

during sleep, boys with DMD may experience sleep apnea, decreased quality of sleep or



frequent wakening throughout the night (Polat et al., 2012). Along with muscular
deterioration, vital capacity further decreases. Eventually, all boys require assisted
ventilation, usually in the form of nocturnal bilevel positive airway pressure (BiPAP) to
support their breathing (Biggar, 2006).

Cardiomyopathy

Cardiac muscles are affected in DMD patients. Cardiomyopathies may often be
subclinical in younger boys due to the boys’ lack of strenuous activities and thus low
demand placed on the heart. However, as cardiac muscles weakens further, the likelihood
of symptomatic cardiomyopathies increases. One study reports that clinically apparent
cardiac problems are present in one-third of DMD patients by 14 years of age, and
present in all patients over 18 years of age (Nigro et al., 1990).

Cognitive delay and psychological functioning

The prevalence of intellectual disability in the Duchenne population is higher in the
general population. Dystrophin is expressed in the central nervous system in a number of
different isoforms, regulated by different promoters (Mehler, 2000). There is evidence
that mutations in specific regulatory regions in these brain isoforms are linked with
mental retardation (Bardoni et al., 2000). There is also evidence of increased likelihood
of being diagnosed with a developmental disorder such as attention deficit hyperactivity
disorder or autism (Hendriksen & Vles, 2008). While boys with DMD are more likely to
exhibit cognitive and psychosocial deficits, there is still great variability within this
population. The extent of heterogeneity in intellectual and psychological deficits is
greater than in motor deficits in boys with DMD.

Survival

The most common cause of death for Duchenne patients is respiratory failure, followed
by heart failure (Finsterer, 2006). As with many other diseases, improvement in medical
technology and quality of care has increased survival in DMD patients. The mean life
expectancy has increased from 14 years of age in the 1960s to 25 years of age in the
1990s (Eagle et al., 2002; Passamano et al., 2012).



Treatment and Care

Glucocorticoids

There is no cure for Duchenne muscular dystrophy. The most commonly prescribed
medications are glucocorticoids, which have become the standard of practice in treating
DMD. Long term cohort studies have shown that glucocorticoids can prolong ambulation
for up to five years (Moxley et al., 2010). While glucocorticoids have obvious benefits,
they also have serious side-effects. one of the most common side-effects is weight gain,
and it can lead adverse health consequences such as increased incidence of sleep apnea
and increased burden on the respiratory system (McMillan et al., 2010). Other adverse
effects include increase risk of fracture, growth retardation, delayed puberty, behavioral
changes, and immune suppression (Ay et al., 2009; Bushby et al., 2010a; Moxley et al.,
2010).

Multidisciplinary care

Due to the multi-systemic nature of the disease, it has been recommended that children
with DMD be followed up in multidisciplinary clinics where comprehensive care can be
provided by a variety of specialists (Bushby et al., 2010b). In Canada, paediatric
neuromuscular clinics exist across the country and care teams are composed of
neurologists, respirologists, physical therapists and other health care professionals
(McMillan et al., 2010). Patients visit clinics every 6 to 12 months, and in addition to
receiving management of muscle deterioration, are monitored routinely for orthopedic,

respiratory and cardiac abnormalities so that complications can be managed as they arise.

DMD patients experience gradual loss of respiratory muscle, resulting in hypoventilation,
particularly during sleep. Non-invasive positive pressure assisted ventilation is normally
the first step in providing respiratory support to DMD patients (McMillan et al., 2010).
Cardiac function is monitored regularly via electrocardiogram and echocardiogram.
Dilated cardiomyopathies are treated with angiotensin converting enzyme inhibitors and
beta-blockers (Bushby et al., 2010b; Finsterer, 2006).

While pharmaceutical and technological interventions have improved quantity and

quality of life for Duchenne patients over the past few decades, the disease remains a



relentlessly progressive one that is devastating for the affected child and his family. In the
past decade, with the advancement of molecular techniques, many therapies that show
promise in the treatment of DMD have emerged. As more of these therapies undergo

clinical trials, proper assessment of trial outcomes is crucial.

1.3 Objectives

The literature assessing QOL and HRQOL in children with DMD is scarce. The available
studies have several limitations that will be discussed in more detail in the next chapter.
Briefly, many of these studies have small sample sizes, uses only parent-reported
HRQOL and draw samples from a single clinic. Furthermore, almost all studies are
descriptive, and do not examine potential determinants of HRQOL.

There is a need for a more comprehensive examination of QOL and HRQOL in children
with DMD from both children’s and parents’ perspectives, using general and disease-
specific measures. Examining the relationship between QOL and HRQOL will allow us
to gain a better understanding of the role health plays in overall QOL. Exploring factors
that are associated with HRQOL would allow us to identify potential determinants of
HRQOL that could contribute to improvement of HRQOL. With these gaps of knowledge

in mind, the objectives of this thesis are:

1. Describe the QOL and HRQOL in a sample of boys with DMD in Canada from both
children’s and parents’ perspectives.

2. Examine the relationship between QOL and HRQOL.

Hypothesis: QOL and HRQOL will be rated as distinct but related concepts by boys
with DMD and their parents.

3. Explore child and family characteristics that contribute to any difference between
QOL and HRQOL.

Hypothesis: Family characteristics relating to social economic status will be
associated with the difference between QOL and HRQOL.
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4. Explore associations of child and family characteristics with multidimensional
measures of HRQOL.

Hypothesis: Age and ambulation status will be associated with the physical
component and the total component of a multidimensional measure of HRQOL,;
family stress will be significantly associated with the psychosocial component of
multidimensional HRQOL.

5. Compare QOL and HRQOL of ambulant boys who were diagnosed recently to those

who were diagnosed longer ago.

Hypothesis: For boys who are still ambulant, those who have been diagnosed before
2012 will have better QOL and HRQOL than those who have been diagnosed after
2012.

6. Compare QOL and HRQOL of boys who have lost ambulation recently to those who

lost ambulation longer ago.

Hypothesis: For boys who are non-ambulant, those who lost ambulation before 2012
will have better QOL and HRQOL than those who lost ambulation after 2012.
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Chapter 2

Literature Review

2.1 Methodology of Literature Review

A literature search was conducted in January 2014 in the electronic databases MEDLINE,
EMBASE and PsychINFO. Using the following key words: 1) Duchenne Muscular
Dystrophy; 2) quality of life OR health related quality of life OR health-related quality of
life OR health status..; 3) pediatri* OR paediatri OR teenage* OR adolescent OR child
OR child* 4) 1 AND 2 AND 3. Medical Subject Heading (MeSH) terms were used
whenever possible. The references of relevant studies were used to identify potential
other studies not discovered upon initial search.

Inclusion criteria

Studies were considered for inclusion if: 1) child or parent-reported QOL or HRQOL was
the main outcome of the study; 2) study population was specific to or included children
with Duchenne Muscular Dystrophy (<18); and 3) were published in the English

language.

2.2 Results

2.2.1 Overview of studies

Nineteen studies were identified that fit the inclusion criteria. The studies were published
between 2005 and 2013 and were conducted in the following countries: United States, the
Netherlands, Germany, China, Brazil, France, Australia, Italy, and Canada. Thirteen
measures of QOL or HRQOL were used; a summary of these instruments can be found in
Table 2.1. The majority of the generic instruments used are multidimensional, consisting
at least of physical, emotional and social domains, including: KIDSCREEN-52,
DISABKIDS, Pediatric Quality of Life Generic Core 4.0 (PedsQL), Child Health
Questionnaire-parent report (CHQ), Vecu Sante Percu par I’adolescdent (VSP-A). Some
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studies used instruments that examine an individual domain of HRQOL. For example, the
Personal Adjustment and Roles Scale-I11 (PARS-I11) focuses only on psychological
adjustment and does not include questions pertaining to physical functioning. One of the
challenges of summarizing studies is the diversity of the instruments used. There is
heterogeneity among the instruments in their purpose and design. For example, all
instruments have unique domains, and some have no summary score. This makes it hard
to compare results across studies. However, the most commonly used instruments, the
PedsQL Generic Core 4.0 and the CHQ-50 Parent Report both have summary physical

and psychosocial scores, making them most comparable to one another.

Seventeen of the studies were cross-sectional and two were longitudinal, conducted over
the span of nine months and one year. Many studies (N= 8) had single-centre designs and
recruited participants through approaching patients in neuromuscular clinics. The sample
sizes of the studies ranged from 25 to 287. It should be noted, however, that some of
studies’ patient populations included adults with DMD or children with other types of
neuromuscular disorders (Grootenhuis et al., 2007; Mah et al., 2008; Orcesi et al., 2014;
Vuillerot et al., 2010).

Although almost all of the studies of HRQOL in children with DMD are descriptive,
some comparative analyses were completed. Four recurring themes were identified
among the studies: 1) comparison of HRQOL between boys with DMD and either a
healthy control group or a group with another chronic illness; 2) comparison between
sub-groups within the paediatric DMD sample; 3) investigation of relationship between
clinical measures of function and child or parent reported HRQOL; 4) and comparison
and agreement between child self-report HRQOL and parent reported HRQOL. Each of
the four themes will be discussed in detail below. A summary of major findings of all

studies can be found in Table 2.2.

Comparison to healthy peers or those with another iliness

Ten studies compared HRQOL in boys with DMD to a healthy cohort, or children with
other chronic illnesses. Four of these studies (Bendixen et al., 2012; Henricson et al.,
2013; McDonald et al., 2010; Orcesi et al., 2014) recruited healthy controls along with
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their DMD sample, six studies used established normative data from the literature as their
healthy controls (Baiardini et al., 2011; Bray et al., 2011; Davis et al., 2010; Elsenbruch
etal., 2013; Opstal et al., 2013; Uzark et al., 2012).

Eight studies found that boys with DMD had significantly poorer physical HRQOL than
healthy boys and children with other types of chronic illnesses. Five studies reported that
boys with DMD had significantly lower psychosocial score than healthy controls
(Baiardini et al., 2011; Bendixen et al., 2012; Bray et al., 2011; Davis et al., 2010; C. M.
McDonald et al., 2010). None of the studies reported effect sizes, but the differences in

physical HRQOL score were consistently larger than differences in psychosocial score.

Houwen-van Opstal et al. (2013) reported that there were no significant differences in
HRQOL score between boys with DMD and healthy children, in any of the ten domains
of the KIDSCREEN-52, except the physical domain. Elsenbruch and colleagues (2013)
divided their sample into child and adolescent groups. In the children’s group, all
subscale scores as well as the total HRQOL score were significantly lower than the scores
of age-matched children with other chronic illnesses (p<0.05). In the adolescent group,
only the social inclusion subdomain score was significantly lower in boys with DMD
compared to normative data (p<0.01). Orcesi et al. (2014) developed a new HRQOL
instrument targeted at young children with neuromuscular illnesses, the Strips of Life
with Emoticons (SOLE), which only has an overall score and no domains scores.
Compared to healthy boys, the mean score for boys with DMD was significantly lower.

Overall, compared to healthy children or children with other chronic illnesses, boys with
DMD had significantly poorer HRQOL scores. This difference is most consistent in the
physical domain. In eight out of ten studies, boys with DMD had lower physical HRQOL
scores than healthy controls and children with other types of chronic illnesses, and this
deficiency was observed in both child self and parent proxy reports. Most of the studies
found that the psychosocial scores of boys with DMD are also lower than their healthy

peers.
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Comparison between subgroups

DMD is a progressive disease with inevitable physical deterioration. Thus, a natural
question is whether HRQOL declines with disease progression. This question would most
ideally be addressed through longitudinal studies where a group of patients is followed
over time. However, as HRQOL in DMD patients is a relatively new area of research,
almost all studies are cross-sectional. In cross-sectional studies, patients with different
disease severity have been compared to one another. Age is often used as a proxy for
disease progression given that generally, older children have more severe illness. Disease
groups may also be separated by ambulation status (ambulant or non-ambulant) or

ventilation status (does not require ventilation or requires ventilation).

Ten studies compared HRQOL stratified by disease severity. The most commonly used
questionnaire was the PedsQL Generic Core 4.0, which has three versions based on age:
ages 5-7, ages 8-12, and ages 13-17. In addition, the PedsQL inventory has disease
specific modules, including Neuromuscular and DMD modules. Disease specific
measures tend to be more sensitive when used to compare HRQOL across disease sub-
groups (Eiser & Morse, 2001c).

Three studies used the PedsQL 4.0 Generic Core scale and reported that younger boys
had significantly higher physical HRQOL score than older boys (Bray et al., 2010;
McDonald et al., 2010; Uzark et al., 2012). In contrast, another study reported that in
their sample of boys with DMD, those who were younger than 10 years of age did not
report significantly higher physical HRQOL than those who were older (Bendixen et al.,
2012). Two studies reported boys who were using wheelchair had significantly lower
physical domains scores than boys who were still ambulant (Baiardini et al., 2011; Davis
etal., 2010).

There is less consistency across studies that involve assessment of psychosocial HRQOL.
Four studies reported that there were no significant differences between older and
younger boys in psychosocial HRQOL scores (Baiardini et al., 2011; Bendixen et al.,
2012; Bray et al., 2011; McDonald et al., 2010). Similarly, Davis et al. (2010) reported

that there were no significant differences in psychosocial HRQOL scores between
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children who were using wheelchairs and those who were not. In contrast, Hendriksen et
al. (2009) found that the psychosocial adjustment score was positively associated with
age in a survey of parents of boys with DMD (p<0.001). As well, Uzark et al. (2012)
found that children in the oldest age group reported significantly higher psychosocial
score than children in younger age groups (p=0.05). Mah et al. (2008) surveyed the
parents of 109 children with various neuromuscular disorders, 24 of whom had Duchenne
or Becker Muscular Dystrophy, they found that children on ventilation support had
significantly lower physical HRQOL (p<0.001) and psychosocial scores (p=0.028)

compared to children not on ventilation.

Kohler et al. (2005) found that in their group of DMD patients, those who were ventilated
did not report a significantly lower physical or mental HRQOL scores than those who did
not require ventilation. However, the author used the Short Form-36, which was

designed to assess HRQOL in adults rather than in children.

In a longitudinal study, Simon et al. (2011) followed a group of Boys with DMD over
nine months and administered the Life Satisfaction questionnaire every three months, for
a total of four times. They divided their sample into four age groups, and found that life
satisfaction scores improved significantly in most domains over the follow-up period for
boys across all four age groups. However, the authors did not report the actual scores of
each age group at each time point but instead reported the average score over four time
points for each age group. This makes it difficult to confirm the conclusion these authors
drew. One major limitation of the study was that the questionnaire used was designed for
adolescents, but was used on children under 12 years of age, who made up majority of the

study sample. There was no psychometric evaluation to justify this deviation.

Overall, physical HRQOL in children who are at a more severe stage of the disease is
worse than children who are at a less severe stage. Disease severity is proxied by age, and
use of assistive devices such as wheelchairs and ventilation. Less consistent is the
relationship between disease severity and psychosocial HRQOL. Some studies
(Hendriksen et al., 2009; Uzark et al., 2012) found older children reported better

psychosocial HRQOL despite having more severe disease, while others (Baiardini et al.,
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2011; Bendixen et al., 2012; Bray et al., 2011; McDonald et al., 2010) report there are no
significant differences between older and younger children. However, it is worth noting
that no conclusions can be drawn on any causal relationship between disease severity and
HRQOL due to the cross-sectional nature of most studies. In addition, the studies have
generally had small sample sizes precluding more robust analyses such as regression

modeling to determine the relative contribution of these disease severity measures.

Correlation with clinical measures

Traditional outcome measurements used in clinical trials of DMD involve quantitative
strength and function. With the increasing recognition of the importance of patient-
reported outcomes such as HRQOL, some studies have examined the relationship
between clinical measures and HRQOL. There are two common groups of clinical

measures: measurement of strength and measurement of motor function.

The domains of the KIDSCREEN-52 (Opstal et al., 2013) and the DISABKIDS
(Elsenbruch et al., 2013) did not correlate well with clinical measures. The only
significant correlations were between the physical domain of the KIDSCREEN-52 and
the Vignos scale, a measure of upper body strength (r=-0.45, p=0.01); and between
emotional domain of the DISABKIDS and the Vignos scale (r=0.5, p=0.0490).
McDonald et al. (2010) found that only the physical domains of the parent-reported
PedsQL 4.0 Generic Core and the Paediatric Outcomes Data Collection Instrument
(PODCI) significantly correlated with functional measures. Similarly, in two separate
studies, Bray and colleagues (Bray et al., 2010, 2011) found that only the physical
domains of the CHQ-50 parent report (r=-0.38, P=0.03) and the physical domain of the
PedsQL correlated with the Vignos scale (r=-0.17; p=0.01). The 6-minute walk test is a
recently adopted outcome measure in clinical trials of DMD (NCT01462292). Henricson
et al. (2013) found that decline in 6-minute walk test over one year correlated

significantly with decline in PODCI score.

Vuillerot et al. (2010) examined well-being of a group of 43 adolescents with various
neuromuscular disorders, 19 of whom were DMD patients. They concluded that HRQOL

does not correlate with motor function.
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Overall, it appears that while the physical domains of some HRQOL measures correlates
significantly with commonly used clinical measures, neither the psychosocial domains
nor the overall HRQOL scores correlated with clinical end points. the examination of the
relationship between clinical measures and HRQOL is difficult challenging due to the
variety of HRQOL measures and motor strength and function measures being used by

investigators, reflecting the early and evolving nature of this area of research.

Comparison and agreement between child report and parent report

It has been well-recognized that assessment of both parent and child perspectives of a
child’s HRQOL is important, as there are often discrepancies between them (De Civita et
al., 2005; Eiser & Morse, 2001c).

Parents generally rate their child’s HRQOL lower than children themselves did (Bray et
al., 2010; Davis et al., 2010; Hu et al., 2013; Uzark et al., 2012), although no statistical
comparisons were conducted in these studies. This difference tends to be greater in the
psychosocial domains than the physical domain. Lim et al. (2014) and colleagues did find
that parents reported significantly lower HRQOL on all domains of the PedsQL 4.0
Generic Core than their sons.

Eight studies included both child self-reports and parent proxy-reports, and of these, five
studies examined concordance between child and parent reports. Parent and child
concordance is determined by intraclass correlation coefficient (ICC). For the purposes of
this review, an ICC of < 0.40 would be considered poor, 0.41 to 0.75 would be

considered moderate, and > 0.75 would be excellent (Uzark et al., 2012).

In studies that used the PedsQL Generic Core 4.0 questionnaire (Bray et al., 2010; Davis
etal., 2010; Uzark et al., 2012), only the school domain had moderate concordance, while
other domains had poor concordance. Davis et al. (2010) found that all subdomains of the
English PedsQL 3.0 Neuromuscular have poor parent-child concordance. Hu et al. (2013)
tested the Chinese version of the same questionnaire and found that for 50 child-parent
pairs, the ICC of the overall score and subdomains were moderate. Lim et al. (2014)
found that by both classical test analysis, which examines scale-level agreement, and
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Rasch analysis, which examines item-level agreement, there was better concordance

between children and parents on the physical scale than psychosocial scale.

Overall, parents tend to rate their child’s HRQOL as worse than children themselves do,
and the concordance between parent and child is in the poor to moderate range with the
majority of domains and total scores in the poor range. The more observable aspects of a

child’s life, such as the school function tended to yield higher concordance.

Discussion and limitations of previous studies

The existing literature on HRQOL in boys with DMD offers some useful preliminary
information, but, there are several limitations that must be taken into account in
interpreting the findings. There is heterogeneity across studies with regards to the
definition and constructs of QOL and HRQOL. Some measures focus only on
individuals’ feelings about their well-being (PARS-III, LSI-A), while other instruments
are closer to measures of health status in that the questions evaluate the extent of a
problem has occurred (CHQ and PedsQL questionnaires). Furthermore, it is difficult to
compare the results across measures that have different domains, particularly if they do
not have summary score(s). Fortunately, the most commonly used questionnaires are
CHQ and PedsQL, both of which have physical and psychosocial summary scores,

making it easier to compare the findings.

Many of the studies used convenience sampling and drew participants from local
clinic(s). Given the severity of the disease, it is reasonable to assume that almost all boys
with DMD are managed at a tertiary-care clinic, thus patients recruited through such
clinics are likely representative of the DMD population. However, most studies did not
report a response rate and it is unclear whether the respondents differ from those who
chose not to participate. Moreover, there has not been a previous study in Canada of boys
with DMD. Due to the rarity of DMD, it is difficult to employ a population-based random
sampling procedure. A registry based study may be an alternative to population based

random sampling.



19

Most of the studies had relatively small sample sizes, with ten of the 18 studies having a
sample size of 50 participants or less. When subgroup comparisons are made, the sample
sizes became even smaller. Thus the lack of any significant differences in comparison
could be due to insufficient power. Additionally, of all HRQOL measures, only the
PedsQL questionnaires has been validated specifically in a paediatric DMD population
(Davis et al., 2010). The reliability and validity of other measures in this population is
unknown. Some studies have applied questionnaires designed for adults (Kohler et al.,
2005) or adolescents (Simon et al., 2011) to children, without any psychometric

evaluation of their appropriateness.

Many of the studies did not report their results comprehensively. Some reporting issues
include lack of p-value being reported (Opstal et al., 2013), not computing a summary
score despite one being available for the questionnaire used and displaying results in

graphs with no error bars (Bray et al., 2010).

In four of the studies (Grootenhuis et al., 2007; Mah et al., 2008; Orcesi et al., 2014;
Vuillerot et al., 2010), boys with DMD were part of a sample that included children with
other types of neuromuscular disorders, making it hard to elucidate specifically the
HRQOL of boys with DMD. Some studies excluded boys younger than 8 years old
(Davis et al., 2010; Elsenbruch et al., 2013), or boys who have lost ambulation
(Henricson et al., 2013; McDonald et al., 2010). The time around initial diagnosis and
loss of ambulation, may be particularly vulnerable times for boys with DMD and should
receive more focus. Finally, not all of the studies assessed HRQOL from both parent and
child perspectives, and only three studies used disease-specific questionnaires (Davis et
al., 2010; Hu et al., 2013; Uzark et al., 2012).

A multitude of QOL and HRQOL measures were used. Most studies that used the
PedsQL questionnaires designated it as a measure of HRQOL, two studies designated it
as QOL (Bendixen et al., 2012; Mah et al., 2008). The KIDSCREEN-52, DISABKIDS,
PODCI and TACQoL were considered as HRQOL measures; while the VSPA, LSI-A,
Short Form-36 and SOLE were considered to be QOL measures. The CHQ-50 was



20

considered to be a QOL measure by one study (Baiardini et al., 2011) and health status by
another study (Bray et al., 2011).

2.2.2 Conclusions

From the existing literature, it is apparent that the HRQOL of boys with DMD is poorer
than that of their healthy peers, particularly in the physical domain. Within the DMD
sample, boys with more severe disease consistently reported poorer physical HRQOL
than boys with less severe disease; such a difference was not as consistent for
psychosocial HRQOL. Similarly, while the physical domains of HRQOL instruments
correlated well with clinical measures of functioning, psychosocial domains did not.
Finally, the parent and child concordance for most measures of HRQOL was poor. It is
important to determine whether these findings can be replicated in future studies that
overcome some of the shortcomings of previous work. A comprehensive study that
examines QOL and HRQOL from children’s and parents’ perspectives, using validated
generic and disease specific questionnaires and one that spans the entire paediatric DMD
age range would help researchers and clinicians gain more insight into the subjective
well-being of children with DMD. Furthermore, determining child or family factors that
are associated with HRQOL could help clinicians and researchers identify potential risk

factors for poor HRQOL and provide appropriate intervention.
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Table 2-1 Summary of quality of life and health-related quality of life instruments
used by studies reviewed

Instrument

Dimensions/domains

Scoring

Studies

KIDSCREEN-52

Dutch version

Physical, psychological, moods/emotions,
self-perception, autonomy, parent
relations/home life, financial resources,
social support/peers, school
environment, social acceptance.

Scores on ten
domains

No total score

(Opstal et al.,
2013)

DISABKIDS

Independence, emotion, social inclusion,
social exclusion, physical limitation,

Scores on ten
domains and

(Elsenbruch et al.,
2013)

German version treatment total score
Pediatric Physical, emotional, social and school Scores on four (Davis et al.,
Quality of Life functions domains 2010; Henricson
4.0 Generic 2 summary scores: et al., 2013; Hu et
Core (PedsQL Physical score; al., 2013; Mah et
4.0 Generic) Psychosocial score al., 2008;
(emotional, social McDonald et al.,
English and and school functions  2010; Uzark et al.,
Chinese combined) 2012)
versions Total score
Paediatric Upper extremity, transfer/basic mobility,  Scores on five (McDonald et al.,
Outcome Data sports/physical function, pain, happiness, domains 2010)
Collection and global functioning Global functioning
Instrument score is mean of all
(PODCI) domains excluding
happiness.

English
TACQolL Motor functioning, physical symptoms, Scores on seven (Grootenhuis et
Dutch social functioning, cognitive functioning, = domains al., 2007)

positive emotions, negative emotions, No total score

autonomy
Vecu Sante Vitality, leisure, relationship with parents, Scores on 9 domains (Vuillerot et al.,
percu par relationship with friends, relationship No total score 2010)
I'adolescent with teachers, body image, school
(VSPA) performance, physical and psychological

wellbeing
French
Child Health Physical Functioning, Role/Social Scores on 15 (Baiardini et al.,

Questionnaire
Parent Form 50
(CHQ-50)

English version

Limitations — Physical,

General Health Perceptions, Bodily
Pain/Discomfort, Family Activities,
Role/Social Limitations — Emotional,
Role/Social Limitations— Behavioral,
Parent Impact Time, Parent Impact
Emotion, Self-Esteem, Mental Health,
Behavior, Family Cohesion, Change in
health

domains
2 summary scores:
physical and

psychosocial

No total score

2011; Bray et al.,
2011)
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Personal
Adjustment and
roles Skills Scale

Peer relations, dependency, hostility,
productivity, anxiety/depression, and
withdrawal

Scores on six
domains

(Hendriksen et al.,
2009)

(PARS-III) No total score

Dutch

Life Satisfaction  General wellbeing, interpersonal Scores on five (Simon et al.,
Index for relationship, personal development, domains 2011)
Adolescents personal satisfaction, recreation

(LSI-A) No total score

English and

Dutch versions

Short Form 36

Vitality, physical functioning, bodily pain,
general health perceptions, physical role
functioning, emotional role functioning,
social role functioning, mental health

Scores on eight
domains

No total score

(Kohler et al.,
2005)

Strips of Life
with Emoticons
(SOLE)

Italian

33 individual items that assess how a
child feels at different times in a typical
day

Total score of all 33
items

(Orcesi et al.,
2014)

PedsQL
Neuromuscular

About My Neuromuscular Disease,
communication, About our family

3 domain scores

(Davis et al.,
2010; Hu et al.,

Module resources Total score 2013)
English and

Chinese

Versions

PedsQL DMD Daily Activities, Treatment, Worry, 4 domain scores (Uzark et al.,
module communication 2012)

English version

No total score
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Citation

Study design and sample
characteristics

HRQOL measure used

Major findings

Baiardini et al., 2011

Cross-sectional;
DMD sample N=27, mean
age11.4

Neuromuscular clinics in
Italy

Child Health Questionnaire
50- Parent Form

Parent-report

Parents reported significantly lower
physical, psychosocial score than
normative sample

Use of wheelchairs and ventilation were
significantly associated with lower
physical functioning HRQOL

Bendixen et al., 2012

Cross-sectional;

DMD sample N=50; mean
age 8.0 years (range 5-17)
healthy sample N=25

Neuromuscular clinic in the

United States (Florida)

PedsQL 4.0 Generic Core

Self- and parent- report

HRQOL was lower for boys with DMD in
the physical, social and school domains,
and the overall score. There was no
significant difference in the emotional
domain

Participation level in physical and social
activities is not correlated to HRQOL in
boys with DMD.

Older boys had significantly lower
participation level, but not HRQOL than
younger boys

Bray et al., 2010

Cross-sectional;
DMD sample N=35, mean
age 12.5 (range 9-17

Recruited through
neurogenetics clinics and
community newsletters in
Australia

PedsQL 4.0 Generic Core

Self- and parent- reports

Parent-child concordance range from
poor to modest in different domains,
greatest in school domain

Self-reported scores significantly
correlated with physical domain and
Vignos scale

Younger boys with DMD had significantly
higher physical domain score than older
boys




Bray et al., 2011

Cross-sectional;
DMD sample N=34, mean
age 9.9 (range 5-18)

Three urban paediatric
hospitals in Australia

Child Health Questionnaire
50-Parent Form

Parent-report

Parents reported significantly lower
physical, psychosocial score than
normative sample and sample of children
with Charcot-Marie-Tooth disease

Parents experienced greatest stress
during disease transition points such as
loss of ambulation

Davis et al., 2010

Cross-sectional;
DMD sample N=44, mean
age 12.9 (range 8-18)

Neuromuscular clinics in the
United States

PedsQL 4.0 Generic Core
and PedsQL 3.0
Neuromuscular modules

Self- and parent- reports

Parent and child reported HRQOL
significantly lower than normative
sample

The PedsQL 3.0 Neuromuscular module
is reliable and valid measure of HRQOL in
the paediatric DMD population

Full time wheelchair users had lower
physical HRQOL in both generic and
neuromuscular specific modules

Elsenbruch et al., 2013

Cross-sectional;

DMD sample N=50, mean
age 15.4 years (range 8-23)
Control derived from 1,152
children with different
chronic health conditions

Single paediatric neurology
clinic in Germany

DISABKIDS chronic generic
module for children and
adolescents; Short Form-36
for young adults

Self- and parent- report

In children, HRQOL score of boys with
DMD in all domains were lower than
boys with other chronic illnesses. In
adolescents, only social inclusion domain
had lower score.

No correlation between total HRQOL
score and Vignos function score.

Grootenhuis et al., 2007

Cross-sectional

Muscular dystrophy sample
N=40, 36 are DMD patients
mean age 12.6 (range 8-17)

Dutch Neuromuscular
centres

TACQoL children for under
16 year olds

TACQolL adult for 16 and
older

Self-report

Children and adolescents with muscular
dystrophy reported significantly lower
QOL in ‘motor functioning’ domain than
healthy peers

Better ‘physical symptoms’ score, but
worse motor functioning score than
healthy peers

24



Hendriksen et al., 2009

Cross-sectional
DMD sample N=287, mean
age 10.9 (range 5-18)

the Netherland and U.S

Personal Adjustment and
Role Skills Scale (PARS-III)

Parent report

The PARS-Ill is a reliable and valid
measure in the paediatric DMD
population

PARS-III total score was not significantly
different in DMD compared to males
with other chronic medical conditions

PARS-IIl total score positively correlated
with increase in age

Hu et al., 2013

Cross-sectional;
DMD sample N=56
Mean age 7.54 (range 2-13)

Tertiary hospitals in urban
China

Chinese version of PedsQL
4.0 Generic Core and
Neuromuscular 3.0 module

Self and parent-report

The Chinese version of PedsQL 4.0
General core and Neuromuscular is
feasible, reliable and valid

Agreement between parent and child is
moderate.

Henricson et al., 2013

Longitudinal

DMD sample N=24
ambulatory boys mean age
7.9 (range 4-12)

Controls N=36

Neuromuscular clinics in the
United States (California)

PedsQL 4.0 Generic Core
PODCI

The 6-minute walk test and the PODCI
global scale, and transfer scale declined
significantly over one-year interval.

One-year change in PODClI scores are
significantly correlated with one-year
change in 6 minute walk test

Kohler et al., 2005

Cross-sectional
DMD sample N=35 mean
age 17 (range 8-33)

Short Form-36

Self-report

Neither physical nor mental summary
score in DMD patients was not found to
be correlated with physical impairment
or FVC

Lim et al., 2014

Cross-sectional

DMD sample N=63 parent-
child pairs

Mean age 10.3 (range 5-16)

United States

PedsQL 4.0 Generic Core

Self and parent-report

Parents reported significantly lower
physical and psychosocial HRQOL

Classical test theory analysis and Rasch
analysis found the agreement between
children and parents in physical domain
was better than psychosocial domains.

25



26

Mabh et al., 2008

Cross-sectional
Neuromuscular sample
N=109, 24 are DMD or
Becker MD, mean age 10.5

Single Neuromusclar centre
in Canada

PedsQL 4.0 General Core

Parent-report

Children who required ventilation had
significantly lower overall HRQOL than
children not on ventilation

McDonald et al., 2010

Cross-sectional;

DMD sample N=52
ambulatory boys (age range
4-17)

Control sample N=36

Neuromuscular clinics in the
United States

PedsQL 4.0 Generic Core
Module

PODCI

Parent-report

Parent reported HRQOL in both
guestionnaires are lower than those of
controls

The physical function domain of PedsQL
and of PODCI correlated with age and
some clinical measures of strength

Opstal et al., 2013

Cross-sectional;

DMD sample

N= 40, mean age 11.5 years
(range 8-20);

Control group N=22,827

Recruited from Dutch
Duchenne Parent Database

KIDSCREEN-52

Self-report and parent-
report

Apart from physical domain, HRQOL in
Boys with DMD not significantly different
from that of healthy boys.

Significant correlations between physical
domain and some functional scales

Orcesi et al., 2014

Cross-sectional;

DMD sample N=43 (out of
78 neuromuscular patients)
Mean age 8.6 years (range
5-13)

Six tertiary centres in Italy

Newly developed Strips Of
Life with Emoticons (SOLE)
guestionnaire

Self- and parent- report

DMD patients reported lower QOL than
healthy controls

No significant correlation found between
functional disability and SOLE total score

(Simon et al., 2011)

Longitudinal

DMD sample N=95 (age
range 5to 17)

Single neuromuscular centre
in Brazil

Life Satisfaction Index for
Adolescents

Self-report

Boys with DMD showed increase in self-
perceived QOL in most domains of the
Life Satisfaction Index over the nine
month period of the study




Uzark et al., 2012

Cross-sectional;

DMD sample N=203 mean
age 10.4 years (age range 5-
17)

Neuromuscular clinics in the
United States (Michigan)

PedsQL 4.0 Generic Core
and DMD module

Self- and parent-report

Parent and child reported total and
subdomain scores were significantly
lower than those of healthy children.

Older boys self-reported psychosocial
score was significantly higher than that
of younger boys.

The PedsQL DMD module is reliable and
valid

Vuillerot et al., 2010

Cross-sectional;
Neuromuscular sample
N=43, 19 are DMD

Mean age 13.8 years (range
10-17)

Single neuromuscular centre
in France

Vecu Sante Percu par
L’adolescent (self-perceived
health states in adolescents)
Self-report

Teens with a neuromuscular disorder did
not report lower score than nondisabled

group

QOL scores did not correlate with
physical impairment

27
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Chapter 3
Methods

This chapter describes the process of data collection, data management strategies and
statistical analyses related to each objective. The properties of the measures and variables

used in the study are also reviewed.

3.1 Data Source, Study Design and Data Management

3.1.1 Data source

Participants were recruited through the Canadian Neuromuscular Disease Registry
(CNDR), a national registry that collects demographic and medical information from

people living with a neuromuscular disease, including DMD, across Canada.

The CNDR was implemented with the objective of fostering collaborative research and
facilitating planning of clinical trials. Recruitment at the two lead sites, Calgary and
London, began in June 2011. The National Office for the CNDR is based at the
University of Calgary in Alberta, Canada. Nine paediatric neuromuscular clinics across
Canada are currently enrolling patients with DMD into the registry. Patients are
approached for enrollment during routine clinic visits. Upon enrollment, patients indicate
whether they want to be contacted for research studies in the future. As part of the
registry, demographic and medical information are collected at the initial recruitment
visit and then all follow-up visits. At each clinic visit, the treatment team completes the
CNDR data collection forms, which are then uploaded onto a secure web-portal. All
personnel who complete data entrance at each site are trained by the CNDR national
coordinator. As well, there is a detailed data reference manual which outlines the
requirement for individual fields. Data entry is reviewed on a weekly basis by the
National Office and any errors detected are reported back to the local sites for correction.
Finally, data are audited on a regular basis by the National Office (Korngut et al., 2013).
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3.1.2 Data collection

Ethics approval was obtained from the Research Ethics Board at Western University and
the CNDR. A copy of the approval notice can be found in Appendix A. The CNDR
national office coordinated the mail-out to all eligible families who indicated they were
interested in participating in research. Due to the confidentiality protocol for the CNDR,
only the national office has access to the addresses and identifying information of these
families. A set of unique IDs was generated for this study, and only the CNDR national
office has the list matching IDs to CNDR data.

Inclusion criteria:

1. Enrollment in CNDR and patient (or parent) has indicated interest to be contacted for
research studies

2. Males between ages of 4-18 years of age;

3. A confirmed diagnosis of DMD in the CNDR database. The definition is confirmed
by genetic testing or absence of dystrophin on muscle biopsy, and a phenotype
consistent with DMD as judged by the treating physician;

4. Availability of primary care giver to complete the parent questionnaire.

Exclusion criteria:
1. Any significant co-morbid medical diagnosis not related to DMD;
2. Inability to comply with study protocol (e.g. lack of language skills to complete

questionnaire)

Questionnaires were compiled in London and forwarded to the national office for mail-
out in June 2013. There were two separate questionnaire booklets, one for the child to
complete as self-report, one for the parent to complete as proxy-report. Parents and
children were instructed to complete the questionnaires independently. In the case where
the child was unable to complete the questionnaire on his own, parents were instructed to
read the questions to their child verbatim and not guide the child in answering the
question. Included with the questionnaires were a letter of information for parents and
assent letter for children, describing the study (Appendix B). Implied consent was
assumed for this study if the participant returned the questionnaires. One week after the



30

initial mail-out, a reminder postcard was sent out to all families. Four weeks later, a
reminder package, containing the same elements as the initial package was sent to those
who had not responded. Eight weeks after the initial mail-out, another reminder package
was sent to those who had not yet responded. A copy of the reminder postcard and the
letter accompanying the reminder package can be found in Appendix C. This method,
consistent with the Dillman’s Tailored Design method was used to maximize the

response rate (Dillman, 1978).

3.1.3 Data management

Questionnaires were initially returned to the national CNDR office at the University of
Calgary, Canada where the respondents were cross-referenced against the master list to
keep track of who had responded. Returned questionnaires were forwarded from Calgary
to London. All data entry was completed at London Health Sciences Centre, Victoria
Hospital. Data were entered into Statistical Package for the Social Sciences (SPSS)
Statistics 21. Data verification was done by another research assistant, where 10% of the
questionnaires were verified. The error rate was less than one percent, and errors were

corrected by checking against the original questionnaire.

3.2 Measures

The boys with DMD and their parents completed questionnaires that assessed the child’s
QOL and HRQOL. The boys and their parents also completed a questionnaire that
assessed the child’s fatigue. Parents answered additional questions on child
characteristics and family information which included demographic information and the
Family Inventory of Life Events (FILE) checklist. Instructions were provided at the front
of the child and parent questionnaires to aid completion, these instructions can be found
in appendices E to G. Parent report version of the various QOL and HRQOL measures,
the fatigue measure, the demographic information measure and the FILE can be found in

appendices H to N. All measures used are described below.

Apart from child and parent completed information, demographic and medical
information recorded in the CNDR database were also obtained, they are described in

more detail later in the chapter.
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3.21 QOL and HRQOL measures

Four different measures were used to measure QOL and HRQOL. The Quality of My
Life (QoML) Questionnaire measured both QOL and HRQOL with single-item
statements. Three Pediatric Quality of Life Inventory (PedsQL) questionnaires were used
as multidimensional measures of HRQOL with various degrees of disease specificity. A
visual schematic representation of the QOL and HRQOL measures can be found in

Figure 3.1, a summary of all measures used can be found in Table 3.1.

Quality of My Life Questionnaire

The Quality of My Life (QoML) Questionnaire was initially developed to measure
overall QOL and HRQOL as distinct constructs in children with rheumatoid arthritis
(Feldman et al., 2000). The questionnaire consists of two single-item statements
measured on visual analog scales (VAS). The first item states ‘overall, my life is...” and
the second states ‘Considering my health, my life is....”. Answers are marked along a
100mm line for each question, with 0 being ‘the worst’ and 100 being ‘the best’. Child
respondents assess their own QOL and HRQOL while parent respondent assess their
child’s QOL and HRQOL. For this study, an item was removed from the original QoML,
which was a question that assesses temporal change in QOL which asks the respondents
to indicate ‘since the last time I was here my life is...” better or worse, on a 5-point likert
scale. This item was removed from this study because the questionnaires were done in a
cross-sectional manner and there was no basis for a temporal comparison. Convergent
validity of the QoML has been established in the paediatric rheumatology population
(Feldman et al., 2000; Gong et al., 2007). The QoML has also been used in other
populations, such as children with neurological impairment and children with hemophilia
(Mahant et al., 2009; Revel-Vilk et al., 2004). A copy of the QoML can be found in
Appendix H.

Pediatric Quality of Life Inventory generic core module and disease
specific modules

The PedsQL Inventory is a repertoire of generic and disease-specific modules that

measure HRQOL in children and adolescents. All modules in the PedsQL inventory
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contain multiple items which are grouped into domains. Each item asks the extent to
which an event has been a problem for the child in the past month. For example, a
question in the physical domain of the PedsQL 4.0 Generic Core asks ‘In the past month,
how much of a problem have you had with participating in sports activity or exercise’.
Each item is measured on a five-point likert scale that ranges from 0-4 (O=never,
1=almost never, 2=sometimes, 3=often, 4=almost always). All items are reverse scored
and linearly transformed into scale out of 100 (0=100, 1=75, 2=50, 3=25, 4=0) such that
higher score indicates better HRQOL.

The PedsQL Inventory modules are composed of parallel child-self report and parent-
proxy reports, and are divided into three age groups: young child (5-7 years old); child
(8-12 years old) and teen (13-18 years old). It should be noted that in our study we
administered the young child report to children aged 4 years old (n=6), to increase our
sample size, particularly in the number of children who were recently diagnosed. The
content of the items is identical, differing in language modified to be developmentally
appropriate. For young children’s self-report, the 5-point likert scale is reduced to 3-point
likert scale, (O=never, 2=sometimes, 4=almost always). Due to the young age of these
children, parents were asked to act as interviewers to their child and given specific
instructions (Appendix E). Domain scores are computed as a sum of items divided by
number of items answered. If more than half of items on a particular domain are missing,
the domain score is not calculated. An overall score is calculated as the sum of items

divided by total number of items.
Generic Core Module

The PedsQL 4.0 Generic Core module is a generic measure of HRQOL, it has been
widely used in healthy children and children with various disorders (Varni et al., 2001;
Varni et al., 2003, 2007b). It has been found to be valid and reliable specifically in the
paediatric DMD population (Davis et al., 2010). It consists of 23 items, grouped into
four domains: eight questions in physical domain, and five questions in each of

emotional, psychological and school domains.
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In addition to domain scores and the overall score, two summary scores are also
calculated. The physical domain score is also the physical summary score, and the
emotional, social and school domains make up the psychosocial summary score. The
parent proxy-report version of PedsQL 4.0 Generic Core module can be found in

Appendix I.
Neuromuscular module

The PedsQL 3.0 Neuromuscular module was developed in particular to measure
HRQOL in children with neuromuscular disorders, including those with DMD (Davis et
al., 2010). There are 25 items grouped into three domains: About my/my child’s
neuromuscular disease (17 items), Communication (3 items) and About Our Family
Resources (5 items). Each domain generates a score and there is also an overall score.
The young child self-report version does not contain the Communication and About Our
Family Resources domains. The Neuromuscular module has been tested primarily in a
group of children with spinal muscular atrophy (SMA), which is another type of
paediatric neuromuscular illness (lannaccone et al., 2009), as well as a group of 44 boys
with DMD and been found to be feasible, reliable and valid (Davis et al., 2010). The
parent proxy-report version of PedsQL 3.0 Neuromuscular module can be found in

Appendix J.
DMD module

The PedsQL DMD module was developed as a more DMD-specific measure of HRQOL
(Uzark et al., 2012). It consists of 18 items, grouped into four domains: Daily Activities
(5 items), Treatment (4 items), Worry (6 items) and Communications (3 items). There is
no DMD module for young child self-report. It was developed simultaneously with the
Neuromuscular module, and has been found to be feasible, reliable and valid (Uzark et
al., 2012). The scoring instruction for this module precludes calculation of a total score,
however, upon contacting the module developers, it was deemed appropriate to calculate
a total score. The parent proxy-report version of PedsQL DMD module can be found in
Appendix K.
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Missing data

The percent missing for each question in the child-reported PedsQL questionnaires
ranged from 2.3% to 8.2%, with most questions having 2-3% missing values. The
questions that had a higher missing percentage were deemed ‘not applicable’ by some
children. For example, the question ‘how much of a problem have you had with running’
was deemed as not applicable by some children who had lost ambulation, some left it
blank and wrote ‘not applicable’ next to the question. Computation of PedsQL domain
scores only requires at least half of the questions in a given domain to be non-missing;
percent missing of domains scores ranged from only 2.3% to 3.5%. In the parent reported
PedsQL questionnaires, the percent missing for each question ranged from 0 to 4.1%. The

percent missing for domain scores range from 0 to 2.1%.

Initially, it was found that around 30% (N=25) of boys with DMD and their parents did
not complete the Quality of My Life questionnaire. This single-page questionnaire was
sent out again, with more detailed instructions, to those who did not complete it initially.
A copy of the letter accompanying the additional mail-out can be found in Appendix D.
Nine child self-reported QoML and fifteen parent-reported QoML were returned after
mailing of single-page QoML questionnaire. Items missing in the demographic portion of
the questionnaire were filled if such information could be found elsewhere (e.g. child’s
date of birth can be obtained from the CNDR). Missing data on the PedsQL were handled
according to guidelines of the questionnaire developers.

3.2.2  Child characteristics and family information

Child characteristics

In addition to the QOL and HRQOL questionnaires, boys with DMD and their parents
also assessed the child’s level of fatigue, which was measured via the PedsQL 3.0
Multidimensional Fatigue module. It has three domains, with six items in each: General
Fatigue, Sleep/Rest Fatigue and Cognitive Fatigue. It has been validated in paediatric
cancer (Varni et al., 2002) and rheumatology (Varni et al., 2004) populations, among
other diseases. It was scored the same as the PedsQL HRQOL modules, where
respondents indicated how much of a problem the boy with DMD had with a fatigue-



35

related event. The scores were then reverse coded so that higher scores indicate less
fatigue. A copy of the parent reported PedsQL 3.0 Multidimensional Fatigue module can
be found in Appendix L.

The remainder of the child characteristics questions were adapted from the Health
Related Quality of Life in Children with Epilepsy Study (Speechley et al., 2012), with
permission of the Principal Investigator. Parents were asked to indicate whether their
child has a comorbid condition (asthma, cystic fibrosis, diabetes, cerebral palsy, epilepsy
or cancer); a developmental or mental condition (developmental delay, a learning
disability, Attention Deficit Disorder or Attention Deficit Hyperactive Disorder, Autism,
pervasive development disorder or Asperger’s syndrome, oppositional defiant disorder,
conduct disorder, depression and anxiety); whether child has needed and received extra
help with school work (special education, speech language therapy, occupational therapy,
medication or therapy for behaviour problems and medication or therapy for emotional
problems). Parents were also asked to give their child’s month and year of birth. A few
questions that were DMD specific were added to this questionnaire: Is your child
currently involved in any clinical trials or other research studies for his DMD? Was your
child diagnosed with DMD less than one year ago? Is your child able to walk (If no, did

your child stop walking less than one year ago or greater than one year ago?)

Family characteristics

The child’s family’s characteristics were collected through parent questionnaires and
included socio-demographic information including parents’ current marital status, current
employment status, highest level of education completed, household income and other
household members who currently reside with the child with DMD. Household income
was divided into 13 categories: less than $5000, $5,000-$9,999; $10,000-$14,999;
$15,000-$19,999: $20,000-$24,999; $25,000-$34,999; $35,000-$49,999; $50,000-
$74,999; $75,000-$99,999; $100,000-$149,999; $150,000-$200,000, over $200, 000, and
‘don’t know’. Parents also completed the Family Inventory of Life Events (FILE), which
was a 71 item of list of potential stressful events that a family may have faced. Each item
is answered with either ‘yes’ or ‘no’ to indicate whether that particular event has occurred

in the past year (McCubbin, 1996). Each item has a corresponding value if it is answered
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with ‘yes’, with higher scores assigned to events causing more stress (e.g. 99=death of
child). If an item was answered with ‘no’, it received a score of zero. The total score was
calculated as a sum of all items. The child characteristics and family characteristics
questionnaire can be found in Appendix M, and the FILE can be found in Appendix N.

3.2.3  Registry information

Medical information obtained from CNDR database included: forced vital capacity
(FVC), left ventricular ejection fraction (LVEF), ambulation status (yes or no),
wheelchair use status (never, intermittent, full-time), scoliosis status (yes or no), steroid
treatment (never, past use, current use), non-invasive ventilation (yes or no), invasive
ventilation (yes or no), cardiac medication (yes or no), type of genetic mutation, and date
of genetic test. The child’s date of birth was also obtained to confirm date of birth
reported by parents. In cases of discrepancy, the date of birth in registry was used.

3.3 Statistical Analyses

For all statistical analyses SAS software version 9.3 was used. A two-sided p-value <0.05
was considered to be statistically significant unless otherwise stated.

3.3.1 Description of sample characteristics

Univariate analyses were used to examine characteristics of the sample (mean and
standard deviation for continuous variables, frequencies and percentages for categorical
variables). Bivariate analyses (t- and - tests) were used to determine whether non-
respondents were different from respondents on clinical characteristics obtained from the
CNDR database.

3.3.2 Describe the QOL and HRQOL in boys with DMD in Canada
from both children’s and parents’ perspectives (Objective 1).
The medians, means and standard deviations of child self-reported and parent proxy-
reported QOL and HRQOL scores of boys with DMD were calculated. As references,
scores of healthy children (Varni et al., 2003) and scores of a sample of children with

SMA, obtained from literature, were also reported.
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3.3.3  Examine the relationship between QOL and HRQOL
(Objective 2).
The relationship between the single-item measures of QOL and HRQOL were examined
with simple linear regression. To ensure that any relationship found between single-item
QOL and single-item HRQOL is not due to similarity in design between these two
measures (i.e. due to common method variance), the association between QOL and a
multidimensional measure of HRQOL (PedsQL Generic Core total score) was examined
with Spearman correlation. The association between the single-item measure of HRQOL

and multidimensional measure of HRQOL was also examined with Spearman correlation.

3.3.4  Explore child and family characteristics that contribute to any
difference between QOL and HRQOL (Objective 3).
Logistic regression was used to assess whether any child clinical or family characteristics
distinguished those who rated QOL to be higher than HRQOL from those who did not.
We decided to approach this objective by dividing our sample into two groups: boys and
parents who rated QOL to be ‘much’ higher than HRQOL, and children and parents who
did not rate QOL to be ‘much’ higher than HRQOL. QOL was considered much higher
than HRQOL if the difference between them was in the top 25% of the sample. There
was no guidance from literature on what constitutes a meaningful difference between
QOL and HRQOL, thus we made the arbitrary decision, based on the distribution of the
values in our sample, to dichotomize our outcome in this manner. The characteristics
tested in the multivariable logistic regression are presented in Table 3.1, they were: age of
child, fatigue level, ambulation status, presence of at least one mental or developmental
disorder, total household income, parental education, and family inventory of life events
score. Fatigue score and FILE score were presented in intervals of 10 and 50,

respectively, to reflect more meaningful levels of change.

3.3.5 Explore associations of child and family characteristics with
multidimensional measures of HRQOL (Objective 4)

To model the relationships of child and family characteristics with HRQOL,

multivariable linear regression with backwards elimination was used. Our study was

exploratory in nature, given that there was limited past literature on which to base our
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Appendix J Pediatric Quality of Life Inventory 3.0 Neuromuscular Module



Appendix K Pediatric Quality of Life 3.0 Duchenne Muscular Dystrophy Module

In the past ONE month, how much of a problem has your child had with...
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DAILY ACTIVITIES (FROBLEMS WITH...) Never | Almost | Some- | Often | Almost
Never times Always
1. Trouble eating with a fork and knife 0 1 2 3 4
2. Difficulty writing or drawing with a pen or pencil 0 1 2 3 4
3. Difficulty putting his/her clothes on 0 1 2 3 4
4. Using the toilet without assistance 0 1 2 3 4
5. Needing more time to complete tasks 0 1 2 3 4
TREATMENT (PROBLEMS WITH...) Never Almost | Some- Often Almost
Never times Always
1. Taking medicines 0 1 2 3 4
2. Physical therapy or daily exercise causing pain 0 1 2 3 4
3. Difficulty being responsible for medicines or 0 1 2 3 4
physical therapy
4. Difficulty managing his or her muscle problem 0 1 2 3 4
WORRY (PROBLEMS WITH...) Never Almost | Some- Often Almost
Never times Always
1. Worrying about his or her muscle problem 0 1 2 3 4
2. Worrying about whether or not medicines are 0 1 2 3 4
working
3. Worrying about his or her family 0 1 2 3 4
4. Worrying about needing help from others 0 1 2 3 4
5. Worrying about not being accepted by others 0 1 2 3 4
6. Worrying about being treated differently than 0 1 2 3 4
others his/her age
COMMUNICATION (PROBLEMS WITH...) Never | Almost | Some- | Often | Almost
Never times Always
1. Difficulty telling the doctors and nurses how he/she 0 1 2 3 4
feels
2. Difficulty asking the doctors and nurses questions 0 1 2 3 4
3. Difficulty explaining his/her muscle problem to 0 1 2 3 4
other people




Appendix L Pediatric Quality of Life 3.0 Fatigue Module

In the past one month, how much of a problem has this been for your child ...
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GENERAL FATIGUE (PROBLEMS WITH...) Never | Almost | Some- | Often | Almost
Never times Always

1. Feeling tired 0 1 2 3 4

2. Feeling physically weak (not strong) 0 1 2 3 4

3. Feeling too tired to do things that he/she likes to do 0 1 2 3 4

4. Feeling too tired to spend time with his/her friends 0 1 2 3 4

5. Trouble finishing things 0 1 2 3 4

6. Trouble starting things 0 1 2 3 4

SLEEP/REST FATIGUE (PROBLEMS WITH...) Never | Almost | Some- | Often | Almost
Never times Always

1. Sleeping a lot 0 1 2 3 4

2. Difficulty sleeping through the night 0 1 2 3 4

3. Feeling tired when he/she wakes up in the morning 0 1 2 3 4

4. Resting a lot 0 1 2 3 4

5. Taking a lot of naps 0 1 2 3 4

6. Spending a lot of time in bed 0 1 2 3 4

COGNITIVE FATIGUE (PROBLEMS WITH...) Never | Almost | Some- | Often | Almost
Never times Always

1. Difficulty keeping his/her attention on things 0 1 2 3 4

2. Difficulty remembering what people tell him/her 0 1 2 3 4

3. Difficulty remembering what he/she just heard 0 1 2 3 4

4. Difficulty thinking quickly 0 1 2 3 4

5. Trouble remembering what he/she was just thinking 0 1 2 3 4

6. Trouble remembering more than one thing at a time 0 1 2 3 4
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Appendix M Demographic and Medical Questionnaire

The following questions ask yvou about some other health experiences your child may have
had:

1. Does your child have any of the following health conditions:

No Yes

Asthma

Cystic fibrosis

Diabetes

Cerebral palsy

Epilepsy

Cancer

Any other long-term health conditions
Please specify:

2. Has your child ever been diagnosed with any of the following developmental disorders:

No Yes

Developmental delay

A learning disability

Attention deficit disorder (ADD) or attention deficit hyperactivity
disorder (ADHD)

Autism, pervasive developmental disorder (PDD) or Asperger’s
syndrome

Oppositional defiant disorder

Conduct disorder

Depression

Anxiety
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18. In which category is your total yearly household income before taxes? (check one box only)

[] Less than $5,000
] $5,000 - $9,999

[] $10,000 - $14,999
[ $15,000 - $19,999
[] $20,000 - $24,999
(] $25,000 - $34,999
] $35,000 - $49,999
[] $50,000 - $74,999
] $75,000 - $99,999
[] $100,000 - $149,999
] $150,000 - $200,000
[] Over $200,000

[ ] Don't’ know

19. Thinking about your total family income. from which sources did your family receive
income during the past year? (check all that apply)

[l Wages and salaries

Income from self-employment

Family allowance (baby bonus)
Unemployment insurance or strike pay

Worker's compensation

OO O

Old Age Security, Guaranteed Income Supplement, Canada or Quebec Pension
Plan, Retirement Pension Plan, Super-annuation

[]

Dividends and interest on bonds, deposits, and saving certificates

[]

Other government sources such as welfare, mother's allowance, etc.

[ ] Other sources(s), please specify:




Appendix N Family Inventory of Life Events

Did the change happen in your family:

During the
Last 12
Months

Yes No

Intrafamily Strains
. Increase of husband/father's time away from family

. Increase of wife/mother’s time away from family

. A member appears to have emotional problems

. A member appears to depend on alcohol or drugs

Increase in conflict between husband and wife

. Increase in conflict among children in the family

. Increased difficulty in managing teenage child(ren)

Increased difficulty in managing school age child(ren) (6-12 yrs)

Increased difficulty in managing preschool age child(ren) (2.5-6

)

I
a
b
C
d
e
f. Increase in arguments between parent(s) and child(ren)
g
h
i.
)
yrs

k. Increased difficulty in managing toddler(s) (1-2.5 yrs)

I. Increased difficulty in managing infant(s) {0-1 yr)

m. Increase in the amount of “outside activities” which the children
are involved in

n. Increased disagreement about a member’s friends or activities

0. Increase in the number of problems or issues which don’t get
resolved

p. Increase in the number of tasks or chores which don’t get done

g. Increased conflict with in-laws or relatives
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Over their life cycle, all families experience many changes as a result of normal growth and
development of members and due to external circumstances. The following list of family life changes
can happen in a family at any time. Because family members are connected to each other in some
way, a life change for any one member affects all the other persons in the family to some degree.

‘FAMILY” means a group of two or more persons living together who are related by blood, marriage
or adoption. This includes persons who live with you and to whom you have a long term commitment.

Please read each family life change and decide whether it happened to any member of your family -
including you - during the past 12 months and check Yes or No.



Did the change happen in your family:
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During the
Last 12
Months

Yes Mo

Il. Marital Strains
a. Spouse/parent was separated or divorced

b. Spouse/parent had an “affair”

c. Increased difficulty in resolving issues with a “former” or
separated spouse

d. Increased difficulty with sexual relationship between husband
and wife

lIl. Pregnancy and Childbearing Strains
a. Spouse had unwanted or difficulty pregnancy

b. An unmarried member became pregnant

c. A member had an abortion

d. A member gave birth to or adopted a child

IV. Finance and Business Strains
a. Took out a loan or refinanced a loan to cover increased expenses

b. Went on welfare

c. Change in conditions (economic, political, weather) which hurts
the family investments

d. Change in agriculture market, stock market, or land values which
hurts family investments and/or income

e. A member started a new business

f. Purchased or built a home

g. A member purchased a car or other major item

h. Increased financial debts due to over-use of credit cards

i. Increased strain on family “money” for medical/dental expenses

j. Increased strain on family “money” for food, clothing, energy,
home care

. Increased strain on family “money” for child(ren)’s education

Delay in receiving child support or alimony payments

. Work-Family Transitions and Strains
A member changed to a new job/career

. A member lost or quit a job

A member retired from work

. A member started or returned to work

ole|n |o|le <|—|=

. A member stopped working for extended period (e.g., laid off,
leave of absence, strike)

f. Decrease in satisfaction with job/career

g. A member had increased difficulty with people at work

h. A member was promoted at work or given more responsibilities

i. Family moved to a new home/apartment

j- A child/adolescent member changed to a new school




Did the change happen in your family:
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During the
Last 12
Months

Yes No

VI. lllness and Family “Care” Strains
Parent/spouse became seriously ill or injured

Child became seriously ill or injured

Close relative or friend of the family became seriously ill

A member became physically disabled or chronically ill

m || 0| o

Increased difficulty in managing a chronically ill or disabled
member

f. Member or close relative was committed to an institution or
nursing home

g. Increased responsibility to provide direct care or financial help to
husband’s and/or wife's parents

h. Experienced difficulty in arranging for satisfactory child care

VIl Losses
a. A parent/spouse died

b. A child member died

Death of husband’s or wife's parent or close relative

Close friend of the family died

Married son or daughter was separated or divorced

sl Ny =T

A member “broke up” a relationship with a close friend

VIIl. Transitions “In and Out”
a. A member was married

b. Young adult member left home

c. Young adult member began college (or post high school training)

d. A member moved back home or a new person moved into the
household

e. A parent/spouse started school (or training program) after being
away from school for a long time

IX. Family Legal Violations
a. A member went to jail or juvenile detention

b. A member was picked up by police or arrested

c. A member ran away from home

d. A member dropped out of school or was suspended from school
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