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Abstract

Leukodystrophies (LD) are a group of rare genetic disorders characterized by abnormal
cerebral white matter whose main constituent is myelin, produced by oligodendrocytes. Disease-
onset often occurs in childhood, and follows a progressive course, leading to increasing disability
and premature death. Leukodystrophies can be classified by brain MRI characteristics as either
non-hypomyelinating or hypomyelinating, according to whether there is abnormal myelin
homeostasis or abnormal myelin deposition during development, respectively. RNA polymerase
[I-related leukodystrophy (POLR3-related leukodystrophy, POLR3-HLD or 4H) is a
hypomyelinating leukodystrophy caused by biallelic pathogenic variants in genes that encode for
RNA polymerase III subunits, including POLR3A, POLR3B, POLRIC, and POLR3K. Clinically,
it is characterized by a combination of three cardinal features: hypomyelination, hypodontia and
hypogonadotropic hypogonadism, hence the common abbreviation, 4H.

While studies of other chronic diseases with similar debilitating features have been
shown to negatively impact the quality of life (QoL) of the affected children, as well as
caregiver’s stress, studies investigating parental stress and QoL of parents of patients with 4H are
especially lacking, despite being a devastating disease that requires constant multidisciplinary
care. As well, lower QoL and higher stress level outcomes are strongly associated with parental
mental health issues which may impact the overall well-being of the parent and care of the child,
hence re-affirming its importance.

We therefore chose to investigate the stress level and QoL of parents of patients with
POLR3-related leukodystrophy in a cross-sectional study. Several questionnaires such as
Demographics, Family Impact Module (FIM), Parenting Stress Index 4th Edition (PSI), Parental
Stress Scale (PSS), Stress Index for Parents of Adolescents (SIPA), the Coping Health Inventory

for Parents (CHIP), and the Injustice Experiences Questionnaire (IEQ) were administered to 27
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mothers and 16 fathers, and patients’ clinical assessments were collected to assess patients’
characteristics and disease severity, along with parents' well-being, stress-impacting factors,
perceptions of injustice, and coping mechanisms.

Parents of children with POLR3-related leukodystrophy had lower QoL compared to
normative samples, and approximately 80% of parents’ stress scores fell within normal stress
level ranges. Mothers’ perceived injustice scores ranged from average to high, and fathers’
ranged from very low to very high. Correlations were found between and within mothers’ and
fathers’ scores, such as QoL, stress level, and IEQ scores. Helpful coping mechanisms had a
common theme of parents being directly involved in their child’s life, and least helpful coping
mechanisms were those that seemed to be irrelevant to their child’s care. As well, some of the
less helpful coping mechanisms became more helpful as stress increased. Relationships were
found between mothers’ stress scores, years since disease onset and certain life stress
circumstances.

This is the first study that conducts a thorough examination of the overall well-being of
parents with children suffering from POLR3-related leukodystrophy. The results show the
importance of implementing services and social support to improve the quality of life of these

parents.

Key words: leukodystrophy, POLR3-related leukodystrophy, 4H leukodystrophy, stress,

parental stress, quality of life, experiences of injustice, coping mechanisms



Résumé

Les leucodystrophies (LD) sont un groupe de maladies génétiques rares caractérisées par
des anomalies de la substance blanche cérébrale, laquelle est constituée majoritairement de
my¢line qui est produite par les oligodendrocytes. La maladie se déclare souvent dans 1'enfance
et suit une évolution progressive, entrainant souvent des handicaps croissants et un déces
prématuré. Les leucodystrophies peuvent étre classées comme non hypomyélinisantes ou
hypomy¢élinisantes. Cela dépend soit respectivement d’'une homéostasie anormale de la myéline
ou d’un dépdt anormal de myéline au cours du développement, ainsi que des caractéristiques a
I’IRM cérébrale. La leucodystrophie liée a ' ARN polymérase III (leucodystrophie liée 8 POLR3,
POLR3-HLD ou 4H) est un trouble hypomyélinisant causé par des variants pathogenes
bialléliques dans des génes qui codent pour des sous-unités de ' ARN polymérase 111, notamment
POLR3A, POLR3B, POLRIC et POLR3K. Cliniquement, elle se caractérise par une combinaison
de trois caractéristiques cardinales: hypomyélinisation, hypodontie et hypogonadisme
hypogonadotrope, d'ou I'abréviation courante, 4H.

Alors que des ¢études portant sur d'autres maladies chroniques présentant des
caractéristiques débilitantes similaires ont montré un impact négatif sur la qualité de vie (QdV)
des enfants affectés, ainsi que sur le stress des soignants, les études portant sur le stress parental
et la QdV des parents de patients atteints de 4H font particulierement défaut, bien qu'il s'agisse
d'une maladie dévastatrice qui nécessite une prise en charge constante et multidisciplinaire. De
plus, une QdV plus faible et un niveau de stress plus élevé sont fortement associés aux
problémes de santé mentale des parents, ce qui peut avoir un impact sur le bien-étre du parent et

les soins de I'enfant, d'ou son importance.



Nous avons donc choisi d'étudier la qualité de vie et le stress des parents de patients
atteints de leucodystrophie liée 8 POLR3 dans une étude transversale. Plusieurs questionnaires
tels que les données démographiques, le Parental Stress Index 4e édition (PSI), le Parental Stress
Scale (PSS), le Stress Index for Parents of Adolescents (SIPA), le Injustice Experiences
Questionnaire (IEQ), le Coping Health Inventory for Parents (CHIP) et le Family Impact Module
(FIM) ont été administrés a 27 meres et 16 peres, et des évaluations cliniques des patients ont été
recueillies de maniére transversale pour évaluer le bien-étre des parents, les facteurs influengant
le stress, les perceptions d'injustice et les mécanismes d'adaptation, de méme que les
caractéristiques cliniques et la sévérité de la maladie des patients.

Les parents d'enfants atteints de leucodystrophie liée 8 POLR3 avaient une qualité de vie
inférieure a celle des échantillons normatifs, et approximativement 80 % de scores de stress
parental se situaient dans les limites de la normale. Les scores d'injustice percue des meres
allaient de moyen a élevé, et ceux des peres allaient de trés faible a tres élevé. Des corrélations
ont été trouvées entre et au sein des scores des meres et des peéres, comme la qualité de vie, les
niveaux de stress, et les scores de I’'l[EQ. Les mécanismes d'adaptation utiles comprenaient un
théme commun par lequel les parents sont directement impliqués dans la vie de leur enfant, et les
moins utiles étaient ceux qui n'avaient rien a voir avec les soins de leur enfant. Aussi, certains
des mécanismes d'adaptation moins utiles sont devenus plus utiles lorsque le stress augmentait.
Des liens ont été ¢tablis entre les scores de stress des meres, le nombre d'années écoulées depuis
l'apparition de la maladie et certaines circonstances de stress de la vie.

Il s'agit de la premiére étude qui a procédé a un examen approfondi du bien-étre général

des parents d'enfants souffrant de leucodystrophie liée a POLR3. Les résultats montrent



l'importance de mettre en place des services et un soutien social pour améliorer la qualité de vie

de ces parents.

Mots clés: leucodystrophie, leucodystrophie liée a POLR3, leucodystrophie 4H, stress, stress

parental, qualité de vie, expériences d'injustice, mécanismes d'adaptation
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Introduction and Thesis Objectives

Rare diseases affect a small number of individuals (less than 200,000 cases reported)l,
thereby restricting their scientific research, including research on potential treatments, delaying
diagnosis and interventions, limiting support, and increasing stigma surrounding the disease’.

RNA Polymerase III (POLR3)-related leukodystrophy, also known as POLR3-HLD or
4H (hypomyelination, hypodontia, and hypogonadotropic hypogonadism) leukodystrophy, is a
rare neurological disease (whose prevalence is around 1 in 7,663 births)* with a mostly pediatric
age of onset. It is caused by biallelic pathogenic variants in genes that encode for subunits of
RNA polymerase III°. It is characterized by hypomyelination on a brain MRI with a typical MRI
pattern, and the presence of a variety of neurological and non-neurological features™.
Unfortunately, there is no known cure for this neurodegenerative disease. Thus, supportive
treatments are the only option for minimizing potential complications, which require the
expertise and care of a multifaceted team of health care professionals’.

Although POLR3-related leukodystrophy is a devastating disease, studies investigating
the impact of this disease on patients and their caregivers’ overall well-being are vastly lacking.
Only a handful of studies have examined the effects of genetically determined
leukoencephalopathies and leukodystrophies on individuals and their loved ones, including two
studies published by our group, the MyeliNeuroGene Lab, in 2018 and 2020, respectively®’. The
first study looked at whether the presence and severity of specific clinical features of genetically
determined leukoencephalopathies lead to lower health-related quality of life (HRQoL) for
patients®. It found that children with genetically determined leukoencephalopathies had poorer
health related quality of life, which correlated to the severity and presence of clinical features

such as motor, emotional and social functioning®. The second, a pilot study, looked at whether
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certain clinical and demographic features correlated with higher stress for parents of patients
affected by genetically determined leukoencephalopathies’. The authors of this study found that
parents with children with genetically determined leukoencephalopathies had higher stress
percentile scores, and that behavior and physical functioning were most impactful on these
scores’. Although these studies have determined lower health-related quality of life for patients,
higher stress for parents, and certain clinical features that correlate with these levels, these
studies looked at genetically determined leukoencephalopathies which included several types of
diseases. While these diseases have similarities, they also have differences. Obtaining results that
represent all genetically determined leukoencephalopathies together may not be a valid
representation of specific diseases within the group. Here, we elected to study specifically
POLR3-related leukodystrophy because the specific impact of POLR3-related leukodystrophy on
families, notably parents, has not been studied before, particularly, understanding the impact of
detrimental clinical features and life circumstances on parents’ quality of life and their stress
level. Poor overall quality of life and high parental stress can negatively impact a parent’s and
thus child’s mental health, leading to anxiety, depression, and other health issues®. These factors
could negatively affect parents’ relationships with their children; their ability to respond and tend
to their children’s needs, and impair their child’s behavior, growth, and emotional stability®.

In this study, we sought to assess parents’ quality of life, stress levels, and which
modifiable factors (categorical and continuous) of POLR3-related leukodystrophy might impact
their stress levels and quality of life. In line with this, we performed a cross-sectional study,
including parents of patients who were followed at the Leukodystrophies and Neurometabolic
Disorders Clinic at the McGill University Health Centre Research Institute (RI-MUHC) and

international patients alike. We collected and analyzed parents’ responses to five questionnaires
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concerning demographics, stress, quality of life, experiences of injustice, and coping strategies,
as well as their child’s updated medical records.

We hypothesized that parents caring for children with POLR3-related leukodystrophy
have lower quality of life and higher stress compared to parents of healthy children, and that the
modifiable factors most impactful for determining both quality of life and stress scores would be

111 “and physical disability of the child™'"'?. To address these

behavioral issues’, fatigue
hypotheses, the aims of this project were as follows:

Aim 1: To determine whether parental stress and quality of life are affected in

comparison to parents of healthy children.

Aim 2: To identify which modifiable factors (continuous or categorical) may negatively

impact or influence parental stress and quality of life of parents of children with POLR3-

related leukodystrophy.

By identifying whether poor quality of life and increased stress levels negatively
influence parents, we can shed light on the significance of improving the well-being of parents,
which will also benefit the care their children receive. We thus hope to raise awareness for the
importance of parental well-being while caring for a child with a chronic disease. Furthermore,
we aim to identify the specific modifiable factors that may impact parents, so that interventions

can be developed to mitigate such factors, and both improve parental mental health and increase

the support they receive.
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Chapter 1: Background Literature Review
1.1 White Matter Disorders: Leukoencephalopathies

White matter disorders are those that affect the white matter of the brain, which is
composed of blood vessels, glial cells (which are further composed of oligodendrocytes,
microglia, and astrocytes in the central nervous system), and millions of bundles of neurons
wrapped in myelin'’. Oligodendrocytes are responsible for myelin sheath production'®. These
cells undergo a multifaceted system from proliferation through to maturation and myelination
which lead to the creation of myelin sheaths that are also carefully maintained'®. Microglia are in
charge of brain development by acting as the brain’s protective barrier'®. Microglia act as the
brain’s macrophages which provide immune responses responsible for removing any substances
that may harm the central nervous system, to help maintain healthy neuronal connections'®.
Astrocytes are the most abundant glial cell type and have many roles such as: synapses
formation, maintaining the blood-brain barrier, regulating neurotransmitter uptake, and ensuring
the proper functioning of other cells'’. Myelin serves as a protective barrier and insulator for
neurons, allowing for the propagation of electrical impulses from node to node through
salutatory conduction'®, It is also responsible for the protection of axons as well as for providing
support for neurons to mature, regenerate, and survive'*. Thus, myelin provides elements that are
vital for efficient and effective neuronal signalling and connectivity within the central nervous
system'”.

While white matter disorders are vast, the term “leukoencephalopathies™ includes all
disorders affecting the white matter of the central nervous system. Leukoencephalopathies
include genetically determined leukoencephalopathies, leukodystrophies, as well as non-genetic

diseases which may stem from trauma”’, malnutrition”’, inflammation®’, exposure to drugs or
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toxins™

, infections™ (i.e. progressive multifocal leukoencephalopathy or PML caused by the
JC virus®) or neoplasms®**. Genetically determined leukoencephalopathies (gLEs) are inherited
cerebral white matter diseases, and include both leukodystrophies (where the primary disease
process is thought to involve glial cells**) and diseases where the white matter involvement is
thought to be secondary to another disease process (i.e., metabolic, vascular, etc.)25. Other
examples of gLEs include neuronal diseases such as AIMP1 and AIMP2-related gLE*
diseases that involve inborn metabolic errors such as GM1 and GM2- gangliosidosis*, Menkes
Syndrome®®, Allan-Herndon-Dudley Syndrome®’, and others.

Common signs and symptoms of leukoencephalopathies include motor dysfunction
caused by, for example, pyramidal, extrapyramidal and/or cerebellar involvement, visual and

hearing impairments, cognitive deficits, and in certain diseases, systemic manifestations®’-".

1.2 Leukodystrophies

Further characterized from leukoencephalopathies are leukodystrophies (LDs). The most
commonly accepted definition, even if imperfect (c.f. below), comes from the Global
Leukodystrophy InitiAtive (GLIA) consortium consensus, whereby leukodystrophies are “a
group of rare, inherited, genetic, progressive disorders primarily affecting the white matter (i.e.
myelin) of the central nervous system, with or without peripheral nervous system

involvement’*

. Thus, leukodystrophies are hereditary disorders that have glial cell and myelin
sheath (i.e. oligodendrocytes) anomalies, and the cells that are involved in the neuropathology of
LDs are oligodendrocytes, astrocytes, and other non-neuronal cell types®.

Leukodystrophies can be further classified as hypomyelinating (i.e., insufficient myelin

deposition during development) and non hypomyelinating (i.e., altered myelin homeostasis), in

which both have typical brain MRI characteristics®. Clinically, the majority of leukodystrophies
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affect children and are progressive in nature, leading to disability and premature death, months to
years following disease onset’.

Considering that this classification system of leukodystrophies is imperfect, a novel
classification system based on pathological changes was proposed by van der Knaap et al.”*. It
was realized that leukodystrophies are not only caused by mutated genes involved in myelin or
oligodendrocyte development, but are also in axons, microglia, blood vessels and astrocytes'’.
Thus, van der Knaap et al. further classified leukodystrophies into five categories: myelin
disorders (i.e., including primary defects in myelin and oligodendrocytes), microgliopathies,
vascular pathology disorders, neuronal or axonopathies, and astrocytopathies'’. Although this
classification is more accurate on a pathophysiological level and more inclusive for genetic white
matter disorders that were not included in the previous classification (i.e., vasculopathies), the
classification of hypomyelinating vs. non-hypomyelinating disorders remains very helpful on a
clinical basis because of the associated typical brain MRI patterns. For the remaining of this

thesis, we will therefore use the hypomyelinating vs non-hypomyelinating classification.

1.3 Non-Hypomyelinating Leukodystrophies

Brain MRI patterns are key in determining whether a given disease is hypomyelinating or
non-hypomyelinating. In non-hypomyelinating disorders, T1-weighted imaging would show
white matter appearing darker than the surrounding grey matter (hypointense)®’, whereas T2-
weighted imaging would show white matter appearing lighter than the surrounding grey matter
(hyperintense)”®, compared to in a healthy brain where white matter is hyperintense on T1-
weighted imaging and hypointense in T2-weighted imaging as compared to grey matter

32
structures .
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Non-hypomyelinating leukodystrophies are caused by altered or disrupted myelin
homeostasis®. Non-hypomyelinating leukodystrophies have numerous causative-genes and
varied methods of inheritance. Several examples of non-hypomyelinating leukodystrophies
include Alexander disease®, Krabbe’s disease’, Metachromatic Leukodystrophy”,
Mitochondrial Leukoencephalopathies®®, and Vanishing White Matter Disease’’, to name a few

(see Table 1.1).

1.4 Hypomyelinating leukodystrophies

Hypomyelinating leukodystrophies are disorders characterized by a defect in myelin
deposition during development, which leads to a permanent reduction of white matter in the
central nervous systemzs.

Common clinical signs and symptoms of hypomyelinating leukodystrophies are motor
functioning issues such as spasticity and ataxia, and cognitive and developmental delays®®.

Magnetic resonance imaging is also key in diagnosing hypomyelinating
leukodystrophies. Indeed, on brain MRI, TI1-weighted imaging would show white matter
appearing as either darker, similar, or somewhat lighter than the surrounding grey matter,
whereas T2-weighted imaging would show white matter appearing marginally darker than the
surrounding grey matter (but typically not as pronounced as in non-hypomyelinating disorders),

39,40
d>”

compared to the appearance of healthy brains, as previously mentione . Further analysis of

the MRI pattern can help with the diagnosis of the specific disease™*’

. For example, disorders
such as Hypomyelination with Atrophy of the Basal ganglia and Cerebellum (H-ABC)*,

POLR3-related leukodystrophy3 and Salla’s disease®, can be associated with cerebellar atrophy.
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Examples of hypomyelinating leukodystrophies include Pelizacus-Merzbacher disease

(PMD)*, TUBB4A-related leukodystrophy**, and POLR3-related leukodystrophy® (see Table

1.1).

Table 1.1 Short List of Non-Hypomyelinating and Hypomyelinating Diseases

Non-Hypomyelinating Affected Gene(s) Phenotype
Diseases MIM Disease
Number
(PMIM)
Alexander disease™ GFAP 203450
Krabbe’s disease™ GALC 245200
Aicardi-Gouti€res ADAR, RNASEH2A, RNASEH2B, RNASEH2C, SAMHD1, 610333,
syndrome™ TREX] 225750, 610181
Metachromatic ARSA 250100
Leukodystrophy®’
Mitochondrial NDUFAI, NDUFVI1, NDUFS2 618225,

Leukoencephalopathies™

301020, 618228

Adrenoleukodystrophy™ ABCDI 300100

Vanishing White Matter EIF2BI, EIF2B2, EIF2B3, EIF2B4, EIF2B5 603896

disease’’

Megalencephalic HEPACAM, MLCI 604004

Leukoencephalopathy with

subcortical Cysts (MLC)*’

Cerebrotendinous CYP27A41 213700

xanthomatosis

(CTX)*®

Canavan disease™ ASPA 271900

Hypomyelinating Diseases  Affected Gene(s) Phenotype
MIM Disease
Number
(PMIM)

Pelizaeus-Merzbacher PLPI 312080

disease (PMD)43

POLR3-related POLR3A, POLR3B, POLRIC, POLR3K 614381,

leukodystrophy’ 607694, 616494

EPRS-related disease™ EPRS| 617951

Sialic Acid Storage Disease ~ SLC1745 604369

(SASD)”!

Hypomyelination with FAMI126A4 610532

Congenital Cataracts
(HCC)™

Cockayne Syndrome™

ERCC6, ERCCS

133540, 216400

SOX10-related disease™

SOX10

609136
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Hypomyelination with TUBB4A4, UFM1 612438
Atrophy of the Basal Ganglia
and Cerebellum (H-ABC)*!

This table includes a brief (not complete) list of specific non-hypomyelinating and hypomyelinating diseases, the
affected genes associated with each disease, and the Phenotype MIM (PMIM) disease numbers.

1.5 POLR3-related Leukodystrophy (4H Leukodystrophy)

Initially, there existed multiple diseases with similar phenotypic features that were
considered separate, namely: Ataxia, delayed dentition, and hypomyelination (ADDH)”,
leukodystrophy with oligodontia (LO)*°, hypomyelination with cerebellar atrophy and
hypoplasia of the corpus callosum (HCAHC)’’, hypomyelination, hypodontia, hypogonadotropic

>89 and tremor-ataxia with central hypomyelination (TACH)**®'. However,

hypogonadism (4H)
with the identification of common causal genes, these diseases were later referred to as POLR3-
related leukodystrophy, or 4H leukodystrophy, one of the most common hypomyelinating
leukodystrophies known®* %,

RNA Polymerase III (Pol III) is a 17-subunit complex responsible for transcribing small
non-coding RNAs important for translation, including all tRNAs®**®. POLR3-related
leukodystrophy is thus an autosomal recessive disorder caused by biallelic pathogenic variants in
the genes that encode for Pol III subunits3, including POLR3A62, POLR3B64, POLRIC® and
POLR3K®.

The cardinal features of POLR3-related leukodystrophy include hypomyelination,
hypodontia and hypogonadotropic hypogonadism, creating its alternative name, 4H
leukodystrophy®. It typically presents in early childhood*, although early infantile®® and later

4,69,70

presentations are also possible, depending on the mutation. It is characterized by both

neurological and non-neurological features. Neurological features include cerebellar, pyramidal,

3,4,71-73

extrapyramidal and cognitive manifestations , while non-neurological features include
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dental (e.g., hypodontia, oligodontia, and others)*’""™ endocrine (most commonly

#7175 and ocular (typically myopia)

hypogonadotropic hypogonadism and short stature)
abnormalities™".

Cerebellar features are the most frequent and hindering symptoms experienced by
patients, which include motor limitations and regression that may lead to the use of a
wheelchair’*. In fact, while some patients remain independently mobile into adulthood, others
may lose ambulation after 10 years and will require assistive mobility devices®. Cerebellar
features, outside of gait ataxia>* or balance difﬁculties3’4, cause coordination difficulties (i.e.,
intention tremor3’4, dysmetria3 ’4, dysdiadochokinesis3’4), slurred speech (i.e., dysarthria)3 ’4, and
extraocular movement abnormalities such as progressive loss of ocular pursuits®* and abnormal
saccades™. There are also pyramidal and extrapyramidal features that are caused by altered
corticospinal tracts and basal ganglia circuits, respectively’. Pyramidal involvement leads to
spasticity’, which by definition, is increased tone that is velocity dependent®. The most common

7 defined as involuntary muscle

extrapyramidal feature seen in patients is dystonia’>
contractions of agonist and antagonist muscles causing abnormal postures or slow, repetitive
movements’ . Other features include swallowing difficulties or dysphagia which may lead to
tube feeding; sialorrhea, fatigue, cognitive delay and/or regression, and in some cases, behavioral
issues™™*"!,

Non-neurological clinical features include dental abnormalities, such as hypodontia
(absence of 1-5 primary or permanent teeth), oligodontia (absence of 6 or more primary or
permanent teeth), and abnormally placed or shaped teeth, or delayed tooth eruption from the

3,74

gums™"". There are also endocrine abnormalities, such as hypogonadotropic hypogonadism,

which presents itself as delayed or halted puberty, or the absence of early pubertal changes, as
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well as short stature (in around 50% of individuals) with or without growth hormone
deficiency’*”. Some patients also reported having thyroid abnormalities”. Lastly, there are
ocular abnormalities, including myopia®*, which typically progresses rapidly, and is the most
common non-neurological clinical feature present in patients’™. Less common ocular
abnormalities include optic atrophy™* and cataracts™*.

The MRI pattern of POLR3-related leukodystrophy include characteristics of
hypomyelination (mentioned above), as well as typical relative preservation of myelination of
the globus pallidus, anterolateral nucleus of the thalamus, optic radiations, dentate nucleus, as
well as, in some cases, the corticospinal tracts at the level of the posterior limb of the internal
capsule, along with potential cerebellar atrophy and the thinning of the corpus callosum usually

4,39,78-80

found in older patients . The MRI pattern of patients with an early infantile and severe

form of the disease showcase abnormalities of the basal ganglia and overall inadequate myelin

81,82

deposition” *“, whereas the MRI pattern of patients with a later onset and milder forms of the

disease show either normal myelination (i.e., in cases presenting with spastic paraparesis or

spastic ataxia)®*™*

, normal myelination with basal ganglia involvement (i.e., in cases with a mild
striatal form of the disease)®’, or hypomyelination with more myelin present compared to the
typical presentation of hypomyelination®*.

POLR3B mutations are the most prevalent (49% incidence)™*, followed by POLR3A
mutations (41% incidence)’*, and POLRIC mutations (5% incidence)™*. The prevalence of
genetic mutations varies within patient populations, and therefore if single gene sequencing is
chosen as a diagnostic process, a certain order of single-gene sequencing should be performed’.

The POLR3B gene should be sequenced first to test for a mutation if the patient is a descendant

of European ancestry’, whereas the POLR34 gene should be sequenced first to test for a
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mutation if the patient is a descendant of French-Canadian populations’. However, it is important
to note that with the development of next generation sequencing, most patients are currently
investigated with gene panels which would include all 4 disease-causing genes, along with
others®. It is also important to note that although POLR3A-related leukodystrophy is more
common within the French-Canadian population™, this is likely due to the founder effect, where
a population stems from a small group of individuals, leading to reduced genetic variation and a
potential increase in the occurrence of allele patterns responsible for rare disorders like POLR3-
related leukodystrophy®’.

Genotype-phenotype correlations have been reported in POLR3-related leukodystrophy
or POLR3-related disorders. Indeed, some phenotypic generalities (c.f. below) can be predicted
from the mutated genes, although this needs to be done with caution since this is not always a
definitive relationship. Also, some specific variants are known to be associated with a defined
phenotype, an earlier or later onset of disease as well as a severe or milder disease severity and
progression. It is more difficult to draw conclusions because there are hundreds of mutations®**
published, with numerous private mutations, and most patients are compound heterozygotes.
However, for several specific mutations, there is a clear genotype-phenotype correlation.

Biallelic pathogenic variants in POLR3A are typically characterized by a more severe
phenotype, i.e., a later onset and more rapid progression of the disease, and a shorter 1ifespan4.
Most specifically, patients with a POLR34 mutation generally present with earlier loss of
ambulation®*, and commonly have abnormal puberty” and severe dystonia’.

Mutations in POLR3A have been found to cause several other conditions such as

86,87

Wiedemann Rautenstrauch syndrome (a form of neonatal progeroid syndrome) ', which is

characterized by an individual’s pre- and post-natal growth delay and subcutaneous lipoatrophy,
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among other manifestations®™*. Other variants in POLR3A are the cause for striatal®'** and later
onset forms of the disease involving spastic paraparesis and spastic ataxia®'.

Biallelic pathogenic variants in POLR3B are typically characterized by a less severe
phenotype, i.e., with a slower progression of the disease. However, patients with pathogenic
variants in this gene will typically present earlier than patients with variants in POLR3A4".

Drawing conclusions on the severity or disease progression associated with biallelic
pathogenic variants in POLRIC is more difficult due to the rarity and the smaller number of
patients reported with this genotype’'. However, a characteristic found in some of these patients
was craniofacial characteristics indicative of Treacher Collins Syndrome’".

The understanding of the phenotypic spectrum of biallelic pathogenic variants in
POLR3K is quite narrow due to only two patients being published with this genotype68.

However, it was observed that both these patients had an earlier onset of the disease, shorter

lifespan, and significant clinical symptoms such as digestive and motor manifestations®.

1.6 Quality of Life
Quality of life (QoL) is defined by the World Health Organization as an “individual's
perception of their position in life in the context of the culture and value systems in which they

. . . . . 9
live, and in relation to their goals, expectations, standards and concerns”

. Essentially, quality of

life is the standard of health, comfort, and happiness in life experienced by an individual®.
Quality of life can be measured using several different scales and questionnaires, such as

the Quality-of-Life Scale’’, the Health-Related Quality of Life Questionnaire’’, or the World

Health Organization Quality of Life Instrument®, to name a few. These questionnaires contain

thorough, comprehensive items that measure aspects of an individual’s physical and mental
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health, social/family/partner relationships, positive and negative feelings of one’s self, personal
development, levels of independence, home/work environment, etc.

Since individuals who experience chronic diseases may or may not have a viable cure or
treatment, it is imperative to have a way to evaluate how their well-being is maintained
throughout their disease progression’'. An example of this is the health-related quality of life
(HRQoL) measure, created to examine the health of an individual in relation to how it may affect
their QoL’%.

HRQoL of patients with a variety of non-neurological and neurological diseases have
been well documented. Indeed, patients with chronic diseases such as Crohn’s disease’, type II
diabetes94, chronic obstructive lung diseaseg4, coronary artery disease94, osteoarthritisg4, cancer94,
multiple sclerosis’, inflammatory brain diseases’® and Krabbe’s disease’”*® were found to have
statistically significantly impaired HRQoL compared to healthy individuals. It was also found
that the HRQoL of these patients was directly related to the number of clinical features present,
the duration, instability, and severity of the disease, the ability to participate in daily life
activities, as well as the functional status at the specific phase of their disease’ *®. Specifically,
features that greatly impacted HRQoL of patients with chronic illnesses were physical

1011 “and cognitive and behavioural dysfunction’. These significant risk

impairments”' "%, fatigue
factors lead to impaired functioning across all subdomains of health-related quality of life (i.e.,
physical, emotional, and social domains)'*%, leading to poorer quality of life for these patients.
Indeed, the study conducted by our lab in 2018 demonstrated that clinical features such as motor,
emotional, and social functioning were all related to poorer HRQoL in patients with

leukodystrophies and genetically determined leukoencephalopathies as a group®. For parents of

patients with rare diseases, psychosocial factors such as coping and social support, and their
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child’s disease characteristics, were shown to have a significant effect on parental HRQoL,
showcasing the importance of consideration for these facets along with managing their child’s
disease'”. Patients with chronic diseases with low HRQoL were also more prone to developing

mental health issues, such as anxiety and depression®'”

. These issues may affect their
willingness to participate within society as they struggle to both cope with their disease and
improve their mental health.

As previously mentioned, it is important to note that HRQoL only measures factors that
are a part of an individual’s physical and mental health, whereas overall quality of life is an all-
inclusive concept incorporating all factors that impact an individual's life (emotional, social,
psychological, etc.). While previous research mostly focused on the HRQoL of patients and their
families, there lacks significant evidence for the overall quality of life of parents and caregivers

caring for individuals with rare diseases, and more specifically, POLR3-related leukodystrophy,

despite its devastating nature.
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Table 1.2 Summary of Quality of Life Scores for Different Diseases, and Impactful

Features:

Disease

Quality of Life Scores

Impactful Features

Crohn’s Disease”™

Decreased - worse in active state

Number of clinical features

Inflammatory bowel disease

Decreased- worse in active state

Lower recurrence, disease
duration, symptom activity

Type II Diabetes’ Decreased Duration of clinical features,
comorbidity

Asthma, Chronic obstructive Decreased Age, economic status

pulmonary disease (COPD) '*

Coronary artery disease'” Decreased Depressive symptoms,
distressed personality type

Stroke'™* Decreased Post-stroke disability

Rare Diseases’

(i.e., Motor Neuron Disease'®,
Progressive Supranuclear
Palsy'")

Decreased - 82% considered
health status to be poor

Pain, fatigue, physical
limitations, duration and
severity of clinical features

Myelomeningocele (MMC), Decreased Number of clinical features,

Spina Bifida'"’ psychosocial and
environmental factors

Multiple Sclerosis” Decreased Higher severity, number of
clinical features, cognitive
impairments

Inflammatory Brain Disease” Decreased Seizures and cognitive and/or
behavioral dysfunction

Microcephaly, Decreased Physical impairments, fatigue

Guillain-Barré Syndrome '

This table includes a summary of specific diseases, the quality of life scores of individuals with the disease
compared to healthy individuals, and the features that mostly impacted these scores.
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1.7 Stress

According to the Mental Health Foundation, stress is defined as “the feeling of being
overwhelmed or unable to cope with physical, mental or emotional tension or pressure. It is often
triggered when we experience something new, unexpected or that threatens our sense of self”'%®,
Essentially, stress is the inability to cope with physical, mental, emotional, or novel situations'*®.

Stress can be measured using several existing questionnaires that examine different
features of stress. Some examples include: the Perceived Stress Score'®, which measures how
diverse circumstances affect one’s stress level, the General Health Questionnaire''’, which
specifically measures one’s psyche and ability to carry out healthy life functions, and the

11 -
, which measures the number of stressful events one has recently

Holmes-Rahe Stress Scale
encountered.

While stress is a relevant factor for patients with chronic diseases, parental stress is often
overlooked, yet just as important. Research on parental stress found that parents of children with
chronic illnesses such as cancerm, cystic ﬁbrosis“z, congenital heart conditions'"? , or other rare
diseases''* reported statistically significantly greater general parenting stress than parents of
healthy children. The same was found for parents of children with neurodevelopmental

H6M7 “and other chronic physical/motor conditions'>'"”. A study

disorders'"®, cerebral palsy
conducted by our lab in 2020 also showed that parents of children affected by leukodystrophies
and genetically determined leukoencephalopathies had higher stress level percentile scores

compared to a normative sample’.

In these studies, parental stress levels were found to be associated to specific features of

9,11,12 10,11

the child’s disease, such as physical impairments , sleep'™"!, and behavioral issues’, to

broader factors related to illness severity, disease duration, number of symptoms, and the child’s
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age'>'"*!15 As well, parental stress was impacted by parents’ situations. Greater responsibility
for their child’s treatment management, marital quality, and levels of perceived support were all
characteristics that determined a parent’s stress level, and these levels were shown to have
further increased due to the lack of competence, social isolation and high emotional demands
when caring for a child with a rare disease’''*.

Other studies have shown that high parental stress can precede negative consequences
such as parental anxiety and depression, which can lead to maladaptive parenting practices and
relationships, further affecting a parent’s ability to cope with a child’s disease''®. Mental health
issues may also affect the interactions and responsiveness of the parent towards the child,
disregarding their needs, and thus affecting their child’s growth and behavior®. Interventions
targeting both the child’s as well as the parents’ stressors were shown to help improve parents’
overall well-being and stress level. These factors would then help parents to continue to provide
the supportive care required for their children, and lead happier lives'".

While it is evident that parental stress increases when caring for children with severe
medical conditions, there lacks significant evidence for the impact of stress on parents with

children with POLR3-related leukodystrophy specifically, despite its progressive and difficult

nature.
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Table 1.3 Summary of Stress Scores for Different Diseases, and Impactful Features:

Disease Stress Scores Impactful Features

Cancer, Cystic Increased Number of clinical features,

Fibrosis''? greater parental responsibility for
treatment management

Chronic Physical Increased — small-moderate levels in parent-  Illness severity, duration, child

Conditions (i.e., child relationship, moderate-high levels in age, marital status, behavioral

cerebral palsy, spina HRQoL problems, etc.

bifida)™"?

Rare disabilities'" Increased Lack of competence, social
isolation & high emotional
demands

Congenital heart Increased — in mothers higher than in fathers Number of clinical features,

conditions'"? parental health, SES

Neurodevelopmental Increased Child’s emotional and behavioral

disorders'" problems

This table includes a summary of specific diseases, the stress scores of individuals with the disease compared to
healthy individuals, and the features that mostly impacted these scores.

1.8 Coping Mechanisms

Contrary to defense mechanisms, which are involuntary adaptive responses, coping is a
voluntary action, behavior or thought aimed at dealing with a stressful circumstance or stressor
that is either external or internal'*’.

Coping mechanisms (or strategies) are an array of attributes that one can use to deal with

120 . . . . . .
a stressor . Coping mechanisms can be categorized into four main groups, such as: meaning-

121,122
d“"

focuse , where individuals focus on drawing the meaning from the circumstance, and use

121,122
d--

cognitive strategies to deal with that situation; problem-focuse , where individuals use

mechanisms that actively address and deal with the main issues causing their stress; social

121,122

coping , where individuals rely on others for support throughout their distress; and emotion-

121,122
d“"

focuse , where individuals try to recognize and lessen negative emotions brought on by
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stressors (cognitive behavioral therapy is a widely used and well-known psychological technique
that utilizes this coping mechanism)'?"'?.

There also exists another group, known as maladaptive coping mechanisms, which are
strategies or behaviors aimed at reducing stress in an unhealthy manner'”. Some examples of
these include escapism/avoidance of a stressful situation, substance abuse, self-harm,
binge/emotional eating, and emotional suppressionm. It has been found in several studies that
while maladaptive coping mechanisms are an immediate solution to a stressful situation, they are
associated to poorer physical and mental health outcomes, lower quality of life, and are found to
increase the original stress desired to be reduced in the first place'>*'*>. On the other hand,
positive (or adaptive) coping mechanisms specifically focused on finding support and having a
positive outlook on life have been shown to lead to reduced stress, the development of fewer
chronic health issues, and improved quality of life'>™'%.

Coping strategies also have clinical significance, both in healthcare and at-home care
settings. In healthcare settings, teaching patients and acknowledging patients’ coping strategies
are vital towards building and maintaining a healthy, trustworthy patient-physician
relationship'®. Tt gives healthcare providers insight into patients' levels of distress, and whether
patients’ coping strategies are useful in reducing their stress'*’. Unfortunately, associations have
been made between maladaptive coping strategies and both physical and mental health disorders,
such as anxiety, depression, and heart disease, posing a further risk to patient’s health if these
coping mechanisms are not immediately addressed'**'2".

In at-home care, coping mechanisms can be beneficial for parents and caregivers caring

for individuals with chronic health conditions. These individuals have the task of caring for their

loved ones, along with balancing responsibilities of their family, work, and day-to-day duties,
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which make up the added stressors of their daily lives. Parents responsible for a child’s end-of-
life care deal specifically with continuous uncertainty, feelings of denial and anxiety of losing a

128 Due to their child’s ever-

child, and constant changes in decisions in their child’s care
evolving situations, coping mechanisms that provide instant reinforcement are mostly used'?®,
Unfortunately, these involve negative coping mechanisms such as avoidance and emotional

suppression which can affect parental mental health in the long-run®'*®*

. However, for on-going
care, such as for children with cancer or physical disabilities, coping mechanisms that were
maintained long-term, such as building a support system and being emotionally focused, were
found to be the most helpful and widely used'?*'#"'*°,

While it is imperative to understand why and which kinds of coping mechanisms are used
by parents caring for children with chronic illnesses, this has not yet been studied in the parent

population of children with POLR3-related leukodystrophy, despite it being a demanding disease

for both the child and parent.

1.9 Perceived and Experiences of Injustice

The term perceived injustice is the concept by which an individual believes they have
been treated unfairly by someone, and are suffering because of this poor treatment''. Perceived
injustice is also considered as the negative appraisal of oneself (blame), unfairness, severity and

irreparability of loss within a situation due to the situation at hand"?"'?

. Experiences of injustice
indicate one’s experiences of being subjected to the perceived injustice'*".

Experiences of injustice and perceived injustice can occur in any situation:
socioeconomic status, race and ethnicity, religion, gender, as well as conflicts within one’s

133
f

self *°. Mental or physical health issues, especially if these health conditions are less well-
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understood or not easily visible to others, may evoke stigmatization, furthering the feelings of
unfairness for those suffering'>>.

There have been several studies that have determined that populations suffering with
chronic pain (after musculoskeletal injury or whiplash) do perceive their situations to be unjust,
and that a high level of perceived injustice are positively correlated with various poor health
outcomes, advanced deterioration of symptoms of chronic pain, and increased recovery times'**"
1% Similar results were found for those suffering from traumatic brain injuries'”’, as well as
cervical cancer patients'>’, where perceived injustice predicted the development of anxiety and
depressive symptoms. However, studies showed that if individuals with chronic health
conditions perceived their situations as fair, along with having a combination of adaptive coping
strategies such as having a positive attitude towards their situation, these became significant
predictors of patients' life satisfaction and led to improved well-being for these individuals'*®.

While research has been done to determine the effects of perceived injustice and
experiences of injustice within certain populations, there lacks evidence for how perceived
injustice impacts the caregiving population who care for others with chronic illnesses like
POLR3-related leukodystrophy, despite their situations being comparably serious to those

suffering from an illness.
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Chapter 2: Methods
Participants, Ethics Statement, and Data Collection

Parents and their children with POLR3-related leukodystrophy were recruited from the
Leukodystrophy and Neurometabolic Diseases Clinic at the Montreal Children’s Hospital and
abroad. Inclusion criteria included 1) parents of patients with a confirmed POLR3-related
leukodystrophy molecular diagnosis, 2) parents that were either considered primary or secondary
caregivers, 3) the ability to communicate in English or French, and 4) lived with their affected
child(ren). This study was approved by the Research Ethics Board of the McGill University
Health Center Research Institute (11-105-PED, 2019-4972). All patients and their caregivers
were informed about the research study and written informed consent was obtained. All their

information was kept confidential and strictly used for this study.

Study Design

Several questionnaires were used for this study, including a Demographics Questionnaire,
Parenting Stress Index 4th Edition, Stress Index for Parents of Adolescents, Parental Stress Scale
(where the appropriate stress questionnaire was distributed to parents based on their child’s
current age), Family Impact Module, Injustice Experiences Questionnaire, and Coping Health
Inventory for Parents (see Table 2.1). These questionnaires were physically given or sent out
electronically to parents, and were available in English or French. Instructions for each
questionnaire were included, however parents were encouraged to contact the research team if

any questions arose, or if they preferred to complete it along with a researcher.

Demographics Questionnaire
The demographics questionnaire was created by our lab and included questions on
ethnicity, marital status, education, household income, number of children in the household, days
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their child has been absent from school, days the child has visited the emergency room, as well

as which resources were used by the family.

PedsQL Family Impact Module (FIM):

The PedsQL Family Impact Module (FIM) measures the impact of pediatric chronic
health conditions on parents’ quality of life, looking at 8 different domains: physical, emotional,
social, and cognitive functioning, communication, worry, daily activities, and family

relationships (totalling 36 items)'*’

. Parents are asked to complete the 10-minute questionnaire
by rating each item from 1: strongly disagree to 5: strongly agree. The rating of each item is
added to produce a total score. The scores are then reverse-scored and linearly transformed to a
0-100 scale, where higher scores indicate a more positive impact on parents’ overall quality of
life, and lower scores indicate a more negative impact on parents’ overall quality of life"*’. The
FIM was found to be valid and reliable, with an internal consistency reliability alpha for the

139

Total Scale Score being 0.97 . Importantly, the FIM has been used in various other studies with

populations of parents of children with chronic illnesses®"**'# 714,
One encountered challenge was identifying a comparator population. Thus, a published
population similar in demographics to our sample, and who used the same questionnaire for their

. 146
study, was chosen as the normative sample ™.

Parenting Stress Index 4th Edition (PSI)

The Parenting Stress Index 4th Edition (PSI) is a 20-minute 120-item questionnaire that
focuses on evaluating the stress level of parents with children aged 0-12 years old'¥’. The
questionnaire consists of 3 domains (Child, Parent, Life Stress) that make up the Total Stress
score. Within these 3 domains, there are several subscales that measure various aspects of each

domain. For the Child domain, these include: distractibility/hyperactivity, adaptability, reinforces
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parent, demandingness, mood, and acceptability. For the Parent domain, there are: competence,
isolation, attachment, health, role restriction, depression, and spouse/parenting partner
relationship'®’. There is also a Situational/Demographic Life Stress scale which measures certain
parental characteristics and situational circumstances that may influence stress score
outcomes'*. Parents are asked to rate each item from 1: strongly disagree to 5: strongly agree,
which are summed to produce a Total Stress raw score that is then converted into a percentile
based on the age of the child, indicating a parent’s score relative to the normative sample. This
percentile score will then be considered on a range, whether within the normal stress range
(between the 16th to 84th percentile), high stress range (85th to 89th percentile) or clinically
significant stress range (above the 90th percentile)147. Defensive scoring, in which a total score
below 24 on certain items, is also taken into account as this could suggest that the parent may
have underscored their level of stress, and therefore the results would not be representative of
their true stress level. According to the developers of the PSI, coefficient alpha reliability was
high; 0.78 to 0.88 for the Child Domain and 0.75 to 0.87 for the Parent Domain'?’. Reliability
coefficients were also high at 0.96 for the two domains and Total Stress scale, indicating high
internal consistencym. This questionnaire has also been validated for French-Canadian'** and

American populations'* which makes up the majority of our research sample.

Stress Index for Parents of Adolescents (SIPA)

The Stress Index for Parents of Adolescents (SIPA) is a 20-minute derivative of the PSI
that focuses on identifying which factors of an adolescent’s or parent’s life (behavioral and
emotional) causes the highest stress level of parents with adolescents aged 11-19 years old". It
is a 112-item questionnaire that is divided into 3 domains: Adolescent domain, Parent domain,

Situational/Demographic Life Stress scale. Each domain is made up of subscales. For the
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Adolescent domain, there are: moodiness/emotional lability, social isolation/withdrawal,
delinquency/antisocial, and failure to achieve or persevere'’’. For the Parent domain, these
include: life restrictions, relationship with a spouse/partner, social alienation, and
incompetence/guilt'™. Similar to the PSI, there is also a Situational/Demographic Life Stress
scale which measures certain parental characteristics and situational circumstances that may

150

influence stress score outcomes ~ . Each item’s scores are added to make up a Total Stress score.

Duration, scoring, percentile ranges, reliability and validity are all very similar to the PSI'*",
making it an acceptable choice.

One reason why these two stress questionnaires were selected for this study was because
the normative sample is ‘embedded’ within the stress percentile score. The PSI and SIPA
percentile scores indicate where parents of patients’ scores fall on the range relative to a

percentage of the normative sample (which was determined by the developers of the

questionnaires). Therefore, a comparison of our population to a normative sample is possible.

Parental Stress Scale (PSS)
The Parenting Stress Scale (PSS) assesses the parenting role and relationship with

individuals of any age, including adult children (18+ years old)""

. It is a 10-minute questionnaire
composed of 18 items that examine both the positive (i.e., overall self-development) and
negative (i.e., demandingness of the situation) aspects of parenting'”'. Additionally, it
encompasses other factors that may contribute to stress, such as emotional and social support,
family/work stressors, and satisfaction as a parent. Parents are asked to rate each item from 1:

strongly disagree to 5: strongly agree, and the rating of each item is summed and inversely

scored to produce a final score. Scores rank as either low stress (between 10-30), moderate stress
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(between 31-60), or high stress (between 61-90)"*'. Internal consistency across various samples,
construct validity, and test-re-test reliability were all found to be strong'’".

This questionnaire was chosen specifically for two reasons. Primarily, it is the only
questionnaire found to measure parental stress of adult children that shows strong reliability and
validity''. Secondly, it is a good equivalent to the PSI and SIPA questionnaires because its
questions are comparable to the PSI and SIPA. For example, in the PSS it states: “It is difficult to
balance different responsibilities because of my child(ren)”'*!, whereas in the PSI/SIPA it states:

139 This reinstates the reliability of the different

“I feel trapped by my responsibilities as a parent
questionnaires depending on the different age groups.

As with the FIM questionnaire, an encountered limitation was identifying a comparator
population. Since the results of a normative sample'” used to measure the psychometric

properties of this questionnaire were published and available to researchers, this was elected to

be our normative sample.

Coping Health Inventory for Parents (CHIP):

The Coping Health Inventory for Parents (CHIP) questionnaire measures parents’
responses to managing the responsibilities of a child with a chronic medical condition'’. It is a
15-minute questionnaire composed of 3 subdomains: “l. maintaining family integration,
cooperation, and an optimistic definition of the situation, 2. maintaining social support, self-
esteem, and psychological stability, and 3. understanding the medical situation through
communication with other parents and consultation with medical staff*'>’. The 45 items are
scored on a 4-point Likert scale, where 0 indicates not used, 1 indicates not helpful, 2 indicates
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helpful, and 3 indicates extremely helpfu For our purposes, the responses of this

questionnaire were considered both quantitatively and qualitatively, delving into which specific
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coping mechanisms were used by parents, and which were found to be the most helpful. With
this information, we could determine factors that may affect the true relationship between our
outcomes’ variables, as well as reveal what parents do to cope with their circumstances.

The CHIP questionnaire was chosen for its diverse options of coping mechanisms,
including both positive and negative mechanisms. Furthermore, this questionnaire has been used
by various other research studies with parents of children with chronic health conditions'>*'*’,
reinstating its validity and reliability (where alpha reliabilities for the 3 subscales are 0.79, 0.79,

and 0.71, respectively)'>*.

Injustice Experiences Questionnaire (IEQ)

As a part of determining quality of life, the 5-minute Injustice Experiences Questionnaire
(IEQ) was used'”®. The IEQ was developed to determine the causes and consequences of
injustice appraisals in situations of those with physical and mental health conditions (i.e., how
parents perceive their situations)'*®. It consists of two factors: severity/irreparability of loss and
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blame/unfairness, with a total of 12 items . It is scored on a 5-point scale, where 0 indicates

never, and 4 indicates all the time!®

. The IEQ total score is calculated by summing all 12-item
responses, and scores above 34 are considered very high levels of perceived injustice'*®.

While the IEQ has been shown to be internally reliable, these results are based on
research samples with musculoskeletal injury and pain, the population that the questionnaire was
designed to measure'*®. As such, our population sample could not be compared to a normative

sample, posing a limitation. To overcome this, this questionnaire was assessed through its raw

scores and where these scores ranked on a range.
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Table 2.1 List of Questionnaires

What is Measured? Questionnaire Age Range of Child
Demographic * Demographic Questionnaire All Ages
Information

Stress « Parenting Stress Index 4™ Edition (PSI) <l12y.o

* Stress Index for Parents of Adolescents (SIPA) 12-18 y.o

» Parental Stress Scale (PSS) >18y.0
Quality of Life * Family Impact Module (FIM) All Ages
Coping Mechanisms » Coping Health Index for Parents (CHIP) All Ages
Experiences of Injustice * The Injustice Experiences Questionnaire (IEQ) All Ages

This table includes a list of questionnaires used in this study, as well as what each questionnaire measures, and the age
groups for each questionnaire.

Paper and electronic updated medical records of the closest clinical visits (1-6 months) to
the questionnaires’ administration were also collected. Patients for which the time between the
clinical note and the questionnaires were more spaced out (>2 months), were included only if
they had a relatively stable disease course between the visit before and the visit after
questionnaire completion. A stable disease was determined by considering the most recent
medical record and comparing it to that of the previous one. If within the medical note it was
mentioned that the patient was stable, or if in both notes the patient’s symptoms were identical,
we considered the disease to be stable. Of note, there were no patients excluded due to disease
course instability. These steps were taken to ensure that the clinical information provided was the
most up to date to when the questionnaires were completed, to see what clinical features patients
presented with, allowing for optimal correlation of results. Recorded clinical features and
information included: age of onset, years since diagnosis, genotype and phenotype, fatigue, gait,

delayed cognitive development, spasticity, tremor, dystonia, ataxia, dysmetria, dysarthria,
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sialorrhea, dysphagia, wheelchair use, feeding tube, anarthria, behavioral issues, and the number
of features present in each patient. As well, these updated medical records were used to score
several diagnostic tests, such as the Gross Motor Function Classification System (GMFCS)"’,
the Manual Ability Classification System (MACS)'®, the Eating and Drinking Ability
Classification System (EDACS)', and the Communication Function Classification System

(CFCS)', to determine the level of disability of the child'® (See Table 2.2).

Table 2.2: Functional Scales

Functional Level 1 Level 2 Level 3 Level 4 Level 5
Scale
GMFCS"™ Walks without Walks with Uses assistive ~ Uses assistive  No
limitation some limitations mobility mobility independent
devices devices mobility
irregularly regularly
MACS'® Handles objects  Independent but  Often requires Can only Can only
independently with reduced external help  perform perform basic
quality certain actions actions
EDACS'™ Eats and drinks ~ Eats and drinks ~ Limitations to ~ Significant Unable to eat
independently, independently safety and limitations to  or drink
safely, and and safely, but efficiency, safety, high without
efficiently with reduced with some risk risk of feeding tube
quality of choking choking
CFCS'™® Sends and Sends and Sends and Has difficulty  Rarely sends
receives info receives info receives info sending and or receives
with unfamiliar ~ with reduced with familiar ~ receiving info  info with
individuals quality individuals with familiar ~ familiar
individuals individuals

Abbreviations: GMFCS: Gross Motor Function Classification System; MACS: Manual Ability Classification
System; EDACS: Eating and Drinking Ability Classification System; CFCS: Communication Function
Classification System. The higher the level, the greater the disability of the individual.

Statistical Analysis

All statistical analyses were done using SPSS Statistics Ver.26.0, along with PRISM
Ver.9.4.1 which was used to produce the figures and tables. For Aim 1, unpaired t-tests were
conducted to compare mothers’ and fathers’ stress percentile scores, and one-sample 2-tailed t-
tests were conducted to compare mothers’ and fathers’ raw stress, FIM and PSS scores with their
respective normative population samples. Stress percentile scores are already compared to a
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normative sample. Since IEQ scores did not have a normative sample to be compared to, these
scores were analyzed qualitatively. Pearson correlation coefficients and p-values were used to
study the relationship between mothers’ stress percentile scores and the CHIP questionnaire
domain scores. In regards to Aim 2, chi square analyses were performed to compare mothers’
stress percentile scores and children’s categorical features. Correlations between continuous
variables and different coping mechanisms with mothers’ and fathers’ stress percentile and FIM
scores were performed, and Pearson correlation coefficients and p-values were noted.

The total mean score of each coping mechanism was also measured to determine which

coping mechanisms were considered the most and least helpful to parents. Alpha was set to 0.05.

Chapter 3: Results

A total of 43 caregivers; 26 biological mothers, 1 foster mother, and 16 fathers, and 3
families with two affected children participated in the study. Amongst the cohort, 26 out of 43
caregivers completed a// questionnaires, yet all 43 parents completed at least 3 questionnaires.

Demographic information of the parent cohort is presented in Table 3.1. In brief, 17/27 of
mothers (65%) and 14/16 of fathers (88%) were married, and 2/43 of parents (5%) were in a
common law relationship, compared to single parents (7/27 of mothers (27%) and 1/16 of fathers
(6%)) or divorced parents (only 1/27 of mothers (6%)). The majority of parents had post-
secondary level education (23/27 of mothers (88%) and 12/16 of fathers (75%)) and were
employed (12/17 of fathers (88%) compared to 15/27 of mothers (58%)), yet there was a diverse
range of household incomes (21/43 parents (49%) had a household income of >100 000%).

In total, 32 children (16 males and 16 females) with POLR3-related leukodystrophy were
included in the study from the consent of their parents. Ages ranged from 2-40 years old. Most

patients were aged younger than 12 years old (12/32, 38%) compared to patients aged 12-18
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years old (10/32, 31%) or aged above 18 years old (10/32, 31%). The majority of children had
biallelic pathogenic variants in the POLR3B gene (16/32, 50%) or POLR3A gene (14/32, 44%),
more so than the POLRIC gene (2/32, 6%). Age of disease onset was mostly between the ages of
1-5 years old (20/32, 63%), and younger than 1 year old (6/32, 19%). The majority of children’s
years since disease diagnosis were between 0-10 years old (18/32, 56%), while 10-15 years since
disease diagnosis was the least prevalent (3/32, 9%). Present clinical features that were most
prevalent were abnormal gait (21/32, 66%), delayed cognitive development (19/32, 59%), tremor
(18/32, 56%), ataxia (20/32, 63%), and wheelchair use (19/32, 59%). Fatigue (3/32, 9%), fine
motor function issues (4/32, 13%) and behavioral issues (5/32, 16%) were the least prevalent.
Classification scores for gross motor, fine motor, communication and swallowing were
completed with medical records, whenever possible. The median scores were 4 (indicating
severe difficulty in ability) for all scores except CFCS. More detailed information can be found
in Table 3.2.

Table 3.1 Parent Characteristics

Demographics N (Mother) / % (Mother) /
N (Father) % (Father)
Married 17/14 65% / 88%
Common Law 1/1 4% / 6%
Single 7/1 27% / 6%
Divorced 1/0 6% / -
Unemployed 9/1 35% /6%
Retired 2/2 8%/ 13%
Employed 15/14 58% / 88%
Post-Secondary Education 23/12 88% / 75%
High School Education 3/4 12% / 25%
Household income less than 50 000$ 1/1* 4%/ 7%*
Household income between 50 000$ — 100 000$ 12/7* 46% / 44%*
Household income above 100 000$ 13/8* 50% / 50%%*
Parental Life Stress Circumstances N (Mother) / % (Mother) /
N (Father) % (Father)
Marital Reconciliation 172 4% / 13%
Marriage 0/0 -
Separation 0/0 -
Pregnancy 1/0 4% / -
Other relative moved into household 1/0 4%/ -
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Income increased substantially (20% or more)
went deeply into debt

moved to new location

promotion at work

income decreased substantially

alcohol or drug problem

death of close family friend

began new job

Child entered new school

trouble with superiors at work

Child having trouble with teachers at school
legal problems

Lost job

death of immediate family member
demands/illness of aging parent

serious injury or medical problem
continuing or chronic medical condition

2/2
3/1
0/0
2/2
1/2
0/2
2/3
1/3
3/2
0/2
1/1
0/0
0/0
1/0
3/1
1/1
3/1

8% /13%
12% /7%

8% /13%
4%/ 13%
-/13%
8% /19%
4% / 19%
12%/13%
-/13%
4% /7%
4% /-
12% /7%
4% / 7%
12% /7%

This table summarizes parental demographics including relationship status, education, and household income, as

well as parental life stress circumstances experienced by the parent cohort.

Table 3.2 Patients’ Characteristics

Patients N=32 Percentage
Sex

Males 16 50%
Females 16 50%
Child age group (range)

<12 years old 12 38%
12-18 years old 10 31%
+18 years old 10 31%
Genotype

POLR3A4 14 44%
POLR3B 16 50%
POLRIC 2 6%
Age of Clinical Feature Onset

<1 year old 6 19%
1-5 years old 20 63%
5-10 years old 2 6%
10+ years old 2 6%
Unknown 2 6%
Number of Years Since Disease Diagnosis

0-5 years 11 34%
5-10 years 7 22%
10-15 years 3 9%
15+years 6 19%
Unknown 5 16%
Clinical Features Present

Abnormal Gait 21 66%
Delayed Cognitive Development 19 59%
Fatigue 3 9%
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Gross Motor Function Issues 7 22%

Fine Motor Function Issues 4 13%
Spasticity 14 44%
Tremor 18 56%
Dystonia 10 31%
Ataxia 20 63%
Dysmetria 7 22%
Dysarthria 12 38%
Sialorrhea 7 22%
Dysphagia 11 34%
Wheelchair Use 19 59%
Feeding Tube 9 28%
Anarthria 6 19%
Behavioral Issues 5 16%
Scales N=30 Median (IQR)
GMECS 26 4(1,5)
MACS 15 4 (1,5)
EDACS 21 4(1,5)
CFCS 20 3(1,5)

This table summarizes the number of children who participated in the study, sex, age group, mutated genes, age of
clinical feature onset, number of years since disease diagnosis and present clinical features of the children, and
number of completed scores as well as the median score of each severity scale. Functional scale abbreviations:
GMFCS: Gross Motor Function Classification System; MACS: Manual Ability Classification System; EDACS:
Eating and Drinking Ability Classification System; CFCS: Communication Function Classification System.

The means, standard deviations, #- and p- values, and effect sizes of the parents’ scores on
the FIM, PSI/SIPA, PSS, IEQ, and CHIP questionnaires are displayed in Table 3.3.

The FIM questionnaire was used to measure parental QoL. The average FIM score for
mothers was 48.36 = 16.40, and 52.56 + 20.72 for fathers which were statistically significantly

1% indicating a statistically

lower compared to the normative population (75.70 + 14.50)
significantly lower quality of life for mothers (t(27)=-8.66, p<0.001) and fathers (t(16)=-4.47,
p<0.001). The PSI/SIPA questionnaires were used to measure parental stress of patients aged 0-
18 years old. The average PSI/SIPA raw score for mothers was 235.11 + 63.39, and 242.45 +
64.09 for fathers, which was comparable to the normative samples (Momers=221.10 £ 59.60;
Muiners=228.20 £ 61.70, p>0.05)147. When transformed into a percentile according to the

patient’s age, it was shown that 74% of mothers (20/27) and 81% of fathers (9/11) fell within the

normal stress level range (<84%), 15% of mothers (4/27) and 9% of fathers (1/11) fell within the
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high stress level range (85%-90%), and 7% of mothers (2/27) and 9% of fathers (1/11) fell
within the clinically significant stress level range (>90%). PSS was used to measure the parental
stress of adult patients (18+ years old). The average PSS score for mothers was 10.33 + 2.80, and
12.80 £ 5.54 for fathers, which indicates a low stress level. Interestingly, the PSS score was also
largely and statistically significantly lower than the normative sample (27.78 + 6.28)"** for both
mothers (t(7)=-15.38, p<0.001) and fathers (t(5)=-6.05, p=0.002).

For the IEQ score, which measures experiences of injustice, mothers’ average score was
23.44 + 7.83, and fathers’ average score was 22.82 + 11.52. Mothers mostly fell within the
average (14-22) to very high (<34) range, whereas fathers’ scores ranged from very low (<5) to
very high (<34).

For the CHIP questionnaire domain scores, mothers’ averaged 34.96 + 11.81, and fathers’
averaged 31.06 + 12.43 for domain 1, which is maintaining family integration, cooperation, and
an optimistic definition of the situation. Mothers’ average score for domain 2, which is
maintaining social support, self-esteem, and psychological stability, was 35.14 + 9.93, and
fathers’ average score was 36.19 + 9.42. Mothers’ average score for domain 3, which is
understanding the medical situation through communication with other parents and consultation
with medical staff, was 14.96 + 5.60, and fathers’ average score was 14.00 + 5.99. Qualitatively,
the coping mechanisms that were found to be the most helpful (with an average score of closest
to 3), were the following: investing oneself in their children (M=2.80 + 0.40), doing activities
with one’s children (M=2.63 + 0.88), and doing activities together as a family (M=2.60 £ 0.49).
On the other hand, the coping mechanisms that were found to be the least helpful (with an

average score closest to 1), were the following: allowing myself to get angry (M=1.43 + 0.49),
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getting other members of the family to help with chores and tasks at home (M=1.33 + 0.85), and
believing that my child(ren) will get better (M=1.48 £+ 1.15).
No difference was found between mothers’ and fathers’ scores for the PSI/SIPA, PSS,

FIM, IEQ, or CHIP questionnaires.
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Table 3.3 Descriptive Statistics for Questionnaire Scores

Questionnaire Scores Mean Normative t-value p - Effect Size
Standard Sample value @)
Deviation
PSI/SIPA (raw scores)
Mothers 235.11+63.39 221.10+59.60 221.10 0.11 0.22
Fathers 242.45+64.09 22820+ 61.70 228.2 0.13 0.27
PSI/SIPA (%ile)
Mothers 60.65+27.17 N/A.See PSI/ - - -
SIPA sections
in ‘Methods’.
Fathers 62.27 £2691 “ - - -
PSS
Mothers 10.33 £2.80 27.78 £6.28 -15.38 <0.001* -5.81
Fathers 12.80 + 5.54 27.78 + 6.28 -6.05 0.002* -2.70
FIM
Mothers 48.36+ 16.40, 75.70+14.50 -8.66 <0.001* -1.67
Fathers 52.56+20.72 75.70+£14.50 -4.47 <0.001* -1.12
IEQ (raw scores)
Mothers 23.44 +£7.83 N/A. See [EQ - - -
section in
‘Methods’.
Fathers 22.82+11.52 “ - - -
CHIP
Mothers (Domain 1) 3496 £ 11.81 N/A. See - - -
CHIP section
in ‘Methods’.
Fathers (Domain 1) 31.06 1243 - - -
Mothers (Domain 2) 35.14+993 * - - -
Fathers (Domain 2) 36.19+942 - - -
Mothers (Domain 3) 14.96 = 5.60 “ - - -
Fathers (Domain 3) 14.00 £ 5.99 “ - - -
Helpful vs. Unhelpful Coping
Mechanisms
Investing myself in my 2.80+0.40 - - - -
children
Doing things with my 2.63+0.88 - - - -
children
Doing things togetherasa  2.60 + 0.49 - - - -
family (involving all
members of the family)
Allowing myself to get 1.43+0.49
angry - - - -
Getting other members of  1.33 +0.85
the family to help with - - - -
chores and tasks at home
Believing that my 1.48+1.15 - - - -

child(ren) will get better
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The means and standard deviations were obtained for the questionnaire scores of mothers and fathers, as well as the
normative sample (when applicable). One-sample t-tests were performed on the PSI/SIPA raw scores, FIM scores,
and PSS scores, and the effect sizes were represented by Cohen’s d. Legend: *: statistically significant (p<0.05).

Pearson correlations were used to assess the correlations between mothers’ and fathers’
FIM and PSI/SIPA scores with PSI/SIPA, PSS, FIM, IEQ, and CHIP questionnaire scores,
patients’ continuous variables, and coping mechanisms, as listed in Table 3.4. Mothers’ FIM
scores were only found to correlate with mothers’ IEQ scores (r=-0.52, p=0.01), mothers’ PSI
stress percentile scores (r=-0.56, p=0.02), as well as fathers’ FIM scores (r=0.74, p=0.002) and
IEQ scores (r=-0.71, p=0.01). This data suggests that mother’s poorer quality of life correlated
with both mothers’ and fathers’ feelings of unfairness and higher stress. Mothers’ IEQ scores
were not found to be correlated with mothers’ PSI stress percentile scores or PSS stress scores.
Fathers’ FIM scores were only found to negatively correlate with fathers’ IEQ scores (r=-0.84,
p<0.001), and mothers’ IEQ scores (r=-0.80, p<0.001). This data suggests that fathers’ poorer
quality of life correlated with both mothers’ and fathers’ feelings of unfairness. Fathers’ IEQ
scores were not found to be correlated with fathers’ PSI stress percentile scores or PSS stress
scores. Mothers and fathers’ stress percentile scores were positively correlated (r=0.89, p<0.001),
indicating that mothers’ and fathers’ stress level tend to influence one another.

There were no correlations found between mothers’ PSI stress percentile scores and age
of disease onset, current age, number of years since disease diagnosis, number of affected or
unaffected siblings, number of symptoms, and number of life stress circumstances (p>0.05).
Only mothers’ quality of life scores were positively correlated with years since disease diagnosis
(r=0.49, p=0.02), meaning that as their child’s disease progressed, mother's quality of life
improved.

There were no statistically significant correlations found between the CHIP questionnaire

individual domain scores and mothers’ and fathers’ PSI and FIM scores. However, there were
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statistically significant correlations found between mothers’ PSI scores and the scores for the
following coping mechanisms: doing things with family relatives (r=0.80, p=0.02), trying to
maintain family stability (r=0.51, p=0.02), involvement in social activities with friends (r=0.79,
p=0.02), time spent alone (r=-0.55, p=0.02), and purchasing gifts for oneself and/or other family
members (r=-0.62, p=0.01). This indicates that mothers’ stress scores increased when using

coping strategies that they determined either helpful or unhelpful.
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Table 3.4 Summary of Pearson Correlations of Continuous Factors for PSI/SIPA and FIM

Scores

Pearson
Correlation

Mothers’
PSI/SIPA Stress
Percentile

Mothers’ FIM
Score

Fathers’
PSI/SIPA Stress
Percentile

Fathers’ FIM
Score

Questionnaire
Scores

Mothers’ PSI/SIPA
Score

Fathers’ PSI/SIPA
Score

r=0.89, p<0.001*

r=-0.56, p=0.02*

r=-0.38, p=0.28

r=0.89, p<0.001*

=-0.64, p=0.05

r=-0.60, p=0.09

Mothers’ FIM Score  r=-0.56, p=0.02* - r=-0.38, p=0.28 r=0.74, p=0.002*

Fathers’ FIM Score r=-0.64, p=0.05 r=0.74, p=0.002* r=-0.60, p=0.09 -

Mothers’ IEQ Score  r=0.21, p=0.41 r=-0.52, p=0.01* r=0.27, p=0.44 r=-0.80, p<0.001*

Fathers’ IEQ Score r=0.16, p=0.65 r=-0.71, p=0.01*% r=0.42, p=0.22 r=-0.84, p<0.001*

Mothers’ PSS Score - =0.25, p=0.59 - r=-0.18, p=0.77

Fathers’ PSS Score - r=0.37, p=0.54 - r=-0.05, p=0.94

Mothers’ CHIP r=-0.18, p=0.48 =0.30, p=0.16 r=-0.19, p=0.60 r=-0.19, p=0.60
domain 1 scores

Fathers’ CHIP r=-0.14, p=0.71 r=0.03, p=0.91 r=-0.13, p=0.74 r=-0.13, p=0.74
domain 1 scores

Mothers’ CHIP =-0.36, p=0.13 =0.31, p=0.15 =-0.26, p=0.46 r=-0.05, p=0.94
domain 2 scores

Fathers’ CHIP r=-0.17, p=0.66 r=-0.30, p=0.32 r=-0.25, p=0.51 r=-0.25, p=0.51
domain 2 scores

Mothers’ CHIP r=-0.17, p=0.50 =0.17, p=0.45 r=-0.26, p=0.46 r=-0.26, p=0.46
domain 3 scores

Fathers’ CHIP =-0.33, p=0.38 r=-0.15, p=0.61 =-0.25, p=0.51 r=-0.25, p=0.51
domain 3 scores

Continuous

Variables

Age of Feature r=0.18, p=0.45 r=-0.270, p=0.17 - -

Onset

Years since Disease  1=-0.17, p=0.49 r=0.49, p=0.02" - -

Diagnosis

Current age r=-0.08, p=0.75 =0.28, p=0.18 - -

Number of Siblings  r=-0.05, p=0.84 r=0.06, p=0.78 - -

Number of Features  r=0.16, p=0.51 r=0.25, p=0.20 - -

Number of Life r=0.09, p=0.72 r=-0.17, p=0.50 - -

Stress

Circumstances

Coping

Mechanisms

Doing things with r=0.80, p=0.02* r=-0.09, p=0.79 - -

family relatives

Trying to maintain r=0.51, p=0.02* r=-0.34, p=0.25 - -

family stability

Involvement in r=0.79, p=0.02* r=0.18, p=0.58 - -

social activities with
friends

53



Getting away by r=-0.55, p=0.02*  r=0.05, p=0.88 - -
myself

Purchasing gifts for  r=-0.62, p=0.01*  r=-0.53, p=0.08 - -
oneself and/or other

family members

Pearson correlations were performed (presented by ») for mothers’ and fathers’ PSI/SIPA and FIM scores, clinical
features, GMFCS, MACS, EDACS, and CFCS severity scores, and coping mechanisms (all other coping
mechanisms not listed did not reach statistical significance). Legend: *: statistically significant (p<0.05). Legend: - :
the correlation could not be performed due to similarities in the variables, or not enough data was available to render
a correlational analysis.

As shown in Table 3.5, the chi-square analysis did not show any statistically significant
relationship between PSI stress percentile scores of mothers and fathers and categorical variables
(i.e., child’s clinical features, severity scores, or parent demographics). However, it did show
statistically significant relationships between PSI stress percentile scores of mothers and certain
parents’ life stress circumstances such as: debt (for mothers) (X* (1, n=15) = 12.94, p=0.01),
substantial income decrease (for fathers) (X (1, n=8) = 14.44, p=0.04), taking care of an ill
parent (for fathers) (X* (1, n=17) =11.91, p<0.01), suffering from an injury or chronic health
condition (for fathers) (X* (1, n=17) =11.91, p=0.01), and having a child enter a new school (for
mothers) (X° (1, n=15) = 16.35, p=0.01). There was no statistically significant relationship
between fathers’ PSI stress percentile scores and any categorical variable (most likely due to the
small sample size).

Table 3.5 Summary of Chi Square Analysis Results for Categorical Variables

Mothers’ Stress Percentile Score

Categorical Variables Chi Squared Value p-value Cramer’s V
Abnormal Gait 17.00 0.32 1.00
Delayed Cognitive 56.25 0.29 0.97
Development

Fatigue 13.00 0.37 1.00
Spasticity 60.00 0.18 1.00
Tremor 15.51 0.42 0.93
Dystonia 17.00 0.26 1.00
Ataxia 14.22 0.43 0.92
Dysmetria 14.81 0.39 0.93
Dysarthria 15.11 0.44 0.92
Sialorrhea 15.11 0.44 0.92
Dysphagia 16.95 0.39 0.94
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Wheelchair Use 15.24 0.51 0.90

Feeding Tube 14.37 0.57 0.87
Anarthria 20.00 0.27 1.00
Behavioral Issues 14.37 0.57 0.87
GMFCS 59.22 0.36 0.93
EDACS 55.00 0.36 0.96
MACS 34.13 0.41 0.94
CFCS 58.40 0.25 0.96
Marital Status 13.56 0.48 0.48
Education 23.43 0.61 0.61
Employment Status 13.40 0.38 0.38
Household Income 25.63 0.36 0.36
Mothers’ Debt 12.94 0.01° 0.89
Fathers’ Substantial Income 14.44 0.04" 0.80
Decrease

Fathers taking care of an ill 11.91 0.003" 0.84
parent

Fathers suffering from an 11.91 0.01° 0.84
injury or chronic health

condition

Mothers having a child entera 16.35 0.01° 0.75
new school

Chi square analysis was used for each factor. Cramer’s V represents the strength of the relationship between
variables. Categorical variables such as the child’s clinical features or severity scores and parents’ demographics
were not found to contribute to mothers’ stress percentile scores (p>0.05). Some parental life stress situations were
found to contribute to mothers’ stress percentile scores. Relationships between the variables listed and fathers’ stress
percentile scores were omitted due to missing data, and other parental life stress situations were omitted to keep the
table succinct, however all situational life factors that were excluded were not found to contribute to mothers’ stress
percentile scores (p>0.05). Legend: *: statistically significant (»p<0.05).

Chapter 4: Discussion

POLR3-related leukodystrophy is a devastating rare neurological disease, in which
patients may experience several debilitating clinical features. While this disease has a grave
impact on those affected, there is little known about the impact of the disease on those who care
for these patients. To our knowledge, it is the first study to examine the impact of this disease on

parental quality of life, stress levels, experiences of injustice, and coping mechanisms used.

Rationale for the Selection of Questionnaires
The choice of questionnaires played an important role in obtaining concise and reliable

results. For example, there were several other quality of life questionnaires of interest for our
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study’s purpose, such as the NeuroQOL'® and the WHOQOL-100'°® questionnaires. The
NeuroQOL is a 17-domain questionnaire designed to measure quality of life for individuals with

: - 165
neurological diseases

. While the population is in line with ours, we deemed several questions
as distressing for parents which could impact their ability to respond truthfully, potentially
causing defensive responses and skewing obtained results. As an example, distressing questions
included: “I feel like I have no reason for living [due to my situation]”, or, “Some people acted
as though it was my fault my child has this illness”. The WHOQOL-100 is a 100-item
questionnaire that investigates numerous factors that may impact an individual’s quality of
life'®. This questionnaire was not chosen due to the time demands it would impose on parents,
therefore potentially limiting the participation or response rates from parents. It also contained
items that went beyond the scope of our research study, such as questions about an individual’s
physical environment (i.e., traffic, pollution, and climate), as well as the physical safety and
sexual activity of the individual. For these reasons, we elected to use the Family Impact Module
(FIM), a widely use questionnaire. The FIM questionnaire has an appropriate amount of items
that could be answered in a relatively short time frame, covering a variety of aspects of quality of
life, such as relationships, health and wellness, and cognitive and social functioningm, and the
questions are not formulated in a way that would be distressing nor suggestive towards an
answer.

Regarding assessing parental stress, besides the Parenting Stress Index 4™ Edition
questionnaire, several other stress questionnaires were also available, such as the Parenting Daily
Hassles Scales'®’ and the Caregiver Strain Questionnaire'®®. The Parenting Daily Hassles Scales

focuses on the-day-to-day issues and difficulties encountered as a caregiver; however it does not

assess external stress factors such as support systems or life stress circumstances'®’. The
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Caregiver Strain Questionnaire does examine a variety of potential stressors a caregiver might
face; however the questionnaire was specifically designed for neurotypical children and not
children with disabilities'®®. Therefore, we elected to use the Parenting Stress Index 4™ Edition
(PSI) (and the Stress Index for Parents of Adolescents (SIPA)), which is a relatively concise and
thorough questionnaire that assesses the role of a parent, the parent-child relationship, the
difficulties and stressors of parenting (both objective and subjective), child(ren)’s behavior, and
external life stress situations'*’. Of note, this questionnaire has good reliability'*” and validity'*’
and has been cited many times, including being used in the young patient population with
chronic illnesses''>'* "2,

To observe parents’ coping strategies, it was important to use a questionnaire that
specifically included different types of coping mechanisms (both adaptive and maladaptive).

There were other questionnaires to choose from, such as the Coping Scale'”

, Coping
Questionnaire'’*, and Coping Strategies Questionnaire' ">, however, these questionnaires had been
created for a specific population, such as individuals with chronic pain and anxious youth, which
differ from our cohort. As well, these questionnaires did not offer actual coping mechanisms, but
instead asked what parents did when they faced a problem (i.e., “When dealing with a problem, I
try to see the humor in it”), which was less useful for our research purposes. Therefore, the CHIP
questionnaire was chosen because, as previously mentioned, it had been used in several other

154-157

research studies with parents of children with chronic health conditions , reinstating its

validity and reliability'>*.

158 was the

Lastly, to measure whether parents perceive their situations as unjust, the IEQ
best choice as it is the only known questionnaire to fully and thoroughly measure experiences of

injustice.
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Parents of Patients with POLR3-Related-Leukodystrophy have Normal Stress Level Results as
Measured by the Stress Questionnaires

The PSI stress percentile scores of parents with children with POLR3-related
leukodystrophy were compared to the normative sample (represented by percentiles). The
percentile scores represent a score that is equal to or greater than the normative sample. For
example, if a parent scored a 52%, this indicates that their score would be equal to or greater than
52% of the normative sample. If considered individually, the majority of parents’ scores were
higher than 50% of the normative sample. This indicates that our parent population had higher
stress scores compared to 50% of the normative sample, and thus, represents what has been
found in past literature in similar chronic diseases''®''"'7*"'"® However, if one were to only look
at the scores relative to the normative sample, then this would also mean that any parent who
completes this questionnaire will obtain a value that will always be higher than a percentage of
the normative sample, regardless of whether or not their child has a chronic disease such as
POLR3-related leukodystrophy in this case. For example, if a mother with a healthy child
completes the questionnaire, and receives an 80%, then her score would also represent a score
that would be equal to or greater than 80% of the normative sample, even though her child does
not have a chronic illness. Therefore, we must also consider where these parents’ individual
scores rank within the range of normal, high, and clinically significant stress levels. When doing
so, we notice that around 80% of our parent population had stress percentile scores within the

normal stress level range, contrasting our hypothesis and results found in past literature''®!'"7-!7¢~
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There are multiple factors that could have influenced the normal stress level results of
parents. One hypothesis takes into account how we define/consider stress. It is possible that

stress is emphasized as being this inability to cope with physical, psychological, or emotional
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pressure, yet may not necessarily take into account the actual situation at hand. Therefore, we
should also consider stress to be relative to whether there is shock or novelty, uncertainty, or
instability of a circumstance. For example, shock or novelty is less significant in parents who
have known about their child(ren)’s diagnosis or who’s child has been living with the disease for
some time, compared to parents for whom the diagnosis was very recently disclosed. In fact, in
this cohort, the average years passed since disease diagnosis was approximately 11 years, and the
median was 8 years at the time of questionnaire completion, which indicates that many of the
patients were further into their disease course when the questionnaires were completed. This may
contribute to the reduced stress level experienced by parents since, as mentioned previously,
parents were aware of their child’s diagnosis for some time, and thus, probably had time to adjust
and adapt to their child’s disease and its implications. As well, in most patients, POLR3-related
leukodystrophy has a certain stability of progression and clinical features, which makes it more
straightforward when expecting and caring for the next steps of the child’s disease, also
contributing to the previous ideas of stability and certainty in relation to stress level. Lastly, there
is less uncertainty for parents and a sense of control and preparedness when caring and providing
for their sick child(ren) when they have had time to adjust to the diagnosis.

Additionally, factors such as access to a leukodystrophy center of excellence and
availability of resources may explain why our population sample has a normal level of stress
compared to populations with other chronic health conditions. Our population is being followed
by specialized leukodystrophy centers that employ various medical health professionals with
advanced knowledge on leukodystrophy care and research. Other populations may not have such
centers that specialize in caring for leukodystrophies or may not have widespread knowledge on

how to do so. As well, along with being followed at these specialized leukodystrophy centers,
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parents could also be introduced to certain resources (i.e., finding adaptable equipment for their
child, finding financial support, etc.) which could help make it easier to care for their child.
However, this could also lead to a potential limitation, as our patients have both specialized
leukodystrophy care and access to resources, while others living in locations where these

resources do not exist were not recruited to this study, and this may have skewed our results.

Rationale for the Qualitative Results: A Parent’s Perspective on Their Situations

From our findings, it is evident that parents may not be as stressed as initially
hypothesized. While the focus was on obtaining and analyzing quantitative results, it is important
to note that most participating parents provided information on how they and their children live
with the disease on a daily basis. Some mothers sent our team photos of their children’s
drawings, enjoying fun activities and new experiences with classmates, or simply smiling with
family and friends. Another mother sent us a video of her son bicycle riding without training
wheels, stating that: “Although we are aware that this capability can be lost in the future, we
were really happy for this step forward in his growth”. Another couple explicitly mentioned:
“[the] overall level of stress for both of us is very low. [My son] has lived longer than we ever
could have hoped for, and he is very happy with his current situation... We are simply grateful
for every day and will need to plan for the day that he will probably outlive us”. The fact that
these parents sent us these photographs, videos and messages through their own willingness may
illustrate that capturing the little happy moments of their children, and showing us how they feel,
also encourages these parents to see their children in a new light; enjoying life to the fullest
despite their condition. This may in turn alter parents’ perceptions of their situations for the

better.
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Secondly, these examples may imitate a phenomenon known as emotional contagion,
where there is an influential predisposition to both feel and express emotions similar to those

179
around you'”.

From our team’s clinical experience, children with POLR3-related
leukodystrophy are known to be happy children. Therefore, their emotions and feelings of
happiness may in turn be ‘spread’ to parents who regularly care for their child, positively
changing parents’ perspectives on their circumstances and potentially reducing their stress level.
Thirdly, there may exist disconnect between objectively upsetting situations and stress,
where this would depend on the changing of expectations. An example of this is shown through a
mother’s letter to us describing her situation. Here is an excerpt from her letter: “[He] was first
diagnosed with a leukodystrophy at age 14. We were told there is not treatment, no cure and we
should expect him to die young. Making peace with that information took some time and we
finally decided to live day by day and to keep [him] happy. All of our efforts were to make sure
he had fun every day. Now, as he turns 40 years old in September, he is still laughing, telling
jokes and is content...”. This portion of the letter showcases that this mother expected her son to
live a short life (which thus represents the upsetting situation). If she did not accept this news,
and thus built unrealistic expectations to cope (i.e., that he would live a long life), in the event
that the worst did occur, then this upsetting situation would not surprisingly be associated with,
and strongly affect, her stress level and overall well-being. However, we see that this mother
shifted her expectations to focus on making sure her son was content and cared for, for however
long she would have with him. Since her son has lived past anyone’s expectations, this mother
may have been able to appreciate this positive outcome and thus change her perspective on the
entire situation, potentially allowing her to disassociate the objectively upsetting situation from

the stress she may have experienced, and reduce her stress level altogether.
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Of course, it is also possible that parents who are less stressed, and who do not
experience many stressful life circumstances as shown by the PSI/SIPA Life Stress scores, are
more likely to spend time completing these questionnaires. This is a potential limitation of this
study, and therefore, due to this preliminary research, a qualitative study which incorporates

many parent accounts should be performed to complement these research findings.

Low Parental Quality of Life Scores May Not Be Associated with Parental Stress Scores
For quality of life results, our parent population scored lower than the normative sample,
with large effect sizes indicating that these findings have practical significance. These results are

. . . 93-96,99,101
found in the literature for other chronic diseases o7

and are in line with our hypothesis.
One of the most fundamental responsibilities of a parent is taking care of their child. If they
frequently witness their child suffering with a chronic disease, this can have a grave impact on
their life, leading to lower quality of life scores. However, if we recognize stress and quality of
life as interlinked, then lower quality of life scores should be associated with higher stress scores,
as our hypothesis suggests, when in fact, the opposite result was found. We hypothesize that
these stress and quality of life results may be explained by how we measure each concept. The
parental stress level measured by the PSI/SIPA/PSS questionnaires relate to the parents’
experiences from their child’s experiences (i.e., “My child cries and fusses”, “It takes a long time
and it is very hard for my child to get used to new things”), once again, taking into consideration
the shock or novelty, uncertainty, or instability of their child’s circumstance, whereas the FIM
questionnaire relates directly to the parents’ thoughts and feelings of themselves (i.e., “I feel

helpless or hopeless”, “I feel isolated from others™), where individuals may potentially perceive

their lives to be more difficult when thinking introspectively. Therefore, they may be more
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inclined to score lower on the FIM questionnaire when responding to these questions, thus

lowering their quality of life scores altogether.

Lower Quality of Life Scores May Lead to Higher Experiences of Injustice Scores

Along with finding that parents of children with POLR3-related leukodystrophy have
lower quality of life scores compared to the normative sample, these parents were also shown to
have high experiences of injustice raw scores. Similar results were found for experiences of
injustice in individuals with chronic pain'®’. As previously mentioned, the injustice experiences
questionnaire was used to measure whether parents perceived their situations to be unfair'™®.
Experiences of injustice are included in examining a person’s overall quality of life, as quality of
life is defined as an individual's perception of their position in life in certain contexts, along with
their physical and emotional well-being in that moment®. These parents are dealing with
anomalous situations; having to take care of a child with a rare chronic disease on top of other
parental responsibilities. The more they think or are reminded of their situations and the situation
of their child, as well as how they perceive their lives to be, may determine how well they live
overall, where the higher perceived blame, irreparability, and repetitive thought may result in

greater experiences of injustice and thus poorer quality of life'®'.

Correlational Results Found Between and Within Mothers’ and Fathers’ Questionnaire
Scores, Life Stress Situations, Debt, and Years Since Disease Diagnosis

There were a few correlations found between mothers’ and fathers’ scores, such as
between mothers’ and fathers’ quality of life scores, mothers’ quality of life scores and fathers’
experiences of injustice scores, fathers’ quality of life scores and mothers’ experiences of
injustice scores, and mothers’ and fathers’ stress scores. It is possible that the correlations seen

between mothers and fathers are due to the fact that the majority of our population are married or
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in a common-law relationship, and live in the same household. Therefore, one parent’s stress
level, quality of life, and experiences of injustice are likely to influence the other parent,
ultimately leading to similar scores between the different questionnaires.

Additionally, negative correlations were found within mothers’ and fathers’ scores, such
as between mothers’ quality of life and experiences of injustice scores, mothers’ quality of life
and stress scores, and fathers’ quality of life and experiences of injustice, which is consistent
with our hypotheses and what has been published in the chronic disease literature'**'®*.

For the categorical modifiable variables, a strong positive relationship was found between
increased mothers’ stress levels and increased fathers’ stress levels due to life stress situations
such as taking care of an ill parent and suffering from an injury or chronic health condition. The
majority of mothers in our cohort considered themselves to be the primary caregiver, indicating
that they take on a greater role in caring for their child. However, caring for a child who requires
significant medical attention can create added pressure on the mother if she is the main person
dealing with the situation. So, when a father is tending to other needs such as taking care of an ill
parent or dealing with his own personal health issues (which can increase his stress levels), the
mother must take on more of the responsibilities within the family, thus potentially increasing
the mothers’ stress level. We can also see how life stress circumstances influence each other. It
has been shown that, along with mental health, the physical health of an individual can

. . . . 184
contribute to one’s financial issues, and vice versa

. Therefore, having a chronic health
condition and/or taking care of an ill parent may in turn affect one’s ability or availability to
work, thus affecting their income, and therefore potentially contributing to higher stress. This

stress can in turn worsen the physical and mental health of the parent, as well as the ability of

that parent to take care of their ill parent (for example), continuing on this vicious cycle, and

64



therefore contributing to the increase in stress of the mother (where a positive correlation
between mothers’ and fathers’ stress level was found). All in all, if outside factors are found to
influence the parental stress level, it may be useful to consider these when allocating resources
for these families.

While there was no relationship found between fathers’ stress and life stress
circumstances likely due to our small sample size, there did exist a relationship between
mothers’ stress and debt. There have been several studies that have documented the correlation

185,186

between debt or financial issues with stress in America , and many of our participants are

American, where healthcare and health insurance is becoming increasingly expensivelg7’188.
Interestingly enough, 11% (3/27) of families are Canadian (7% (2/27) being from and residing in
Quebec), whereas 74% (20/27) of patients are from the US, and 15% (4/27) are international
(from other European, South American, and Northern African countries). To our surprise,
families where parents were highly stressed were families that resided both in Quebec and
abroad, but not in the United States of America. These results do not corroborate what has been

. . 185,186,189,190
seen in other studies ~> "

and it remains unclear why this is the case. It is important to note
that because of the small sample size (as mentioned previously), strong conclusions cannot be
drawn.

Other than these results, we did not find other statistically significant relationships
between any other clinical features and stress level, such as behavioral issues, fatigue, and
physical disability of the child, which was originally hypothesized. Nevertheless, it is possible
that this (and the rest of our study’s insignificant results) is due to our small sample size, in

which case a study with a larger population sample would need to be conducted. As well, this

was a cross-sectional study, meaning that only one time point was considered for examination.
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This would be an issue as parental stress and quality of life can change over time as their child’s
disease progresses. Therefore, in order to have a more accurate and thorough analysis, a
prospective study would need to be conducted for the future direction of this project.

For continuous variables, only a positive correlation between mothers’ quality of life
scores and years since diagnosis was found. These results can be expected since, as previously
mentioned, most of our mothers in our parent population were primary caregivers, and revealed
they attended their child’s medical appointments the majority of the time. Therefore, as the
disease progresses, mothers potentially have more time to cope with, understand, and adapt to
the care plan for their child’s disease, thus improving their own overall well-being.

All in all, from an observational perspective, the modifiable factors that directly affected
the parent-child relationship and family functioning seemed to impact parental mental health the
most.

With a larger sample size, we may have found that on top of financial burdens, family
dynamics (i.e., marital status, number of siblings, coping strategies that involve the family) are
also most likely going to greatly influence parental mental health.

Without a stable home environment, and with persistent financial issues, parents will
struggle to care for their family, and specifically, their ill child. Therefore, having interventions
such as having a support system (whether friends, family, psychologists, social workers) that can
help in creating a strong familial relationship, engaging in fun activities that will include the ill
child regardless of their limitations, and governmental financial support are all great ways to

alleviate some of the parents’ worries and thus improve their mental health.

Rationale for Considering Parents’ Helpful and Unhelpful Coping Mechanisms from the

CHIP Questionnaire, and Its Issues
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Based on the mean scores of specific coping mechanisms used by parents, coping
mechanisms found to be the most helpful for parents seemed to be those that directly involved
them with their children/in their children’s lives (such as spending time and doing activities with
their children). This is the case, as parents may feel a sense of control and connection when
tending to their children who may require more care than the average child. By focusing their
time and energy on helping their child and seeing a direct improvement through their actions
may allow them to feel as though they can better cope with their situation and the situation of
their child. Conversely, coping mechanisms such as the parent getting angry because of the
situation, believing their child will be healed, or getting other members of the family to help
around the house were found to be the least helpful for parents. This may be due to the fact that
these coping mechanisms do not help the parent with the child’s life directly, and thus may not
improve the well-being of their child nor themselves in the long run.

While the above analysis of coping mechanisms may be true, there are also potential
issues. Primarily, these outcomes may be a result of a parent’s defensive responding, which
could not be determined for this questionnaire. Parents may not want to reveal what is truly
unhelpful to them, or exaggerate what is helpful, to make them feel better in caring for their
child. For example, if parents report that going for a walk alone is a helpful coping strategy for
their stress, they may feel guilty about not spending this time with their child(ren). To avoid
feeling guilty or being judged because of these observations, parents may be more inclined to
rate this coping mechanism as unhelpful, creating a bias in the results. Secondly, when looking at
the average scores of each coping mechanism individually, it is possible that coping mechanisms

were found to be either more or less helpful in relation to helping with the child’s situation.
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However, feeling as though a coping mechanism is more or less helpful does not indicate
whether it has a direct effect on factors like stress and quality of life.

On the other hand, the correlational analysis between mothers’ stress and certain coping
mechanisms provided some interesting results. Coping mechanisms such as ‘getting away by
myself” or ‘purchasing gifts for myself” were negatively correlated with mothers’ stress scores,
indicating that these coping strategies decreased in helpfulness as stress increased. However, the
correlational analysis showed that positive correlations were found between mothers’ stress and
coping mechanisms such as ‘going to social gatherings with friends’ or ‘doing things with other
family relatives outside of their immediate family’, meaning that these coping mechanisms were
found to be more helpful as mothers’ stress increased, which goes against our hypothesis of why
certain coping mechanisms were either helpful or unhelpful.

A few reasons for these correlational results may be that: parents may use certain coping
strategies to help them deal with their child’s illness, but it is that same illness or the act of taking
care of their child that may in turn be that stressor for them. Therefore, disassociating from that
situation and doing something completely different, such as spending time with others or
attending social events, may allow them to relieve some stress, and thus find those coping
mechanisms helpful during their moments of increased stress. As well, in line with the statement
above, for day-to-day stressors, superficial, “‘unhelpful’ coping mechanisms may be more helpful
in shifting parents’ attention away from the immediate situation, as a short-term coping strategy.
However, we hypothesize that it is only when more stressful situations present themselves
(meaning situations that can affect the parent or their child(ren) long-term), such as deciding
whether or not their child needs a feeding tube, that the unhelpful coping mechanisms will

remain unhelpful. While there are many ways to interpret the above results, it is important to
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note that these results only suggest a correlation, not causation as to whether these coping
mechanisms are found to be more helpful when a parent is stressed, or whether a parent’s stress
will dictate if they find this coping mechanism to be helpful. A deeper investigation on stress and
coping mechanisms would be required to address this.
Limitations

One limitation of this study was the small population size, i.e., 32 patients from 26
families, with 43 parents total answering questionnaires. To date, 152 international patients with
POLR3-related leukodystrophy are known to our study team. Excluding patients for whom we
did not have contact information, who were deceased, or who were adult patients that did not
require a caregiver, 50 patients remained, amounting to approximately 64 parents, as some
parents were single. While no parent directly refused to participate in the study, there were 21
parents who did not respond back confirming their completion of the questionnaires, or whether
they were interested in participating in our research. This left us with only 43 parents who were
responsive and agreed to participate. In the field of rare diseases, these numbers are acceptable,
but having a larger sample size may have allowed us to draw stronger conclusions.

Another limitation relates to the burden of completing the questionnaires. Only 26 out of
43 parents completed all questionnaires required, with some families having both parents fill
them, others with one parent filling all questionnaires, and others where only a fraction of the
required questionnaires were filled. This contributed to the small sample size and posed
challenges for statistical analysis, namely correlational analysis where many results were
insignificant. Selection bias could have also come into play, potentially affecting the internal and
external validity of the results. While unfortunately unavoidable, to try to overcome this issue,

newly recruited parents were asked to participate, and reminders were sent to the other parents
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along with an offer of completing the questionnaires together with a researcher through a virtual
meeting.

Another challenge encountered for this study was the statistical analysis (chi-square
analysis) between the FIM and PSS scores of parents and the categorical modifiable factors.
Parents’ stress percentiles have designated ranges that determine whether these scores are
normal, high, or clinically significant. However, the FIM and PSS scores can only be considered
higher or lower than a sample population such as a normative sample. Therefore, we could not
perform the chi-square analysis to conclude whether certain FIM or PSS scores were directly
associated with certain categorical factors. However, all parents were shown to have lower FIM
and PSS scores compared to their normative samples, potentially indicating that all categorical
factors could be considered to correlate to these results, which would need to be further
investigated.

Lastly, the design of the study may have been a limitation, both considering that it is a
cross-sectional study and that a sole quantitative approach was undertaken. Regarding the cross-
sectional nature of the study, studying a population at one single time point makes it hard to
determine how the population evolves as their situation progresses. In this case, parental stress
and poor quality of life in our population is hypothesized to be at its peak at the time of
diagnosis, and at the end-of-life, where stress and quality of life will fluctuate in between
depending on the patient’s health status and parents’ and family’s life situation. Therefore, a
prospective study that follows a larger population would be required to properly assess both
parental stress and quality of life, as well as determine which modifiable factors influence
parental stress and quality of life. Regarding the sole quantitative approach, we have learned,

through this study and from parents’ feedback about their situations, that a combined quantitative
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and qualitative approach may be ideal. Quantitatively, the results of this study suggested that the
overall majority of parents with children with POLR3-related leukodystrophy have a normal
stress level, yet also have poorer quality of life compared to normative samples. We identified
some contributing factors to this but could not obtain granular information as to why parents
answered the way they did. While a few parents sent us explanations which complemented their
results, a formal qualitative research approach would allow us to understand the entirety of

parents’ situations, and may further help us draw conclusions from these results.

Chapter 5: Conclusion

While there have been several studies examining parental stress and patients’ quality of
life with diverse diseases, parents’ overall well-being relative to their child’s POLR3-related
leukodystrophy diagnosis has never been studied. In this study, we conducted a thorough
examination of the impact of a child’s disease on parents’ overall well-being, including various
factors such as stress, quality of life, experiences of injustice, and coping mechanisms used by
these parents. The aims of this study, such as determining whether parental stress and quality of
life of this particular parent cohort are affected in comparison to parents of healthy children, as
well as which modifiable factors (continuous or categorical) negatively impacted or influenced
parental stress and quality of life, were met through the obtained results, where the obtained
results also added to the gaps in literature. Parents of children with POLR3-related
leukodystrophy had lower QoL scores compared to normative samples, and ~80% of these
parents had normal stress level scores. For the IEQ questionnaire, fathers’ perceived injustice
scores ranged from very low to very high, where mothers’ scores ranged from average to high.
There were correlations found between and within mothers’ and fathers’ scores, such as QoL,

stress level, and IEQ scores. Helpful coping mechanisms (i.e., ‘investing myself in my children’,
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‘doing things with my children’, ‘doing activities together as a family’) seemed to be related to
situations where parents were directly involved in their child’s life, and least helpful (i.e.,
‘believing that my child(ren) will get better’, ‘getting other members of the family to help with
tasks at home’, ‘allowing myself to get angry’) were those that seemed to be irrelevant to their
child’s care. For certain less helpful coping mechanisms in certain situations, they were found to
be more helpful as stress increased. Lastly, relationships were found between mothers’ stress
scores, years since disease onset and certain life stress circumstances such as debt. The obtained
results contribute to the understanding of where focus should be directed in healthcare. In terms
of healthcare research, developing future treatments for these children’s diseases rely heavily on
conducting clinical trials, in which identifying patient outcomes are essential. In terms of
providing healthcare services, these should be considered useful to both patients and their
caregivers, especially when caring for individuals with rare diseases that are less well-understood
and carry stigmal. Our results suggest that implementing psychological and social support
throughout patients’ disease progression, as well as offering access to activities or programs to
integrate families with children with disabilities, may improve quality of life of these parents.
Also, since outside factors such as life stress situations directly correlate with parents’ stress and
quality of life, this information can be useful to consider when allocating resources for these
families, whether financially or other.

This is the first pilot study looking at the well-being of parents and caregivers of patients
with POLR3-related leukodystrophy. We have identified factors leading to reduced quality of
life of patients and caregivers. It is possible that due to our sample size and cross-sectional nature
of the study, other factors are also contributing and therefore, a larger prospective study to follow

a parent’s stress level and quality of life throughout their child’s disease would be an interesting
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future path and beneficial to further our understanding of how a child’s disease can impact those

who care for and live with them.
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