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ABSTRACT
Multiple sclerosis (MS) is the most common disabling neurological disease among young adults
in North America, affecting mainly women. MS has received great attention recent years due to
its increased prevalence in the world and its impact on every domain of life. Pain is a frequent
symptom in persons with MS and considered to be one of the major contributors to sick leave or
premature work cessation and other restrictions in societal and family roles. However, the
relative importance of pain to participation and social functioning, key domains affecting quality
of life in MS, is under studied. Symptoms such as fatigue, pain, and impairments of physical and
mental capacity, can make participation in life’s roles a challenge for people with MS. However,
how factors that predict variations in participation of people with MS interact with one another to

influence participation is still unknown.

The objective of this study, therefore, was to estimate the extent to which pain and other MS-
related symptoms, physical and mental functional factors, and individual characteristics predict

participation in people with MS.

This study was a secondary analysis of data from a longitudinal study on Gender Life Impact of
MS. A centre-stratified random sample of persons registered at the 3 MS clinics in Montreal was
drawn, comprising 139 women and 49 men. Subjects completed a battery of self-report and
performance-based measures that assessed participation and domains affecting participation. In
order to understand the relationships between pain, other symptoms, physical and mental
function, participation, and contextual factors we tested a conceptual framework based on the
Wilson & Cleary Model that posits specific relations between different levels of these health
outcomes. Specific analyses of pain and its consequences led to the development of a Structural
Equation Model (SEM) aimed at identification of the predictors of the latent construct of

participation within the hypothesized theoretical model.

The results of the analysis indicated that fatigue, physical function, and psychological well-being
were significant direct predictors of participation. Pain and age were significant indirect
predictors through fatigue and physical function, respectively. Identification of the contributors

to participation is important for MS rehabilitation as a clear understanding of the path to
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participation can be used to develop specific interventions aimed at their removal or reduction,

ultimately, impact favorably on quality of life.

A theoretical approach to role participation would expand its clinical use as an important
outcome and contribute to the development of a psychometrically sound measure. Current
symptoms, functional status, and contextual factors can be used to identify individuals who are

likely to have restrictions in participation now or in the future.
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RESUME
La sclérose en plaques (SP) est la maladie neurologique la plus commune chez les jeunes adultes
en Amérique du Nord, affectant surtout les femmes. La SP a regu beaucoup d’attention dans les
dernieres années a cause de 1’augmentation de la prévalence mondiale et son impact sur tous les
domaines de la vie. La douleur est un symptome fréquent chez les gens atteint de la SP et est
considérée comme un des principaux contributeurs a la prise de congé de maladie ou la cessation
d’emploi et autres restriction des roles familiaux et sociaux. Cependant, I’importance relative de
la douleur sur la participation et le fonctionnement sociaux, deux domaines clés affectant la
qualité de vie, n’est que tres peu étudié. Les symptomes tels que la fatigue, la douleur et les
troubles physiques et mentaux peuvent rendre difficile la participation dans les rdles de la vie
pour les gens atteints de SP. La maniére dont les facteurs prédisant des variations dans la
participation des gens ayant la SP interagissent les uns avec les autres pour influencer la
participation n’est pourtant pas connue. L’objectif de cette étude est donc d’estimer a quel point
la douleur et autres symptdmes de la SP, les facteurs de la fonction physique et mentale et les

caractéristiques individuelles prédisent la participation chez les gens atteints de la SP.

Cette étude ¢était une analyse secondaire d’une étude longitudinale sur I’Impact sur la vie du
Genre en SP (Gender Life Impact of MS study). Un échantillon aléatoire stratifié par centre de
patients inscrits dans 1’une des trois cliniques de SP de la région de Montréal a été recueilli,
comprenant 139 femmes et 49 hommes. Les sujets ont complété une batterie de mesures auto-
rapportées et de performance évaluant la participation et différents domaines affectant la
participation. Afin de comprendre les relations entre la douleur, les autres symptomes, la
fonction physique et mentale, la participation et les facteurs contextuels, nous avons testé le
cadre conceptuel basé sur le modele de Wilson et Cleary qui décrit les relations spécifiques entre
les différents niveaux de ces indicateurs d’état de santé. Des analyses spécifiques de la douleur et
de ses conséquences ont mené au développement d’un modele a équations structurelles (SEM)
visant a identifier les prédicteurs du construit latent de la participation a I’intérieur du cadre

théorique proposé dans 1’hypothese.

Les résultats de 1’analyse ont indiqué que la fatigue, la fonction physique et le bien-étre

psychologique sont des prédicteurs directs significatifs de la participation. La douleur et 1’age
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sont des prédicteurs indirects significatifs a travers la fatigue et la fonction physique,
respectivement. L’identification des contribuants a la participation est importante pour la
réadaptation des gens atteints de SP puisqu’une compréhension claire des pistes causales menant
a des restrictions de la participation peut-étre utilisée pour développer des interventions
spécifiques visant a les supprimer ou les diminuer et, ultimement avoir un impact favorable sur la

qualité de vie.

Une approche théorique a la participation dans les roles €largirait son utilisation clinique en tant
qu’important indicateur de 1’état de santé et pourrait contribuer au développement d’ une mesure
solide au niveau psychométrique. Les symptomes, état fonctionnels et facteurs contextuels

actuels peuvent étre utilisés pour identifier les individus qui sont a risque d’avoir des restrictions

de la participation maintenant ou dans le futur.
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PREFACE

Statement of originality

This document contains no materials that have been published elsewhere, except where
specifically referenced. The main contribution of this study is to enhance the understanding of
pain in people with multiple sclerosis (MS). In consultation with my supervisory committee and
statistician with health outcome units, the method of structure equation modeling (SEM) was
selected. The work presented in this thesis represents the first applications of the Wilson-Cleary
conceptual framework and SEM to assess the direct and indirect effects of pain on participation
in people with MS. The originality in the work presented in this thesis is also reflected in the
creation of the latent variables for pain and participation in MS population. We further believe
this study provides important information for addressing symptom clusters in MS. This is the
first application of cluster analysis to gender differences using a well-designed and large
epidemiological study using both analytic and conceptual approaches that has been

recommended in the literature for identifying a symptom cluster.

Contribution of authors

There were many steps involved in the development of this manuscript-based thesis. This thesis
builds upon work from the Gender Life Impact of Multiple Sclerosis Study. The manuscripts
contained in this thesis are the work of Shahnaz Shahrbanian with extensive editing and feedback
from Dr Nancy Mayo, and support from the members of the thesis supervisory committee. This

entire process has been conducted under the direct supervision and guidance of Dr. Nancy Mayo.

Organization of thesis

The global aim of this thesis was to contribute to understanding of the pain experience of people
with MS with the context of function, disability, and health. Several objectives were used to
reach this global aim. The first was to estimate the extent to which pain impacts on work, a key
aspect of participation in this group. The second was to characterize pain in an epidemiologically
sampled group of community-dwelling individuals with MS. The third was to estimate the
extent to which there is stability in pain type and pain severity over time. The fourth was to

estimate the extent to which different MS-related symptoms, including pain, cluster. Finally, the
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last objective was to contribute evidence to support a framework for understanding the direct and
indirect effect of pain on participation in people with MS. Each objective is independently
addressed in five separate manuscripts which will be submitted to scientific journals for

publication.

Additional chapters have been included in this thesis in accordance with the regulations outlined
by the Graduate and Postdoctoral Studies (GPS) Office of McGill University. GPS requires that
each thesis contains a literature review and conclusion that is separate from the manuscripts.

Therefore, duplication of material and repetitions in this thesis is unavoidable.

Chapter 1 includes several parts. It first provides an introduction to MS and its symptoms,
prevalence, types and treatment. The second part presents an overview of prevalence, cost,
management, impact, and reasons for pain in the MS population. The third part of this chapter
focuses on the concept of participation in MS. The most common conceptual frameworks used in
health care which are going to be used throughout the thesis and an introduction to SEM are

presented in this chapter.

Chapter 2 states a general rationale for assessing pain in MS and emphasizes knowledge about
the relationship between pain and participation. It also outlines the main objectives in the

manuscripts.

The first manuscript is focused in Chapter 3, a systematic review and meta-analysis of
relationships between pain and employment in persons with MS. This paper was published in the
Journal of Pain Research and Management.

Chapter 4 links the first manuscript to the second manuscript.

The second manuscript presented in Chapter 5 includes the text, figures, tables and references.

The contents of this manuscript are related to assessing in-depth content of pain and its impact

and predictors in MS population.
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Chapter 6 presents the link between the second and third manuscripts.

Chapter 7 contains the third manuscript along with associated text, figures, tables and references.

In this manuscript we explored stability in pain type, and pain severity over time.

Chapter 8 presents the integration between the third and fourth manuscripts with regards to their

objectives and the logical progression between the two.

Chapter 9 consists of the fourth manuscript. It includes the text, figures, tables and references.

This manuscript is related to methods and the meaning of symptom clusters in MS.

Chapter 10 presents the connection between the fourth and fifth manuscripts.

Chapter 11 contains the fifth manuscript. This manuscript contributes evidence to support a
framework for understanding the direct and indirect effect of pain on participation in people with

MS.

Chapter 12 includes a summary of findings and conclusions of all manuscripts. The appendices

contain additional information that is not normally included in a manuscript.

Corresponding tables, figures, and references are presented at the end of each chapter or
manuscript. A complete list of appendices is presented in the table of contents. The appendices
contain information that is not normally presented in a manuscript to be submitted for
publication (e.g. Description of measures used in the study). The table of contents provides a list

of the appendices.

Ethical approval for the studies in this thesis was obtained from the Research Ethics Board
(REB) of the McGill University Health Center, and the ethics committee of each participating
hospital’s Research Ethics Board. Copies of the ethic forms were sent to the school of PT& OT

during the initial submission.
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CHAPTER 1: OVERVIEW

1.1 Overview of Multiple Sclerosis

1.1.1 Background

Multiple sclerosis (MS) is a chronic, inflammatory autoimmune demyelinating disease of the
central nervous system (CNS) characterized by relapses, remissions and often progression of
disability over time (Noseworthy 2008). In MS, the body’s own immune system attacks the
myelin tissue surrounding the nerve fibers in the brain, spinal cord and optic nerves. When
myelin is destroyed, scar tissue forms, and nerve messages are not transmitted properly. The
exact cause of MS is not known, but there are data suggesting that infection, viruses, genetics, a
person's environment, and hormones play a role (Compston 2005; Noseworthy 2008). There are
four clinical forms of MS: relapsing remitting (RR), primary progressive (PP), secondary
progressive (SP) and progressive relapsing (PR). RR is the most common form of MS disease
(Ramagopalan 2010a). In most patients MS begins between the ages of 20 and 40 (Beeson
1994) and the condition is seen more frequently in women (Orton 2006; Ramagopalan 2010b).

1.1.2 MS prevalence

MS is estimated to affect 2.5 million of people in the world (Rosati 2001). MS prevalence is low
in African blacks, Asians and other ethnic groups with little Caucasian admixture. MS especially
affects those of northern European ancestry, such as Scandinavians, English and Irish (Compston
1997). Individuals living in USA, New Zealand and Australia have higher risk of having MS. In
North America MS is considered to be as the most common disabling neurologic disease of
young adults (Noseworthy 2008). Canada has one of the highest rates of MS in the world (MS
Society of Canada, 2008 Atlas of MS). MS prevalence in Canada have found to be 1/1000
people; however, it could be as high as 240 per 100,000 people (O'Connor 2009).

1.1.3 MS Symptoms
Symptoms of MS affect patients differently and, even in the same person, change from time to
time. Type and severity of MS symptoms depend on which part of the CNS has been affected by

MS. Symptoms interfere with daily functioning, work, and leisure activities. Fatigue is extremely


http://www.mssociety.ca/en/research/pdf/medmmo-prevalence-oct05.pdf

common in people with MS, with a prevalence of 78%-91% (Fisk 1994, Ford 1998). Pain is also
a frequent complaint among persons with MS; appearing in almost 50% of patients at some point
of their disease course (Archibald 1994, Ehde 2003, Kalia 2005, Svendsen 2003, 2005). Sleep
disturbance is another common symptom, occurring in approximately 54% to 60% of the MS
population (Bamer 2008, Brass 2010, Stanton 2006, Tachibana 1994). In addition, approximately
48% to 80% of people with MS report problems with balance at some stage during the course of
their disease (Grytten 2006). Leg spasms have been reported by 40% to 70% of individuals with
MS (Leussink 2012). The prevalence of memory and concentrated problems, other frequent
symptoms in people with MS, ranges from 30% to 70% (Rao 1991, Teng 2009) and can present

in patients at any time during their disease process.

Restless Leg Syndrome (RLS) is another common symptoms of MS (Auger 2005, Deriu 2009,
Gomez-Choco 2007, Italian REMS Study Group 2008, Li 2012, Manconia 2007); affecting
overall health-related quality of life of people with MS. RLS is a neurological disorder
characterized by abnorma sensation in limbs, mostly in calves and ankles (Tarsy & Sheon 2009)
that can result in nighttime insomnia, and daytime fatigue (Auger 2005, Gémez-Choco 2007, Li
2012). RLS is different than burning, numbness, and tingling sensation that is related to MS-
related neuropathic pain as they cannot be relieved by movement, and they are usually present in
the day, and not only at night (Auger 2005, Manconia 2007). In addition, RLS sensations are
relieved by movement, but this does not work with unpleasant sensations of MS-related

neuropathic pain (Tarsy & Sheon 2009).

Emotional changes are also common in individuals with MS and are thought to be related to
either a normal response to having a serious health condition or the result of damage to the
nervous system. The reported prevalence of depression for people with MS has ranged from 40%
to 50% (Feinstein 2002). Symptoms of psychological distress such as anxiety and irritability also
affect a large percentage of individuals with MS and often co-occur with depressive symptoms
(Bamer 2008, Mohr 2007). Other symptoms of MS are: visual disturbances (50% to 90%),
bladder dysfunction (80%), bowel dysfunction (35% to 54%) and sexual problem (75%) (Mohr
2007, Grytten 2006, Sprangers 2000, Confavreux 2000).
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1.1.4 MS Cost

The annual cost of MS has been estimated at 2.5 billion dollars in the US, and $502.3 million in
Canada (O’Brien 2003). Indirect costs are identified as major contributors to total costs in MS.
Indirect costs refer to lost productivity, early retirement, sick leave, reduced hours of work, and
changing the type of work (Gold 1996). The total annual indirect cost of MS for Canadians has
been estimated at $313.7 million (Asche 1997). In the most recent study, the mean total cost per
MS person per year was estimated at $37,672, of which 32% was attributable to patients’ sick
leave and early retirement due to MS (Karampampa 2012). Direct costs of MS include
medications, physician and other health professional services, and hospital and other institutional
care during relapses. Thirty percent of all people with MS need to be hospitalized at some time
during the course of their disease (Buchanan 2002). Additionally, the cost per person for a

relapse can be as high as $12,870 (O’Brien 2003).

1.1.5 MS treatments

Several pharmacological and non-pharmacological therapies for MS exist. One category of MS
medications are called disease modifying therapies (DMT) which attack the inflammation that
damages the myelin, decrease the severity and length of relapses, reduce the accumulation of
lesions within the brain and spinal cord, and appear to slow down the speed of physical disability
(Kieseier 2003; O'Connor 2000; Frohman 2004; Morris 2002). Some of the DMTs that have
been approved for relapsing-remitting MS include Betaseron, Avonex, Copaxone, Bebif, and
Novantroneand Tysabri (Frohman 2004). It has been shown that DMTs such as Interferon Beta
(IFNB), Glatiramer Acetate (GA) and Copolymer (Copaxone) which are often taken on a long-
term basis, can slow the natural course of MS (Kieseier 2003; Jacobs 2000). Steroids may also
help to decrease the severity and duration of MS relapses by actively suppressing the
inflammation. Other pharmaceutical approaches may focus on reducing the MS related
symptoms e.g. baclofen or tizanidine for spasticity and pain, anticholinergics for overreacting

bladder, and antidepressant for depression (Acquadro 2003).

As with any medical treatment, medications used in the management of MS may have
several adverse effects. As a result, many people with MS prefer to use complementary

treatments such as meditation, massage, rest, physiotherapy, occupational therapy, exercise, yoga
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and swimming (White 2004). Disease coping strategies, self management techniques and
education are some of the rehabilitative approaches in the management of MS to assist persons

with MS in taking control over their symptoms and disability (Willke 2004).

1.1.6 Health-related Quality of Life for persons with MS

Quality of life (QOL) is defined as “the individuals’ perceptions of their position in life in the
context of the cultural and value system in which they live and their relationship to their goals,
expectations, standards, and concerns” (WHO 2001). Based on this definition, QOL covers all
aspects of well-being including social, emotional, economic and cultural facets of a person’s life.
Health-related quality of life (HRQL) is defined as “the value assigned to duration of life as
modified by impairments, functional status, perceptions and opportunities influenced by disease,
injury, treatment and policy” (World Health Organization, 2001). HRQL, therefore, is generally
distinguished from QOL by those aspects of life which are most likely to be affected by health
(Patrick 1990).

Given that MS is a chronic and progressive disease characterized by various neurological
symptoms, physical disability and social isolation that affect many aspects of everyday life,
people with MS report poorer HRQL in comparison to some of the other chronic conditions such
as epilepsy, diabetes, rheumatoid arthritis, and inflammatory bowel disease, or the general
population (Brunet 1996, Hopman 2009, Rudick 1992, Devins 1993, Nortvedt 1999). Aspects of
HRQL such as physical function, social participation, and emotional and mental health are
domains that have been shown to be greatly reduced in the MS population (Beck 2005, Devins
1993, Nortvedt 1999).

1.1.7 The New MS

Before 1995, the diagnosis of MS was based on its natural history, severity of symptoms and
progression of disability. In addition, therapeutic approaches were mainly based on using the
steroids to reduce inflammation and medications for symptoms management. Since 1995,
advances in neuroimaging techniques such as magnetic resonance imaging (MRI), and disease
modifying therapies (DMTs) have facilitated earlier diagnosis of disease, and reduced the speed

of disease progression (Mayo 2008). In 2008, Dr. Nancy Mayo used the title of “New MS” for
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those people with MS diagnosed after 1995 as they differed slightly from populations of people
diagnosed with MS prior to 1995 (Mayo 2008). Therefore, it would be an important research
purpose to find out if among people with “New MS” any change has also occurred in symptoms
patterns, disease course and consequences, as well as other aspects of the disease. This would
help us to gain a better understanding of the disease, and development of new therapeutic

intervention.



1.2 Overview of Pain in Multiple Sclerosis

1.2.1 Prevalence

Pain is a frequent complaint among persons with MS. The reported prevalence of pain in people
with MS differs in the literature, from 10% to 90%, with most reporting rates ranging from 40%
to 80% (Kalia 2005, Indaco 1994, Kassirer & Osterberg 1987, Moulin 1988 & 1989, Svendsen
2003, Stenager 1991, 1995, Vermote 1986, Carter 1948). In Canada, pain in MS was reported in
41% to 71% of people with MS (Ehde 2003& 2006, Piwko 2007, Archibald 1995, Warnell
1991). This variation is partly due to methodological differences across studies related to the
patient sources, method of sampling, and research design. In addition, pain measurement studies
have used different time frames of pain (previous week, one month, 3 months), and different pain
constructs (frequency, intensity, and duration). In addition, studies varied as to whether headache
was related to MS pain (Vermote 1986, Moulin 1981). Factors related to the heterogeneity and
complexity of the disease itself (disease subtype and severity of other symptoms) also varied

widely across studies.

1.2.2 Cost

Considering the cost of MS pain, although there are several published studies that describe the
total cost of MS (Grima 2000, Amato 2002, Whetten-Goldstein 1998, Miltenburger 2002,
Grudzinski 1999), only one article provided an estimate of direct and indirect costs of MS pain
(Piwko 2007). The results of this study showed that the cost of 6-months pain of MS has been
estimated at about $80 million per year in Canada (Piwko 2007). The total cost for pain per MS
person was $3,197+£5,965 (mean £ SD) including $2,528+5,695 direct cost and $669+875
indirect cost. The estimated hospitalization and drug management of pain were the two most
important contributors to the total cost (Piwko 2007). Other example of cost included visiting
health care providers and physical therapists, laboratory and diagnostic tests, emergency room
visits and home care visits (Piwko 2007). A positive correlation between the total cost and pain

severity was also reported (Piwko 2007).
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1.2.3 Reasons for pain in MS

The underlying mechanisms of pain in MS are unclear. MS pain can arise from a variety of
sources. MS pain is either directly related to MS lesions or dysfunction in central nervous system
(CNS) which is called neuropathic pain, or indirectly as a consequence of MS symptoms such as
muscle spasms and poor posture which is called musculoskeletal pain. The most common
neuropathic pain types in MS are dysesthesia, trigeminal neuralgia (TN) and Lhermitte’s sign
(LS). Painful tonic spasms, low back pain, and muscle spasms are the frequent types of
musculoskeletal pain among the MS population (O’Connor 2007). Headache that is experienced
by many people with MS is either a direct result of MS lesions, or an indirect result of
adjustment to having the disease (Rolak & Brown 1990, O’Connor 2007). Table 1.1 presents the
classification of MS pain as proposed by O’Connor (2008). DMT and other pharmacological
treatments for MS may also contribute to the development of pain and an increase in the
frequency and duration of headaches (Rizzo 2003, Solaro 2004). Flu-like symptoms, muscle
aches, and sensation of tingling, and numbness are other relatively frequent side effects of DMT

(Rio 2004, La Mantia 2006, Pollmann 2002).

1.2.4 Course and nature of MS pain

Persons with MS and pain usually describe their pain intensity as mild to moderate (Archibald
1994); however, thirty-two percent of the patients report that pain is one of the worst symptoms
of MS (Stenager 1991). There are several risk factors reported to be associated with a greater
likelihood of pain in people with MS, for example older age, female sex, longer disease duration,
greater disease severity, and depression (O’Connor 2008). In most people with MS pain is
commonly reported to occur in more than one site. Leg pain followed by back pain and arm pain
is the most common reported sites of pain (Moulin 1988, Rizzo 2003, Solaro 2004). The majority
of MS- related pain is chronic in nature. The major chronic pain syndromes are dysesthetic
extremity pain and back pain (Stenager 1995, Moulin 1988). The most frequent acute type of MS
pain includes trigeminal neuralgia (TN) and Lhermitte’s sign (LS) (Stenager 1991).



1.2.5 Pain impact

The impact of pain on persons with MS is not well recognized (Ehde 2005); however, it has been
accepted that the fear of pain associated with MS prevents them from involving themselves in
physical and social activities. Individuals with pain report poorer overall mental health than those
without pain (Archibald 1994). Some studies, however, found no significant differences in
mental health scores between people with MS with and without pain (Stenager 1991, Stenager
1995). Moreover, Ehde (2005) found that among persons with MS, individuals reporting pain
compared to those without pain were more depressed (Forbes 2006, Kalia 2005). The presence of
pain is also associated with lower levels of HRQL in people with MS in comparison to those
individuals without pain (Murphy 1998, Nortvedt 1999, Svendsen 2005). Several studies have
examined the impact of pain on other aspects of health among persons with MS. For example,
one study showed that among a large community sample of persons with MS, those with pain
reported poorer general health, increased fatigue, and more interference with daily living
activities and household work (Ehde 2003, Svendsen 2005, Schwid 2002). Persons with MS and
pain also report more difficulty in sleep, enjoyment of life, and ability to walk or move around
(Hadjimichael 2007, O’Connor 2008). Research on the relationship between pain and social
functioning in MS is more limited. The results have suggested that pain can have a negative
effect on social role participation (Archibald 1994), recreational activities (Hadjimichael 2007),
and relationships with others (Warnell 1991).

1.2.6 Treatment of MS pain

Treatment of MS pain involves a variety of pharmacologic and non-pharmacologic approaches
(Leary 2000). Given that pharmacologic treatment is the most commonly prescribed treatment
for pain in MS, most research have focused on their effectiveness (Henze 2006). Pharmacologic
pain treatments include the use of antidepressants, and anticonvulsant for neuropathic pain and
anti-inflammatory medications for musculoskeletal pain (O’Connor 2008). Some people also use
Cannabinoids in the management of their MS pain. For those people with MS for whome the
long-term use of medication is either ineffective or causes side effects, complementary therapies
for the management of pain and sensory complaints may be more useful (Moulin 1988).
Massage, exercise, yoga, tai-chi, transcutaneous electrical nerve stimulation (TENS), heat

therapy, hydrotherapy, herbal remedies, acupuncture, chiropractic manipulation, reflexology, and
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cognitive behavioral therapy are examples of non-pharmacologic pain treatment approaches that
have been used in MS population (White 2004, Oken 2004, Nayak 2003, Siev-Ner 2003,
Rabinstein 2003, Lee 2007).

1.2.7 Concept of pain

International Association for the Study of Pain (IASP) defines pain as “an unpleasant sensory
and emotional experience associated with actual or potential tissue damage, or described in terms
of such damage” (Merskey 1979, 1994, 2007). Melzack and Wall in 1965 proposed the Gate
Control Theory that states a gating mechanism exists within the dorsal horn of the spinal cord
that controls pain signals to the brain (Melzack & Wall 1965). Nerve impulses traveling via
small nerve fibers (pain receptors A-delta and C) are allowed to pass through the gate, whereas
pain signals traveling via large nerve fibers (normal receptor A-beta) are blocked. Physical,
emotional, and behavioral factors may facilitate or inhibit gate opening (Melzack & Wall 1965).
For instance bodily injury, anxiety, depression and concentrating on the pain may open the gate,
whereas pain medications, good mood, and distraction from pain may block the gate (Melzack &

Wall 1965).

The gate control theory of pain emphasizes that psychological factors play an important role in
pain perception. It further explains the reason that same stimulus may provide different pain
perception among different people. This is in agreement with the philosophical perspectives of
pain proposed by Plato (427-347 BC), Aristotle (384-322 BC) and Descartes' (1596-1650) that
suggests pain experience is not only related to nerve stimulation but also may be viewed as an

emotion, feeling, and soul (Cheng 2003).

Kerns later explored in 2002 the biopsychosocial model of pain (Kerns 2002). According to this
model, pain perception is affected by complex interactions between disability, affective distress,
and cognitive, behavioral, and social factors (Kerns 2002). The influences of individual's attitude
and social and cultural differences on pain experience have also been highlighted in other studies

(Cheng 2003, Zborowski 1969).
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In addition, while there is an increasing interest in the concept of pain in MS population, there
are conflicting ideas in the literature about which dimension of pain can be considered as the best
illustration of pain. Pain has different domains that should be clarified before its assessment
(Hester 1997). Pain is perceived in intensity, quality, type, duration, frequency, location, or
distribution (Von Korff 2000). However, most studies on pain in MS do not take into account all
aspects of this construct; pain intensity, which is only one aspect of the pain experience, is
usually the primary focus (Jamison 1991, 2002, Litcher-Kelly 2004, Peters 2000, Vendrig 1997).
Therefore how pain is defined and measured varies considerably across studies, with some
focusing on a specific pain construct such as duration or severity, and others not specifying the
criteria used to determine the presence of pain (Turk & Dworkin 2004). Because of these

differences, it is often difficult to compare findings across studies.

The definition of pain and the proposed models of pain emphasize that pain is a complex health
outcome (Von Korff 2000, Merskey 1979, 1994, 2007) with a multidimensional nature across a
range of different physical, psychological and social factors (McWilliams 2003, Parker 2005).
This further means that the relationship between and among pain and other health-related
outcomes such as social participation or disability may be not only directly related to the tissue
damage but may be mediated by many other factors (Fernandez & Milburn 1994) — for example,
individuals with MS who experience other symptoms such as fatigue, cognitive impairment,
anxiety and depression (O’Connor 2005) that may affect their pain perception (Kerns 2002). The
complexity of pain also emphasizes a multidimensional assessment. To reach this goal, pain
should be studied within a comprehensive and multidimensional model that includes all factors

that contribute to its perception.
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1.3 Overview of participation

1.3.1 Participation definition

The International Classification of Function, Disability, and Health (ICF) define participation as
“involvement in life situations” (World Health Organization, 2001). Participation indeed
represents the societal perspective of functioning. As illustrated in Figure 1.2, major components
of role participation are personal and household management, leisure or recreations activities,
community involvement, relationships, and work (Johnson 2004, Salter 2005). Participation
restriction refers to problems an individual may experience in involvement in social and
occupational activities (World Health Organization 2001). Social participation has been defined
as “optimal accomplishment of daily activities and social roles valued by the person or socio-
cultural environment which ensure survival and development in society throughout life”
(Fougeyrollas 1998). Optimal social participation refers to “absence of interruption in the
achievement of life situations” (Desrosiers 2002). Occupational participation is defined as
“engaging in work, play or activities of daily living that are part of one’s socio-cultural context

and that are desired and/or necessary to one’s well-being” (Kielhofner 2004).

1.3.2 Participation and HRQL

Improving HRQL of individuals with disabilities is the ultimate aim in rehabilitation and clinical
practice (Renwick 1996). Participation is one of the most important domains affecting HRQL
(Barclay-Goddard 2012); thus, it has been receiving increased interest in rehabilitation research
in the past few years (Noreau 2004, Salter 2005). A clear understanding of role participation and
its barriers and facilitators can improve HRQL in individuals with disabling conditions such as

MS.

1.3.3 MS and participation

Participation has been studied extensively in traumatic brain injury (Johnston 2005), spinal cord
injury (Whiteneck 2004), and stroke (Barclay-Goddard 2012, Mayo 2002, Desrosiers 2002). For
individuals with MS, role participation has been defined as “taking part in valued activities, such

as meaningful social, recreational, and work activities, despite the many barriers that may arise,
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including pain, fatigue, cognitive-communication changes, limited mobility, and depression”

(Yorkston 2005).

Fatigue is a common symptom of MS and can be considered as one of the major reasons for
participation restriction in MS population (Bergamaschi 1997). The important role of fatigue for
work (Ng 2012), illness intrusiveness (Bouchard 2012), and communicative participation (Baylor
2010) has been shown. Cognitive dysfunction has also been shown to negatively affect
employment status, activities of daily living, ability to drive, as well as social relationships of
people with MS (Rao 1992). Other ongoing symptoms such as vision and speech problems, as
well as problems thinking may interact to further reduce social functioning in this population

(Baylor 2010).

In addition, in persons with MS, muscle weakness, spasm, and stiffness in the legs may produce
unsteady gait, difficulty with walking, and difficulty with keeping balance and coordination. Fear
of falling and poor balance could make someone who experiences them avoid to participating in
social activities. Spasticity can also significantly affect motor performance and daily living
activities and so restrict the social participation among people with MS. In addition, disability,
different symptoms, and mobility difficulties that individuals with MS experience could
significantly impact their ability to remain in the workforce (Busche 2003, Noseworthy 2000),
which is one of the important domains of participation. Moreover, results of a study on
community participation and social and home participation among adults with complex medical,
lower-extremity orthopedic, and major neurologic impairments indicated that activity limitations
and physical functions were the dominant factors that explained much of the variance in the

extent of community participation achieved by patients (Jette 2005).

A study on barriers and facilitators related to participation in aquafitness programs for people
with MS has shown that barriers to participation can be related to inadequate transportation, lack
of one-on-one support, environmental inaccessibility, and fears associated with participation in
the programs (Brown 2012). Facilitators of participation included a knowledgeable instructor and
experiencing physical and psychosocial benefits from the program (Brown 2012). In 2010,

Tyszka examined the relation of health-promoting behaviors to participation in life roles and
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HRQL in women with multiple sclerosis. They found a positive correlation among specific
health-promoting behaviors (e.g., nutrition, stress management, physical activity, positive
interpersonal relations, and spiritual growth), role participation, and HRQL (Tyszka 2010). He
suggested that involvement in health-promoting behaviors is associated with

greater participation in life roles and HRQL for women with MS.

1.3.4 MS-related pain and participation

Pain can also be considered as one of the important symptoms of MS that may contribute to
problems with social functioning as in the presence of pain a person may seem more anxious
about engaging in active recreational pursuits. However, there is little awareness of the role of
pain in the restriction participation of people with MS. In a large study, recreational activities,
work, and walking ability were the three highest-rated areas reported to interfere in the social life
of MS people with pain (Hadjimichael 2007). Similar results have been reported by other studies.
Warnell indicated that nearly one third of MS persons report that pain has negative effects on
their relationships with others (Warnell 1991). In another study, over a third of persons with MS
and pain reported more social role restriction than those without pain (Archibald 1994).
Additionally, O’Connor (2008) found that individuals with MS pain report less recreational

activity in comparison to MS people without pain.

Later, in 2009, Turner estimated exercise frequency and its association with QOL, including
participation restriction, in a national sample of veterans with MS and found that older age,
lower education, and pain provided lower rates of exercise (Turner 2009). In addition, persons
with MS and pain report more depressive symptoms (Ehde 2005), greater diminished physical
function (Ehde 2003), and poorer mental health (Archibald 1994) than people with MS who do
not have pain. Given the relative role of pain in physical and psychological distress, it is assumed

that pain can catalyze the social isolation of MS population.

1.3.5 The complexity of participation
Participation is a multidimensional global construct including a number of aspects that are more
likely to be performed with others (World Health Organization, 2001). As illustrated in Figure

1.3, participation, as a complex health outcome, has a biopsychosocial nature, in that the person
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is physically, emotionally, or mentally engaged (Yorkston 2005). For instance, there are several
personal and disease-related factors that may affect participation including age, level of
education, comorbidity, psychological distress, disease severity and duration, and severity of
symptoms. The environmental factors also play an importance role for creating, or preventing,
opportunities for participation (Barclay-Goddard 2012). For example, technology, social support,
relationships with others, and health policy makers in interaction with the individual factors such
as mood, attitude and physical health may promote or restrict participation. Similarly, to improve
participation, focusing on a single factor may not be enough and it would be necessary to
minimize the impairment, increase activities, reduce social and environmental barriers, and
enhance personal coping strategies (Yorkston 2005, Sorensen 2002). The complexity of the
nature of participation poses a measurement challenge, emphasizing that it should be studied

within a multidimensional approach targeting all contributing factors.

1.3.6 Measure of participation

A number of measures have been developed to assess participation (Cardol 1999, Ostir 2006,
Perenboom 2003). A few of them have been reported to assess participation widely (Perenboom
2003), however, there is no single universally accepted scale for its measurement (Heinemann
2005). There is certainly no specific measure related to the MS population. Role-Physical, Role-
Emotional, and Social Functioning of RAND-36 (Hays 1993, 2001), Reintegration to Normal
Living Index (RNLI) (Wood-Dauphinée 1988, Stark 2005), and Community Integration
Questionnaire (Willer 1993) are examples of tools that have been reported in literature to assess
participation. Using multiple measures of participation makes it difficult to interpret and

compare the results across studies.

There is also no agreement in the literature about which dimension of participation should be
measured (Salter 2005, Yorkston 2008). Most studies on participation do not take into account
all aspects of this construct; different scales focus on different aspects of life situations and social
roles (Seekins 2012). In many of the scales, participation has often been measured by the time
spent or frequency of engaging in a variety of social activities (Yorkston 2005). In rehabilitation,
participation is considered to be both objective and a patient-reported health outcome (Barclay-

Goddard 2012, Mayo 2002). The self-perceived perspective of participation refers to the
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patients’ perception about their experiences, access, values, beliefs, engagement, satisfaction,

and enjoyment (Barclay-Goddard 2012, Brown 2010, Hammel 2006, Yorkston 2005).

As enhancing participation is important in the rehabilitation of individuals living with MS, an
accurate, reliable, and valid measure of participation would be necessary for selecting and
prioritizing appropriate interventions (Yorkston 2005). Therefore, to have a valid and reliable
measure of participation, using several corresponding representative measures of participation,
we will create a latent component for participation that covers different aspects of the construct
such as role limitations, social functioning, work, relationship with others, exercise, and leisure.

This topic will be the focus of Manuscript 5.
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1.4 Choosing a conceptual framework
Pain and participation are both complex constructs. Therefore, studies of relationship between

pain and participation require an interactive framework to simultaneously evaluate the complex
interrelationships among the variables of interest and other mediating factors. There are two
commonly used theoretical frameworks that have been developed to explain the relationship
among health outcomes: the International Classification of Functioning Disability and Health

(ICF) and the Wilson Cleary model (WCM).

1.4.1 The International Classification of Functioning Disability and Health (ICF)

In 2001 the World Health Organization created a framework called International Classification
of Functioning, Disability and Health (ICF) which is used for describing and measuring health
and disability (World Health Organization, 2001). As illustrated in Figure 1.4 the ICF is a
biopsychosocial model that consists of two components. The first component is Functioning and
Disability, which includes: body function, body structure, and activity and participation. The
term FUNCTION is an umbrella term that covers the positive aspects of health (body structure
and function, activities and participation), while the umbrella term DISABILITY covers the
negative aspects of health (impairment of body structure and function, activity limitation and
participation restriction). Body functions and structures are assessed in terms of change in
physiological function and anatomical structure (World Health Organization, 2008). Activity is
the execution of a task or action, and participation is defined as involvement in life situations

(World Health Organization, 2001).

The second component of ICF, Contextual Factors, includes personal and environmental factors.
Contextual Factors represent the complete background of an individual’s life, and can be referred
to as those factors that define the person as a unique individual (World Health Organization,
2008). Within the contextual factors, the environmental factors put together the physical,
psychological, and social environment in which people live, and personal factors comprise
features that are not part of a health condition, i.e., gender, age, race, and lifestyle (World Health
Organization, 2008). The model suggests that these factors are bi-directionally associated with

each other.
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The ICF model has been under multiple thorough revisions by an international assembly of
experts around the world. In addition, it has been translated into multiple languages; thus cultural
and linguistic differences in these components have been taken into consideration (Benito-Leon
2003, Cieza 2005, Keeney 2001). ICF can establish a common language to develop a systemic
coding scheme for health information systems, permit comparison of data across countries,
health care disciplines, and research fields, improve the planning of functioning-oriented
rehabilitation services, and facilitate the description and evaluation of individuals’ functioning
(Godges & Irrgang 2008, Jette 1998, Irrgang & Godges 2006, World Health Organization 2001,
Grimby & Stucki 2004).

1.4.2 Wilson and Cleary Model (WCM)

The Wilson-Cleary Model (WCM) is another commonly applied conceptual frame of reference.
The WCM is considered to be an interactive, comprehensive, and biopsychosocial framework to
present consequences of health conditions in a meaningful, interrelated, and easily accessible
way (Wilson & Cleary 1995). As illustrated in Figure 1.5, Wilson and Cleary have
conceptualized HRQL as a multidimensional directional model that explains the linear
relationship between and among biological & physiological, symptoms status, functional status,
general health perception and overall QOL (Wilson & Cleary 1995). The model also
acknowledges that each of these components can be affected by individual and environment

characteristics.

Wilson and Cleary’s (1995) model of HRQL has been applied to several diseases including
HIV/AIDS, heart failure, gastrointestinal bleeding, diabetes, and Hodgkin’s lymphoma (Sousa &
Kwok 2006). Yet, the performance of the model determining the impact of pain on participation

in persons living with MS has not been evaluated (Bakas 2012).

The combination of WCM and ICF can also be used as a conceptual framework as there is
considerable overlap between the components of two models. As demonstrated in Figure 1.6
biological and physiological variables and symptoms of the WCM are equivalent to impairments
of body function and structure in the ICF. In addition, activity and participation of the ICF

correspond to the functional status of WCM. Moreover, both models consider the important roles
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of environmental and personal factors. However, WCM and ICF differ from one another in
several ways. First, the overall construct covered in the ICF is functioning and disability — which
is a component of HRQL, but WCM includes general health perception and QOL. Second, while
the Wilson-Cleary model is a medical model focusing more on the physiological aspect of
health, the ICF puts more emphasis on functioning and disability. Finally, the ICF framework
expresses the relationship between health components in a dynamic way, where all items are
related and influence one another. On the other hand, the WCM is a more linear model than ICF.
By combining these two models together, the effectiveness of interventions can be achieved from

both medical and rehabilitative perspectives.

For the last part of this thesis, by using the WCM as a conceptual framework, we will be
evaluating the relationship between pain as a symptom status and participation as functional
status in people with MS. Having a common conceptual framework would significantly help
researchers and health care providers to measure health outcomes in the same way with
considering their mediating factors, provide a guide for clinical assessment, and help evaluate the

effectiveness of intervention approaches (Sousa 2006).
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1.5 Choosing a statistical method
To be able to study multidimensional health outcomes, such as pain and participation, in a

hypothesized conceptual framework with complex interrelationships between multiple variables,

a more advanced or complex statistical method is needed.

1.5.1 Regression

Regression is the most common statistical test for researchers and clinicians to analyze simple
relationships between different variables (Kupek 2006); however, it has several challenges that
limit its application as an appropriate statistical analysis in multidimensional health outcomes.
Multiple regression analysis estimates the effect that certain predictor variables have on a single
outcome (Wall & Li 2003), so it would not be an appropriate method for determining a model
that contains more than a single outcome variable (Kupek 2006). A larger concern is that the

variables in a regression models cannot be used both as independent and dependent variables.

In addition, regression analysis only proposes a fixed model to evaluate the relationship among
variables at one point of time (Wall & Li 2003), so the selection of the variables that will shape
the model is a challenge (Kupek 2006). With regression it is not possible to develop and evaluate
alternative theoretical frameworks representing the different relationships between and among all

related variables.

Another challenge with regression occurs when a variable is latent or unobserved (unmeasured).
Regression only deals with observed variables, which is are variables that can directly be
measured, such as height or weight. In contrast, a latent variable, such as pain, cannot directly be
measured, so it is implied by the covariances among >2 indicator variables (Hoyle 1995). A
latent variable can also be created while there is a global outcome with no agreement in literature
about which dimension of that construct should be measured. Latent variables can further be
helpful when there is no widely accepted valid, reliable, and accurate measure to assess different
aspects of a construct. The created latent variable would then help verify how well the different
measures that build the different dimensions of the construct hold together. There are several
possible analytical methods of creating latent variables such as factor analysis, principal

component analysis, and Rasch analysis (Bartholomew 2002).
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Additional challenge with regression would be related to the fact that multiple linear regression
only estimates the direct effects, not indirect effects (Plummer & Clayton, 1993). Indirect effect
is where the effect of an exposure on an outcome is mediated through one or more intervening
variables such that after removing it, there is no longer a relation between the outcome and

exposure (Hooper 2007, Kenny 1979).

1.5.2 Structural equation modeling (SEM)

In contrast to what has been said about regression analysis, SEM, a combination of factor
analysis and path analysis, is a powerful and advanced statistical approach that has the ability to
simultaneously evaluate both direct and indirect relationships between observed and latent
variables within multiple alternative theoretical models (Duncan 1999, Hays 2005, Kline 2005,
MacCallum 1995, 2000, Suhr 2000).

SEM begins with a hypothesized model or diagram that consists of a number of variables
connected together based on a theoretical knowledge background (Hays 2005) or some pre
analyses. To establish the model, the researcher should consider all possible relationships among
variables. Each model of SEM has two components: a measurement model and a structural
model (Hoyle 1994). The measurement model is a multivariate regression model which
examines the relationship between a common component or latent variable and a set of its related
indicators or observed variables. Measurement error from each indicator is evolved into the
latent component estimate, which increases the reliability of the estimates. This further will
increase the validity of the latent component as each indicator may capture the underlying
construct in a different way. The second component of the SEM model called structural model
that permits the estimation of direct and indirect relationships among latent variables, and if any

other observed variables that are not factor indicators, in the model (Kline 1998) (Figure 1.7).

SEM tests the hypothesized model against the data and modifying the model based on the theory
or fit indices (Kline 2005). The goodness of fit of the model is examined using several fit indices
including the Chi-square statistic, Comparative Fit Index (CFI), Tucker- Lewis Index (TLI),
Root Mean Square Error of Approximation (RMSEA), and the Standardized Root Mean Squared
Residual (SRMR) (Hu & Bentler 1999). A p value smaller than .05 for Chi square test, a cutoff
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value .95 or larger for CFI and TLI; a p value smaller than .06 with a cutoff value .90 for
RMSEA; and a p value below .08 for SRMR suggest an adequate fitting model (Hu & Bentler
1999). If the model did not fit the data well, the model will be modified several times to
determine whether a better model could be developed with an acceptable fit index (Kline 2005,
2011, Martens 2005). Evaluation of the alternative models is based on the theoretical knowledge,
along with the statistical criteria for adding or removing paths. The amount and direction of the
relationships between and among variables are represented by path coefficients, which are

interpreted similar to the regression coefficients.

It is important to note that SEM has several imitations that should be considered while using this
statistical method in research and clinical settings (Tomarken 2005). As with any statistical
modeling technique, interpreting results of SEM depends on the sample size, generalizability of
the sample, measurement instruments, quality of the measured data, multivariate normality,
parameter identification, outliers, missing data, and interpretation of model fit indices
(MacCallum & Browne 1996, Schumacker & Lomax 1996). In addition, although according to
Tomarken and Waller (2005) SEM provides valuable information about variance of one variable
due to change of other variables, the fit of a model of SEM does not prove any causal inference
among variables (Kline 1998, Suhr 2000). Finally, SEM requires a large sample size. In general,
10 to 20 subjects per parameter estimated or an optimal sample size of greater than 200 subjects
is recommended (Kline 2011, Hoyle 1995). The parameters of the model are the number of path
coefficients, variances, covariances, and disturbance terms (Hatcher 1994). If the sample size is

small, the model will be low power.
The last manuscript of this thesis will use SEM to evaluate the direct and indirect effects of pain

and other MS- related symptoms, physical and mental functional factors, and individual

characteristics predict participation in people with MS.
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Table 1.1 Proposed classification of MS pain

Pain classification Examples
Continuous CNP Dysaesthetic extremity pain
Intermittent CNP Lhermitte’s sign

Trigeminal neuralgia

Musculoskeletal pain Painful tonic spasms
Low back pain

Muscle spasms

Mixed neuropathic Headache

and non-neuropathic pain

Taken from: O’Connor A, Schwid S, Herrmann D, Markman D, Dworkin R. Pain associated

with multiple sclerosis: Systematic review and proposed classification. Pain 137 (2008) 96-111.
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Table 1.2 WCM Terminologies

Term Definition Example
Biological & Changes that happen at Laboratory values, e.g.
Physiological Variables  the level of cells, organs  serum haemoglobin

and organs systems

Symptom Status

Functional Status

General Health
Perception

Overall Quality of Life

Patients” perspectives of
their health conditions

Capacity of the individual
to perform functional,
social or psychological
tasks

Persons’ global
perceptions of their
health, and it integrates
the components of
biological factors,
symptoms and functional
status

Integration all of the
pervious concepts;
subjective well-being and
satisfaction with life as a
whole

Pain
Shortness of breath

Bathing
Shopping

Rating of health status

Rating of satisfaction
with quality of life

Taken from: Alaa Mohammad Arafah. What Constructs Are Represented in Multiple Sclerosis

Specific Health-Related Quality of Life Measures? Master of Science thesis in Rehabilitation
Science, McGill University 2009, pp: 17
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Table 1.3 Comparison between SEM and multiple regressions

Multiple regression analysis

Structural equation modeling (SEM)

Deals only with one dependent variable.

SEM has the ability to test models with several

dependent variables.

Deals only with observed variables.

SEM allows the estimation of latent variables rather

than only observed or measured variables.

Deals only with direct effects.

SEM has the capacity to assess both direct and indirect

effects of one variable on another.

Simultaneous assessment of complex
relationships between multidimensional

constructs is not possible.

SEM permits the simultaneous assessment of multiple

dependents and independent variables.

It only proposes a fixed model for

relationships to be assessed.

SEM has the desirability of testing alternative models
using indices of overall fit of hypothesized models to

the data.

Cannot detect measurement error and,

therefore, may yield biased results.

Using confirmatory factor analysis, SEM estimates the
relationship between each latent variable and its
corresponding indicators thus eliminates or reduces

measurement error.

Less powerful

SEM is more powerful alternative to multiple
regression because it takes into account the modeling of

interactions, nonlinearities, measurement error, etc.

Cannot detect response shift

SEM has the ability to detect response shift at the group

level.
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Figure 1.1 Conceptual model of pain
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Figure 1.2 Conceptual model of participation
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Figure 1.3 A model hypothesizing factors related to participation

Taken from: Yorkston K, Johnson K, Klasner E. Taking Part in Life: Enhancing Participation in

Multiple Sclerosis. Phys Med Rehabil Clin N Am 2005 (16): 583-594.
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Figure 1.4 The International Classification of Functioning, Disability and Health conceptual
Framework (ICF)

Taken from: World Health Organization (WHO). International Classification of Functioning,
Disability and Health. Geneva, Switzerland: WHO; 2001.
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Biological and General Health
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X Perceptions
Variables P

Figure 1.5 The Wilson-Cleary health-related quality of life conceptual framework
Taken from: Wilson IB, Cleary PD. Linking clinical variables with health-related quality of life.
A conceptual model of patient outcomes. JAMA 1995; 273(1):59-65.
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Figure 1.6 WCM and ICF

Taken from: Ayse Kuspinar. Predictors and health impact of exercise capacity in multiple

sclerosis. Master of Science thesis in Rehabilitation Science, McGill University, 2009, pp: 68
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Measurement Model

Figure 1.7 A schematic model of SEM component
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CHAPTER 2: Rationale and Objectives
2.1 Rationale of the study
Pain is common among people with Multiple Sclerosis (MS); appearing in almost 50% of people
with MS at some point of their disease course. Moreover, the cost of MS pain has been estimated
to be high in Canada. Pain in persons with MS has an impact on work, social interactions, daily
activities, and other important aspects of a person’s functioning and so health-related quality of

life (HRQL). This encourages clinicians and researchers to pay more attention to MS pain.

The focus in MS is often directed to therapies altering the disease course, and secondary health
problems such as pain often take a back seat to primary neurological deficits. Therefore, despite
the importance of pain to MS, there are still substantial gaps and unanswered questions in the
literature on pain in MS. In addition, methodological and analytical problems limit obtaining
clear conclusions about the MS related pain. Therefore, as research in this area moves forward, it
will be important to run a large-scale and well-described epidemiologic investigation to permit
the investigation of pain using valid and reliable measures that help to better characterize the

experience of pain among people with MS.

Previous studies have generally looked at pain and participation as unidimensional health
outcomes, and have focused on a single dimension of them in their analyses. However, it is
important to understand that both pain and participation are multidimensional concepts and
hence the content of measures of them should cover all of the dimensions of those constructs. A
comprehensive and detailed assessment of different aspects of pain and participation would help

in understanding them better.

Another limitation of previous studies is the consideration of a relatively limited range of
possible intermediate variables that might account for the relationship between pain and other
health-related outcomes. To the authors’ knowledge, no studies have examined the relative direct
and indirect contributions of pain to the role participation with regards to other most important
MS symptoms and functional status using a comprehensive conceptual framework and advanced

statistical methods. Findings of this part of study will lead to provide an improved framework of
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2)

a path model for measuring pain and participation and will serve as a starting point for more

focused research on pain and participation in people with MS.

Considering that increasing participation in life situations and social activity is important in
rehabilitation of individuals with MS and affect their HRQL, examination of the strength of the
contributors to participation is critically important as a target for investigation in MS. Pain is
considered to be as contributor to activity limitations and restrictions in societal and family roles.
So, determination of the contribution of pain to MS-related disability and restriction in social

participation is essential for selecting the appropriate interventions.

Considering the “New MS”, understanding the characteristics of MS pain and other MS related
consequences, results in a better understanding of the New MS thereby designing more
appropriate interventions that might be effective in reducing symptoms and increasing the

physical and psychological functioning in individuals with MS.

2.2 Objectives
The global aim of the current study is to contribute to understanding of the pain experience of

people with MS with the context of function, disability, and health. To operationalize this main
objective, a series of specific objectives/questions were developed towards the manuscripts that

form this thesis.

Does pain impact on work, a key aspect of participation in this group?
Manuscript 1: Does Pain in Individuals with Multiple Sclerosis Affect Employment? A

Systematic Review and Meta-analysis

What characterizes pain in an epidemiologically sampled group of community dwelling
individuals with MS?
Manuscript 2: Looking at pain in multiple sclerosis: prevalence, severity, frequency, duration,

quality, location, distribution, type, treatment, impact and predictors
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3) The extent to which there is stability in pain type and pain severity over time.
Manuscript 3: Long-term stability of pain type and severity among people with multiple

sclerosis

4) To what extents do different MS related symptoms, including pain, cluster?

Manuscript 4: Contribution of symptom clusters to MS consequences

5) To estimate the extent to which pain and other MS- related symptoms, physical and mental
functional factors, and individual characteristics predict participation in people with MS.

Manuscript 5: Pain acts through fatigue to affect participation in individuals with MS
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ABSTRACT

Background: People with MS experience some of the highest unemployment rates among all
groups of chronic illnesses. Pain has been found to be a common reason for sick leave or early
retirement in healthy populations or other groups with chronic illness, however, there is little
awareness about the effect of pain on the work status of people with MS. The objective of this
review was to estimate among people with MS the extent to which people with pain differ in

employment status as compared to people without pain.

Methods: An extensive review of the scientific literature was performed in a systematic way
within the framework of the Cochrane Collaboration to identify studies focusing on the effect of
pain on employment in individuals with MS. The following databases were searched: PubMed,
EMBASE, PsychInfo, Web of Science, MD consult & Elsevier, and Science Direct. The

methodological quality of studies was examined using the McMaster Critical Review Form.

Results: Ten articles met the inclusion criteria and were included in the systematic review. Five
of the sourced studies, which had clinical, methodological, and statistical homogeneity, were
included in the meta-analysis. The between groups (pain + vs. pain -) pooled random odds ratio
of being employed was 0.7 (strong), and was significantly different from unity with 95%
confidence interval of 0.5 to 0.9 (p-value= 0.001).

Conclusions: The results of the present study indicated that persons with MS who have pain
were significantly more likely to report decreased employment rate than those people with MS

who were pain-free.

Key terms: pain; multiple sclerosis; employment; productivity; review; work
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3.1 INTRODUCTION

Multiple sclerosis (MS) is recognized as the most common neurologic cause of disability among
young adults in North America (Busche 2003, Compston 2005, Noseworthy 2000). MS occurs in
individuals during peak years of their productive life, significantly impacting their ability to
remain in the work force (Busche 2003). People with MS often have difficulty continuing to
work due to the disability, different symptoms, mobility difficulties, and other aspects of the
disease (Busche 2003, Noseworthy 2000). Unemployment is defined by the International Labor
Organization as being without a paying job for four weeks or more (International Labour
Organization 2007). Unemployment is common in people with MS (Busche 2003). The overall
rate of unemployment in the MS population varies from 22% to 80% (O’Connor 2005, Solaro
2004, Stenager 1995). This variation may be due to differences in patients, disease and work-
related characteristics as well as definition of employment (Fraser 2002). It has been found that
at the time of diagnosis 60% of persons with MS are in full-time employment; however, after 5
years, 70% to 80% of patients become unemployed (Kornblith 1985, LaRocca 1995, Minden
1993, Rumrill 1996).

The total cost of MS for Canadians was measured at $502.3 million in 1994, with indirect costs
estimated at $313.7 million (Asche 1997). Indirect costs refer to lost productivity, early
retirement, sick leave, reduced hours of work, and changing the type of work, whereas direct
costs of a disease relate to diagnosis and treatment (Gold 1996). In the most recent study, the
mean total cost per MS person per year was estimated at $37,672, of which 32% was attributable
to patients’ sick leave and retirement due to MS (Karampampa 2012). These results confirm that

indirect costs are identified as major contributors to total costs in MS population.

Previous research has demonstrated that unemployed persons generally report more depression,
anxiety, and social isolation than employed individuals (Banks 1995). Research has also shown
that being employed helps people with MS focus on their work activity rather than on their
disease and its related symptoms and disability (Johnson 2004). Moreover, while work
contributes to adult identity, financial security, life satisfaction, and quality of life (QOL), the
loss of ability to work is associated with decreased QOL due to the fear of decreased income and

increased distress (Aronson 1997, Dyck 2000). Thus, considering the importance of being
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employed, a clear understanding of the employment barriers faced by individuals with MS will

aid in the identification of appropriate interventions for removing barriers to work.

There are many factors associated with unemployment in MS population. Socio-demographic
variables frequently associated with unemployment include older age and lower level of
education (Busche 2003, Dyck 2000, Grima 2000). In addition, the results of previous studies
have revealed conflicting results regarding gender difference in the percentage of patients who
are still working (Beatty 1995, LaRocca 1982, Rotstein 2006). Disease-related factors
consistently associated with unemployment include longer disease duration and having
relapsing-remitting MS (Jacobs 1999, Richards 2002, Verdier-Taillefer 1995). The impact of MS
on employment also varies significantly depending on the nature of the occupation itself. For
example, physically demanding jobs are more affected by symptoms such as fatigue, while jobs
that require thinking are more affected by cognitive impairments (Noyes 2005). Complex
interactions of environmental and social factors contribute to the employment status as well. For
instance, a work environment with flexible work schedules may positively influence a person’s

work status (Beatty 1995, Dyck 2000).

In many studies, however, people with MS attribute their unemployment primarily to the
symptoms they are experiencing. For example, half of the unemployed individuals with MS
report physical disability as the reason for leaving their jobs (Scheinberg 1980) that individuals
with higher EDSS scores are more likely to not be employed (LaRocca 1982, Verdier-Taillefer
1995). Fatigue (Hammond 1996, Smith 2005), cognitive difficulties (Beatty 1995, Edgley 1991)
and depression (LaRocca 1985, Johnson 2004) have also been found influencing unemployment,

early retirement, and cutting back of work time.

Pain is a prevalent symptom among individuals with MS (Beiske 2004, O’Connor 2005,
Svendsen 2005). Persons with MS and pain report more depressive symptoms (Ehde 2005),
greater diminished physical function (Ehde 2003), poorer mental and general health (Archibald
1994), and health-related QOL (Ehde 2006) than people with MS who do not have pain. In
addition, pain has been found to be a common reason for sick leave or early retirement in healthy

populations or in other groups with chronic illness; however, there is little awareness of the role
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of pain in the work status of people with MS. The focus in MS is mostly on therapies to alter the
disease course, and secondary health problems take a back seat to primary neurological deficits.
Given the relative role of pain on decreased QOL and increased potential for psychological
distress, and social isolation of MS population, it is important to understand the association
between pain and work status. Therefore, the aim of this review was to estimate among people
with MS the extent to which people with pain differ in employment status as compared to people

without pain.

3.2 METHODS
3.2.1 Search strategy

First, the Cochrane Library and the Database of Abstracts of Reviews of Effectiveness were
searched to determine whether a systematic review on this topic had been completed and none
was found. Subsequently, an extensive review of the scientific literature was performed by the
two investigators (SS, MA). The search period covered years from inception to March 2012 in
the following databases: PubMed/ Medline, EMBASE, PsychInfo, Web of Science, MD consult
& Elsevier, and Science Direct. These electronic databases were searched using the following
key terms: multiple sclerosis, transverse mellitus, pain, discomfort, job, work, and employment.
Searches were undertaken using MeSH headings and text words as suitable; no language
restriction was applied. To identify other pertinent articles, the reference lists contained in all

retrieved articles along with pain and MS-relevant conference proceedings were searched.

3.2.2 Study selection
An initial screening of titles and abstracts was completed followed by a full-text screening of all
articles for inclusion or exclusion based on the following criteria:
1. Type of publication: Only full publications in peer-reviewed journals were considered.
Unpublished data and abstracts were not sought.
2. Study design: All types of studies were included (randomized controlled trails, cross-
sectional studies, pre- post studies, case- control studies, cohort, and case studies).
3. Study population: Studies were included if the participants were older than 18 years and

were diagnosed with possible, probable, or definite MS. If the study population was a
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mixture of MS and other underlying diseases, the MS population had to represent the
majority of the total study population, or results for MS had to be reported separately.

4. Pain (exposure): Study participants had to experience any type of pain as an unpleasant
sensory and emotional experience arising from their MS.

5. Employment (outcome): The study had to include information on employment rate and

status among people with MS who experienced pain. People were considered as employed if

they were regularly scheduled to work several hours per week and were paid at the time of

evaluation. People not participating in paid work were defined as not employed.

3.2.3 Data extraction
Two reviewers (SS and MA) read all potentially relevant abstracts to identify publications that

appeared to be eligible for this review. From the chosen abstracts, they read the full texts, and

selected studies for the review according to the inclusion and exclusion criteria. All discrepancies

between the two reviewers were discussed and if a consensus wasn’t reached, a co-author (NM)

was approached to decide. To ease the comparison of findings across studies, the following

information was extracted from each study: researcher (s) name (s) and date of publication, study

design and quality assessment of the study, participants’ characteristics (e.g. sample size, age
range, and gender), measures (pain and work-related variables and tools to measure variables of
interest), and results, such as mean, standard deviations (SD), and confidence intervals (CI) if

data were provided.

3.2.4 Quality assessment of studies

The quality of all retrieved articles was evaluated using the Critical Review Form for
Quantitative Studies developed by the McMaster University Occupational Therapy Evidence-
Based Practice Research Group (Law 2008). Two reviewers (SS and MA) independently
assessed methodological quality of all relevant studies. Disagreements were resolved by
consensus. Crude agreement and Cohen’s Kappa coefficient was used to assess the inter-rater
agreement between the two reviewers at the major steps of the review from study selection to

quality assessment (Landis 1977).



In addition, as research has shown that quality evaluation with numeric scores are arbitrary and
unreliable (Juni 2001), and such scores when used to differentiate between high- and low-quality
studies can be inaccurate, methodological quality of each criterion was reported as met, partially
met, or not met. Moreover, considering that employment rate was our main outcome of interest,
and that in all included studies employment was not the main outcome but rather a socio-
demographic variable, wherever data was gathered without a reliable and valid measurement
tool, we modified the criteria for the quality assessment tool. So if the data on employment rate

in both pain and pain-free groups were provided, the reviewers considered it as met.

3.2.5 Quantitative synthesis of studies (Meta analysis)

In an effort to obtain a quantitative statistical summary showing how much pain affects
employment status, we combined the results of comparable study findings using Meta

analysis. Included studies may represent the clinical and methodological diversity, for example
inconsistency in clinical settings, exposures, and research questions. This inconsistency is called
heterogeneity, which is defined as the variability between studies and gives an indication of how
comparable studies in the Meta analysis are (Ried 2006). Statistical heterogeneity of this study
was tested by Q test (%) and reported with the I statistic in which higher values indicate higher
heterogeneity. A significant Q-test indicates only the presence of heterogeneity among the data
included, whereas the I? quantifies the magnitude of the heterogeneity (Higgins 2003). I> ranges
between 0 and 100% and the magnitude of the heterogeneity is defined as low (I> < 33%)),
moderate (34% < I> <67%), or high (I* > 67%) (Higgins 2003). To adjust for heterogeneity when
combining studies, researchers chose a random effect model to determine if results were robust —
as it is more conservative, especially for small samples and it assumes that these studies are a
sample from all possible similar studies (Fleiss 1993, Ried 2006). Using a random effect also
helps to better generalize the results to the general population (Fleiss 1993). Data of comparable
studies were then compared using a forest plot, a graphical display of Meta-analysis results, of
the relative odd ratios (OR) with 95% CI between individuals with MS, with and without pain
(Lalkhen 2008).

Publication bias was checked using both funnel plots and quantitative methods (Classic fail-safe

N tests, Begg and Mazumdar Rank Correlation test, Egger's test of the Intercept, and Trim and
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Fill test) (Begg 1994). As each one of these methods has its limitations, several methods were
used together (Egger 1997, Sterne 2000). The Classic fail-safe N tests calculate the number of
'null' studies would need to be included in order for the combined p-value to exceed significance
level (0.05). The Rank-Correlation test (Kendall's tau-b), as suggested by Begg and Mazumdar
(1994), tests the significance of the inverse correlation between study size and effect size (Begg
1994). A significant correlation would suggest that bias exists. Similarly, a significant value of
the intercept in the Egger's Test suggests that bias exists. Finally, the Trim and Fill method was
used, which basically determines where the missing studies (if any) are likely to fall, adds them

to the analysis, and then re-computes the combined effect (Egger 1997, Sterne 2000).

Evidence classification for this study came from the Canadian Medical Association Journal
(CMAJ) as it covers all types of study designs (Law 2008). This rating system consists of 4
levels of evidence based on the design and quality of the included studies. Comprehensive Meta

Analysis Version 2.0 was used for statistical analysis.

3.3 RESULTS
3.3.1 Number of papers sourced

Tabular display of study selection process is presented in Figure 1. A total of 175 abstracts were
screened. They were identified through PubMed/ Medline (31), EMBASE (12), PsychlInfo (8),
Web of Science (20), MD consult & Elsevier Inc (54), and Science Direct (50). No new citations
were retrieved from the other databases, and proceedings of the related congresses. After
removal of 112 articles that were sourced from more than one database, 63 papers were screened
for titles and abstracts. Of these, 29 abstracts were excluded. The primary reasons for exclusion
were irrelevant, unpublished data; mixed study population where data for MS were not presented
separately; or MS was not the main population of interest. The remaining articles were then
assessed for eligibility to see if they met inclusion criteria. 25 studies did not meet inclusion
upon full review of study. The reference lists of the retrieved studies later revealed one more
additional article. Finally, 10 articles met the inclusion criteria and were included in the
systematic review (Figure 1). Five of the sourced studies, which had clinical, methodological,
and statistical homogeneity, were included in the Meta analysis (Figure 2). A short description of

each included study is presented in Table 1.
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3.3.2 Descriptive results

Pain prevalence varied from 44% to 82%. The variability in the percentage of pain in MS may be
due to methodological challenges and differences across the studies related to the patient sources,
method of sampling, research methods for collecting the data, definition of pain and the focus on
different pain constructs (e.g. frequency, intensity, and duration). Disease subtypes and severity
of symptoms also varied across studies. Pain prevalence, severity, and location were the most
commonly used pain-related outcomes. The Numerical Rating Scale (NRS), and bodily pain

subscale of SF-36 (BPS) were the most common measures used to assess pain across studies.

Rate of employment was from 28% to 57%. Besides the employment rate and status, other work-
related outcomes included number of days off work, ability to work outside and inside home,
type of occupation and hours of paid employment per week. The main cause of employment loss

was unknown from these studies.

Pain interfered mostly with recreational activities, work, and ability to walk. 47% to 66% of MS
subjects with pain reported that pain interfered with their work. The effects of MS pain on
employment results varied. Some of the studies found that persons with pain reported that pain
reduced their ability to work, while other studies could not find a significant difference; however,
they mostly indicated an increasing proportion of patients not being employed in the presence of

pain.

MS disability measured by EDSS, MS sub types, and duration of illness were the most common
disease related outcomes across studies. The study populations were recruited variously from
community-dwelling, regional referral clinics, neurology treatment centers, newspaper, Internet,
neurologists’ offices, and NARCOMS (North American Research Committee on Multiple
Sclerosis) longitudinal database (Vollmer 1999). A community-dwelling based sample was the
most common study population included. Research strategies were varied and included
structured survey questionnaires, postal surveys, in-person interviews, telephone interviews, and

databases.
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3.3.3 Methodological quality

The quality of each paper was assessed by two authors to determine the studies’ inherent bias
(Table 2). One Longitudinal study using NARCOMS database, two cohort studies and seven
cross- sectional studies are included in this review. The main purpose of most studies was to
estimate pain prevalence using a cross-sectional study design. Range of sample size was from 38
(Michalski 2011) to 8867 (Julian 2008). Only three papers provided a statistical justification of
the sample size used (Julian 2008, Douglas 2008, Piwko 2007). Response rate was relatively
high in most of the studies; however, most of the studies suffered from non- response bias,
inadequate sampling, losses to follow-up, and lack of drop-outs recording. None of the studies
examined whether having flexible work schedules would make it possible for people with MS to
continue working. Further, only one of the included studies presented a clear definition of
employment and/or unemployment (Glad 2011). Four studies (Ehde 2003, 2006, Glad 2010,
2011) gave a clear definition for pain experience based on the duration of pain. The time frame
for pain-related variables varied from one month to six months, which could provide recall bias

due to memory distortion.

Inter-rater agreement for all stages of the studies selection and quality assessment generally was

moderate to perfect (Crude agreement ranged from 75-100%; kappa's coefficient from 0.7 — 1).

3.3.4 Quantitative synthesis of abstracted data, and evidence

Figure 2 shows the forest plot of the OR of employment rates between individuals with MS, with
and without pain across the studies. On this plot, an odd ratio of 1 represents no difference, while
the odds ratio falls below 1 indicating that people with pain were less likely to be employed.
From the plot it is clear that there is variability in the results of the individual studies. This may
be due to methodological challenges related to patient self-reporting, small sample size,
heterogeneity and complexity of the disease, different study populations, lack or different
definition of pain and employment, and different research strategies. The pooled random odds
ratio of employment status between groups was 0.7 (strong), and was significantly different from
unity with 95% confidence interval of 0.5 to 0.9, and p-value= 0.001. This means that persons

with MS who reported pain were about 70% at risk of unemployment.
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The results of both funnel plots and quantitative bias assessment methods revealed no clear sign
of publication bias. A symmetrical inverted funnel as shown in Figure 3 implies no publication
bias. The dashed vertical line represents the pooled estimate of the pain effect of all included
studies. In addition, as determined by Classic fail-safe N tests, the number of 'null' studies that
would need to be identified and included in order for the combined 2-tailed p-value to exceed
significance threshold (0.05) and turn to non-significant, is 12 studies. Put another way, there
would be need to be 2.4 missing studies for every existent study in order for the effect to be
nullified. Additionally, using the Rank-Correlation test, the 2-tailed p-values were insignificant
(Tau=-5.0, p=0.2). A significant negative correlation would suggest that bias exists. Two-tailed
p-value for Egger's Test of the Intercept was insignificant too (Intercept= -4.2, p=0.2), with
similar interpretation. Finally, using the Trim and Fill method, effect size remained unchanged
under both models (fixed and random). Overall, all tests concur on the absence of evidence for

publication bias.

Considering the heterogeneity test, some evidence for heterogeneity was found but was not
statistically significant (Q-value= 7.1, p=0.1; I’=44). Finally, from CMAJ, a level of evidence of

III is given to the study question indicating conflicting findings of several observational studies.

3.4 DISCUSSION
This was the first systematic review and Meta analysis about the impact of pain on employment

status in MS population. Although the results of the reviewed studies were conflicting, they
mostly suggest that pain can contribute to problems with employment in people with MS. Thus,
early identification and treatment of pain can keep people with MS employed for a longer time.
However, the findings also imply that keeping a job depends on a number of factors other than

specific symptoms or MS progression.

This study has several strengths. First, this review was not restricted to time, specific language,
type of pain, occupation or study design. Second, data for the study were collected in a
systematic way within the framework of the Cochrane Collaboration. This reduces the likelihood
of omitting evidence by searching a large number of databases, and suggests that this

comprehensive search strategy represents the current state of the literature. Third, as the studies
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might differ widely in quality from low to high, to obtain a more precise result the
methodological quality and potential sources of bias of the reviewed articles was examined using
a standardized tool (Law 2008). However, it is acknowledged that different quality assessment
results may have been found if a different appraisal tool had been used. Fourth, as it is necessary
to determine whether included studies are sufficiently similar to reasonably to do a Meta
analysis, heterogeneity was tested by standard statistical tests and reported in the results. Finally,
treating the studies as a random effect model and presenting a funnel plot for publication bias
may aid in reducing the selection bias of this study and may simply increase the generalisability
of the results to the general population. However, interpretation and accuracy of the funnel plot

is limited by the small number of total studies included in this review.

The relationship between pain and employment is affected by the quality of the studies included.
First, most of the included studies were cross sectional. Therefore, the assessment of pain during
enrollment in the study failed to establish the timing between pain and inability to work.
Conducting longitudinal studies or case—control studies, with cases (individuals with MS who
are no longer employed) and controls (individuals with MS who are still employed) compared on
pain as one of the predictors of unemployment would be needed to show whether the association
between pain and unemployment reveals a causal association. Second, some of the reviewed
studies used small samples mostly recruited conveniently or consecutively from community-
based settings. This potentially introduces underestimation of pain and other symptoms into the
results. Third, some participants were volunteers and they may differ from participants who did
not volunteer. Individuals who have severe pain may not be inclined to participate. This factor
further introduces selection bias into the results. Finally, due to heterogeneity across the included
studies, it was not possible to include all the sourced studies into a Meta analysis. As research in
this area moves forward, more studies with sufficiently large samples are needed to permit the

investigation of the impact of MS-related pain and other MS consequences upon employment.

A further challenge is that pain can only be measured using self-reporting. These measures vary
in term of what is measured (including duration, severity, and location), and are affected by
ability to concentrate, memory impairments, anxiety, mood, and emotional status at the time of

evaluation as well as the timeframe in which the pain is reported. In addition, the complexity of
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pain as a multidimensional construct necessitates a comprehensive multidimensional assessment
and emphasizes that pain should be studied within an interactive framework targeting all
contributing factors including different aspects of health from biological, functional, individual
and social perspectives. Another challenge is that perception of pain on self-report measures can
change over time and this may introduce response shift (Ahmed 2007). Response shift can occur
with the subject’s misunderstanding of questions or redefinition of the construct or change in
their conception of pain (Ahmed 2007). In longitudinal designs, the issue of attrition bias and
response shift may adequately address this, using a mix of modern statistical — such as structure

equation modeling (SEM) — and qualitative approaches.

While there is an increasing interest in the concept of work in MS population, there are also
conflicting ideas in the literature as to what exactly “work™ is as a concept. Similar to pain, work
is also a multidimensional construct, in that worker is physically, emotionally, or cognitively
engaged (LaRocca 1995). Indeed, employment is a combination of job satisfaction, nature of
occupation, work schedule, desire to work, and work productivity (Roessler 2003). Most studies
on work in MS do not take into account all aspects of this construct (Solaro 2004). Results of this
study showed that most of the studies assessed employment as a secondary, demographic
variable (Forbes 2006, Warnell 1991) and only a few studies had employment as the primary
outcome. The exact reason of unemployment was not determined in most studies to see whether
persons were unemployed for reasons related to their pain, disability, other MS symptoms, an
accident or pregnancy. The studies did not also include any indicative of the physical, emotional,
and mental demands of the participants’ occupations. Stratification of participants based on their
initial level of pain and according to whether they are in acute or chronic pain as well as the
duration of pain could also clarify better the role of pain. The effect of pain related treatments
such as pain analgesics and muscle relaxants on work status should also be considered as they

can further impair cognitive function and enhance fatigue and so limit return to work.

Considering the complexities of employment, further research is needed to determine the
interrelationship between and among employment and physical, psychological, personal, and
environmental factors under a well defined and interactive framework. The analysis of this

complex relationship again needs a complex analysis such as path analysis and SEM.
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Furthermore, studies should also examine the factors associated with returning to alternative or
reduced duties at work versus those associated with complete unemployment. In addition,
research should examine if having flexible work schedules and ability to change the type of job
would make it possible for people with MS to continue working. Accurate information is also
needed to help health professionals guide people with MS regarding the likelihood of work

cessation or initiation based on their specific MS symptoms and clinical profile.

In conclusion, the results of this paper indicate that research examining the relationship between
pain and employment status in MS is very limited and inconsistent. Results are sufficiently
encouraging to justify more high quality research efforts in this area. Large samples sizes (over
200), use of path analysis, and SEM will optimize the estimation of direct and indirect effects of

pain on employment.
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Table 3.1 Characteristics of the retrieved studies

Al;{t:aorr / Study Design Participants Measures/ Variables Main Results
Julian Longitudinal/ N= 8867 (W: 74%) 0 - 5 Performance Scale to measure pain There was a significant difference between employed
2008 NARCOMS Age: 48+ 9 years Interference with employment loss and and unemployed people with their pain.

PDDS: 3 employment initiation over 6 months. But pain was not significantly predictive of

Disease duration: Employment status / employment loss and employment loss (OR= 1; p value 0.9) and

18+ 11 years initiation employment initiation (OR= 1; p value 0.8).

Glad Cohort N= 188 (W: 64%) Impact of non-motor symptoms on Prevalence of pain was 54%. Pain was not associated
2010 Age: 54+ 9 years employment with unemployment. The estimated OR for chronic

Disease duration: 22+ | Chronic pain: present or not pain as a prognostic factor for unemployment was 4 (p

3 years; Employment status (full- or part-time) and value =0.1) for EDSS <2 and 2 for the two other

EDSS: 5+ 2 type of occupation (light or heavy physical corresponding analyses (p value 0.3 and 0.1

work) were registered. respectively).
Glad Cohort N= 188 (W: 64%) clinical examination/ interview/ 63% of the non-benign and 45% benign patients
2011 Age: 54+ 9 years questionnaires reported pain. 32% of the cohort was employed.

Disease duration: 22+ | Pain: present or not There were an increasing proportion of patients not

3 years; Employment status and type of occupation being employed in the presence of pain (OR=2; CI=1 -

EDSS: 5+ 2 6, p value= 0.3).

Douglas Cross sectional | N=219 (W: 82%) Mailed self-administered questionnaire/ 67% reported pain. 66% were not in paid work.
2008 Age: 24-82 years structured interview Comparisons between participants with and without

(51£12) Pain intensity (NRS), pain quality (MPQ), pain did not reveal any significant associations

Median MS duration: | location, duration, and management. between the presence of pain and employment status

9 years (range, 0.5— 0-5 GNDS scale to measure disability in (rate of employment in pain group (31%), and in pain

60) domains due to pain. free group (37%), p- value= 0.5

Hours of paid employment per week
Ehde Cross sectional | N=442 (W: 75%) Mail survey questionnaires 44% reported pain. 39% were employed.
2003 Age 50 £ 11 years 0-10 NRS: average pain intensity and pain 20% reported severe interference in activities as a

Duration of MS: interference on activity and work / SF-36 result of pain.

13 £ 10 years Employment status: employed or not Rate of employment in pain group (35%), pain free
group (42%), p- value= 0.1, no sig difference on
employment rate.

Ehde Cross sectional | N= 180 (W: 78%) Postal survey / 0-10 NRS: pain/ SF-36 Pain prevalence was 66%. Overall pain interference
2006 Age (pain =50+ 11; Brief Pain Inventory Scale: Pain interference | was 3 out of 10.

No pain= 50 £12)
Duration of MS:
13 + 10 years

with normal work.

CIQ: lack of handicap, and productive
activity

Employment status: : employed or not

Persons with pain were less employed (employment
rate: with pain 25%, without pain 50%, p < 0.001).
Productive activity was significantly different between
two groups (pain group reported less productivity).
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Author /

Year Study Design Participants Measures/ Variables Main Results
Forbes Cross sectional | N=929 (W: 69%) Postal survey using a piloted questionnaire. Pain affected 73% of the sample. Mean bodily pain: 56
2006 Age: 17-81 years Presence of pain + 26 (0-100).
(48«11) 0-5 ordinal scales to measure severity of 28% of sample was employed.
Duration of MS: pain and problem with employment due to Those with less pain (68 on BPS) had no problem with
16 + 10 years MS symptoms employment, while those with more pain (56 on BPS)
Multiple Sclerosis Impact Scale-29: disease reported severe problem with employment.
impact / SF-36
Michalski Cross sectional | N=38 (W: 82%) Pain intensity (NRS), quality (PSS), Pain- 82% reported pain. Mean pain intensity was 4.0 (range
2011 Age: 42 11 years related behavior (FSR), health care 0-10).
Disease duration: 9+ | utilization, and bodily complaints (GBB-24) | Participants with pain had increased days off work,
7 years (1-26); Employment status and number of days off though with no statistical significance (patients with
EDSS: 4+2 work pain: 70 days off per year; free pain patients: 3 days)
Piwko Cross sectional | N=297(W: 77%) Standardized questionnaires / telephone Pain prevalence was71%. Only 13% of participants
2007 Age: 49£11 years interview with pain were employed full time, while 80% were
Pain type and severity; treatment and unemployed. In patients without pain these rates were
resource utilization for the management of 23% and 70% respectively.
MS pain; Box Score-11 scale/ Health There was no significant difference (P=0.1) in
Utilities Index Mark 3: pain employment status between participants with pain and
Employment status: employed or not without pain.
Warnell Cross sectional | N=364 (W: 68%) An author developed questionnaire. 64% reported pain. Mean pain intensity was 5 on
1991 Age: 19- 74 years Pain prevalence, intensity, frequency, quality | VAS)

(mean 43)

and location.
0-10 VAS: pain intensity/ QOL and
Employment status

Pain compromised the ability to work in 49% of
subjects.

Participants in two groups were similar on
employment rate (56% vs. 57%).

BPS, Bodily pain subscale of SF-36; CIQ, The Community Integration Questionnaire; EDSS, expanded disability status scale; FSR,
Questionnaire on Pain Regulation; GBB-24, Giessen-subjective complaints list; GNDS, Guy’s Neurological Disability Scale; MPQ,
McGill Pain Questionnaire; NARCOMS, North American Research Committee on Multiple Sclerosis; N, number of participants;
NRS, numeric rating scale; OR, odd ration; PDDS, Patient Determined Disease Steps; PSS, Pain Sensation Scale; QOL, quality of life;
SF-36, The Short Form Health Survey; VAS, visual analogue scale; W, women.
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Table 3.2 Quality assessment of papers sourced

Author Year Study purpose literature Design/ Sample Outcome* Exposure Results Conclusion Quality**
Bias implication

Douglas 2008 PM M M M M M M

Ehde 2003 M PM PM M M M M M
Ehde 2006 PM PM M M M M

Forbes 2006 PM PM PM PM M M M M PM
Glad 2010 PM PM PM M PM M M PM
Glad 2011 M PM PM PM M PM M M PM
Julian 2008 M M M M M M PM M M
Michalski 2011 PM PM PM PM M M M M PM
Piwko 2007 M M PM M M M M M M
Warnell 1991 PM PM PM PM M M M PM

Note: From The Critical Review Form for Quantitative Studies developed by the McMaster University Occupational Therapy
Evidence-Based Practice Research Group (39). Criteria for quality assessment included: purpose clearly stated; literature review was
relevant; research design was appropriate to answer aims and no bias introduced into study; sample size justified, study sample
described in detail, and informed consent gained; used reliable and validated outcome measures; exposure described in detail; results
reported in terms of significance; analysis was appropriate, and clinical importance reported; conclusions and acknowledgement of

limitations of the study were appropriate, and clinical implications reported.

* Considering that employment status was our outcome of interest, and that in most studies employment was a socio- demographic
variable, where was gathered without a reliable and valid measurement tool, we modified the criteria for the quality assessment tool.

So if the data on employment status in both pain and pain free groups were provided, the reviewers considered it as met.

** Quality: Less than 4 criteria met = not met (NM); 4 and 5 criteria met = partially met (PM); More than 5 criteria met = met (M).

64



__% Mumber of records
- - identified th h h
= 175 of records identified \TEntTer Bnrougn eac
= hrouzh datab hi ] atabase: PubMed/
= through database searching Medline [31), EMBASE [12),
- Psychinfo [B), Web of
ience [20), MD consult &
o 112 of records after duplicates removed |  [Elsevier Inc[54), Science
= Direct [50)
5 v
E &3 of records screened for
w0 ) 2% abstracts
titles and abstracts —_— N
Iﬂld not meet criteria
= 34 of full-text articles 25 studies did not
= assessedforeligibility to meet inclusion
m : ) ) —_— :
= seeif they meetinclusion upon full review
Criteria of study
1 additional record l
- P — . . -
o identified through 5 of studies included in
ﬁ references 10 of studies included in > guantitative synthesis
g final review (meta-analysis)

Figure 3.1 Graphic or tabular display of study selection process

Moher D, Liberati A, Tetzlaff J, Altman DG, the PRISMA Group. Preferred reporting items for

systematic reviews and meta-analyses: the PRISMA statement. Annals of Internal Medicine 2009;

151: 65-94.



Study name Statistics for each study
Odds Lower Upper
ratic  limit limit
Warrell, 1981 0842 0612 1452 -0.269
Ehde, 2003 0735 0499 1083 -1556
Ehds, 2008 0341 0178 0652 -3.258
Fiwka, 2007 0574 0324 1015 -1.909
Douglas, 2008 0759 0420 1371 -0914
Random effect 0624 055 08866 -3.228

ZValue p-Value

0.788
0.120
0.001
0.056
0,361
0.001

0.01

Cdds ratio and 95% CI
-
¢
0.1 1 10 100

Figure 3.2 Forest plot of the effect of pain on employment status

The left-hand column lists the names of the studies, in chronological order, and the right-hand column is a

plot of comparison. For each study, OR is shown as a square, with area proportional to the sample size.

The 95% Cl is represented by the horizontal line around each square. The vertical line in the middle is

called ‘the line of no effect’, which visually displays the study overall results (42). The bottom line on this

plot is marked “Random” and shows the combined effect or difference for the studies (44). The overall

OR and 95% CI are plotted by the diamond in the last row of the graph. As the diamond doesn’t cross the

‘line of no effect’, the calculated difference between groups can be considered as statistically significant

(42). The OR falls below 1 indicating that people with MS pain were less likely to be employed than

those persons with MS without pain.
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Figure 3.3 Funnel plot of the study to assess the presence of possible publication bias.

A symmetrical inverted funnel as shown implies no publication bias. The dashed vertical line

represents the pooled estimate of the pain effect of all included studies.
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CHAPTER 4: Integration of manuscripts 1 and 2

4.1 Research questions of manuscript 1 and 2
Manuscript 1:
Does Pain in Individuals with Multiple Sclerosis Affect Employment? A Systematic Review and

Meta analysis.

Manuscript 2:
Looking at Pain in Multiple Sclerosis: Prevalence, severity, frequency, duration, quality,

location, distribution, type, treatment, impact and predictors.

4.2 Integration of manuscript 1 and 2

Improving HRQL has become an important goal of all health care interventions. Participation
and social functioning is one of the important domains affecting HRQL. To optimize treatment
and rehabilitation efforts in MS, identifying and understanding factors that influence the level of

participation and so HRQL is necessary.

The previous chapter was a systematic review and meta analysis of selected studies estimating
impact of pain on employment in persons with MS. Work was chosen to be the domain of
interest in the first manuscript, because work is one of the key aspects of participation and one of
the most distressing challenges of MS. MS occurs in individuals during peak years of normal

productivity, significantly impacting their ability to remain in the work force.

Pain is a common symptom in persons with MS and has been found to be a reason for sick leave
or early retirement in healthy populations and in other groups with chronic illness. Thus, it is
assumed that pain can catalyze the social isolation of MS population and increase the risk of

being unemployed.

The primary aim of this thesis was to ascertain the extent to which pain affects participation in
persons with MS. To have a deep and better insight about the role of pain on involvement in life

roles, naturally the next step is to understand the target population, specifically, their pain
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characteristics. The second manuscript, therefore, will provide an overall picture of pain in an

epidemiologically sampled group of community dwelling individuals with MS.

Assessing pain is an essential component to rehabilitation as it has been widely accepted that a
first step in improving the treatment of pain is its adequate assessment. A comprehensive
assessment of pain, along with its impact and predictors, as well as interpretation of results using
appropriate statistical methods help to understand different aspects of pain and has the potential

to enhance pain management.
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ABSTRACT
Objective: To identify pain prevalence, severity, frequency, duration, quality, location,

distribution, type, treatment, impact and predictors in a large, well-designed sample of

community dwelling individuals with multiple sclerosis (MS).

Methods: This was a cross-sectional study. A centre-stratified random sample including 188
persons with MS were recruited from three major MS clinics in the Greater Montreal region,
Canada. Main outcomes included pain prevalence, severity, frequency, duration, quality,
location, distribution, type, treatment, interference, depression, anxiety, physical function,
perceived health status, fatigue, sleep problems, and cognitive deficits. Participants completed
three questionnaires: the first asked about the socio-demographic and clinical information of
subjects, the second assessed the pain characteristics of subjects, and the third covered the

explanatory variables.

Results: Prevalence of pain in our sample was 42%. Pain differed among participants in severity,
type, location, duration, frequency, and quality. The majority of participants used
pharmacological techniques for pain relief. Pain presence was predicted by fatigue and MS-
related disability, while pain severity was only predicted by MS-related disability. The results of
this study also showed that pain was associated with higher levels of depression, anxiety, fatigue,
sleep problems, and cognitive deficits, and diminished perceived health status, ability to work,

and physical functioning.
Conclusion: The considerable differences between participants with pain and those without pain
on physical and psychological functions highlight the importance of accurate assessment and

adequate treatment of pain in people with MS.

Key words: pain, multiple sclerosis, physical function, depression, anxiety, perceived health

status, cognitive impairment, fatigue, sleep disorders, work, and disability.
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5.1 INTRODUCTION

Multiple sclerosis (MS) is a chronic, inflammatory autoimmune demyelinating disease of the
central nervous system (CNS) (Noseworthy 2000). The exact cause of MS is not known, but it is
believed that infection, viruses, genetics, environment, and hormones play a role (Compston
2005, Noseworthy 2000, Ramagopalan 2010a). In most people, MS begins between the ages of
20 and 40 (Beeson 1994) and the condition is seen more frequently in women than in men (Orton
2006, Ramagopalan 2010b). Canada has one of the highest prevalence rates of MS in the world,
affecting as many as 240 people per 100,000 (O'Connor 2009). The annual cost of MS has been
estimated at 2.5 billion dollars in the US, and $502.3 million in Canada (O’Brien 2003).

Pain is a frequent complaint among individuals with MS (Svendsen 2003). Persons with MS
usually describe their pain as intermittent with mild to moderate intensity (Archibald 1994). The
reported prevalence of pain in MS differs in the literature, ranging from 11% to 90% (Archibald
1994, Ehde 2003, Indaco 1994, Kalia 2005, Kassirer & Osterberg 1987, Moulin 1988, 1989,
Svendsen 2003, Stenager 1991, 1995, Vermote 1986, Warnell 1991). In Canada, pain was
reported in 41% to 71% of persons with MS (Archibald 1994, Ehde 2006, Piwko 2007, Warnell
1991). This variation is partly due to methodological differences across studies in regards to the
patient source, method of sampling, research design, and pain measurement. Studies have used
different time frames ascertain pain (e.g. previous week, one month, 3 months), and different
constructs of pain were measured (e.g. frequency, intensity, duration). Also, studies varied as to
whether headache was related to MS pain (Vermote 1986). Factors related to the heterogeneity
and complexity of the disease itself (e.g. disease subtype, duration and severity of symptoms)
also varied across studies. The high prevalence of pain among persons with MS and the cost of

MS pain would indicate that this is an important area of research in clinical management.

MS pain is either directly related to lesions in the nervous system (neuropathic pain), or
indirectly as a consequence of symptoms such as muscle spasms and poor posture
(musculoskeletal pain). Leg pain followed by back pain is the most common reported sites of
pain (Moulin 1988, Rizzo 2003, Solaro 2004). There are several risk factors found to be
associated with pain in people with MS such as older age, female sex, longer disease duration,

and greater disease severity. However, there is still inconsistency with respect to the important of
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various clinical and personal factors (O’ Connor 2008). Identifying the predictors of pain is
important for both health professional and researchers, because pain has repeatedly found to be a

strong predictor of activity limitations and participation restrictions.

Pain management often starts after pain has established itself. Treatment of MS pain involves a
variety of pharmacologic and non pharmacologic approaches (Leary 2000). Pharmacologic pain
treatments include the use of antidepressants, and anticonvulsant for neuropathic pain and anti-
inflammatory medications for non neuropathic pain. In order to avoid potential long-term side
effects of medication, some patients have preferred alternative options for treatment of their pain,

such as massage, exercise, acupuncture, and yoga (Moulin 1988, White 2004).

Pain impacts on several aspects of individuals’ life. In comparison to MS people without pain
and the general population, persons with MS pain report poorer health-related quality of life
(HRQL), poorer overall mental and general health, more social role limitation (Archibald 1994,
Murphy 1988, Nortvedt 1999, Svendsen 2005), and more depressive symptoms (Ehde 2005).
Moreover, nearly half of persons with MS and pain report that pain interferes with their daily

activities, household work (Ehde 2003), sleep, and enjoyment of life (Hadjimichael 2007).

There are substantial gaps in the literature on pain in MS. Nevertheless, pain is very disabling in
MS population and is considered to be a major contributor to activity limitations and restrictions
in societal and family roles. In addition, most of the studies in MS pain are prevalence and
descriptive studies. Available information of MS related pain often is limited by value because of
methodological and analytical problems. For the most part, previous studies have looked at pain
as a unidimensional health outcome or have focused on only few dimensions of pain (e.g.
intensity and duration) in their analyses. A comprehensive and detailed assessment of pain would
help in better understanding of MS pain and result in more targeted treatment approaches for

people with MS.

The main objective of the current study, therefore, was to identify pain prevalence, severity,

frequency, duration, quality, location, distribution, treatment, type, and interference in a large,
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well-designed sample of community dwelling individuals with MS. A secondary objective was

to determine MS pain predictors.

5.2 METHODS
5.2. 1 Participants

Target population was all people with MS, diagnosed since 1995. Available population was all
men and women registered at the three major MS clinics in greater Montreal including, Montreal
Neurological Hospital (MNH), Centre Hospitalier de I’Université de Montréal (CHUM), and
Clinique Neuro Rive-Sud (CNRS). The time frame was stratified into 3 eras: 1995 to 1999, 2000
to 2004 and 2005 to 2006 to ensure that people from each era are included. The number of
people diagnosed with MS since 1995 at the 3 clinics was 1950. A centre-stratified random
sample of 550 individuals with MS was drawn, of which 364 were contacted. From those who
were contacted, the first 188 who responded (139 women and 49 men) shaped the study sample
population. Eligibility was based on diagnosis of MS or Clinically Isolated Syndrome (CIS). In
addition, participants who had a relapse in the preceding month, participants younger than 18
years old, people with severe cognitive impairments, and those with pre-existing health
conditions affecting functioning were excluded from participating in the study. Further,

participants were not eligible if they were unable to understand either English or French.

5.2. 2 Measures

This was a secondary analysis of data; previously described (Kuspinar 2010). Study protocol,
measures and procedures were approved by the ethics committee of each participating hospital;
informed consent was obtained. All measures chosen for the purpose of this study adequately
represent the components of the underlying construct; and their validity and reliability have been

determined.
5.2. 2.1 Socio-demographics characteristics

Socio- demographic factors of gender, age, smoking status, education level, and employment

status were recorded on the day of testing using the socio-demographic questionnaire.
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5.2. 2.2 Disease-related characteristics

The clinical records and medical charts of each participant were consulted to obtain data on MS
type, years since MS diagnosis and symptoms onset. Clinical types of MS included: relapsing
remitting (RR), primary progressive (PP), secondary progressive (SP), progressive relapsing
(PR), and Clinically Isolated Syndrome (CIS) (Ramagopalan 2010). Participants also were asked
to report if they used disease modifying therapies (DMT). The severity of neurological
impairment was assessed using the Expanded Disability Status Scale (EDSS), which has become
the standard measure for classification MS related disability, ranging from 0 (no disability) to 10

(maximum disability) (Kurtzke 1983).

5.2. 2.3 Pain characteristics

Pain prevalence

Pain prevalence in persons with MS was determined by calculating the proportion of participants
who answered ‘yes’ to this question: “Are you currently experiencing any pain regardless of
intensity and localization?”” Additional pain questionnaires were only administered to persons

who reported pain.

Bodily pain intensity

The two-item bodily pain subscale (BPS) from RAND-36 was used as a measure of bodily pain
intensity during the past 4 weeks. The first item of BPS asks about pain intensity, and the second
item grades the impact of pain on work. These two items are combined into a single composite
score and transformed to a 0-100 scale, with higher scores indicating lower pain severity (Hays
2001). Internal consistency and content, criterion and construct validity of RAND-36 have been

reported (Brunet 1996, Brazier 1992, Freeman 2000, Katz 1992, McHorney 1993).

Pain severity

To measure average, lowest and worst pain severity over the previous week as well as pain at the
time of evaluation we used 0—10 Numeric Rating Scales (NRS), with 0 indicating ‘No pain’ and

10 indicating ‘the most painful sensation imaginable’. Reliability and validity of NRS have been

documented (Sharrack 1999). NRS is also strongly associated with other measures of pain
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intensity (Jensen 1986, 1991, 1999) and is responsive to changes in pain treatments (Jensen &

Karoly 1991).

Pain location
To measure pain location, participants were instructed to shade areas that were painful at the
time of the evaluation on a pain diagram showing the front and back of the whole body

consisting of 45 anatomical areas (Figure 1) (Margolis 1986).

Pain distribution

Pain distribution was measured using the Margolis drawing rating system which has 45
anatomical areas each with a corresponding percentage value of body surface in order to
compute a total weighted score, indicating body pain distribution (Figure 1) (Margolis 1986).
The test-retest and inter-rater reliability of scale has been established (Margolis 1988).

Pain quality and type

To assess pain quality and type, participants were asked to choose as many as of the words from
a list containing 29 adjectives of pain sensation descriptors taken from the McGill Pain
Questionnaire (MPQ) (Melzack 1983, 1987). Sensations of shooting, stabbing, electric shock-
like, nagging, numbness, tingling, and burning were considered as neuropathic pain descriptors,
whereas non- neuropathic pain was described as a sharp, aching or throbbing (Victor 2008,
Wilson 2002). Superficial pain descriptors included numbness, tingling, burning, shooting, sharp,
pressure, piercing, stinging, hot, smarting, radiating, cutting, while deep pain descriptors
included cramping, tenderness, aching, pulling, pounding, gnawing, soreness, boring, stabbing,

troublesome, annoying, dull, nagging and throbbing.
Pain duration and frequency

Participants were asked to report their pain duration and if their pain experience was constant or

not. They were also asked to rate how frequently they experienced pain.
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Pain management techniques

Participants were asked to indicate their pain management techniques, either pharmacological or
non-pharmacological, during the previous month of the study and to report if these techniques
helped relieve their pain. They were also asked to determine which specific medications they

took for their pain reduction.

Pain impact

Pain impact focused on sleep, work, daily living activity, and perceived health status. To assess
sleep disturbance during the previous month, we used a specific sleep questionnaire created from
Rasch modeling of the Pittsburgh Sleep Quality Index (PSQI) (Buysse 1989) containing 4 items;

total score ranges from 0 to 8, with a higher score indicates worse sleep quality.

Using physical function scale of RAND-36 (PFI) we measured limitations in daily living
activities due to health problems. This subscale has a final score from 0 to 100; higher scores
indicating higher levels of physical activity (Hays 2001). Validity and reliability of this scale has
been reported (Freeman 2000, Katz 1992, McHorney 1993, Brazier 1992).

Perceived health status was measured using the EuroQOL Visual Analogue Scale (EQ-VAS)
(EuroQol Group 1990). Subjects were asked to rate their overall health on 0 to 100 VAS scale,
with 0 showing the worst perceived health and 100 showing the best perceived health. VAS has
been widely used in health studies and has several good qualities in terms of practicality,

sensitivity, and, reliability (Nortvedt 1999).

5.2. 2.4 Explanatory variables

Fatigue

To measure fatigue we used the 4-item Vitality subscale of The RAND-36. Participants were
asked to rate their level of fatigue on a 6-point Likert scale ranging from 1 ‘all of the time’ to 6
‘None of the time’ (Hays 2001). The 4 items are combined to produce a sum value from 0 to
100; a higher score indicates greater energy/ lower fatigue. RAND-36 has been used widely in
MS population and its psychometric properties have been provided (McHorney 1993).
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Psychological well-being

The levels of anxiety and depression of participants were measured using the Hospital Anxiety
and Depression Scale (HADS) (Herrmann 1997). HADS has 14 items, 7 of them relate to anxiety
and 7 to depression, each scores from 0 (most of the time) to 3 (no t at all), and the total score
ranges between 0 and 21 (Bjelland 2002); higher scores indicate worse depression/ anxiety
symptoms. The HADS is a reliable and valid tool and has been used in a number of MS studies

(Bjelland 2002, Da Silva 2009, Honarmand 2009).

Cognitive impairment

Cognitive impairment was assessed using the Perceived Deficits Questionnaire (PDQ) developed
for persons with MS (Sullivan 1992). The PDQ items assess frequency of difficulties with
attention/concentration, memory, and planning/organization during the past month on a 5-point
Likert scale. PDQ contains 20 items, each from 0 (never) to 4 (almost always) with a maximum
total score of 80; higher scores indicate greater cognitive impairment (Shevil 2006). The validity
and reliability of PDQ in MS has been widely accepted (Marrie 2003, Sullivan 1992).

5.2. 3 Statistical Analyses

Descriptive statistics (e.g., mean, standard deviations, and frequency) were used to describe the
sample and summarize data. The potential for selection bias, differences between responders and
non- responders on targeted variables (e.g., socio-demographic and clinical characteristics of
persons), and comparison between persons with and without pain was tested using Chi square
test for categorical variables, t-test for continuous variables with homogenous variances, and U

Mann-Whitney test for continuous variables with non-homogenous variances.

The main outcomes of regression analyses were pain presence and severity. As outcomes were
not continuous variables, multiple logistic regressions were used to analyze data (Table 1).
Logistic regression in general indicates the probability of presence of the characteristic of
interest. The predictor variables were personal and clinical characteristics of participants.
Explanatory variables were also included in the analysis. Associations between all variables were
assessed using Spearman and Pearson correlation coefficients for categorical and continuous

variables, respectively.
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Those variables that showed a significant relation with outcomes were considered as potential
predictors in the regression analyses. Using multiple regressions each predictor variable was
entered into the model, and retained or discarded based on their contribution to the overall model
(statistical significance at the 0.05, beta estimate, odd ratio, and R square). The standardized
coefficient of each predictor was also calculated by multiplying the standard deviation for the
variable by its unstandardized parameter estimate permitting a quantifiable way of identifying

which predictor had the largest effect on pain presence and severity.

Sample size calculation was based on the rule of thumb for regression analysis that is a minimum
of 10 participants per predictor variable (Wilson 2007). Considering that in our final regression
equations there were 9 predictors, a sample size of 188 participants would be suitable and
adequate sample size for this study. Individuals with missing information from the questionnaire
were excluded from the specific analysis. Statistical significance was considered for p-values
less than 0.05. Statistical analyses were performed using the Statistical Analysis Systems (SAS)
Version 9.2.

5.3 RESULTS
5.3.1 Response rate

Response rate was 52%, and no significant difference was found between responders (n=188)
and non-responders (n = 176) on age, sex, MS related disability, date of diagnosis, and duration

of symptoms.

5.3.2 Socio- demographic and clinical characteristics of the sample

Socio- demographic and clinical characteristics of the sample are presented in Table 2. The ratio
of women to men participants in our study was 3: 1. Most participants were receiving DMT at
the time of the study. COPAXONE (24%) followed by REBIF (22%) and AVONEX (14%) were
the most common types of DMT used by participants.

5.3.3 Pain characteristics of the sample
Pain characteristics of the sample are presented in Table 3. Of the 188 persons, 42% identified
pain as a symptom, and among those, 42% reported to have clinically significant pain (severity

>4) at the time of evaluation. Duration of pain varied. Pain could last from minutes to hours to
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days. The mean values of bodily pain measured by RAND-36 was 67+ 27 for the whole sample
which is lower than age expected norms of Canadian general population of 76 (Hopman 2000).
The mean value for rating of current pain at the time of evaluation was 3.3 + 2.3; mean of lowest
pain severity was 2.2 £+ 2; worst pain severity was 6.8 & 2; and pain average was 5.0 = 2. The
NRSs later were used to classify the participants as having no pain (score 0), mild pain (scores
1-4), moderate pain (scores 5- 6) and severe pain (scores 7—10) (Grasso 2008, Serlin 1995).
Distribution of the severity of pain is presented in Figure 2. All metrics of patients’ pain ratings
were correlated including the calculated average of lowest and worst (Figure 5.3). In addition,
they all correlated similarly with an external pain rating scale (BPS of RAND-36). Interestingly,
it was indicated that of all ratings, the patients' ratings of worst pain was the most closely

associated with the rating of average pain (» = 0.8).

The frequency of pain sites are shown in Table 5.4. Participants shaded an average of 8 out of 45
parts of body as painful. Leg pain was the most common anatomical site of pain followed by arm
pain and back pain. In addition, prevalence of pain was more on the left side than on the right

side and in anterior parts rather than posterior parts of the body. Additionally, the average of total

percent of body surface that participants had shaded as painful was 20% (range: 2 - 48).

The frequency of the pain descriptors are detailed in Figure5. 4. The average number of words
chosen by participants was 5, and 36% of participants used more than 5 words to describe their
pain. Neuropathic pain was the most commonly reported type of pain. There was also a
significant association between severity of pain and type of pain, suggesting that neuropathic
pain is more severe than non-neuropathic (Fisher exact test, p= 0.03). In addition, we found no
statistically significant differences in age and gender between participants with neuropathic and

non-neuropathic pain.

Pain management techniques that have been used by participants are presented in Table 5.
Overall, 95% of participants reported that the methods they used for pain management, helped
with their pain reduction. In addition, there were correlations between gender, age, MS related

disability, and employment status with the frequency of using pain management techniques.
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Regarding pain interference, 40% of participants with pain reported that pain interfered with
their sleep. In addition, participants without pain were more employed and reported higher level
of fatigue, and daily living activity in comparison to participants with pain. Participants

without pain also tended to show less cognitive impairments, depression, and anxiety (Table 2).

As presented in Table 2 there was no difference between 2 groups on age, education, and
smoking status, DMT, and duration of symptoms onset and diagnosis. However, the pain group

showed a higher women-to-men sex ratio (4:1 vs. 2:1 in pain group), and higher EDSS scores.

5.3.4 Factors associated with presence and severity of pain in MS
Results of correlation analyses showed a statistically significant correlation between pain
presence with gender, employment status, MS type, MS disability, fatigue, depression, anxiety,
perceived health status, and cognitive deficit (r=0.1,7=-0.3,r=0.2,r=02,r=-034,r=
0.2,7r=0.17,r=-0.35, r=0.3, p <0.05, respectively). MS disability, depression, and perceived
health status also showed a statistically significant correlation with pain severity (r= 0.4, r= 0.3,
=-0.34, p < 0.05, respectively). However, no associations were observed in our study between
pain severity with anxiety and cognitive deficit. Neither pain presence, nor pain severity were

associated with level of education, age, DMT, and years from symptoms onset and diagnosis.

Table 6 displays the results of logistic regression analysis for response variables. The results of
dichotomous logistic regression analysis for pain presence showed that only fatigue and MS
disability made a significant contribution to prediction. Additionally, R square of 19% indicated
a mild relationship between prediction and grouping. Furthermore, analysis of maximum
likelithood showed that for every unit increase in fatigue or decrease in vitality (RAND-36, lower
score means less vitality so more fatigue), the probability of pain presence increases by 0.96
(p=0.0001). Moreover, for a unit increase in MS disability (EDSS, higher score is worse), the
probability of pain presence increases by 1.2 (p=0.03).

Results of ordinal logistic regression on pain severity indicated that only MS disability had a
significant effect on pain severity (p=0.001). This means that for every unit increase in MS

disability, (EDSS score, higher score is worse), the probability of experiencing more severe pain
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increases by 1.4. Additionally, the final regression model explained 13% of the variance in pain

severity.

5.4 DISCUSSION

The purpose of the present study was to characterize MS pain, compare persons with and without
pain, and find predictors of pain presence and severity in individuals with MS. The prevalence of
pain at the time of evaluation was 42% which is located in the range of most reporting rates of
40% to 80% in MS population (Archibald 1994, Goodin 1999, Ehde 2003, Rae Grant 1999),
overlap with 42% in a study conducted by Goodin (1999), 43% estimated by Solaro (2004), and
41% and % 44 reported by Warnell (1991) and Archibald (1994) in Canada. However, it is
difficult to compare studies because of inconsistencies in measurement, definition of pain, time
frame, and variety of patients’ clinical and personal characteristics. One reason for low
prevalence of pain can be related to the fact that our sample had mild disability levels (EDSS< 3)
showing the less severely impaired individuals and so less prevalence of symptoms such as pain.
However, this emphasizes the need for more attention to pain in MS as it shows that participants,
even with low level of disability, had pain. Another reason can be explained by the fact that
participants were diagnosed with MS since 1995 while the advances in MS accurate diagnosis
e.g. magnetic resonance imaging (MRI) and treatment (e.g. DMT) has changed the clinical
course of MS (Kieseier 2003, Massimo 2007). In 2008, Dr. Nancy Mayo suggested that the MS
people diagnosed since 1995 will probably not follow the same symptom patterns and disease
course as patients diagnosed before 1995 (Mayo 2008). She used the phrase “New MS” to
describe those MS people diagnosed since 1995. Results of this study confirm this hypothesis.
The fact that 85% of our participants were using DMT to manage their MS progression and to
control their symptoms along with a probable earlier diagnosis of disease, confirm the lower

prevalence of pain in our sample.

Mean of average pain severity of our sample was 5 out of 10 which was within the range of 4.6
to 5.8 reported by Douglas (2008), Archibald (1994), Beiske (2004), Heckman- Stone (2001),
Warnell (1991), Rae Grant (1999), and Ehde (2003). Participants’ ratings of their worst pain
intensity showed that 60% of sample reported severe pain (7-10 out of 10), which is greater than
49% reported in another study (Hadjimichael 2007). These findings taken together show that
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despite low prevalence of pain, pain severity was high in our sample, therefore reinforcing the

need to identify pain reasons and look for an effective approach to treat it adequately.

Typically in research, pain severity is queried on a 0 to 10 NRS. Research indicates that a single
rating of pain severity may not adequately represent the construct of pain (Spadoni

2004). Frequently, multiple pain values are obtained: current, lowest, worst, and average. All of
these values are relevant both for patient management and research; but for research, having four
values poses logistical and statistical difficulties as several ratings would need either multiple
analyses or a different statistical method. Results of this study showed that participants’
estimates of average pain were highly correlated to the calculated average of lowest and worst.
Thus, we recommend not asking participants “average” their pain and for research purposes

calculate the average of lowest and worst.

Consistent with previous studies, the majority of participants (97%) in this study reported pain in
more than one site of their body (Archibald 1994, Beiske 2004, Douglas 2008, Ehde 2006, Rae-
Grant 1999, Svendson 2003, 2005, Solaro 2004, Warnell 1991). Further agreement with other
studies was related to the most common site of pain as leg pain had the highest frequency among
body segments (Archibald 1994, Beiske 2004, Rae-Grant 1999). Additionally we found an
association among number of pain sites with pain severity and MS disability. These findings

confirm the results presented by Archibald (1994) and Piwko (2007) in Canada.

The average of total percent of body surface that the participants had shaded as painful was 20%
for this sample that was lower than 26.5% reported by Douglas (2008). Results also showed that
pain extent was significantly correlated to pain severity, but in contrast with Douglas (2008), it
was not related to gender. In addition, 55% of participants in our sample reported their pain as

intermittent, which is very close to 57% reported by Ehde (2006).

With respect to type of pain, most studies on pain characteristics in MS have neither investigated
the different types of pain in MS, nor differentiated between neuropathic and non-neuropathic
pain. Since each type of pain needs its specific treatment approaches according to its underlying

mechanism (Moulin 1988), distinguishing whether pain is neuropathic or not has important
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treatment relevance. Linked with the results of few other studies (Beiske 2004, Moulin 1988,
Vermote 1986), we found that the type of pain in our sample was more often neuropathic than
non-neuropathic (25% vs. 9%). Similar to the results of Kalia (2005) we also found that
neuropathic pain is more severe and disabling pain than non-neuropathic pain. In addition, no
statistically significant associations were observed in our study between different forms of pain

with age and gender.

In accord with many other studies pain management techniques involved a variety of
pharmacologic and non-pharmacologic approaches (Archibald 1994, Douglas 2008, Kalia 2005,
Khan 2007, Heckman-Stone 2001, Piwko 2007); however, similar with results of Archibald
(1994), Khan (2007), and Kalia (2007), the majority of participants used mostly medication. In
accord with several other studies such as Khan (2007), Kalia (2005), Heckman-Stone (2001),
Piwko (2007), Douglas (2008), and Archibald (1994) participants reported that their pain
subsided significantly following the use of pain management techniques. Common pain
medications used by our sample included opioids and antidepressants which were similar with
the findings of Pollman (2005), and in contrast with reports of Khan (2007) and Douglas (2008).
Non pharmacological techniques commonly used in our sample were massage and exercise
which was similar with reports of Kalia (2005) and Douglas (2008). The pain management
techniques were used mainly by women, participants with more disability, severe pain, younger
participants, and also those who were employed. These results were similar with Douglas (2008),
who found that women and participants in paid employment reported more pain management

techniques.

In accord with findings reported by Solaro (2004), Ehde (2003, 2006), and Hadjimichael (2007)
results of regression analyses revealed that MS-related disability (measured by EDSS) was an
important predictor for both pain presence and severity. In addition, similar to a previous study
(Ehde 2003, 2006; Archibald 1994; Stenager 1991; Solaro 2004), we found that persons with
pain were more likely to have greater MS disability than those without pain. In further agreement
with Douglas (2008) the present study also found that the greater severity of MS positively

correlated with the number of pain locations and pain distribution.
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78% of respondents had a RR form of MS which was similar to other studies (Archibald 1994,
Douglas 2008, Ehde 2006), and very close to the prevalence of 75% reported by the Canadian
MS Society (Piwko 2007). Additionally, results of regression analysis revealed that pain
presence and severity were not associated with MS related factors (except MS disability), which
is similar to the results reported in other studies (Archibald 1994, Beiske 2004, Heckman-Stone
2001, Kalia 2004). These findings indicate that pain cannot be predicted solely based on the

disease characteristics and personal differences play an important role.

Considering gender differences, our result showed that gender was correlated neither with pain
severity nor the extent of pain, and this was similar to Douglas (2008), and was in contrast to
Kalia (2005) and Moulin (1988). The ratio of of women to men in our study was 3: 1, which
corresponds with the sex ratio of the MS population (Richards 2002) and differs from the 4:1
ratio reported by Douglas (2008).

The mean age at which participants were diagnosed with MS was 43 years, which corresponds
with the results reported by the MS Society of Canada (Piwko 2007). Additionally, there was no
significant difference in age between participants with pain and without. Regression analyses
also revealed that neither pain presence, nor pain severity were associated with age. This finding
was consistent with the results of Archibald (1994), Beiske (2004), Ehde (2006), Indaco (1994),
Kalia (2005), Stenager (1991), and Warnell (1991), but in contrast with the results reported by
Clifford (1984), Hadjimichael (2007), Moulin (1988), Solaro (2004), and Svendsen (2003).

Results of this study, in agreement with other studies such as Ehde (2003, 2006), showed that
participants with pain in comparison to those without pain were considerably more likely to
report lower perceived health status. In addition, consistent with the findings of Douglas (2008),
our results further revealed that cognitive deficit was correlated to pain presence. As Douglas
(2008) believes, this association can probably be related to the patients’ inabilities in coping
strategies and problem-solving skills. Moreover, similar to results reported by Kalia (2005),
Archibald (1994), Ehde (2003, 2006), and Svendsen (2005), we indicated that people

with pain tended to be more depressed and anxious than those without pain. Worsened physical

function in participants with MS pain that was indicated in our study have also been reported by
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other authors such as Svendsen (2003), Beiske (2004), Archibald (1994), Hadjimichael (2007),
Ehde (2003), Warnell (1991), Ehde (2006), Svendsen (2005).

In reference to job status, consistent with other studies (Forbez 2006, Julian 2008, Ehde 2006,
Shahrbanian 2013) comparisons between participants with and without pain revealed an
increasing proportion of participants not being employed in presence of pain (63%). This was
lower than of 77% reported by Piwko (2007), but still within the range of 50% to 80% as
described by Orlewska (2005). As MS is a disease that often affects young adults during their
productivity years, this emphasizes the importance of early identification and treatment of pain.
There was also a negative association between pain extent and number of pain sites with job

status.

The current study has several strong points. It assessed a variety of MS pain constructs using
standardized measures which are often not assessed in MS pain literature. Response rate of study
was 52%, very close to the 54% reported by Ehde (2003), and higher than the 34% reported by
Goodin (1999). Also, the study sample was randomly selected from 3 different clinics in
Montreal from populations who were culturally diverse and living in different areas of the city.
The sample included the whole range of disease severity, and type, consistent with a clinical
spectrum of MS, so it could be a representative of the general MS population. A further strength
of this study was that the present sample also comprised of men, thus providing a unique
opportunity to study MS and pain in both genders, whereas many studies on MS and pain have
included only a few men participants. Moreover, in order to limit errors due to memory, the
assessment of pain focused on pain experienced over different time frames e.g. current pain and

the month and week preceding the assessment.

On the other hand, this study had several limitations. First, this was a cross-sectional study where
subjects were assessed at one point in time. This issue is particularly important in MS because as
disease progresses, variables contributing to pain could be different. The cross-sectional nature
of this data also makes it difficult to accurately examine how the impact of pain changes over
time. We purposely sampled individuals diagnosed after 1995, and thus the results may not

generalize to all MS people who were diagnosed earlier. Additionally, people with the higher

86



pain values might have been reluctant to participate in this study. The EDSS scores were not
recorded on the day of testing; instead, they were taken from subjects’ medical charts during the
last medical visit. Another limitation of this study was the self-reporting nature of pain measures,
so the scores could be subject to memory distortion, recall bias, and response shift. What is more,
participants may not have been able to differentiate between MS-related pain and pain resulting

from other reasons.

Results of this study help us to better understand and characterize the experience of pain among
people with MS. Comprehensive and accurate assessment of pain in MS would be essential to
improve its treatment. Inadequate treatment of pain is an important public health problem, and
can precipitate a progression to chronic pain. Additionally, as pain has repeatedly been found to
be a strong predictor of activity limitation and participation restriction, the assessment of it
should be performed as early as possible. Identification of the predictors of pain is also important
for both health professionals and researchers. Another foreseeable contribution of this research

could be related to the better understanding of the symptoms of persons with New MS.

Large and longitudinal studies are needed in order to see how the course and severity of MS pain
change over time. The identification of factors that diminish or trigger pain is important for
clinicians as well, since it facilitates the development of targeted rehabilitative intervention to
reduce pain. Research studies that compare the effects of pain on functioning in comparison to
other MS symptoms are necessary too as their results would help clinicians to choose the

priorities of treating these symptoms in persons with MS.

5.5 CONCLUSION

Results of the current study indicates that pain is a common symptom among people with MS.
Pain presence was predicted by MS disability and fatigue, while pain severity was mainly
predicted by MS disability. The results of this study also showed that pain was associated with
higher levels of depression, anxiety, sleep problems and cognitive deficit, and lower levels of
general health perception, ability to work, and physical function. The considerable impact of pain

on patients highlights the importance of identifying adequate intervention to manage pain in MS.
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Table 5.1 Classification of Statistical analyses by types of variables

Predictor Variables

Dependent variables

Categorical / Continuous

Sufficient numbers in
each cell (>5)

Insufficient numbers
in each cell (<5)

Pain presence | Dichotomous Multiple dichotomous | Exact logistic
logistic regression regression
Categorical Presence=1
Absence =0
Pain severity Ordinal/nominal | Multiple ordinal Exact logistic

Categorical

0-10 Numeric
Rating Scale

logistic regression

regression
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Table 5.2 Characteristics of study participants with a comparison of pain and pain free groups

Variables Total sample Pain group Pain free group P value
(n=188) (n=78) (n=110)
Current age (X+ SD) 43+£10 44+ 10 42+ 10 *0.6
Gender N (%) **0.04
Women 139(74) 66 (35) 73(39)
Men 49(26) 15(8) 34(18)
Education N (%) *4%0.4
Primary school 2(1) 1(0.5) 1(0.5)
High school 41(22) 22(12) 19(10)
College 56(30) 23(12) 33(18)
University 85(46) 32(17) 53(29)
None 1(0.5) 0 1(0.5)
Employment N (%) **0.0002
Employed 119(64) 38(20) 81(44)
No employed 64(35) 39(21) 25(14)
Smoking status, N (%) **0.3
Regularly 38(20) 20(11) 18(10)
Irregularly 10(5) 5(3) 5(3)
Non smoker 140(75) 56(30) 84(45)
Years since diagnosis (¥+SD) 3+4 3+5 3+35 *0.9
Years since symptom onset (X¥+ SD) 9+5 9+5 9+5 *0.9
Disability, EDSS (Median+ SD) 2.442 3+2 242 *0.0001
DMT, N (%) *0.6
Yes 110(85) 47(36) 63(49)
No 20(15) 10(7.5) (7.5)
MS subtype, N (%) **%0.03
Relapsing-Remitting 97(78) 43(35) 54(43)
Secondary progressive 7(5) 4(3) 3(2)
Primary progressive 8(7) 2(2) 6(5)
Primary relapsing 3(3) 2(2) 1(1)
Clinically isolated syndrome 9(7) 0 9(7)
Pain impact
Sleep disorders (PSQI: X+ SD) 6.5£1.5 6.7£1.5 7.4£1.6 *0.4
Physical function (PFI- RAND-36: X+ SD) 68+31 57+£32 7628 *<.0001
Perceived health status (EQ-VAS: X+ SD) 73+17 66+19 78+13 *<.0001
Explanatory variables
Fatigue (VIT- RAND-36: X+ SD) 49.5+£20 41£20 56+19 *<.0001
Cognitive impairment (PDQ: X+ SD) 24+ 15 29+ 14 20+ 14 *<.0001
Depression (HADS: X+ SD) 4+4 53+4 34+4 *0.001
Anxiety (HADS: x+ SD) 5+4 64 4.6+3.6 *0.008

“x+ SD, mean+ standard deviation; N, number; DMT, disease modifying therapy; PSQI= Pittsburgh Sleep Quality
Index; PFI= physical function subscale of RAND-36; EQVAS, EuroQol Visual Analogue Scale; VITA- RAND-36=
Vitality scale of RAND -36; PDQ, Perceived Deficits Questionnaire; HADS, Hospital Anxiety and Depression Scale

* T-test; ** Chi square; *** Fisher test
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Table 5.3 Pain characteristics of study participants

Pain characteristics N %
Pain quality

Deep 17 25
Superficial 23 34
Both 24 36
Pain type

Neuropathic 25 37
Non neuropathic 9 13
Both 29 43
Number of pain sites

1-5 26 39
6-10 24 36
11-15 7 10
16-20 10 15
Pain variability

Constant 35 45
Comes and goes 43 55
Pain duration

Minutes 7 16
Hours 25 55
Days 10 22
Weeks 3 7

Pain frequency

At least once a day 23 50
2-3 times a week 10 22
Weekly 6 13
Monthly 1 2

Irregularly 6 13
Pain management

Medication 40 51
Non-pharmacologic 2 2

Both 13 17
None 23 30
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Table 5.4 Pain location

Location Frequency Location Frequency
Leg pain
Thigh Back pain
Anterior/ Posterior 61/25 Lower back 28
Left/ Right 45/30 Upper back 21
Leg
Anterigr/ Posterior 52/33 Shoulder
Left/ Right 46/39 Left/ Right 20/18
Foot
[ofrte/fc;(.)tﬁtHlnd foot 45/ 23 Head
el Rig 36/32 Right/ left 21/14
Arm pain Anterior / Posterior 13/ 12
Hand
Palm / Back 35/15 L
Pelvic region 21
Left/ Right 24/ 26 g
Lower arm Neck 19
Anterior/ Posterior 26/ 15
Left/ Right 21/20
Abdomen 14
Upperarm
Anterior/ Posterior 19/15 Chest 3
Left/ Right 19/15
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Table 5. 5 Pain management techniques used by participants

Pain management techniques N
Medications
Analgesics
Opioid 30
Nonopioid 6
Antidepressants 16
Anticonvulsants 6
Anti-inflammatories 8
Spasmolytics 6

Non-pharmacological Techniques

Massage 6
Tai-chi 4
Pilate 1
Osteopathy 1
Homeopathy 2
Physiotherapy 1
Thermotherapy (hot/ cold) 2

Relaxation 1

Whirlpool (hydrotherapy) 1




Table 5.6 Logistic regression model for pain presence and severity

Parameter Parameter Standard P value Odd
estimate coefficient™* ratio

Pain presence

Fatigue (RAND-36) -0.03 -0.6 0.0001 0.96

MS severity (EDSS) 0.2 0.4 0.03 1.2

Pain severity

MS severity (EDSS) 0.4 0.8 0.001 1.4

*Standardized coefficient = Parameter estimate x 1 Standard Deviation of each predictor
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45 anatomical areas of pain drawing Percentage values for body areas

Area numbers m

25,26,27 0.50
4,5,16 1.00
3,8,910,11,30,31,32,33  1.50

1,2, 21,22, 23,24.44, 45 1.75
6,7,12,13, 28, 29, 36, 37 2.00
38,39 2.50
14.15 3.00
19.20.42,43 3.50
34.35 4.00
17,18,40,41 4.75

Figure 5.1 Margolis drawing rating system (Margolis 1986)
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N .

80 -

H Severe (7-10)
60 - B Moderate (5-6)
Mild (1-4)

M No pain (0)
40 -

20 -

0 .

Average Lowest Worst  Present pain

Figure 5.2 Distribution of pain severity scores within past week (0-10 NRS)
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SF-36 Bodily pain

Mean of Lowest + Highest + Current
pain

Mean of Lowest and Highest pain

Highest pain

Lowest pain

Current pain

1|”|[

0.2 0.4 0.6
Average pain intensity

o

0.8

Figure 5.3 Correlation between average pain severity and pain variables
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36

Figure 5.4 The participants’ descriptions of their abnormal sensation using the words from the
McGill Pain Questionnaire
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CHAPTER 6: Integration of Manuscripts 2 and 3

4.1 Research questions of manuscript 2 and 3
Manuscript 2:
Looking at Pain in multiple sclerosis: Prevalence, severity, frequency, duration, quality, location,

distribution, type, impact, and predictors

Manuscript 3:

Long-term stability of pain type and severity among people with multiple sclerosis

4.2 Integration of Manuscripts 2 and 3

Pain is a prevalent problem among persons with MS which may develop either as a direct result
of the disease itself, characterized as neuropathic pain (NP) due to demyelination of the nerves,
or it may be secondary to the protracted symptoms of MS due to abnormal posture or spasm of
the spinal musculature. Pain is a major contributor to activity limitations and restrictions in
societal and family roles, so the accurate and comprehensive assessment of different aspects of

pain would be an essential component to rehabilitation of persons with MS.

In the second manuscript, looking at pain in MS, we characterized pain in an epidemiologically
sampled group of community dwelling individuals with MS. Participants who experienced pain
were asked about the most common pain dimensions targeted in clinical and research work, such
as pain intensity, frequency, duration, location, distribution, and impact. Additionally, pain
assessment included additional dimensions of pain such as quality and type that often are not the

focus of the majority of studies on pain in MS.

While working on results of Manuscript 2, we noted that pain measures pointed to a cluster of
individuals whose pain symptomatology was an indicative of NP. NP is the most common form
of pain in MS. Individuals with MS may also experience abnormal sensations such as tingling,
burning, itching, prickling, or shooting which are correlated to the presence of signs of
neuropathy. In the clinical setting, distinguishing whether pain is neuropathic or not has

therapeutic relevance as different types of pain may respond differently to certain type of
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medications or treatment approaches due to the different underlying mechanism involved in pain

process.

Despite advances in pain management, the accurate assessment of the NP continues to be a
challenging task to both researchers and clinicians. Although several scales are currently
available to assess the NP construct, the best way to assess it still remains controversial, and such
tools are not routinely used in primary care settings. In the second manuscript we used the pain
descriptors from McGill Pain Questionnaire (MPQ) to classify quality and type of pain. MPQ
can’t provide the best assessment in patients with NP as it was not primarily developed to
distinguish neuropathic pain from non-neuropathic. So we postulated that a simple valid specific
screening tool for a diagnosis of NP as differentiated from non NP would capture the NP

experience more successfully and accurately than a generic pain scale.

To further characterize the pain profile of our sample, the third manuscript, therefore, estimated
the extent to which there is stability in pain type and pain severity over time. In Manuscript 3, a
short pain questionnaire specific for NP, called ID- Pain Questionnaire, was administered to
those participants who reported to experience pain in the original study. Additionally, pain

severity was measured.

Results of the current study help to better understanding of the natural history of chronic pain
among people with MS over time. Additional knowledge on the MS pain fluctuation over time
would be useful for providing prognostic information and making treatment decisions. By
tracking changes of pain over an extended time period, the natural course of pain could also be
examined, a feature that has been relatively ignored in the MS pain literature. This would
subsequently improve the development of more effective, comprehensive treatment efforts

directed toward enabling individuals with MS to maintain their active life.
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ABSTRACT
Given the impact of pain on the lives of people with Multiple Sclerosis (MS), the diagnosis and

treatment of pain have received increasing attention over the past decade, but little is known
about change in pain. The main purpose of this manuscript was, therefore, among individuals
with MS, to estimate the extent to which pain type and severity change over time. This was a
longitudinal study assessing participants’ pain type and severity at first assessment and follow-
up. A centre-stratified random sample comprising of 139 women and 49 men (N= 188) were
recruited from three major MS clinics in Montreal. Type of pain were assessed using short form
McGill pain questionnaire (MPQ) and ID-Pain questionnaire (ID-Pain) at first assessment and
follow-up, respectively. To measure pain severity 0—10 Numeric Rating Scales (NRS) was used.
To compare the agreement on the classification of NP based on the results of MPQ and ID-Pain
administered at time 1 and time 2 McNemar test and to measure the agreement between recorded
changes in pain type over time, the Cohen’s un-weighted Kappa Coefficient were calculated.
Paired Student T- test was used to examine if serial ratings of NRS have been stable or change
over time. Generalized estimating equation (GEE) was performed to test change in pain severity
between the different pain type groups at first assessment and follow up. Results showed that, on
average, all ratings of pain severity increased; however, the group-based analysis showed that
pain type was stable in the majority of study participants. Results of Kappa test also indicated an
agreement between MPQ and ID-Pain. Results of GEE analysis suggested that pain type was a
significant predictor of lowest pain severity scores over the follow-up period, while it did not
emerge as significant predictors of subsequent pain ratings of worst pain severity. The findings
of this study have practical applications for chronic pain management programs. We have argued
that because so many factors influence responses on pain measures, a single choice of pain
domain measured on a single occasion is likely to be less reliable than serial measures of

different domains of pain.

Key words: Multiple Sclerosis, Neuropathic Pain, Pain Change, ID- Pain Questionnaire,

Agreement
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7.1 INTRODUCTION
Multiple sclerosis (MS) is a chronic, demyelinating immune-mediated disease of the central

nervous system (CNS) (Noseworthy 2003, Trapp 2008). MS is recognized as the most common
neurologic cause of disability among young adults in North America (Compston 2005). Canada
has one of the highest prevalence rates of MS in the world, affecting as many as 240 people per
100,000 (O'Connor 2009). The annual cost of MS has been estimated at $502.3 million in
Canada (O’Brien 2003). People with MS experience a variety of symptoms that affect them

differently and, even in the same person, change from time to time.

Pain is one of the common symptoms in persons with MS; appearing in almost 50% of
individuals at some point in their disease course (Archibald 1994, Ehde 2003, Kalia 2005,
Svendsen 2003, 2005). Pain is a complex symptom (Von Korff 2000) and this complexity
emphasizes the need for a multidimensional assessment. There is no consensus in the literature
about which dimension of pain should be considered. Pain can be defined by intensity, quality,
duration, frequency, location, and distribution (Von Korff 2000). However, most studies on pain
in MS do not take into account all aspects of this construct; pain intensity, which is only one
aspect of the pain experience, is usually the primary focus (Jamison 1991, 2002, Litcher-Kelly
2004, Peters 2000, Vendrig 1997). A comprehensive assessment of different aspects of pain
would provide a better understanding of pain characteristics among people with MS and would

lead to a more tailored treatment approach.

There are two main types of pain in MS depending on the mechanism producing pain. MS pain
can be directly related to MS lesions in the CNS, termed neuropathic pain (NP), or can arise
indirectly as a consequence of MS symptoms such as muscle spasms and poor posture, termed
non-neuropathic pain (N-NP) (Beiske 2004, O’Connor 2008, Solaro 2006). The damaged nerves
can also stimulate a range of abnormal sensations such as numbness, burning, shooting, and
stabbing pain which are considered to be as indicators of NP (Boureau 1990). NP is more
prevalent and disabling than N-NP in the MS population (Herr 2004, Osterberg 2005). Also there
is evidence that the presence and severity of NP are associated with greater interference in a

number of important health-related quality of life (HRQL) domains (Jensen 2007).
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Pain impacts people both mentally and physically. In comparison to people with MS without
pain and to the general population, persons with MS pain report poorer HRQL, poorer overall
mental and general health, more social role limitation (Archibald 1994, Murphy 1988, Nortvedt
1999, Svendsen 2005), and more depressive symptoms (Ehde 2005). The results of a systematic
review and meta-analysis have indicated that individuals with MS who experience pain are
significantly more likely to report a decreased employment rate than individuals with MS who
are pain free (Shahrbanian 2013). Moreover, nearly half of persons with MS and pain report that
pain interferes with their daily living activities and household work (Ehde 2003), as well as with
sleep and enjoyment of life (Hadjimichael 2007). In addition, the cost of six-month burden of
MS pain in Canada has been estimated at $80 million (Piwko 2007).

Given the impact of pain on the lives of people with MS, the diagnosis and treatment of pain
have received increasing attention over the past decade (Lidgren 2003). However, there are still
questions in the literature on pain in MS that remained unanswered. Available data are often
limited by methodological and analytical problems; thus, conclusions about MS related pain
remain unclear. Nevertheless, pain is very disabling in this population and there are a number of

proven modalities for pain reduction which are under utilized by this population.

The majority of MS pain is chronic in nature but it can change from time to time in terms of
severity and sensation (Osborne 2007). The accurate assessment of changes in pain over time has
become increasingly important in rehabilitation science when interpreting results of clinical
studies; however, little is known about pain changes in MS. Pain stability in MS is not a common

topic of research and hence it is not adequately understood.

The main purpose of this study, therefore, was among individuals with MS, to estimate the extent

to which pain type and severity change over time.

7.2 METHODS
7.2.1 Design

This was a longitudinal study assessing participants’ pain type and severity at first assessment

and follow-up.
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7.2.2 Participants and Procedure

This study was as part of a larger study on Gender Life Impact of MS; previously described
(Kuspinar 2010). The target population for this study consisted of all persons with MS,
diagnosed since 1995. The available population was all men and women registered at the three
major MS clinics in greater Montreal. For the first part of the study, a centre-stratified random
sample of 550 persons was drawn, 364 of whom were contacted. From those who were
contacted, the first 192 who responded were included. Following exclusion of 3 people with
incomplete data, 139 women and 49 men, comprised the study sample. Pain was of interest to
this study, but it was not the main focus. Nevertheless, some questions related to pain quality
sufficient to identify the presence of symptoms indicative of NP were included. In order to
follow-up the pain experience of this sample, after three years of first assessment participants
reporting pain at first assessment (n= 78) were re-contacted for our secondary study to answer
and complete a questionnaire on pain severity and type; 56 persons agreed to be reinterviewed.
Study protocol, measures, and procedures for first assessment and follow up were approved by

the ethics committee of each participating hospital; informed consent was obtained.

7.2.3 Measurement

The original study collected relevant sociodemographic and disease-related variables including:
MS type, and years since MS diagnosis and symptoms onset. Clinical types of MS recognized at
the time of the study included: relapsing remitting (RR), primary progressive (PP), secondary
progressive (SP), progressive relapsing (PR), and clinically isolated syndrome (CIS)
(Ramagopalan 2010). Persons also were asked to report if they used disease modifying therapy
(DMT). The severity of neurological impairment was assessed by the treating neurologists and
reported according to the Expanded Disability Status Scale (EDSS), which has become the
standard measure for classification of MS related disability, ranging from 0 (no disability) to 10

(maximum disability) (Kurtzke 1983).

Pain type
At first assessment, participants were asked to choose as many as of the words from a list
containing 29 of the most common pain sensation descriptors taken from the McGill Pain

Questionnaire (MPQ) (Melzack 1983, 1987) as applied to them. Sensations such as tingling,
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pricking, itching, numbness, shooting, stabbing, electric shock-like, and burning were considered
as NP descriptors (Victor 2008, Wilson 2002). Patients with N-NP were significantly more likely
to choose other particular sensory adjectives such as throbbing, gnawing, or grating to describe

their pain. The psychometric properties of the MPQ have been well established (Melzack 2001).

For the follow up, we used the ID-Pain Questionnaire (ID-Pain), designed for accurately
detecting NP as differentiated from N-NP pain (Portenoy 2006). The development and validation
approaches of ID-Pain have been reported (Portenoy 2006). ID-Pain consists of five sensory
descriptor items and one item relating to pain in the joints which identifies N-NP; the sum score

ranges from -1 to 5, with higher scores suggesting a neuropathic component to the pain

(Portenoy 2006).

Pain severity

To measure lowest and worst pain severity over the previous week as well as pain at the time of
evaluation we used 0—10 Numeric Rating Scales (NRS), with 0 indicating ‘No pain’ and 10
indicating ‘the most painful sensation imaginable’. NRS is one of most commonly used methods
for assessing pain severity (Jensen 1986), and its reliability and validity have been documented
(Sharrack 1999). NRS is also strongly associated with other measures of pain severity (Jensen
1986, 1991, 1999) and is responsive to changes in pain treatments (Jensen 1991). NRS was
completed at two points in time (first assessment and follow up) to estimate change in pain

severity.

7.2.4 Statistical methods

Descriptive statistics were used to characterize the sample. Characteristics of those eligible for
the longitudinal component and those participating in this component were compared to those
not participating using T-test or Chi square tests depending on the measurement scale of the

characteristic being compared.

To determine the stability of the proportion of NP pain type over time among persons with pain

at both interviews, we used two approaches.
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The first approach was to compare the agreement on the classification of NP based on the results
of MPQ and ID-Pain administered at time 1 and time 2. For this analysis, McNemar’s test was
used to determine if the proportion of participants with NP had significantly changed over time
(McNemar 1947). The second approach was a one-by-one comparison of the frequency of the
pain quality descriptors from the MPQ that were also included in the ID-Pain using McNemar's
test. These included pins and needles (tingling), burning, numbness, and electric shock-like

(shooting/ radiating).

To measure the agreement between within-person recorded changes in pain type over time,
Cohen’s un-weighted Kappa Coefficient was calculated (Carletta 1996). Strength of agreement
was interpreted as follows: <0.20 = poor; 0.21 to 0.40 = fair; 0.41 to 0.60 = moderate; 0.61 to
0.80 = good; and 0.81 to 1.00 = very good (Altman 1991). Paired Student t- tests was used to

examine if serial ratings of NRS were stable or changed over time.

Longitudinal analysis using generalized estimating equations (GEE) was performed to test
change in lowest and worst pain severity between the different pain type groups at first
assessment and follow up (Hanley 2003). GEE models are extensions of generalized linear
models, where outcomes for each record are not assumed to be independent. Participants were
categorized into five groups according to the presence of NP. The reference group was study
participants who did not have NP at either time point. We compared the lowest and worst pain
intensity of the reference group with participants who had NP at any time point and well as with
more detailed groups of participants who lost their NP at follow up, developed NP at follow up,
or had NP at both time points. 95% confidence intervals (CI) which took the correlation due to
repeated measures into account were obtained through GEE for all potential determinants of pain

severity.
Individuals with missing information from the questionnaire were excluded from specific

analyses. Statistical significance was considered reached for p-values less than 0.05. Statistical

analyses were performed using the Statistical Analysis Systems (SAS) Version 9.2.
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7.3 RESULTS
Of the 78 participants who reported pain in the original study, 56 persons (72%) agreed to

participate in the second phase of the study. Socio-demographic and clinical characteristics of
participants and nonparticipants are presented in Table 7.1. There was no significant difference
between responders and non-responders on age, sex, MS severity, date of diagnosis, and duration
of symptoms. The sample consisted of substantially more women than men, and they showed
mild disability with a median EDSS score of 3. In addition, about half of the sample worked at

the time of evaluation.

Table 7.2 summarizes pain characteristics of the study participants. Overall, the result of
McNemar’s test for comparison between pain type from MPQ and ID-Pain was not significant (p
value= 0.44), indicating that there was no difference between type of pain over time (Table 7. 2).
Results of Kappa test also indicated that there was an agreement between MPQ and ID-Pain

(Kappa = 0.50).

The participants’ descriptions of their abnormal sensations using the words from the MPQ and
ID-Pain are detailed in Table 7.2. The words most frequently used were numbness, tingling,
burning and shooting, indicating that NP was the most commonly reported type of pain. As it is
presented in Table 7.2, the McNemar’s test statistic revealed no significant difference in the
proportions of specific NP quality descriptors from MPQ and ID-Pain at first assessment and

follow up.

The mean values of participants’ responses to the global pain severity scales are also summarized
in Table 7.2. Results of paired t-test on serial measure of NRS showed that on average all ratings

have been increased, though only for lowest pain this difference was statistically significant.

Table 7.3 presents the comparison of pain severity measured by NRS across different patterns of
pain type over time. Interestingly, a descriptive analysis of the NRS scores revealed
discrepancies between change in pain type and the numerical change in pain severity scores. In

comparison to reference group (participants who did not have NP at any time point), participants
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who had NP at any time point showed the highest increases in the current, lowest, and worst pain

severity scores.

Results of a GEE analysis suggest that pain type is a significant predictor of lowest pain severity
scores over the follow-up period (P<0.05). Participants with NP at either time point had lowest
pain intensity score 1.5 points higher than those without NP (CI 95%: 0.68-2.3). In contrast,
when modeled, type of pain did not emerge as a significant predictor of worst pain rating. A

detailed presentation of these effects is shown in Table 7.4.

7.4 DISCUSSION
This study assessed the change in pain type and severity over time among a sample of

individuals with MS. Results of serial measures of NRS showed that, on average, all ratings of
pain severity increased, however, only lowest pain showed the significant increase. The group-
based analysis showed that pain type was stable in the majority of study participants. This result
is expected as there is no evidence in the literature suggesting that type of pain is associated with
MS duration or MS progression (Archibald 1994, Indaco 1994, Kerns 2000, Moulin 1998,
Stenager 1991). On the other hand, the relationship between pain severity with MS duration has
been shown previously (Ehde 2003, 2006, Hadjimichael 2007, Osborne 2007, Solaro 2004).

These findings suggest that with time, people with MS can expect an increase in pain severity.

Consistent with previous studies (Beiske 2004, Kalia 2005, Moulin 1998, Vermote 1986), the
results of our work confirm that NP is more common than N-NP in MS population. This
emphasizes the need for adequate pain investigation, something that is still a challenging task to
both researchers and clinicians (Jensen 2006) as there are no universally accepted diagnostic
criteria for NP. Although, using the questionnaires have the advantage as they are fast and easy
to administer, we acknowledge that a more accurate diagnosis needs to be based on patient

history, physical examination, and functional neuro-imaging (Cruccu 2004, Herr 2004).

Although because of small sample size of study there would have been so little power to find
strong conclusion, using GEE analysis, we found that everyone who had NP at any time point,

had their lowest pain severity significantly higher than those who never had NP, while worst pain
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severity was not affected by type of pain. Having high lowest pain intensity is likely to be

debilitating as the person is always in a state of pain.

This study had several strengths. It assessed stability over time in pain type and severity which is
often not assessed in MS pain literature. The present study was also the first to evaluate the
predictive influence of neuropathic type of pain on pain rating over a period of three years in
people with MS. In addition, the study sample is representative of the population living with MS
in Canada. The ratio of women to men participants in our original study was 3:1, representative
of gender differences in MS populations. In addition, the present sample was randomly selected
from three MS clinics in different areas of greater Montreal from populations who were
culturally diverse and includes the full range of disease severity and type. However, as we only
included persons diagnosed with MS since 1995, we acknowledge this recruitment criteria may
under represent symptoms and other functioning status in our sample. Since 1995, advances in
neuro-imaging techniques such as magnetic resonance imaging (MRI) and DMT have facilitated
earlier diagnosis of disease and reduced the speed of disease progression; thus, those people with
MS diagnosed since 1995 may differ slightly from populations of people diagnosed with MS
prior to 1995 (Mayo 2008).

As with any study, this project has limitations that should be considered when interpreting the
results. First, although results of previous studies support the idea that using pain verbal
descriptors can be the easiest and most reliable way to discriminate NP from N-NP (Dubuisson
1976, Boureau 1990, Hallstrom 2011, Melzack 1992), it should be acknowledged that due to
overlap in descriptors of NP and N-NP, patients may report spontaneous abnormal sensations of
both types of pain (Herr 2004) that make it difficult to accurately discriminate pain types.
Second, different measures were used to identify type of pain over time. The MPQ that was used
at first assessment, while an established measure for assessing NP, was not primarily developed
to distinguish NP from N-NP. Therefore, at follow up, in order to ensure that we accurately
characterized pain type of this sample, we administered the ID- Pain questionnaire which is
capable of accurately screening for a diagnosis of NP as differentiated from N-NP (Padua 2013,
Portenoy 2006). In addition, while the MPQ includes a broad range of pain descriptors that are

irrelevant or not required, the ID-Pain’s items capture directly the sensations related to NP, thus
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making it more contextually relevant. Using different scales to measure same constructs could
provide a caution when interpreting the results; the change in pain may be related to use of
different measures. Nevertheless, the use of both general and specific screening tools is
warranted to ensure that the NP experience is captured accurately. Third, bias may have been
introduced by the EDSS scores, as they were not recorded on the day of testing; instead, they
were taken from subjects’ medical charts as recorded at the last medical visit. Finally, sample

size for assessing the stability of pain was small.

By tracking changes in pain over time, the natural history and the dynamic nature of pain can be
examined, a feature that has been relatively ignored in the MS pain literature. Additional
knowledge about MS pain fluctuations over time would be useful for making treatment decisions
and providing prognostic information as well. Given that pain is a frequent symptom in MS, a
systematic assessment of pain experience would help healthcare providers and clinicians to
identify changes in the progression of disease itself. This would subsequently improve the
development of more effective, comprehensive treatment efforts directed toward enabling

individuals with MS to maintain their active life.

Findings from the current study provide useful information to help health care professionals,
clinicians, and researchers to a have a better understanding about NP in MS. In the clinical
setting, distinguishing type of pain is essential for its treatment, since each type of pain needs
specific treatment approaches according to its underlying mechanism (Moulin 1988). In addition,
as NP is often a symptom over which clinicians cannot have significant control, maintaining an
awareness of a patient's pain experience, and an appropriate response, can give both patients and

clinicians a greater sense of control, and so significant psychological benefits.

As found in other studies (Spadoni 2004, Victor 2008), results of the present study confirm that a
single measure of pain severity such as NRS alone, is an inadequate assessment tool as it may
not sufficiently represent the construct of pain. Two individuals, who report same amount of pain
severity on a NRS, may indicate different pain sensations. This finding has clinical implications.
For treatment to be successful, measuring other aspects of pain using valid and reliable measures

1S necessary.
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Little is known about factors that influence the change in type or severity of pain experienced
over time. Given that pain is a complex symptom, the perception of and reaction to pain can be
affected by many factors. Therefore, pain assessment necessitates a multidimensional approach
within a comprehensive biopsychosocial framework including all contributing factors from
biological, behavioural, psychological, and social variables to personal and environmental
factors. A biopsychosocial model of pain would advance our understanding of some of the
variability in individuals’ adjustment to chronic pain (Kerns 2000), and should be considered in

any assessment of pain treatment efficacy.

7.5 CONCLUSION
The present study examined stability in pain type and severity among individuals with MS.

While pain severity increased with time, pain type was stable. The findings of this study have
practical applications for chronic pain management programs. We have argued that because so
many factors influence responses on pain measures, a single choice of pain domain measured on
a single occasion is likely to be less reliable than serial measures of different domains of pain.
Observing changes in serial pain measurements increases our understanding about the nature of
pain in MS. In addition, considering that pain is distressing and impacts on functioning, a pain

management and action plan needs to be as a part of the MS care plan.
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Table 7.1 Characteristics of the sample at first assessment

Variables Pain full sample at  Participated in the Not participated P value*
recruitment (n=78)  follow up (n=56) (n=22)
Age 44+£99 45+9.8 43 £8.2 0.2
Gender
Women 63 (81) 46 (82) 17 (77) 0.2
Men 15 (19) 10 (18) 5(23)
MS type
Relapsing-Remitting 41 (84) 26 (81) 13 (86) 0.1
Secondary progressive 4(8) 309 1(7) 0.5
Primary progressive 2(4) 2 (6) 1(7) 0.7
Primary relapsing 24) 1(3) 0 0.2
Years since diagnosis 29+49 3+44 24+£59 0.07
Years since symptom onset 8.8 5.3 8.8+5.1 9.7+5.9 0.09
MS severity (EDSS: median) 3 3 2.5 0.3
Disease modifying therapy
Yes 68 (82.5) 49 (83) 14 (87) 0.3
Employed
Yes 38 (48.7) 26 (46.4) 10 (45) 0.5

Mean + SD or N (%)
*Participants and nonparticipants’ characteristics were compared using t-test or Chi square test depending on the
measurement scale of the characteristic compared.
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Table 7.2 Comparison of pain severity and pain type over time

Variables Pain full sample, Pain at recruitment  Pain at follow-up P value*
at recruitment among those with (n=56)
(n=78) follow-up (n=56)
Pain Severity, NRS: x £ SD
Lowest Pain 22+2 22+1.7 3342 0.0006
Worst Pain 6.8 +2 T+2 75+19 0.1
Current Pain 3.3+£2.3 3.3+£2.2 3.7+2.6 0.3
Type of pain, f (%)
Neuropathic 25 (37) 20 (36) 16 (30) 0.44
Non- neuropathic 9(13) 10 (18) 11 (20)
Pain quality descriptors, f (%)
Pin and needles: f (%) 29 (37) 30 (44) 26 (46) 0.2
Burning: f (%) 22 (29) 23 (34) 30 (56) 0.06
Numbness: f (%) 36 (46) 38 (56) 38 (68) 0.37
Electric shock: f (%) 21 (27) 25 (37) 18 (32) 0.4

*Paired t- test for pain severity; McNemar test for pain type and pain quality descriptors

NRS= 0-10 Numerical Rating Scale

Pain type and frequency of pain quality descriptors were determined using the McGill Pain Questionnaire at
first assessment and ID-Pain Questionnaire at follow up.
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Table7.3 Comparison of pain severity measured by NRS across different groups of pain type (N=56)

Type of pain First assessment Follow up First assessment difference* Follow up difference*
First assessment ~ Followup Number Current Lowest Worst Current Lowest Worst Current Lowest Worst Current Lowest  Worst
Stable
Mixed Mixed 14 29422 1.7414 7.9+1.8 3.5+#2.6 2.8+1.6 8+1.5 0.6 0.9 1.4 0.7 0.8 1.9
NP NP 13 41422 2.6+£1.7 7.4+1.8 3.7434 4.4+2.7 7.9+1.6 1.8 1.8 0.9 0.9 2.2 1.8
N-NP N-NP 6 23427 0.8+l 6.5£3  2.8423 2+1.8 6.1£2.7
Change
NP Mixed 12 3.6£22 2.7#1.5 6.4+14 49+1.8 3.8+1.7 7.2+1.9 1.3 1.9 -0.1 2.1 1.8 1.1
Mixed N-NP 5 35416  2.742.7 6.541.9 24423 2.4+1.8 5.6x1.7 1.2 1.9 0 -0.4 0.4 -0.5
N-NP Mixed+ Y 4 3.4+0.8 3+0.5 7.3+1.8 3.5+0.8 3.3+£0.5 9.5+0.5 1.1 22 0.8 0.7 1.3 3.4
Mixed NP 2 4428 4+1.4 8 7 3+1.4  8.5+0.7 1.7 3.2 1.5 4.2 1 2.4

NP= Participants with neuropathic pain

N-NP= Participants with non-neuropathic

Mixed= Participants with both neuropathic and non-neuropathic pain
NRS= 0-10 Numerical Rating Scale

* In comparison to reference group (participants who did not have NP at any time point)
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Table 7.4 The effect of NP at any time on lowest and worst pain intensity over time

Variable Sample size Effect* 95% CI
Lower pain intensity

All pain type groups

No NP at any time 6 Referent

Any NP at any time 50 1.5 0.68-2.3
Post hoc models

No NP at any time 6 Referent

Lost NP at follow up 5 1.13 -0.5-2.8
Developed NP at follow up 4 1.08 -0.43-2.6
NP at both times 41 1.59 0.74-2.4
Worst pain intensity

All pain type groups

No NP at any time 6 Referent

Any NP at any time 50 1.1 -0.78-3
Post hoc models

No NP at any time 6 Referent

Lost NP at follow up 5 -0.3 -2.5-19
Developed NP at follow up 4 1.66 -0.8-4.2
NP at both times 41 1.2 -0.6-3

NP= Neuropathic pain

Time= two time points: first assessment and follow up
*GEE: Generalized Estimating Equations
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CHAPTER 8: Integration of Manuscripts 3 and 4

4.1 Research questions of Manuscript 3 and 4
Manuscript 3:

Long-term stability of pain type and severity among people with multiple sclerosis

Manuscript 4:

Contribution of symptom clusters to MS consequences

4.2 Integration of Manuscripts 3 and 4

Pain is a frequent health problem in persons with MS. A comprehensive and adequate

assessment of different aspects of pain is a first step in treatment of pain and an essential
component to rehabilitation. The global aim of this thesis is to determine the effect of pain on
participation using a conceptual framework and complex analysis method. Naturally then, the
first step is to understand the target population, specifically, we first needed to have deep insight
into their pain. The second and third manuscript, therefore, provided an overall picture on pain of
our sample of community dwelling individuals with MS. In Manuscript 3, we further
characterized the pain profile in the MS population; the particular objective was to estimate

stability in type and pain severity over time.

Individuals with MS experience a broad array of symptoms that impact significantly on different
aspects of their life. Thus the next step is to know more about the nature and amount of the
association between pain and other MS symptoms and consequences. This topic will be covered
in the fourth manuscript, and the results will provide useful information to help health care
professionals, clinicians, and researchers to recognize symptoms clusters in MS. It will be seen
that target symptoms often occur together in the same cluster when one or two of them are
present. This would be very helpful in providing us with new insights on the identification of
priorities in selected appropriate intervention approaches regarded to be as more helpful for the
MS population. Therefore, in the next chapter, we want to know to what extent different MS-
related symptoms, including pain, cluster. We further want to know the contribution of symptom

clusters to MS consequences.
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ABSTRACT

Objective: There were two objectives of this study: (i) to identify, among women and men with
MS, the extent to which different MS-related symptoms, including fatigue, pain, sleep
disturbance, depression, anxiety, irritability, cognitive impairment, spasticity, and poor balance,
cluster; and (i1) to compare the contribution of generated symptom clusters to MS consequences

including functional walking capacity, perceived health, illness intrusiveness, and quality of life.

Methods: This was a cross sectional study. A centre-stratified random sample comprising 139
women and 49 men were recruited from three major MS clinics in Montreal, Canada. Measures
of pain and fatigue were from the RAND-36. Anxiety and depression were measured by the
Hospital Anxiety and Depression Scale. To assess cognitive impairments Perceived Deficits
Questionnaire, to measure spasticity Modified Ashworth Scale, to examine irritability, irritability
questionnaire, to assess balance EQUI scale, and to estimate sleep disturbance, a modified
version of the Pittsburgh Sleep Quality Index was used. Functional walking capacity, perceived
health status, illness intrusiveness, and quality of life were measured using the six-minute-walk
test, EuroQol Visual Analogue Scale, Illness Intrusiveness Ratings Scale, and Patient Generated

Index, respectively.

Results: Three symptom clusters were identified. Cluster 1, labeled the “emotional/cognitive
symptom cluster”, comprised of depression, anxiety, cognitive impairments, and irritability. The
second cluster, labeled the “physical symptom cluster”, included pain, fatigue, and sleep
disorders. Cluster 3, labeled the “motor symptom cluster”, included spasticity, and poor balance.
Furthermore, the motor symptom cluster had a strong effect on functional walking capacity,
while it did not affect illness intrusiveness and quality of life. On the other hand, the physical
symptom clusters and emotional/ cognitive symptom clusters showed a significant contribution
to prediction of illness intrusiveness and quality of life. All symptom clusters showed a

significant effect in predicting the overall variability of perceived health status.

Conclusion: The findings of the current study provided preliminary results for considering

contribution of symptom clusters to disease consequences in persons with MS.
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9.1 INTRODUCTION

Multiple sclerosis (MS) is a chronic, inflammatory autoimmune demyelinating disease of the
central nervous system (CNS) (Noseworthy 2000). The exact cause of MS is not known, but
scientists believe that infection, genetics, environment, and viruses play a role (Compston 2005,
Ramagopalan 2010a). In most persons, MS begins between the ages of 20 and 40 (Beeson 1994)
and the condition is seen more frequently in women than in men (Orton 2006, Ramagopalan
2010b). Canada has one of the highest prevalence rates of MS in the world, affecting as many as
240 people per 100,000 (O'Connor 2009).

MS symptoms can be either a direct result of disease itself, or related to treatments (Lublin
1996). Symptoms of MS affect people differently and, even in the same person, change from
time to time. Fatigue is extremely common in people with MS, with a prevalence of 78%-91%
(Fisk 1994, Ford 1998). Pain is also a frequent complaint among persons with MS, appearing in
almost 50% of persons at some point of their disease course (Archibald 1994, Ehde 2003, Kalia
2005, Svendsen 2003, 2005). Sleep disturbance is another common symptom, occurring in
approximately 54% to 60% of the MS population (Bamer 2008, Brass 2010, Stanton 2006,
Tachibana 1994). In addition, approximately 48% to 80% of people with MS report problems
with balance at some stage during the course of their disease (Grytten 2006). Leg spasms and
stiffness have been reported by 40% to 70% of individuals with MS (Leussink 2012). The
prevalence of memory and concentration problems, other frequent symptoms in people with MS,
ranges from 30% to 70% and can present in persons at any time during their disease process
(Rao 1991, Teng 2009). Emotional changes are also common in individuals with MS and are
thought to be related to either a normal response to having a serious health condition or the result
of damage to the nervous system. The reported prevalence of depression for people with MS has
ranged from 40% to 50% (Feinstein 2002). Other symptoms of psychological distress such

as anxiety and irritability also affect a large percentage of individuals with MS and often co-

occur with depressive symptoms (Bamer 2008, Mohr 2007).

The majority of MS studies are focused on a single symptom and its related prevalence,
assessment, and management (Newland 2012). However, symptoms of MS often occur

concurrently (D’Alisa 2006, Lovera 2006, Newland 2012). For example, symptoms of fatigue,
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depression and pain often appear together (DeLuca 2006, Krupp 2004, Motl 2010). In addition,
sleep disturbance, pain and depression can contribute to fatigue (Krupp 2004, Motl 2010), and
pain and fatigue are the primary factors that produce sleep disturbance, muscle spasm, and
cognitive impairment (DeLuca 2006). However, sleep disturbance often occurs in association
with psychological symptoms such as depression or anxiety (Lerdal 2007). Fatigue also occurs in
close relationship to depression (Bakhshi 2003). Symptoms such as fatigue, mood disorders, and

cognitive impairment may affect pain as well (Kerns 2002, O’Connor 2008).

Two (Kim 2008) or more (Dodd 2001, Mcsweney 2010, Miaskowski 2004, 2006, Motl 2009a)
symptoms that are related to each other and occur together are defined as a symptom cluster. The
relationships among symptoms are complex, and can be either a real relationship (common
etiology mechanism) or a statistical association via a shared common variance (Dodd 2001,
Miaskowski 2004, 2006). Symptom clusters of pain, fatigue, and depression (Motl 2009b) as
well as poor sleep quality, perceived cognitive dysfunction, fatigue, pain, and depression have
been identified in persons with MS (Motl 2009b, 2010a, Newland 2012). Based on the theory of
Unpleasant Symptoms (Lenz 1997, 2003), it is believed that multiple concurrent symptoms, in
comparison to a single symptom, have a stronger effect on disease consequences (Dodd 2002,

Given 2001, 2002, Motl 2009a, b).

Walking difficulty is a frequent disease consequence in more than 75% of persons with MS
(Pearson 2004). In persons with MS, reduced walking capacity is related, either alone or in
combination, to MS symptoms such as muscle weakness and spasm, poor balance, fatigue, pain,
and depression (Motl 2006, 2008a, 2008b, Snook 2008). Diminished perceived health, which is
defined as individuals’ perception about their general health and well-being, is another frequent
disease consequence among individuals with MS and has been found to be associated with the
presence and severity of MS symptoms such as muscle weakness, pain, and fatigue (Parkin
2004). Due to the impact of MS on symptoms, activities of daily living, and health perception,
MS is one of the more intrusive illnesses, affecting lifestyle, plans for the future, activities, and
interests (Devins 1993, 1994, 1996, 2001). Literature on illness intrusiveness in MS is very
limited. The few available studies showed that an increased perceived lifestyle disruption is

associated with poor sleep quality, psychological distress (Mullins 2001), and mental health
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(Turpin 2007). Illness severity, disability, and fatigue have also been found to significantly
predict greater illness intrusiveness in MS (Culp 2010). As a result of the psychological and
physical challenges confronted by people with MS they rate their quality of life (QOL) lower
than healthy peers. Physical disability, fatigue, depression, cognitive impairment, muscle
weakness, poor coordination, gait disturbance, and disease severity and duration have been found
to be associated with poor QOL among MS persons (Amato 2001, Benedict 2005, Benito-Leon
2002, Egner 2003, Janssens 2003, Miller 2003, O' Connor 2001).

Symptom clusters have been investigated broadly in other clinical conditions such as cancer
(Esper 2005, Wilmoth 2004), brain tumors (Armstrong 2004), and heart disease (Dodd 2001;
Gift 2003, 2004). A search of the MS literature using the term “symptom cluster” provided only
a few citations of cluster analyses (Drew 2008, Motl 2009a, b, 2010a, b, Newland 2012,
Nocentini 2006). The majority of studies on MS and symptom clusters has examined the clusters
of pain- depression- fatigue, and sometimes sleep disturbance, and cognitive impairment.
However, the existence and composition of many of MS-related symptoms such as balance,
spasticity, anxiety, and irritability across the symptom clusters still remains unanswered. In
addition, some of the previous studies on symptom clusters in MS used small samples of

convenience (Newland 2012), and a single statistical approach.

There were two objectives of this study: (1) to identify, among women and men with MS, the
extent to which different MS-related symptoms, including fatigue, pain, sleep disturbance,
depression, anxiety, irritability, cognitive impairment, spasticity, and poor balance, cluster; and
(i1) compare the contribution of generated symptom clusters to MS consequences including

functional walking capacity, perceived health, illness intrusiveness, and QOL.

9.2 METHODS

9.2.1 Participants

The target population was all persons with MS, diagnosed since 1995. Available population was
all men and women registered at the three major MS clinics in greater Montreal including:
Montreal Neurological Hospital (MNH), Centre Hospitalier de I’Université de Montréal
(CHUM), and Clinique Neuro Rive-Sud (CNRS). To ensure that people from each area were
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included, the time frame was stratified into 3 eras: 1995 to 1999, 2000 to 2004 and 2005 to 2006.
The number of persons with MS diagnosed since 1995 were 1000, 200, and 750 for the clinics at
MNH, CHUM, and CNRS, respectively (N=1950). A centre-stratified random sample of 550
persons was drawn, of which 364 were contacted. From those who were contacted, the first 188
who responded (139 women and 49 men) shaped the study sample population. Eligibility was
based on diagnosis of MS or Clinically Isolated Syndrome (CIS) since 1995. In addition,
participants had to be older than 18 years old. Participants with severe cognitive impairments and
pre-existing health conditions affecting functionality, such as cancer, heart disease, arthritis and
malignancy, were excluded from participating in the study. Subjects who had a relapse in the
preceding month were excluded from participating in the study as well. Further, persons were not

eligible if they were unable to understand either English or French.

9.2.2 Measures

Study protocol, measures, and procedures were approved by the ethics committee of each
participating hospital; informed consent was obtained and signed by all subjects on the day of
testing. A research coordinator later contacted the candidates to verify if they met the eligibility
criteria, and invited them to participate if they did. If persons consented to participate, an
appointment was arranged for assessment of study measures. If they refused to participate, socio-
demographic and clinical information were collected. All of the measures chosen for the purpose
of this study have been used in the MS population, adequately representing the components of
the underlying construct. Table 1 outlines the measurement strategy, study variables and their

related constructs, units, and scales.

9.2.2.1 Socio-demographics characteristics
Socio- demographic factors of gender, age, weight, and employment status were recorded on the

day of testing using the socio-demographic questionnaire.

9.2.2.2 Disease-related characteristics
The clinical records of each person were reviewed to obtain data on MS type, years since MS
diagnosis, and symptoms onset. Clinical types of MS recognized at the time of the study

included: relapsing remitting (RR), primary progressive (PP), secondary progressive (SP),
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progressive relapsing (PR), and CIS (Ramagopalan 2010b). Persons also were asked to report if
they used disease modifying therapy (DMT). The severity of neurological impairment was
assessed by a neurologist based on the Expanded Disability Status Scale (EDSS) which is a
widely-used scale to measure the level of disability in persons with MS, and evaluates
functioning across eight functional systems; it scores from 0 (no disability), to 10 (maximum

disability) (Kurtzke 1983).

9.2.2.3 Symptoms

Pain

The two-item bodily pain subscale (BPS) from RAND -36, a person-reported health related QOL
measure (HRQL), was used as a measure of pain severity (Hays 2001). Two items are included
in BPS. The first item asks about pain severity during the past 4 weeks, and the second item
grades the impact of pain on work and daily activities. These two items are combined into a
single composite score and transformed to a 0-100 scale, with lower scores indicating higher
levels of pain severity (Hays 2001). Internal consistency of this scale in the MS population has

been reported to range from 0.77 to 0.94 (Brunet 1996, Freeman 2000).

Fatigue

The Vitality subscale of RAND -36 was used, which comprised of 4 items asking about the level
of energy and feeling of tiredness. Subjects were asked to rate their answers on a 6-point Likert
scale ranging from 1 ‘all of the time’ to 6 ‘“None of the time’ (Hays 2001). At the end the four
items were combined to produce a sum value for a continuous total raw score from 0 (worst) to
100 (best). Higher score indicates greater energy/ lower fatigue. RAND-36 has been used widely
in MS population and its psychometric properties have been provided (McHorney 1993, 1994).

Sleep disorder

To assess sleep disturbance we used a specific sleep questionnaire created from a Rasch analysis
of items from the Pittsburgh Sleep Quality Index (PSQI) (Buysse 1989). R- PSQI contains 4
items that assess factors affecting sleep quality during the previous month. Total score ranges
from O to 8, with a higher score indicating worse sleep quality. Reliability and validity of the

original questionnaire have been determined (Buysse 1989).
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Depression/ Anxiety

The levels of anxiety and depression of persons were measured using the Hospital Anxiety and
Depression Scale (HADS) (Zigmond 1983, Herrmann 1997). The HADS has 14 items, 7 of them
relate to anxiety and 7 relate to depression. Each item on the questionnaire is scored from 0
‘most of the time’ to 3 ‘not at all’, and the total score ranges between 0 and 21 for either anxiety
or depression (Bjelland 2002). Higher scores indicate worse depression/ anxiety symptoms. The
HADS is a reliable and valid tool and has been used in a number of MS studies (Bjelland 2002,
Da Silva 2011, Honarmand 2009, Zigmond 1983).

Irritability

Irritability was measured using a specific irritability index created from Rasch analysis of
Psychiatric Symptom Index (PSI) (Ilifeld 1976) which measures the presence of depressive or
anger-related symptoms indicating the need for referral to a mental-health professional. It
comprised 4 items each with a 4-point Likert response options ranging from 1 ‘never’ to 4 ‘very
often’. Persons were asked to tell how often, during the past week, they lost their temperature,
felt critical of others, felt easily annoyed or irritated, and got angry over things that were not too

important. A maximum total score of 16 representing the most irritability.

Cognitive impairment

Cognitive impairment was assessed using the Perceived Deficits Questionnaire (PDQ). The 20-
item PDQ is person-reported measure of perceived cognitive deficits developed by Sullivan
(1992) specifically for persons with MS. The PDQ items assess frequency of difficulties with
attention/concentration, retrospective memory, prospective memory, and planning/organization
during the past month on a 5-point Likert scale ranging from ‘never’ to ‘almost always’. PDQ
contains 20 items, each score ranging from zero to 4 with a maximum total score of 80, where
higher scores indicate greater cognitive impairment (Shevil 2006). The validity and reliability of

PDQ in MS persons has been widely accepted (Marrie 2003, Sullivan 1992).

Spasticity
In the current study, spasticity of the lower and upper limbs was assessed using the Modified

Ashworth Scale (MAS) (Bohannon 1987), which is a widely used clinical measure of spasticity
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in persons with neurological conditions including MS. This scale can be used quickly and easily
in the clinical setting for the evaluation of muscle stiffness and spasticity (Pandyan 1999, 2001).
The Modified Ashworth Scale assigns grades to a manually determined resistance of muscle
(elbow flexors, wrist flexors/ extensors, knee extensors /flexors, ankle dorsi flexors) to passive
stretching (Bohannon 1987). For each segment scores range from 0 (no increase in muscle tone)
to 5 (affected part rigid in flexion or extension) with a maximum total score of 60 for both sides.
Validity and reliability of MAS in a number of MS studies have been examined (Ashworth 1964,
Bohannon 1987, Leslie 1992, Nuyens 1994, Pandyan 1999).

Balance

To assess balance we used the EQUI-Scale, which is a MS-specific balance scale and has been
created using Rasch modeling from the items of Tinetti Performance Oriented Balance Scale and
the Berg Balance Scale (Tesio 1997). The EQUI-Scale has 10 items that are listed in order of
difficulty. Each item scores from 0 to 2 with a maximum total score of 20; higher scores indicate
better balance skills. The test starts with question number 7. If the participants pass the test, then
they go to the next item with a harder level. If they fail, they go back to an easier level. The 10-
item version of scale includes questions on sitting/standing, standing with eyes open and closed,
standing with eyes closed and head extended, leaning forward while standing, picking up an
object from floor, resisting nudges on the sternum, turning around, and tandem stance (Tesio

1997).

9.2.2.4 Disease consequences

Walking capacity

Walking capacity was measured using the Six-Minute Walk Test (6MWT) in which the
maximum distance a person can walk over six minute at their own pace is recorded (Butland
1982). In the present study, standardized instructions and encouragement were used (ATS
statement 2002). The 6BMWT has been used widely in MS population (Savci 2005), and is
correlated strongly with EDSS (r =0.73, P<.0001), the 12-Item Multiple Sclerosis Walking
Scale (MSWS-12; r=0.81, P<.001) (Goldman 2007) and the shuttle Walk Test (r = .68)
(Morales 1999). An excellent test-retest reliability (ICC = 0.96), and inter-rater reliability (ICC=
.93) has been reported for the 6GMWT (Paltamaa 2005).
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Perceived health status

Perceived health status was measured using the EuroQOL Visual Analogue Scale (EQ-VAS)
(EuroQol Group 1990). Participants were asked to rate their overall health on 0 to 100 VAS
scale, with 0 showing the worst perceived health and 100 showing the best perceived health.
VAS has been widely used in research and clinical settings and has several good qualities in
terms of practicality, sensitivity, reliability and adaptability (Nortvedt 1999). Good concurrent
and discriminative validity has also been demonstrated for the EQ-5D (Dorman 1997, 1999).

llIness intrusiveness

Illness Intrusiveness was measured using the Illness Intrusiveness Ratings Scale, a self-report
measure, which determines the ratings of the degree to which one’s illness interferes with
life domains including health, diet, work, active and passive recreation, financial situation,
relationship with spouse, family and others, sex life, self expression/improvement, religious and
spiritual expression, and community and civic involvement (Devins 1983). It consists of 13
questions each with a 7-point response option, ranging from 1 ‘Not very much’ to 7 ‘very much’
with a maximum total score that can range from 13 to 91. Higher scores indicate increased
illness intrusiveness. The psychometric properties of the scale have been administered across

numerous chronic-disease populations including MS (Devins 2001, 2010).

Quality of Life

Person Generated Index (PGI) was used to capture domains affecting QOL. The PGI is an open-
ended person-reported disease specific questionnaire that first asks persons to identify areas of
their lives affected by MS and its related treatment (Ruta 1994, Lintern 2001). They then rate
how much they are affected in each of their chosen areas on a scale of 0-10 where 0 means that
they are not affected at all and 10 means they are affected very badly. In the final step they were
asked to divide up twelve imaginary tokens among the chosen areas. The points distributed to
each area represented the relative importance of that area to the individual. A total score, ranging
from 0 to100, was derived by multiplying the figure elicited in stage one with that of stage two
for each life domain, and summing the totals. The reliability, validity and responsiveness of

the PGI have been assessed (Ahmed 2005, Ruta 1994, 1999, Garratt 1999).
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9.2.3 Statistical Analyses

Descriptive statistics (e.g., mean, standard deviations, and frequency) were used to describe the
sample and summarize data. The potential for selection bias, differences between responders and
non-responders on targeted variables (e.g., socio-demographic and clinical characteristics of
persons), was tested using Chi square test for categorical variables, t-test for continuous variables
with homogenous variances, and U Mann-Whitney test for continuous variables with non-
homogenous variances. Associations between all variables were assessed using Spearman and

Pearson correlation coefficients for categorical and continuous variables, respectively.

As higher scores from fatigue, pain, and balance scales indicated better health status, while
higher scores obtained from other scales represented a worse health status, scores from fatigue,
pain, and balance scales were reversed. As the measurement scale also differed, each variable
was transformed into a 0-100 scale. Hierarchical (Centroid, Average, and Ward methods) and
non-hierarchical clustering (K-Means) with a Squared Euclidean Distance was used.
Additionally, a hierarchical tree diagram, called a dendrogram, and a scree plot were produced to
help identify the correct number of clusters. As different statistical methods may produce
different symptom clusters, exploratory factor analysis was also carried out for comparison

purposes.

As each generated cluster was to be used as a predictor of downstream outcomes, a unique value
per person on each symptom cluster was generated as a linear combination of all symptoms
inside that particular cluster. This was done using principal component analysis and the weighted
score or factor loading for each symptom in a particular cluster was combined to create the
symptom cluster latent variable. This cluster was then entered in multiple regression analysis to
identify the relative contribution of each cluster latent on the downstream disease consequences

including walking capacity, perceived health status, illness intrusiveness, and QOL.

Other predictor variables were all other symptoms, disease severity, weight, sex, and age. Using
stepwise multiple regression each predictor variable was entered into the model, and retained or
discarded based on their contribution to the overall model (statistical significance at the 0.05,

beta estimate, and R square). The standardized coefficient of each predictor was also calculated
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by multiplying the standard deviation for the variable by its unstandardized parameter estimate
permitting a quantifiable way of identifying which predictor had the largest effect on disease

consequences.

There are no rules-of-thumb about the appropriate number of participants in cluster analysis. The
only recommendation that has been given concerning sample sizes and variable numbers is to
critically question if the dimensionality is not too high for the number of participants to be
grouped (Anderberg 1973, Everitt 2001). It is clear that the large numbers of variables require
large data sets. Among MS literature, the sample size ranged from 40 participants to 292; the
range of variable numbers varied between 3 and 7. Considering that there were 9 symptoms in
our analysis, and in most rules-of-thumb criteria 10-20 cases per variable are recommended, a

sample size of 188 participants would be suitable for the purpose of this study.

9.3 RESULTS
9.3.1 Descriptive statistics

Response rate was 52% and no significant difference was found between responders (n=188) and
non-responders (n = 176) on age, sex, MS severity, date of diagnosis, and duration of symptom.
Socio-demographic and clinical characteristics of the sample are presented in Table 2. The ratio

of of women to men participants in our study was 3: 1.

Descriptive characteristics of the study variables are presented in Table 3. The mean values of
pain severity and fatigue measured by RAND- 36 for the whole sample were lower than age-
expected norms of Canadian general population (76/100 and 66/100, respectively) (Hopman
2000). In addition, 14% of the sample reported cognitive impairment as they had scores above 40
on PDQ (0-80), and in the literature a cut-off point score above 40 indicates cognitive
impairment (Marrie 2005). Forty percent of the sample reported sleep deficits as they had scores
above 4 on R-PSQI (0-8). Additionally, as a cut-off point above 8/21 for anxiety or depression
indicates psychological distress (Bjelland 2002), the mean scores of depression (4/21) and
anxiety (5/21) scores of our sample indicated no serious depression and anxiety symptoms.
Distance walked was 66% of predicted for healthy individuals with the same age, height, and
weight (range 400m to 700m) (Enright 2003). Mean rating on perceived health was 73 out of
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100, lower that what has been reported for a general Quebec population (mean 80) (Mayo 1997).
QOL was rated at 50 out of 100 using the PGI.

Results of correlation analysis among symptoms and outcomes of the study are presented in
Table 4. Most of the variables were correlated. However, spasticity, poor balance, and walking
capacity were not correlated to anxiety, cognitive deficits, and irritability. Furthermore, it was
indicated that among all symptoms, poor balance and spasticity were strongly associated with
walking capacity. Fatigue and depression were strongly associated with illness intrusiveness, and

moderately with QOL and perceived health.

9.3.2 Cluster analysis on symptoms

As shown in Table 5, 9 symptoms formed 3 symptom clusters which were the same irrespective
of the method used to generate clusters (hierarchical and non- hierarchical clustering, and factor
analysis. Cluster 1, labeled the emotional/cognitive symptom cluster, comprised depression,
anxiety, cognitive impairments, and irritability and. The second cluster, labeled the physical
symptom cluster, included pain, fatigue, and sleep disorders. Cluster 3, labeled the motor
symptom cluster, included spasticity, and poor balance. Figures 2 and 3 show the resulting
dendrogram and scree plot which further confirmed the 3-cluster solution for the study. There

were some differences in cluster composition by gender.

9.3.3 Impact of symptom clusters on disease consequences

Results of principal component analyses on each symptom cluster are presented in Table 6. The
factor loading coefficient of each symptom shows the importance of that particular symptom for
its related cluster. As it is indicated, the factor loadings for the indicators of the symptom cluster
latent variable were all sufficiently large. Additionally, all symptoms indicated almost equal
weight on their particular cluster, except fatigue that has the greatest factor loading on its related

latent cluster.

Table 7 displays the results of multiple linear regression analyses. Considering 6MWT, symptom
clusters of spasticity and poor balance were the only clusters that showed a significant strong

effect. Gender, MS severity, age, and weight also made a significant contribution to prediction of
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the 6BMWT (p<0.05). The final multiple regression model explained 75% of the variance. The
regression coefficients for gender indicated that women, on average, walked 73 meters less than
men. In addition, for every unit increase in spasticity and balance problems the distance walked
at the 6MWT decreased by 78 meter (p<.0001), holding all other variables constant. A difference

of 54 meters is considered clinically important (Redelmeier 1997).

All symptom clusters showed significant effect in predicting the overall variability of EQ-VAS;
however, the effect of physical symptom clusters was greater than others. MS severity also made
a significant contribution to prediction of the perceived health (p<0.05). The final multiple
regression model explained 50% of the variance in EQ-VAS. The regression results further
showed that for every unit increase in MS severity (EDSS), the individual’s perception about

their health status decreased by 2, holding all other variables constant.

Illness intrusiveness was predicted by physical and emotional/cognitive symptom clusters (Table
7). The final multiple regression model explained 60% of the variance in illness intrusiveness
measure. MS severity and age also made a significant contribution to prediction of illness
intrusiveness. For every unit increase in MS severity (EDSS) the person’s disruption of lifestyle

increased by 3, while for every unit increase in age (year), it decreased by 0.4.

Finally, as displayed in Table 7, the results of multiple linear regression analysis on QOL
indicated that again physical and emotional/cognitive symptom clusters contributed in predicting
the overall QOL. However, physical symptom clusters showed the greater effect. MS severity
also made a significant contribution to prediction of the QOL. The final multiple regression
model explained only 43% of the variance in PGI. The results of regression results further
showed that for every unit increase in MS severity (EDSS), scores of QOL decreased by a
multiple of 5.

9.4 DISCUSSION

We conducted this study to determine which MS symptoms are clustered together and to
examine the effect of the common concurrent, interrelated symptoms of MS on disease

consequences in a sample of persons with MS. Results of both cluster and factor analyses on
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symptoms identified 3 symptom clusters. The first cluster (emotional/ cognitive symptom
clusters) was made up of depression, anxiety, irritability, and cognitive impairments. Cluster 2
(physical symptom clusters) included pain, fatigue, and sleep disorders; while spasticity, and
poor balance made up the third cluster (motor symptom clusters). In addition, this study showed
how patterns of women’s symptoms clusters were different from men’s. Furthermore, the current
study indicated that motor symptom cluster had a strong effect on functional walking capacity,
while it did not affect illness intrusiveness and QOL. On the other hand, physical symptom
clusters and emotional/cognitive symptom clusters showed a significant contribution to
prediction of illness intrusiveness and QOL. Results further suggested that all symptom clusters

showed significant effect in predicting the overall variability of perceived health status.

An important finding of this study was the confirmation of the existence of symptom clusters of
fatigue and pain, and sleep disorders in individuals with MS. This symptom cluster has been
identified previously in the MS population (Motl 2009a, b, Newland 2012) and other chronic
conditions such as cancer (Fox 2006). These symptoms often co-occur among persons with MS.
It is expected that pain and fatigue together may produce sleep disturbance, and poor sleep can
also contribute to fatigue. Moreover, they are possibly correlated through common etiology due
to the simultaneous damage to axon of nerve fibers across different parts of the CNS

(Lublin 2005).

The symptom cluster of fatigue, pain, and depression has also been identified in persons with MS
(Motl, 2009b) as they may share a common biologic mechanism related to nerve damage (Lublin
2005, Cleeland 2007). However, in the current study, depression was not placed in the same
cluster along with pain and fatigue. This may be partly explained by the greater number of
symptoms included in the analysis, especially other psychological symptoms that have a greater

association to depression.

Another important finding of this study was the confirmation of the existence of a symptom
cluster of emotional and cognitive deficit symptoms in persons with MS. The association
between depression and perceived cognitive dysfunction among persons with MS has been

reported in the literature (Lovera et al., 2006). These symptoms may also be linked through a
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common etiological mechanism based on the sickness behavior or simultaneous occurrence of

pathological changes in similar regions of the CNS (Kelley 2003, Motl 2010).

The current study, furthermore, for the first time provided preliminary evidence for the existence
of symptom clusters of poor balance and spasticity in individuals with MS, and this is consistent
with the finding in persons with cancer (Fox 2006). Symptoms of poor balance and spasticity
probably linked through a common etiology related to the inflammatory processes across CNS,
or can be secondary to other MS symptoms. For example, muscle weakness, spasm, and stiffness

in the legs may produce unsteady gait and walking problems and difficulty with keeping balance.

We further compared the predictability of three symptom clusters as correlates of disease
consequences in individuals with MS. Interestingly, findings of the current study suggested that
motor symptom cluster with only 2 symptoms, i.e. spasticity and poor balance, showed stronger
effect on a particular outcome (such as walking capacity) than a broader cluster with 3 or 4
symptoms. This is linked with the results reported by Motl (2010a) and inconsistent with the
Theory of Unpleasant Symptoms that says a greater number of symptom clusters have a stronger
impact on an outcome of interest in comparison to a smaller number of symptom clusters (Lenz
& Pugh 2003, Lenz 1997). The strong significant effect of motor symptom clusters may be partly
explained by nature of the symptoms included in the cluster. Walking capacity, in comparison to
other outcomes of the current study, is the only physical consequence of MS, so it should be
more affected by synergistic effects of motor symptoms such as balance, leg spasm, and muscle
weakness. Another explanation can be related to the greater amount of association between
walking capacity with spasticity, and poor balance in comparison to other symptoms. Such
findings support consideration of nature and the magnitude of association of symptoms rather
than a broadly defined cluster of a higher number of symptoms. Further investigations are

needed to examine this finding.

Further findings of the current study suggested that QOL and illness intrusiveness are only
affected by emotional/cognitive and physical symptom clusters. These results are acceptable as
illness intrusiveness has been found to be associated more with sleep quality, fatigue,

psychological distress, and mental health (Culp 2010 Mullins 2001 Turpin 2007). QOL has also

142


http://onlinelibrary.wiley.com/doi/10.1002/nur.20396/full#bib24
http://onlinelibrary.wiley.com/doi/10.1002/nur.20396/full#bib25

been reported to be correlated with fatigue, pain, depression and cognitive impairments (Amato
2001, Benedict 2005, Benito-Leon 2002, Egner 2003, Janssens 2003, Miller 2003, O' Connor
2001). Previous works on symptom cluster in MS have also shown that symptom clusters of
pain, fatigue, and depression as well as symptom clusters of pain, fatigue, depression, poor sleep,
and cognitive deficits were associated with diminished QOL (Motl 2009a, b, Newland 2012).
Perceived health, however, was affected by all three clusters. This shows that symptoms, despite
their nature and severity, all impact persons’ well-being and general health perception.
Association between diminished perceived health and MS symptoms such as pain and fatigue
has been found (Parkin 2004). As both cluster and factor analyses work based on the association
between and among symptoms, these results are understandable and are accepted. Interestingly,
physical symptom clusters indicated to be the most disabling symptom clusters in our study as it
significantly affected all disease consequences except walking capacity. Considering that fatigue
is the most distressing symptom of MS, and based on the results of principal component analysis
which showed the greatest symptom loading within the physical cluster, this result is not far from

our expectations.

To be able to compare the results of our study with other works, we used hierarchical and non-
hierarchical clustering as well as explanatory factor analysis. Interestingly, the results of the
factor analysis were fully compatible with those of different clustering methods. Using both
analytic (Kim & Abraham, 2008) and conceptual (Miaskowski 2006) approaches has been
recommended in the literature for identifying a symptom cluster (Motl 2010a). The conceptual
approaches suggest using both bivariate correlations and factor analysis for identifying symptom
clusters (Miaskowski 2006). It is believed that cluster analysis in comparison to factor analysis
may produce clusters with less overlapping (Parkar 2005). Furthermore, cluster analysis is often

used when there is no prior hypothesis about which symptoms should be grouped together.

In order to verify if symptom clusters are reproducible across genders, we compared the
existence of such symptom clusters among men and women. Although the existence of
emotional/cognitive and motor symptom clusters were confirmed across groups, fatigue and
sleep disorders were clustered differently. In women, fatigue made a cluster with other

psychological symptoms and cognitive deficits rather than pain and sleep disorders. This
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association between cognitive impairments, fatigue, and emotional status has already been
reported (Marrie 2005). In addition, fatigue and depression have been identified as determinants
of perceived cognitive dysfunction (DeLuca 2006). On the other hand, results of cluster analyses
on men placed sleep disorders in the same cluster with spasticity and poor balance rather than
with pain and fatigue. This difference in the sex symptom cluster compositions might be linked
with different synergetic effects of symptoms or underlying mechanisms of symptoms in men

and women (Dodd 2001, 2002, Kim 2008, Miaskowski 2004, Mcsweney 2010).

This study provided important information for addressing symptom clusters in MS. While the
majority of previous studies on symptom clusters in MS had a small sample size and included
mostly women, we believe this is the first application of cluster analysis to gender differences
using a well-designed epidemiological study of MS. The sample consisted of substantially more
women than men; the ratio of of women to men participants in our study was 3:1, indicating that
our sample is representative of gender difference in MS population. The sample of study was
randomly selected from three different MS clinics in the greater Montreal area from populations
who were culturally diverse and who were living in different areas of the city, including the
whole range of disease severity, type, and gender. So we believe it is representative of the
general MS population. However, as we included only persons diagnosed for MS after 1995, this
sample may not be fully generalizable to MS persons diagnosed before 1995 (Mayo 2008). In
addition, while the focus of most previous studies was on limited number of symptoms, we on
the other hand considered a broader range of symptoms in our analysis. Additionally, the current
study applied suggested both conceptual (Miaskovski 2004, 2006) and statistical (Kim 2008)
approaches for creating the symptom cluster (Motl 2010b). Using different analytical methods
enhanced the validity of our results and conclusions. Finally we, for the first time, compared the
predictability of different clusters on the downstream disease consequences such as walking

capacity, illness intrusiveness, perceived health status and QOL.

On the other hand, this study suffered several limitations. First, we examined symptom clusters
and their association with several MS consequences using a cross-sectional rather than
longitudinal design when subjects were assessed at one point in time. So it was not possible to

examine changes in the number and pattern of symptom clusters and their effects on outcomes
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over the time. This issue is particularly important in MS because as disease progresses
throughout its course, variables contributing to each cluster could be different. Another limitation
of this study returns to the EDSS scores that were not recorded on the day of testing; instead,
they were taken from subjects’ medical charts during the last medical visit. Although in the
current study we standardized the data from all included scales using the transformation of each
variable into a 0-100 scale, an additional limitation of this study goes to the different symptom
dimensions and timeframes of some scales. For instance, as Motl reported in his studies, the pain
scale measured pain severity, while the HADS measured the frequency of depression and anxiety
symptoms, PSQI assessed factors affecting sleep quality, and PDQ measured the frequency of
perceived cognitive impairments (Motl 2009a, b, 2010a, b). Researchers will need to determine
which dimensions of a symptom (i.e. presence, severity, distress and duration) are critical for the

assessment of a symptom within a symptom cluster.

Results from the current study provided useful information to help health care professionals,
clinicians, and researchers to recognize symptom clusters in MS, and target symptoms that are
often in the same cluster when one or two of them are present. Another foreseeable contribution
of this research could be related to the comparison of the effects of different symptom clusters on
various disease consequences. Identification of the strength of the contributions of each symptom
cluster to the targeted MS consequences is essential for their improvement as this would further
help researchers, clinicians, and professionals to prioritize treatment approaches for the MS

population.

There are many questions in the area of symptom clusters that need more research and
consideration, for instance: methodological and statistical challenges related to symptom cluster
definition, number of symptoms included in the cluster, common etiologies of symptom clusters,
degree of correlation among symptoms, the length of time the symptoms occur concurrently, and
dimension and severity of symptoms included in a cluster (Kirkova 2011, Dodd 2001,
Miaskowski 2004, 2006). An additional area that warrants more investigation is developing valid
and reliable multidimensional scales to assess multiple symptoms that frequently occur
simultaneously in individuals with MS. Longitudinal studies and randomized controlled trials are

also needed to evaluate the change in pattern of clusters over time. Including more symptoms
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such as gait speed, vision, and coordination disturbance to the analysis is also suggested. Finally,
future efforts also need to examine the validity of these symptom clusters across different MS

types, severity, and age.

9.5 CONCLUSION

Overall, our results demonstrate that the symptom cluster of pain, fatigue, and sleep disorders
occurs in persons with MS. In addition, depression, anxiety, cognitive impairment, and
irritability emerged as a cluster, as did poor balance with spasticity. Furthermore, the findings of
the current study provided preliminary results for considering the role of the motor symptom
clusters as an independent correlate of functional walking capacity in persons with MS.
Moreover, physical symptom clusters indicated to be the most disabling symptom clusters as it
affected all other health outcomes except walking capacity. Illness intrusiveness has been
affected mostly by the emotional/cognitive symptom cluster, while perceived health status and
QOL are mostly affected by physical symptoms. The role of symptoms in MS consequences is
an important area of research as it may lead to identification of appropriate and comprehensive
intervention approaches that manage adequately symptoms in persons with MS and enhance

QOL.
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Table 9.1 Classification and Measurement of Variables Included in the Study

Variable | Measure \ Scale \ Unit /Coding
Socio-demographic Variables
Sex SDQ Binary 0 = men; 1 = women
Age SDQ Continuous Years
weight SDQ Continuous Kilogram
Employment status SDQ Binary 0= No; 1=Yes
Disease-related factors
MS severity EDSS Quasi-continuous  Scores 0- 10
Disease course MC Categorical 1=RR, 2=SP, 3=PP, 4=PR
Years since diagnosis MC Continuous Years
Years since symptoms onset MC Continuous Years
Disease modifying therapy MC Binary 0=No; 1=yes
Symptoms
Pain RAND -36 Continuous Scores 0- 100
Fatigue RAND -36 Continuous Scores 0- 100
Sleep problems R- PSQI Quasi-continuous ~ Rasch model: 0- 8
Spasticity MAS Quasi-continuous  Scores 0- 60
Poor balance R-EQUI Quasi-continuous  Rasch model: 0- 20
Depression/ Anxiety HADS Quasi-continuous  Scores 0- 21
Cognitive impairments PDQ Continuous Scores 0- 80
Irritability 1Q Quasi-continuous  Scores 4- 16
Outcome variables
Walking capacity 6MWT Continuous Meters
Perceived health status EQ-VAS Continuous Scores 0- 100
[llness intrusiveness IIRS Continuous Scores 13- 91
Quality of life PGI Continuous Scores 0- 100

SDQ=Socio-demographic Questionnaire; EDSS=Expanded Disability Status Scale; MC= Medical chart; RAND -
36= The Medical Health Outcomes Study; HADS=Hospital Anxiety and Depression Scale; PDQ= Perceived
Deficits Questionnaire; R-PSQI= Rasch- Pittsburgh Sleep Quality Index; MAS= Modified Ashworth Scale; R-
EQUI= EQUI Balance Scale; IQ= Irritability questionnaire; 6MWT= Six-Minute Walk Test; EQ- VAS= Euro

Quality of Life Visual Analogue Scale; IIRS= Illness intrusiveness Rating Scale; PGI= Person Generated Index.
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Table 9.2 Demographic and clinical characteristics of study participants (N=188)

Variables | (x£ SD) or N (%)
Current age (x+ SD) 43 £10
Gender N (%)
Women 139 (74)
Men 49 (26)
Weight 74£17
MS type N (%)
Relapsing-Remitting 97 (78)
Secondary progressive 7(5)
Primary progressive 8(7)
Primary relapsing 33
Clinically isolated syndrome 9(7)
Years since diagnosis 3+4
Years since symptom onset 9+5
MS severity (EDSS) 24+2

Disease modifying therapy

Yes 110 (85)
No 20 (15)
Employed

Yes 119 (64)
No 64 (35)
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Table 9. 3 Characteristics of the sample at target variables (n=188)

Symptoms Mean SD
Pain (BP-RAND-36: 0- 100) 67 26.6
Fatigue (VIT-RAND-36: 0- 100) 49.5 20.5
Sleep problems (R- PSQI: 0 to 8) 2.6 3.35
Spasticity (MAS: 0- 60) 23 5.8
Poor balance (EQUI: 0- 20) 17 5

Cognitive impairments (PDQ: 0-80)  24.5 14.8

Depression (HADS: 0- 21) 4.2 34
Anxiety (HADS: 0- 21) 53 34
Irritability (1Q: 4- 16) 7.6 2.8

Disease consequences

Walking Capacity (6MWT: meter) 418 171

Perceived health (EQ-VAS: 0-100) 73 17
Illness intrusiveness (I11Q: 0-78) 29 23
Quality of life (PGI: 0-100) 50 25

SD: Standard Deviation; BP-RAND-36=Bodily Pain subscale of Short Form-36 Health Survey; VIT-RAND-
36=Vitality subscale of Short Form-36 Health Survey; R- PSQI= Rasch Pittsburgh Sleep Quality Index; MAS=
Modified Ashworth Scale; EQUI= EQUI Balance Scale; PDQ= Perceived Deficits Questionnaire; HADS=Hospital
Anxiety and Depression Scale; IQ= Irritability Questionnaire; 6MWT= Six-Minute Walk Test; EQ-VAS= EuroQol
Visual Analogue Scale; IIQ= Illness intrusiveness Questionnaire; PGI= Person Generated Index
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Table 9.4 Correlation matrix among target variables (n=188)

Variables Pain Fatigue  Sleep Spasticity  Poor Cognitive  Depression Anxiety Irritability Walking Perceived  Illness Quality
disorders balance  deficits capacity health intrusiveness  of life
Pain 1.00000 0.5 0.3 0.2 0.3 0.4 0.3 0.2 0.2 -0.3 -0.4 0.4 -0.3
<.0001 <.0001 0.03 <.0001 <.0001 <.0001 0.001 0.02 <.0001 <.0001 <.0001 <.0001
Fatigue 0.5 1.00000 0.5 0.2 0.3 0.6 0.6 0.4 0.4 -0.3 -0.6 0.6 -0.5
<.0001 <.0001 0.05 0.0008 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
Sleep 0.3 0.5 1.00000 0.2 0.2 0.3 0.4 0.2 0.2 -0.3 -0.3 0.4 -0.4
disorders
<.0001 <.0001 0.01 0.007 <.0001 <.0001 0.005 0.002 0.0004 <.0001 <.0001 <.0001
Spasticity 0.2 0.1 0.2 1.00000 0.7 -0.1 0.3 -0.04 -0.04 -0.6 -0.4 0.3 -0.4
0.03 0.05 0.01 <.0001 0.2 0.0005 0.6 0.6 <.0001 <.0001 <.0001 <.0001
Poor 0.3 0.2 0.2 0.7 1.00000 0.1 0.4 0.003 0.05 -0.8 -0.5 0.5 -0.4
balance
<.0001 0.0008 0.007 <.0001 0.2 <.0001 0.9 0.5 <.0001 <.0001 <.0001 <.0001
Cognitive 0.4 0.6 0.3 -0.1 0.1 1.00000 0.6 0.5 0.5 -0.1 -0.4 0.5 -0.4
deficits
<.0001 <.0001 <.0001 0.2 0.2 <.0001 <.0001 <.0001 0.1 <.0001 <.0001 <.0001
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Variables Pain Fatigue  Sleep Spasticity  Poor Cognitive  Depression  Anxiety Irritability Walking Perceived Illness Quality
disorders balance  deficits capacity health intrusiveness  of life

Depression 0.3 0.6 0.4 0.3 0.4 0.6 1.00000 0.5 0.5 -0.4 -0.5 0.72 -0.5

<.0001 <.0001 <.0001 0.0005 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
Anxiety 0.2 0.4 0.2 -0.04 0.002 0.6 0.5 1.00000 0.6 0.02 -0.2 0.3 -0.2

0.0015 <.0001 0.005 0.6 0.1 <.0001 <.0001 <.0001 0.8 0.0014 <.0001 0.007
Irritability 0.2 0.4 0.2 -0.04 0.05 0.5 0.5 0.6 1.00000 -0.07 -0.2 0.4 -0.2

0.02 <.0001 0.002 0.6 0.5 <.0001 <.0001 <.0001 0.4 0.003 <.0001 0.007

Walking -0.3 -0.3 -0.3 -0.6 -0.8 -0.1 -0.4 0.02 -0.07 1.00000 0.6 -0.5 0.5
capacity

<.0001 <.0001 0.0004 <.0001 <.0001 0.09 <.0001 0.8 0.4 <.0001 <.0001 <.0001
Perceived -0.4 -0.6 -0.3 -0.4 -0.5 -0.4 -0.5 -0.2 -0.2 0.6 1.00000 -0.5 0.6
health

<.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.001 0.003 <.0001 <.0001 <.0001
Illness 0.4 0.6 0.4 0.3 0.5 0.5 0.7 0.3 0.4 -0.5 -0.5 1.00000 -0.5
intrusiveness

<.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
Quality of -0.3 -0.5 -0.4 -0.4 -0.4 -0.4 -0.5 -0.2 -0.2 0.5 0.6 -0.5 1.00000
life

<.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.008 0.007 <.0001 <.0001 <.0001
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Table 9.5 Cluster pattern among study sample, and genders

Focus group Symptoms
All participants
Cluster 1 Depression, anxiety, cognitive impairments, irritability
Cluster 2 Spasticity, poor balance
Cluster 3 Fatigue, pain, sleep disorders
Men
Cluster 1 Depression, anxiety, cognitive impairments, irritability
Cluster 2 Spasticity, poor balance, sleep disorders
Cluster 3 Fatigue, pain
Women
Cluster 1 Depression, anxiety, cognitive impairments, irritability, fatigue
Cluster 2 Spasticity, poor balance
Cluster 3 Pain, sleep disorders
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Table 9.6 Symptoms’ weight on their related clusters™

Symptoms Cluster 1 Cluster 2 Cluster 3
Depression 0.80

Anxiety 0.82

Irritability 0.81

Cognitive impairments 0.82

Pain 0.75

Fatigue 0.85

Sleep disorders 0.73

Spasticity 0.91

Poor balance 0.91

* Loading coefficients obtained from principal component analysis
Cluster 1: Emotional/cognitive symptom cluster: cognitive impairments,
depression, anxiety, and irritability

Cluster 2: Physical symptom cluster: pain, fatigue, and sleep problems

Cluster 3: Motor symptom cluster: Spasticity and poor balance
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Table 9.7 Multiple Linear Regression Models for outcomes of the study

Outcomes Walking capacity Perceived health perception Illness intrusiveness Quality of life
6MWT: R*=0.75 EQ-VAS: R*=0.50 11Q: R’>=0.60 PGI : R’=0.43
P <.0001 P <.0001 P <.0001 P <.0001

Predictors B SE SC Pvalue B SE SC P value i} SE SC P value B SE SC P value
MS severity -30 5 -60  <.0001 -2 0.7 -4 0.03 3 0.4 6 <.0001 -5 0.7 -10 <.0001
Age -2.5 0.7 -25  0.0003 -04 0.1 4 0.03
Gender -73 15 - <.0001
Weight -2 04 -34 <0001
Emotional/cognitive cluster -3 1.2 -3 0.02 6 1 6 <.0001 -4 1.7 -4 0.03
Physical cluster -6 1.2 -6 <.0001 4.5 1 4.5 <.0001 -8 1.8 -8 <.0001
Motor cluster -78 10 -78  <.0001 -4 1.5 -4 0.01

6MWT= Six-Minute Walk Test; EQ-VAS= EuroQOI Visual Analogue Scale; [1Q= Illness intrusiveness Questionnaire; PGI= Person
Generated Index; = Parameter estimate; SC= Standardized coefficient

Emotional/cognitive symptom cluster: cognitive impairments, depression, anxiety, and irritability
Physical symptom cluster: pain, fatigue, and sleep problems
Motor symptom cluster: Spasticity and poor balance

Standardized coefficient = 3 x 1 Standard Deviation of each predictor
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Figure 9.1 Dendrogram for variable clusters using agglomerative hierarchical cluster analysis
including all participants
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Figure 9.2 Scree Plot resulting from cluster analysis- Elbow rule
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CHAPTER 10: Integration of Manuscripts 4 and 5

10.1 Research questions of Manuscript 4 and 5
Manuscript 4:

Contribution of symptom clusters to MS consequences

Manuscript 5:

Pain acts through fatigue to affect participation in individuals with MS

10.2 Integration of Manuscripts 4 and 5

The primary aim of this thesis is to contribute evidence towards a model for understanding the
direct and indirect effects of pain and other MS symptoms and functions upon participation. In
order to understand how participation has been affected by MS, the first step would be to
understand how specific MS-related impairments influence participation. Next, it is important to
identify how those specific impairments are connected to each other. Like pain, participation is a
global construct, and this complexity emphasizes the need for a multidimensional assessment.
The complexity of pain, its collateral and downstream effects, highlights that the need to study
these relationships within an interactive statistical framework that considers all contributing

factors.

In the fourth manuscript, using an variety of approaches to cluster analysis of the most common
symptoms of MS, we estimated the extent to which different MS related symptoms, including
pain, cluster. The preliminary results of Manuscript 4 provided us with new insights on the
relationship between and among MS symptoms and several important disease consequences.
However, analytical methods that we used in Manuscript 4, such as multiple regression analysis,
exploratory factor analysis, cluster analysis and principal component analysis, could only

determine the direct relationship among symptoms.

Structure Equation Modeling (SEM) approach aimed at identification of the predictors of the
latent construct of participation within the hypothesized theoretical model. SEM has ability to

simultaneously examine both direct and indirect relationships between and among contributor
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factors and their impacts on an individual’s life. SEM begins with a hypothesized model or
diagram that consists of a number of variables connected together based on theoretical
background knowledge or some pre-analyses. The current challenge in SEM is to demonstrate
convincingly the presence and direction of the paths between and among the variables in the
model as to establish the model researcher should consider all possible relationships among
variables. Evaluation of the relationship among symptoms and MS consequences that was
covered in the fourth manuscript would be very helpful for identifying the appropriate

hypothetical path models.
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ABSTRACT

Background: Multiple sclerosis (MS) is the most common disabling neurological disease among
young adults in North America. Participation and social activities are key domains affecting
quality of life (QOL). Symptoms such as fatigue, pain, and impairments of physical and mental
capacity, can make participation in life’s roles a challenge for people with MS. However, how
factors that predict variations in participation of people with MS interact with one another to
influence participation is still unknown. The objective of this study was to estimate the extent to
which pain and other MS- related symptoms, physical function, psychological variables, and

individual characteristics predict participation in people with MS.

Methods: This study was a secondary analysis of data from a longitudinal study on Gender Life
Impact of MS. A centre-stratified random sample of persons registered at the 3 MS clinics in
Montreal was drawn, comprising 139 women and 49 men. Subjects completed a battery of self-
report and performance-based measures that assessed participation and domains affecting
participation. In order to understand the relationships between pain, other symptoms, physical
and mental function, participation, and contextual factors we tested a conceptual framework
based on the Wilson & Cleary Model that posits specific relations between different levels of
these health outcomes. Specific analyses of pain and its consequences led to the development of
a Structural Equation Model (SEM) aimed at identification of the predictors of the latent

construct of participation within the hypothesized theoretical model.

Results: The results of the analysis suggests fatigue (= 0.63, p= 0.00), physical function (p =
0.37, p=0.00), and psychological variables (B = 0.15, p=0.04) as significant predictors of
participation. Pain (B = 0.4, p=0.00) and age (B = 0.12, p= 0.00) were significant indirect
predictors through fatigue and physical function, respectively. Together these effects explained
88% of the variance of participation. Overall, the results of fit indicators (Chi Square= 113.8, df=
94, p value= 0.08; RMSEA = .90, p value= 0.03; CFI1=.98; TLI =.98; SRMR= 0.05) showed
that the model fit the data adequately.

Conclusion: A theoretical approach to role participation would expand its clinical use as a valid

and reliable outcome measure and increase its relevance. Current symptoms, functional status,
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and contextual factors can be used to identify individuals likely to have restriction in their social
participation in the future. Identification of the strength of the contributors to participation is
important for MS rehabilitation as a clear understanding of participation repercussions and so
application of appropriate intervention for their removing or reducing would maximize health

related quality of life of people with MS.
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11.1 INTRODUCTION
Multiple sclerosis (MS) is the most common disabling neurological disease among young adults

in North America (Noseworthy 2003). Canada has one of the highest rates of MS in the world
affecting as many as 240 per 100,000 people (MS Society of Canada 2009, O'Connor 2009). MS
is more likely to occur in women than in men (Orton 2006, Ramagopalan 2010), and typically

affects adults between the ages of 20 and 40 (Beeson 1994).

MS is a chronic disease with a wide range of sequelae that affect different aspects of life’s
quality (Brunet 1996, Devins 1993, Hopman 2009, Nortvedt 1999). Symptoms of fatigue, pain,
and depression, interfere with capacity for physical effort, psychological functioning, work,
leisure activities, lifestyle, plans for the future, and health perception, making it one of the more
intrusive illnesses (Devins 1993a, 1993b,1994, 2001). Treatment for MS focuses on modifying
the disease processes through pharmacological agents (Castro-Borrero 2012) or by reducing the
impact of the disease through rehabilitation (Asan02009) and self-management interventions
(Ploughman 2010, Plow 2011). Increasingly, the ultimate target of rehabilitation interventions is
on enhancing participation in life’s roles (Brasure 2013, Neubeck 2012) an outcome known to be
affected by impairments and activity limitations but also a factor contributing strongly to quality
of life (QOL) (Barclay-Goddard 2012, Mayo 2002, WHO 2001). For people with MS,
participation has been defined as taking part in valued activities despite the barriers they may

experience (Yorkston 2005).

The World Health Organization’s (WHO) International Classification of Functioning, Disability
and Health (ICF) (WHO 2001) defines participation as “involvement in life situations” (WHO
2001). Participation is considered as a global construct that covers recreational activities,
relationships with other, and work (Johnson 2004, Salter 2005) but from the perspective of
society, that is society expects people to have this roles but the specifics are determined by the
individual. The concept of participation has been studied extensively in traumatic brain injury
(Johnston 2005), spinal cord injury (Whiteneck 2004), and stroke (Barclay-Goddard 2012, Chau
2009, Desrosiers 2002, Mayo 2002), but less so for people with MS. Existing literature suggests
that individuals with MS have a lower employment rate, less involvement in social activities,

lower perceptions of social support, less marital satisfaction, and a shrinking social network
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(Stuifbergen 1997, Yorkston 2005). Knowledge of the contributors to participation and how they

interact can help focus rehabilitation interventions so that, ultimately, QOL can be optimized.

According to the ICF biopsychosocial model, participation is influenced by impairments and
activity limitations. While fatigue is the most common impairment or symptom reported by
people with MS, pain is also a common but it has had less attention in the context of MS. Pain is
reported by almost 50% of people with MS at some point of their disease course (Archibald
1994, Ehde 2003, Kalia 2005, Svendsen 2003, 2005). In comparison to those MS people without
pain, people with pain report more depressive symptoms, increased psychological distress (Ehde
2005), poorer physical function (Ehde 2003), and poorer mental health (Archibald 1994). The
results of a systematic review and meta analysis have indicated that individuals with MS who
experience pain are significantly more likely to report a decreased employment rate than
individuals with MS who are pain free (Shahrbanian 2013). Pain can also catalyze the social
isolation of persons with MS (Archibald 1994, Hadjimichael 2007, Warnell 1991). However, in
MS research the contribution of pain, directly and indirectly, to participation is not well

understood.

Pain in MS is conceptualized as a multidimensional phenomenon (Kerns 2002). This suggests
that the relationship between pain and other complex health-related outcomes such as
participation can be mediated by many other factors across a range of different physical,
psychological, behavioral, personal and environmental factors. The complexity of pain and
participation necessitates developing an interactive multidimensional framework that

simultaneously target and evaluate the complex interrelationships among all contributing factors.

There are several theoretical frameworks that have been developed to explain the relationship
among health outcomes. One of the commonly applied conceptual models is the Wilson Cleary
Model (WCM) (Wilson & Cleary 1995). As illustrated in Figure 11.1, WCM is an interactive
multidimensional theoretical model of health-related quality of life (HRQL) that explains the
interrelationship between and among biological & physiological, symptoms status, functional

status, general health perception, and overall QOL (Wilson & Cleary 1995). The model also
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acknowledges that each of these components can be affected by individual and environment

characteristics (Wilson & Cleary 1995).

Previous work, mostly cross-sectional studies have generally focused on a single dimension of
pain or participation and have considered only a relatively limited range of potential variables
that might account for the variability in participation. A model for understanding and measuring
participation in MS population has been proposed by Yorkston in 2005 (Figure 11.2); however,
the model has not been tested as a whole. This schematic model represents the different domains
of participation component as well as the factors affecting participation (Yorkston 2005). This
model illustrates that the relationships are complex and, as a result, standard descriptive or

correlational type analyses would not be useful in identify the contributors to participation.

The main objective of this study, therefore, was to contribute evidence to support a framework to
conceptualize the construct of participation in the context of MS by clarifying the direct and
indirect effects of pain and other MS-related symptoms, physical function factor, psychological
variables, and individual characteristics on participation in people with MS. It is hypothesized
that the effect of pain can be either a direct effect or it is mediated by other factors such as

psychological distress and fatigue.

11.2 METHODS
11.2.1 Design of study

This study was cross sectional in design.

11.2.2 Participants

The target population was people with MS, diagnosed since 1995. Available population was all
men and women registered at the three major MS clinics in greater Montreal including Montreal
Neurological Hospital (MNH), Centre Hospitalier de 1’Université¢ de Montréal (CHUM), and
Clinique Neuro Rive-Sud (CNRS). Eligibility was based on diagnosis of MS or Clinically
Isolated Syndrome (CIS) since 1995. In addition, participants were 18 years of age or older.
Participants with severe cognitive impairments and pre-existing health conditions affecting

functioning, such as cancer, heart disease, arthritis and malignancy, were excluded from
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participating in the study. Subjects who had a relapse in the preceding month were excluded
from participating in the study as well. Further, persons were not eligible if they were unable to
understand either English or French. The numbers of persons meeting these criteria were 1000,
200, and 750 for the clinics at MNH, CHUM, and CNRS, respectively (N= 1950). A centre-
stratified random sample of 550 persons was drawn, of which 364 were contacted. From those
who were contacted, the first 192 who responded were included. Following exclusion of 3

people with incomplete data, 139 women and 49 men, comprised the study sample.

11.2.3 Procedure

Study protocol, measures, and procedures were approved by the ethics committee of each
participating hospital; informed consent was obtained and signed by all subjects on the day of
testing. Methods for recruiting subjects have been reported previously (Kuspinar 2010). Eligible
people were sent a letters of invitation from the director of each related MS clinic. A research
coordinator contacted the participants to verify if persons met the eligibility criteria, and invited
them to participate. If persons consented to participate, an appointment was arranged for
assessment of study measures. On the day of testing, participants were asked to complete several

patient reported outcome measures and performance based measures representing the domains

identified in the WCM.

11.2.4 Measurement

All of the measures chosen for the purpose of this study have been used in MS population;
adequately represent the components of the underlying construct; and their validity and
reliability have been determined. Appendix A outlines the study variables and their related

constructs, measures, units, and psychometric properties.
11.2.4.1 Personal Characteristics of the Individual

Personal Characteristics of gender, age, education, and employment status were recorded on the

day of testing using the socio-demographic questionnaire.

175



11.2.4.2 Biological and Physiological variables

The clinical records of each person were reviewed to obtain data on MS type, years since MS
diagnosis and symptoms onset. Clinical types of MS recognized at the time of the study
included: relapsing remitting (RR), primary progressive (PP), secondary progressive (SP),
progressive relapsing (PR), and clinically isolated syndrome (CIS) (Ramagopalan 2010). Persons
also were asked to report if they used disease modifying therapy (DMT). The severity of
neurological impairment was assessed by neurologist based on the Expanded Disability Status
Scale (EDSS) which is a widely used scale to measure level of disability in persons with MS,
evaluates functioning across eight functional systems; scores from 0 (no disability), to 10

(maximum disability) (Kurtzke 1983).

A measure to indicate neurological impairments was created by using Rasch analysis to align
hierarchically items on the questionnaire relating to neurological signs and symptoms reflecting
lesion location, and clinical information such as EDSS, MS type, the use of DMTs, and disease
duration (Ng 2012, 2013). A total of 9 items were included in the final Rasch model with a

threshold range of -1.5 to +1.5 logits scored on a linear scale from 0 to 10.

11.2.4.3 Symptoms

Pain

For pain, several measures were used to create a pain latent variable. Worst pain in the past week
was measured using a 0 to 10 Numeric Rating Scales (NRS) (Jensen 1999, 2001). Pain location
and distribution was quantified using the Margolis Drawing Rating System (Margolis 1986,
1988). Muscle pain was assessed using the 0—10 Visual Analogue Scale (VAS), and bodily pain
was measured using the Bodily Pain (BP) subscale of RAND-36 (Hays 1993, 2001).

Psychological variables

Anxiety, depressive symptoms, irritability, mood, memory, concentration, processing speed,
sustained attention, and mental health made up a latent variable for psychological variables. The
Hospital Depression and Anxiety Scale (HADS) were used for depression and anxiety (Bjelland
2002). Irritability was measured using a specific irritability index created from Rasch analysis of

Psychiatric Symptom Index (PSI) (Ilifeld 1976). Mood was measured by VAS. For cognitive
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symptoms, the Perceived Deficits Questionnaire (PDQ) was used (Sullivan 1992). Innate
processing speed and sustained attention was assessed through the Paced Auditory Serial
Addition Task (PASAT) (Gronwall 1977, Rao 1991a, 1991b). Mental health was measured using
the Mental Health Index (MHI) subscale of RAND-36 (Hays 1993, 2001).

Fatigue

Fatigue is a complex construct defined by severity, frequency, duration, and impact and is also
characterized by general fatigue, physical fatigue, and mental fatigue (Elbers 2012). As such, no
single measure with one total score can adequately represent fatigue. We had previously
combined items relating to the fatigue construct from several questionnaires using Rasch
Analysis. The items for the Rasch analysed Fatigue Measure came from the RAND-36 sub-scale
for Vitality (Hays 1993, 2001), as well as non-redundant items from the thinking/fatigue
subscale of the Functional Assessment of Multiple Sclerosis (FAMS) (Cella 1996), the Modified
Fatigue Impact Scale (MFIS) from the Multiple Sclerosis Quality of Life Inventory (MSQLI)
(Ritvo 1997), and the Multidimensional Fatigue Inventory (MFI) (Weinshenker 1989). A total
of 14 items fit the Rasch model with a threshold range of -9.7 to +7.0 logits corresponding to a

total score ranging from 0 to 43.

11.2.4.4 Functioning

Participation

The main outcome of interest in this manuscript was role participation. Participation is a
multidimensional construct, and this poses a measurement challenge emphasizing that it should
be studied within a multidimensional approach targeting all contributing factors. A number of
measures have been developed to assess participation (Cardol 1999, Ostir 2006, Perenboom
2003); however, there is no single universally accepted scale for measuring it (Heinemann 2005).
Yet, there is no specific measure related to the MS population. Role-Physical, Role-Emotional,
and Social Functioning of RAND-36 (Hays 1993, 2001), Reintegration to Normal Living Index
(RNLI) (Wood-Dauphinée 1988, Stark 2005), and Community Integration Questionnaire (Willer
1993) are examples of tools that have been reported in literature to assess participation. Using
multiple measures of participation makes it difficult to interpret and compare the results across

studies.
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Therefore, to have a valid and reliable measure of participation, we created a latent component
using several corresponding representative measures of participation in MS population. In the
current study, participation was conceptualized by work, exercise, and leisure, and was assessed
using several measures. Role physical (RP), role emotional (RE), and social functioning (SF)
subscales of RAND-36 were used to identify the extent to which subjects reported problems
with work or other regular daily activities as a result of their physical or emotional problems
(Hays 1993, 2001). Information was also available on work time (hours of paid worked) and
work activity (hours taking care of people and worked). A single-item on perceived capacity for
work was also available (Poissant 2003) and Exercise Barriers Scale (EBS) was used to assess
participants’ exercise barriers and facilitators (Becker 1991). Preference Based Multiple
Sclerosis Index (PBMSI) was used to indicate participants ability to accomplish work or other
activities such as recreational activities and driving considering their own health on the day of
evaluation (Poissant 2003). Finally, Illness Intrusiveness Rating Scale (IIRS) measured the
illness intrusiveness (Devins 1994, 2010), which has been defined as “illness and treatment-
induced lifestyle disruptions that interfere with continued involvements in valued activities and

interests” (Devins 1994, 2010).

Physical function

A latent for Physical Function was created from walking capacity, walking speed (comfortable
and fast), balance, spasticity, exercise capacity, lower extremity power, grip strength, physical
function, upper limb and abdominal muscle endurance, and upper extremity dysfunction. Theses
outcomes were measured using the 6 minute walk test (6MWT) (Goldman 2008), gait speed test
(Tyson 2009), Equi-Scale (Tesio 1997), the modified Ashworth scale (MAS) (Bohannon 1987),
the Modified Canadian Aerobic Fitness Test (mCAFT) (CSEP Health & Fitness Program's
Health-Related Appraisal & Counselling Strategy 2004, Iris 1994, Jette 1976, Weller 1998), the
vertical jump test (Markovic 2004), the Jamar TM dynamometer (Mathiowetz 1984, Desrosiers
1995), and Physical Functioning Index (PFI) of RAND -36 (Hays 1993, 2001), respectively.
Push-ups and partial curl-ups tests (CSEP Health & Fitness Program's Health-Related Appraisal
& Counselling Strategy 2004) were used to assess upper limb and abdominal muscle endurance,
and the Disabilities of the Arm, Shoulder and Hand (DASH) scale applied to measure upper
extremity dysfunction (Cano 2011, Padua 2003).
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11.2.5 Statistical methods

Descriptive statistics (e.g., mean, standard deviations, and frequency) were used to describe the
sample and summarize data. The potential for selection bias, differences between responders and
non responders on targeted variables (e.g., socio-demographic and clinical characteristics of
persons), was tested using Chi square test for categorical variables, t- test for continuous
variables with homogenous variances, and U Mann-Whitney test for continuous variables with
non-homogenous variances. Associations between all variables were assessed using Spearman

and Pearson correlation coefficients for categorical and continuous variables, respectively.

The main objective of this study was to estimate, among persons with MS, the most important
contributors to participation, as among variables representing biological and physiological
factors, symptoms, functional status, and individual characteristics, as illustrated in the WCM.
Testing the hypothesized conceptual model with complex direct and indirect relationship among
factors influencing participation was not possible by usual statistical analyses of association such
as regression models. Regression only predicts variance in a single outcome variable due to the
direct effects of variability of several observed predictors, and not an indirect effect where the

relationship between a predictor and outcome is mediated by an intervening variable.

To model the complexity of participation, structure equation modeling (SEM) was considered
the most appropriate option of analysis. SEM, a combination of factor analysis and path analysis,
is a powerful and advanced statistical approach that has the ability to simultaneously evaluate
both direct and indirect relationships between observed and latent variables within multiple
alternative theoretical models (Duncan 1999, Hays 2005, Kline 2011, MacCallum 1995, 2000,
Suhr 2000).

SEM has two components: measurement model and structural model. The measurement model
sets out the relationship between a latent variable and a set of its related indicators or observed
variables using exploratory factor analysis (EFA) (Kline 2011). The structural model using
confirmatory factor analyses (CFA) permits the estimation of direct and indirect relationships

among latent variables and if any measured construct that are not factor indicators.
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To develop the theoretical model, determine the presence and direction of the paths, and identify
the exogenous and endogenous variables, the literature and multiple linear regressions were used.
The assumptions of SEM such as multivariate normality, collinearity, and homoscedasticity were
tested prior to the analysis. All models were estimated using maximum likelihood estimator with
robust standard errors (MLR). MLR produces more accurate standard error estimates with non-
normally distributed variables and a more accurate Chi-square statistic. MLR 1is also estimable
with missing data as long as participants responded to at least one variable placed in the model,

they were retained in the analysis.

The goodness of fit of the model was examined using several fit indices including the Chi-square
statistic, Comparative Fit Index (CFI), Tucker- Lewis Index (TLI), Root Mean Square Error of
Approximation (RMSEA), and the Standardized Root Mean Squared Residual (SRMR) (Hu &
Bentler 1999). A p value greater than 0.05 for Chi square test, a cutoff value 0.95 or larger for
CFI and TLI; a p value smaller than 0.06 with a cutoff value0.90 for RMSEA; and a p value
below 0.08 for SRMR suggest an adequate fitting model (Hu & Bentler 1999).

If the model did not fit the data well, the model was modified to determine whether a better
model could be developed with an acceptable fit index (Kline 2011, 2011, Martens 2005).
Evaluation of the alternative models was based on the theoretical knowledge, along with the
statistical criteria for adding or removing paths. We used the Modification Index (MI) for adding
or removing paths in the model. We used Lagrange Multiplier test for adding the paths. A critical
ratio (t value) that exceeds +1.96 or fall below -1.96 along with a non significant p value as well

as the Wald test (Harrell 2001) was used for eliminating the paths.

SEM often requires a large sample size. In general, 10 to 20 subjects per parameter estimated or
an optimal sample size of greater than 200 subjects is recommended (Kline 2011, Hoyle 1995).
The parameters of the model are the number of path coefficients, variances, covariances, and
errors (Hatcher 1994). If the sample size is small, the model will be low power. However, as the
sample of the current study included 188 participants who were sampled to be representative of
the MS population who were diagnosed post-1995, in the era when MRI became the standard for

diagnosis and disease modifying drugs standard of care, we are confident that the strength of the
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relationships in this model would be maintained with a larger sample size drawn from a similar

population.

The power of the model was computed using the MacCallum method (MacCallum 1996, 2006)
which is an extension of Satorra and Saris’ power analysis procedure (Satorra & Saris 1993).
MacCallum method estimates the level of power for any specified pair of RMSEA values, where
RMSEA values in the range of .05 or lower indicates close fit and less than 0.08 indicates a fair

fit (MacCallum 2006).

Statistical analyses, sample size estimation, and power analysis were conducted using the Mplus
statistical software version 7.1 (Muthen & Muthen 2012), and Statistical Analysis Systems
(SAS) version 9.2 (Hatcher 1994). Mplus has the advantage of handling missing data as well as
data that are neither continues nor normally distributed (Muthen & Muthen 2012).

1.3 RESULTS
11.3.1 Description of the sample

Recruitment ended when a sample size of 192 had been recruited and this represented 52% of
those initially invited to attend. No significant difference was found between responders (n=188)
and those not further approached for study enrollment (n=176) on age, sex, MS severity, date of
diagnosis, and duration of symptoms. Socio- demographic, clinical characteristics, and means
and standard deviations for the observed variables of the sample are presented in Table 11.1 and

11.2, respectively.

The sample consisted of substantially more women than men (the ratio 3:1). Both men and
women had mild disability with a median EDSS score of 2.4. The results of the correlation
analyses showed that most variables were correlated with participation indicators. Fatigue
showed high correlation with physical function, and participation indicators. Spasticity, balance,
and walking capacity were not correlated to anxiety, and irritability. Age was associated to RP,

RE, PBMS]I, pain distribution, and all physical function indicators (Table 11.3).
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11.3.2 Structural equation modelling

11.3.2.1 Construction of the initial hypothesized path model

A total of 32 variables representing the different domains of the WCM were initially included in
the analysis. The hypothesized measurement model consisted of four latent variables: physical
function, psychological variables, pain, and participation. Physical function consisted of 12
indicators targeting activity and motor function of subjects potentially required to perform social
activities. Psychological variables consisted of 7 indicators that assess cognitive impairments and
capture changes in emotional health after MS. While it is not clear where psychological
constructs fit within the Wilson and Cleary model, we included mental or emotional health as a
symptom, allowed it to be in relation with other symptoms, and modeled paths to function and
participation. The latent of pain was reflected by 5 indicators covering different dimensions of
pain outcome. Finally, eight indicators measured different aspects of participation component.
A number of variables, such as fatigue and neurological impairments, were further included as
single-indicator latent variable to the structural part of the model. Fatigue was assigned a
reliability of 90%. 74% reliability was applied to neurological impairment for estimation of the

amount of variance attributable to measurement error (Ng 2012).

The SEM model was built in phases beginning with the paths from the observed exogenous
variable, neurological impairment, to the fatigue, to the physical function latent factor, and
finally to the outcome, participation. In the next phase, paths were added between pain, fatigue,
psychological variables, physical function, and participation. Age, a factor affecting both the
drivers of participation and participation itself was then incorporated into the model. Paths were
then drawn from age, as an observed exogenous variable, to psychological variables, physical
function, and finally to participation. Covariance between pain, age, and neurological
impairment were added next. Additional paths and correlations between variables were added as

it was hypothesized that many of these factors would influence one another.

Gender was not included in the analysis as there was no significant difference between genders
on participation indicators in this study. Further analysis also revealed no association between
participation and other personal factors such as education or living situation. These variables

were not incorporated into the path model.
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The presence and direction of the paths and identification of the exogenous and endogenous
variables to develop the theoretical model was based on the results of several multiple linear
regressions, along with literature review. The original hypothesized structural model is illustrated

in Figure 11.3.

11.3.2.2 Simplified path model

As expected, considering that we had a complex model with many indicators and the number of
parameters included in the model was large with respect to the available sample size, the fit of
the original hypothesized path model was not adequate [y* = 1532 (p= 0.00), CFI =0.77, TLI =
0.75, SRMR=0.11, RMSEA = 0.1 (90% CI: 0.09- 0.102, p = 0.00)]. Thus, several steps were

taken for reducing the complexity of the model.

The PFI from the RAND-36 was selected to be removed from the physical function latent, as it
was highly correlated to the several other indicators of function such as walking capacity, gait
speed, and balance. Moreover, in comparison to other function indicators that all were
performance based measures RAND-PFI was the only general self reported measure and so may
not be sensitive enough to pick up functional differences between those who participate and
those who do not. More than half (56%) of the sample scored in the very low disability range on
the DASH and it was also strongly correlated with walking capacity (0.81), so owing to this co-
linearity, it was removed from the model (Hatcher 1994). The two gait speed variables were
strongly correlated. Gait speed- comfortable was chosen over the gait speed- fast as it is
reasonable to accept that gait comfortable would be more important for participation in social

activities than gait fast.

Results of factor analysis demonstrated that not all of the indicators fit with their hypothesized
latent factors. Thus, variables that did not fit in one factor solution were dropped from the further
analysis (weak factor loading and a non significant p value). Pain location was removed as a
result of factor analyses as it did not load onto pain component. PASAT was also removed from
the model because it did not load strongly onto the psychological variables latent. Similarly,
physical capacity tests (jump test, MCAFT, curl ups, and push ups) were removed from physical

function component as they did not load onto the related component. Curl ups and push ups,
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count variables, showed a non-normal distribution. Among the participation indicators, the
PBMSI did not load onto participation latent, while it was loaded on physical function and
psychological variables components; thus, it was removed from the model. RE subscale of
RAND-36 was non-normal and did not also load onto the participation latent and was removed.
The variables of work time and work activity showed weak factor loadings in the factor analysis
thus were removed. However, despite the exclusion of work variables from the model, they were
still captured using the Illness Intrusiveness questionnaire as it has items on work. A schematic

representation of the modified model is displayed in Figure 11.4.

11.3.2.3 Re- specified path model
The model was then re-specified; however the fit indices were not still adequate [* = 419 (p=
0.000), CFI = .89, TLI = .87, SRMR (.08), RMSEA = .08 (90% CI .07-.09), p = 0.000] owing to

its complexity and low power.

The factor loadings were re-examined and it was noted that SF subscale of RAND-36, that was
one of the participation indicators, loaded onto the psychological variables and physical function
latent components as well. These indicate potential multi-dimensional measurement. In this case,
there are several solutions: allow the indicators to load onto multiple factors, correlate their error
residuals, or remove them from the model (Kline 2011). Given that the SF subscale of RAND-36
1s meant to capture different constructs, it does not make sense to allow it to load onto two
factors; therefore, it was removed from the model. However, despite the exclusion of SF from
the model, it was still captured using the Illness Intrusiveness questionnaire as it includes items

on social functiong.

Using a critical ratio (t value) that exceeds +1.96 or fall below -1.96 and a non significant p value
of standardized model results, we further revised the hypothesized model by eliminating several
paths: (a) direct effect of age on participation, (b) direct effects of pain on physical function and

psychological variables components, and (c) direct effect of pain on participation.

Depression was excluded from the model as our sample did not include many people with a high

depressive symptoms; also, an initial path analysis found no significant moderate or strong effect
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of depression on physical function or participation. However, despite the exclusion of
depression, measured byHADS, it could still be captured by the mood and irritability scales.
Additionally, cognitive impairment was removed from the model as it showed associations with
several indicators from other latent factors as well as loading on all other latent components.
Moreover, only 14% of sample reported cognitive impairment. MHI of RAND-36 was also
removed from the psychological latent as its exclusion increased the model fit. After this step,
muscle pain was excluded from the analysis because almost 70% of the sample scored zero on 0-
10 pain VAS scale and the modification indices confirmed that its exclusion would increase the

model fit (Figure 11.5).

The model was then re-calculated; however the fit indices were not still adequate [y* = 147 (p=
0.005), CFI=.97, TLI = .96, SRMR (.05), RMSEA = 0.7 (90% CI .07—-.09), p = 0.04]. Thus, the
model modified further to reach an adequate model fit and less complex model. The association
between pain and neurological impairment was not significant anymore and was dropped from
the model. Indirect effects of neurological impairments on participation through physical
function latent variable were also eliminated from the model. Neurological impairments included
in the model covered clinical information such as EDSS, and symptoms that some of them were
already asked through other included variables of the study, such as spasm, pain, and balance
(Ng 2012). In addition, the current sample had mild disability levels (EDSS< 3) showing the less
severely impaired individuals. Thus, considering the non significant effects of neurological

impairments on several parts of the model, it was removed from the analysis.

The post hoc model modifications further suggested that adding covariance arrows between RP
subscale of RAND-36 and Barrier scale would increase the model fit. In addition, based on the
theoreticl knowledge and confirmation of the post hoc modifications indices we further added
covariance arrows between pain extension and pain worse intensity. Tablel1.4 presents a

comparison of fit indices among the models of study.

11.3.2.4 The final path model
The final model is shown in Figure 11.6. Overall, the results of fit indices (X2 =113.8,df=94, p
value= 0.08; RMSEA = .90, p value= 0.03; CFI = .98; TLI = .98; SRMR= 0.05) indicated good
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fit of the model suggesting that the model provides an adequate description of the pattern of
relationship in the data. According to the model, participation was directly predicted by fatigue
(B=0.63, p=0.00), physical function (B = 0.37, p= 0.00), and psychological variables (f = 0.15,
p=0.04) (Table11.5). Pain was significant indirect predictor of participation through fatigue (f =
0.4, p= 0.00). The effect of age on participation mediated through physical function ( =0.12, p=
0.00) as well. Fatigue also showed an indirect effect on participation through physical function (3
=0.14, p=0.00). Together these effects explained 88% of the variance of participation, 35% of
the variance in psychological variables, and 29% of the variance in physical function. Table11.6
presents the maximum likelihood estimates of re-specified model on participation. Theses
standardized path coefficients represent the strength of the relationship among variables. All
parameter estimates were statistically significant and appear substantively meaningful. An
examination of the modification indices of the re-specified model revealed no significant
reduction of the chi-square statistic that could be obtained by adding or removing paths. The
power of the final model was estimated to be high as much as 93% (N=188, df= 94, a=0.05,
RMSEA range= 0.05 - 0.08).

11.4 DISCUSSION

This study modeled participation using the framework of the WC model and SEM, in a sample
of people with MS. Overall our results provided support for fatigue, physical function, and
psychological variables as most important direct contributors for participation in persons with

MS. Pain and age showed indirect effects.

Fatigue was found to not only contribute to participation in this study, but was also a contributor
to all other variables in the model, thus confirming its role as the most disabling symptom of MS.
Similar to the study by Kempen (Kempen 2012), our results also indicated that fatigue acts as
independent determinants of physical functioning. A cognitive-behavioral approach suggests that
fatigue is worsened by the individual’s interpretation of symptoms or associated symptoms and
not only by disease severity (Skerrett & Moss-Morris 2006; Van Kessel & Moss-Morris 2006).
The present study also shows that cognitive-behavioral factors are more involved in the
persistence of MS fatigue than biological factors, such as neurological impairments or disease
severity, as in our final model no causal relationship was found between those factors and

fatigue. However, we acknowledge that our sample had low level of disability (with a median
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EDSS score of < 3), but our sample is also typical of the “New MS” (people diagnosed in the era
of diagnostic imaging and disease modifying drugs) (Mayo 2008), and it is this population that is

currently being targeted for interventions.

In link with other studies (Phillips & Stuifbergen 2009, 2010), the current study provided results
for considering the role of physical function as an important correlate of social activities and
participation in persons with MS. In persons with MS, difficulty with walking is related, either
alone or in combination, to MS symptoms such as muscle weakness, spasticity, fatigue, pain, and
depression (Motl 2006, 2008a, 2008b, Snook 2008), which in turn can produce unsteady gait and

difficulty with keeping balance and thus avoiding participation in social activities.

In contrast with other studies (Andresen 1994, Phillips & Stuifbergen 2009, 2010), our result
revealed that depression measured by HADS was not a predictor in the perpetuation of
participation in people with MS. This can be partly related to the fact that our sample reported no
serious depressiove symptom (the mean scores of depression scores of our sample was 4 out of
21 on HADS). However, despite the exclusion of depression, measured byHADS, it could still be
captured by the mood and irritability scales. In addition, those studies used different measure to
assess depression, such as the short form of the Center for Epidemiological Studies Depression
Scale (CES-D) (Andresen 1994, Phillips & Stuifbergen 2009, 2010). This arise the concern of
how different measures for assessing the same construct may find different results across

different studies.

Results of this study further indicated the indirect effects of pain on participation. Pain is often
considered as one of the MS symptoms that may contribute to problems with role participation
(Archibald 1994, Hadjimichael 2007, O’Connor 2008, Shahrbanian 2013, Warnell 1991). Thus,
it is reasonable to think that in the presence of pain, people may be reluctant to engage in
physical and social activities. The results of the current study, however, showed no direct effect
of pain on participation. The only effect of pain on participation was through fatigue, indicating
that study participants with higher levels of pain, who experienced higher levels of fatigue,

reported lower levels of participation.
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The existence of illness intrusiveness in the final model of study as one of the representative of
participation confirm the finding of another study in MS population, where the results of the ICF
mapping indicated that illness intrusiveness likely reflects a construct in the participation domain

(Bouchard 2012).

Comparing our model to the WC model confirms that symptoms like pain and fatigue were
placed on the left side of the model, followed by the consequences of these symptoms on
function, which then all together affect participation. What we found is also in agreement with
Sullivan (2011) and Mayo (2013) who concluded from their SEM model in stroke that symptoms

are important contributors to participation.

The current study has several strengths. The sample of study is a representative of the population
living with MS in Canada as it was randomly selected from three MS clinics in different areas of
the greater Montreal from populations who were culturally diverse including the whole range of
disease severity, type, and gender. However, as we only included persons diagnosed for MS
since 1995, we acknowledge this recruitment criteria may under represent symptoms and other
functioning status in our sample. Since 1995 advances in neuroimaging techniques such as
magnetic resonance imaging (MRI), and disease modifying therapies (DMTs) facilitate earlier
diagnosis of disease, and reduce the speed of disease progression (Mayo 2008). In addition,
while there are conflicting ideas in the literature as to what aspect of participation should be
measured, we conceptualized participation with the appropriate selection of parameters and

measurement scales, adequate research method, and complex statistical methods.

On the other hand, this study has limitations, which should be taken into account when
interpreting the results. First, this was a cross-sectional study when subjects were assessed at one
point in time. This issue is particularly important in MS due to its progress course as factors
contributing to outcomes of interest could change over time. Longitudinal studies are needed to
evaluate changes in the participation over time and if any changes in the contributing factors.
Randomized controlled trials investigating the effects of different intervention approaches on

participation and its contributors, is also suggested. Second, EDSS scores were not recorded on
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the day of testing; instead, they were taken from subjects’ medical charts during the last medical

visit.

The results of this study help our understanding of the multidimensional concept of participation
into domains of assessment and intervention. In the area of assessment, it verified how well the
different measures captured different aspects of the construct. The created latent variable could
expand its clinical relevance as a valid and reliable outcome measure of participation. In the area
of intervention, the result of this study suggests the need to having the multidisciplinary
treatment approach for participation. In addition, identification of the strength of the contributors
to participation would help prioritize intervention approaches for its improvement. For example,
our results suggest that in persons with MS a careful assessment of fatigue, physical function,
and psychological variables would provide a much better guide to an individual’s participation
than any combination of biologic and physiologic variables or contextual factors. Unlike the
pathological variables associated with MS, those symptoms may be modified to improve

participation.

Future efforts need to assess the impact of more environmental factors, such as weather
temperature, neighborhood, facilities, transportation, insurance and health policy on
participation. Expanding the assessment to include more MS related symptoms, and other
personal factors such as societal attitudes, beliefs, and engagement as well as satisfaction, self
efficacy, and coping strategy to the analysis is suggested as well. It would also be of great
interest to see if topography of brain damage and structure from MRI has any effect on
participation in individuals with MS. Another area that warrants more investigation is
developing a more specific valid and reliable multidimensional scale to assess different aspect of
participation in individuals with MS. Obviously, each measure used in this study conceptualized
participation differently; each captured only a portion of the complexity of the construct, and
none of them assessed all aspects of participation concept. Further research needs to be done to
go beyond role function and participation to health perception and QOL. This study would serve

as a model for future research for these important constructs.
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11.5 CONCLUSIONS

The purpose of this study was to propose a theoretical framework based on WCM that presents
information as to what impacts the person with MS in their role participation. Although it is a
first model, overall our results provided support for fatigue, physical function, and psychological
variables as most important contributors for participation in persons with MS. Pain and age
showed indirect effects. In addition, results of the current study brought new evidence of the
validity of the conceptualization of participation in MS population due to the full appropriate
selection of participation measures, adequate research method, and complex statistical methods
used. The inclusion of fatigue, pain, physical function, and psychological variables is

recommended in improving participation for MS population.
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Table 11.1 Description of the sample on the Wilson Cleary Rubrics of Personal, Environmental
and Biological and Physiological Factors (N=188)

Variables Mean or Frequency Percent or SD
Personal Characteristics of the Individual
Current age 42.9 10.2
Gender
Women 139 74
Men 49 26
Level of education
University 83 47.4
High School 54 30.9
Less than High School 38 21.7
Living Situation
Alone 34 19.3
Spouse/ partner 108 61.4
Family member (s) 32 18.2
Friend (s) 1 0.6
Other 1 0.6
Environmental Characteristics
Employed
Yes 122 70
Biological and Physiological variables
MS type
Relapsing-Remitting 97 78
Secondary progressive 7 5
Primary progressive 8 7
Primary relapsing 3 3
Clinically isolated syndrome 9 7
Years since diagnosis 3 4
Years since symptom onset 9 5
MS severity (EDSS: median) 2.4 2
Disease modifying therapy
Yes 110 85
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Tablel1. 2 Description of the sample on the Wilson Cleary Rubrics of Symptoms and Functional

Factors (N=188)

Symptoms (Impairments) Mean or N SD or % Legend for models
Pain pain
Pain (BP-RAND-36:0-100) 67 27 randpain
Muscle Pain (VAS:0-10) 1.3 2.3 painvas
Pain Distribution (MRS:0-100) 7.2 12.6 painext
Pain Location (MRS:0-45) 2.9 5 painsite
Pain Worst (NRS:0-10) 2.3 8.2 painwors
Psychological variables psycho
Depression (HADS: 0- 21) 4 4.2 depress
Anxiety (HADS: 0-21) 53 4 anxiety
Irritability (IQ: 4-16) 7.6 2.7 irritab
Mood (VAS:0-10) 8.3 2 moodvas
Mental Health (MHI-RAND-36: 0-100) 68.7 19.3 mhealth
Cognitive deficits (PDQ: 0-80) 24.5 14.7 cog
Decreased memory and attention (PASAT: 0-60) 39.2 11.8 pasat
Single Indicator Components
Fatigue 15.9 9.7 fatigue
Neurological Impairments 6.3 23 neuro
Functioning
Participation part
Role Physical (RP-RAND-36: 0- 100) 55.7 43.2 randphys
Role Emotional (RE-RAND-36: 0- 100) 67.7 40.2 randemo
Social Functioning (SF-RAND-36: 0- 100) 70.8 26 randsoc
Social activities (PBMSI: 11 to 33) 27.4 5.4 pbmsi
Exercise Barriers (EBS:0-42) 20.3 15 barrier
Illness Intrusiveness ( IIRS: 0-78) 20.5 16.4 illint
Work Time 253 18.3 paidwork
Work Activity 51 28.8 carework
Physical Function function
Physical Functioning (PF-RAND-36: 0- 100) 67.8 313 randpfi
Walking Capacity (6MWT: meter) 418 171 walktest
Spasticity (MAS: 0- 60) 23 5.8 spastic
Balance (EQUI: 0- 20) 17 4.9 balance
Lower Extremity Power (Jump height: cm) 62.7 39 jump
Curl-ups (#) 84.3 87 curlup
Push-ups (#) 26.8 41.5 pushup
Grip Strength (JTM D: kg) 97.9 28 grip
Gait Speed (comfortable) (m/s) 115.6 37.5 gaitcomf
Gait Speed (fast) (m/s) 165.4 61.3 gaitfast
Aerobic Capacity (MCAFT: #) 49.6 19.8 aerocap
Upper Extremity Dysfunction (DASH: 0-84) 16.3 19.3 dash

EBS= Exercise Barriers Scale; IIRS = Illness intrusiveness Scale; PBMSI= Preference Based Multiple Sclerosis
Index; PF= Physical Function Scale of RAND-36; 6MWT= Six-Minute Walk Test; MAS= Modified Ashworth
Scale; EQUI= EQUI Balance Scale; JTMD= Jamar TM Dynamometer; MCAFT= modified Canadian Aerobic
Fitness Test; DASH= Disabilities of the Arm, Shoulder and Hand; PDQ= Perceived Deficits Questionnaire;
PASAT= Paced Auditory Serial Addition Test; HADS=Hospital Anxiety and Depression Scale; [Q= Irritability
Questionnaire; VAS= Visual Analogue Scale; MHI= Mental Health Scale of RAND-36; BP-RAND-36=Bodily Pain

subscale of RAND-36; MRS= Margolis Rating System; NRS= Numeric Rating Scale.
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Tablel1. 3 Correlation matrix of variables included in the re-specified path model

Exercise Illness Role Walk Gait Balance  Spasticity Grip Irritability ~ Anxiety = Mood  Pain Extent Bodily Worst Fatigue  Age
Barrier Intrusiveness  Physical test Comfort Pain Pain

Exercise Barrier -

Illness 0.52 -

Intrusiveness

Role Physical -0.36 -0.62 -

Walk test -0.46 -0.5 0.47 -

Gait Comfort -0.41 -0.45 0.41 0.8 -

Balance -0.35 -0.48 0.46 0.8 0.8 -

Spasticity 0.24 0.28 -0.28 -0.67 -0.66 -0.66 -

Grip -0.35 -0.29 0.29 0.43 0.44 0.42 -0.3 -

Irritability 0.35 0.37 -0.21 -0.05 -0.08 -0.06 -0.05 -0.006 -

Anxiety 0.33 0.36 -0.22 0.03 -0.03 -0.005 -0.06 -0.05 0.59 -

Mood -0.2 -0.22 0.15 0.01 0.08 0.05 0.002 0.11 -0.32 -0.39 -

Pain Extent 0.16 0.3 -0.48 -0.28 -0.22 -0.31 0.13 -0.27 0.08 0.05 -0.1 -

Bodily Pain -0.26 -0.39 0.53 0.25 0.27 0.35 -0.16 0.2 -0.2 -0.23 0.2 -0.53 -

Worst Pain 0.17 0.14 -0.26 -0.17 -0.18 -0.17 0.1 -0.21 0.04 0.09 -0.02 0.34 -0.32 -

Fatigue 0.6 0.67 -0.65 -0.42 -0.38 -0.34 0.22 -0.25 0.4 0.44 -0.27 0.41 -0.53 0.26 -

Age 0.03 0.09 -0.22 -0.34 -0.34 -0.33 0.29 -0.24 -0.08 -0.08 -0.08 0.17 -0.17 0.05 0.14 -
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Table 11.4 Model Progression

Model e e SRMR CFI TLI RMSEA  RMSEA 90% CI
P value RMSEA P value

Initial path model 1532 0.00 0.1 0.77 0.75 0.1 0.09-0.10

32 variables representing the four latent variables (physical function, p=0.00

psychological variables, pain, and participation), and fatigue, NI, and age

were included in the initial model (Figure 11.3).

Simplified path model 419 0.000 .08 .89 .87 .08 0.07 - 0.09

The RAND-PFI, DASH, gait speed-fast, jump test, MCAFT, curl ups, p =0.000

and push ups were removed from the physical function latent. Pain

location and PASAT were removed from the pain and the psychological

variables components. RAND-RE, PBMSI, work time and work activity

were removed from the participation latent (Figure 11.4).

Re-specified path model 147 0.005 .05 97 .96 0.7 0.07-0.09

Direct effect of age on participation and fatigue as well as direct effects of p=0.04

pain on physical function, psychological variables and participation were

eliminated. Depression, RAND-MHI, cognitive impairment, RAND-SF,

and muscle pain were removed from their related latent components

(Figure 11.5).

Final model 113.8 0.08 .05 .98 .98 .90 0.000 - 0.054

NI was dropped from the model. Correlations were added between pain p=0.03

extension and pain worse intensity and between RAND-RP and Barrier
scale (Figure 11.6).

x> = Chi-square Test
CI= Confidence Interval
NI= Neurological Impairments
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Table 11.5 Direct, indirect and total effects of study variables on participation

Direct Indirect Total

Physical function 0.37 - 0.37
Psychological variables ~ 0.15 - 0.15
Fatigue 0.63 14 0.77
Pain - 0.4 0.4

Age - 0.12 0.12

Significant at < 0.05
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Table 11.6 Maximum Likelihood Estimates of Respecified Model

Estimate (B)  Standard Error  Critical ratio
Participation BY
Exercise Barrier .70 .05 14.22
Illness Intrusiveness .79 .04 21.75
Role Physical -.75 .05 -16.46
Physical Function BY
Walk test .92 .02 54.1
Gait Comfortable .88 .03 34.5
Balance .90 .02 37.95
Spasticity -73 .05 -14.52
Grip 49 .07 6.58
Psychological variables BY
Irritability 72 .07 9.67
Anxiety .82 .05 17.82
Mood -.46 .07 -6.35
Pain BY
Pain Distribution .62 .06 9.89
Pain scale of Rand-36 -.86 .05 -17.1
Worst Pain Severity 74 .05 13.99
Participation ON
Physical Function =37 .06 -6.17
Psychological variables A5 .08 1.9
Fatigue .63 .07 8.5
Physical Function ON
Fatigue -.38 .06 -6.39
Age -.33 .07 -4.63
Psychological variables ON
Fatigue .59 .06 9.31
Age -.18 .07 -2.43
Fatigue ON
Pain .63 .05 11.9
Physical Function WITH
Psychological variables 22 .08 2.79
Pain WITH Age 21 .07 2.9
Pain distribution WITH
Worst Pain Severity 44 .09 4.60
Exercise Barrier WITH
Role Physical 34 .09 3.47

Note. All critical ratios had significant results/paths.
Parameter estimates (P) are interpreted in the same way as regression coefficients.
BY: Factor loading of indicator variables; ON: Path coefficients; WITH: Associations
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Figure 11.1 The Wilson-Cleary health related quality of life conceptual framework

Taken from: Wilson IB, Cleary PD. Linking clinical variables with health-related quality of life. A conceptual model of patient
outcomes. JAMA 1995; 273(1):59-65.
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Figure 11.2 A model hypothesizing factors related to participation

Taken from: Yorkston K, Johnson K, Klasner E. Taking Part in Life: Enhancing Participation in Multiple Sclerosis. Phys Med Rehabil
Clin N Am 2005 (16): 583-594.
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Participation

Figure 11.3 The initial hypothesized model




Figure 11.4 Simplified model of relationships




Figure 11.5 Re-specified model of participation




Figure 11.6 The final model
Note: The final model for participation. Black arrows represent a direct relationship and dashed red arrows represent indirect effects.
R2 represent the proportion of the variance explained by the model for each endogenous variable. This model explains 88% of the
variance seen in participation. All paths displayed in the figure are significant.
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CHAPTER 12
CONCLUSION & SUMMARY

12.1 Conclusion
Pain associated with MS is an understudied contributor to MS-associated disability including

participation restriction, and also to impaired quality of life (QOL). The global aim of the current
study was to contribute to the understanding of the pain experience in people with MS with the
context of function, disability, and quality of life. The main objective of this thesis was to
contribute evidence as to how the different MS impairments and activity limitations interact to
affect participation, a key target of rehabilitation and medical intervention. To achieve this aim, a
series of specific objectives/questions were developed and the manuscripts arising from this

work form this thesis.

Manuscript 1 was the first systematic review and meta-analysis about the impact of pain on
employment status in the MS population. Work was chosen to be the domain of interest in the
first manuscript, because work is one of the key aspects of participation and is very important in
this relatively young population. Additionally, MS occurs in individuals during peak years of
normal productivity, impacting their ability to remain in the work force. Our results indicated
that there is an increased risk of unemployment for MS persons who experience pain compared
to those who do not have pain. However, the findings also implied that keeping a job depends on
a number of factors other than specific symptoms or MS progression. Results are sufficiently
encouraging to justify more high quality research efforts in this area. Results suggest that early
identification and treatment of pain could potentially keep people with MS employed for a longer
time. Stratification of participants based on their initial level of pain and according to whether
they are in acute or chronic pain could clarify further the role of pain on work. The effect of pain
related treatments such as pain analgesics and muscle relaxants on work status should also be
considered as they would further impair cognitive function and enhance fatigue and so limit

return to work.

To understand the role of pain in involvement in life roles, naturally the next step was to

understand the target population, specifically, their pain characteristics. An essential component
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to understanding pain is an adequate assessment of pain. A comprehensive assessment of pain
variables, along with its impact and predictors, as well as interpretation of results using
appropriate statistical methods help to enhance pain relief. Inadequate treatment of pain is an
important public health problem, and can precipitate a progression to chronic pain. The second
and third manuscripts, therefore, provided an overall picture of pain in our sample. In the second
manuscript, we identified pain prevalence, severity, frequency, duration, quality, location,
distribution, treatment, type, impact and interference. Results indicated that pain is a common
symptom among people with MS, reinforcing the need to identify the cause of pain and seek out
an effective approach to treat pain adequately. Results also indicated that MS severity was a
strong predictor for both pain presence and intensity suggesting that some aspects of disease
progression contribute to the development and intensification of pain. The results of this study
also showed that pain was associated with higher levels of depression, anxiety, sleep problems
and cognitive deficit, and lower levels of physical function, general health perception, and ability
to work. The identification of factors that diminish or trigger pain is important for clinicians as
this knowledge would facilitate the development of targeted rehabilitative interventions to reduce

pain.

To further characterize the pain profile of our sample, the third manuscript estimated the extent
to which there is stability in pain type and pain severity over time, a feature that has been
relatively ignored in the MS pain literature mostly due to the unpredictability of the disease
course, as well as the interaction between pain and other symptoms and contextual factors. We
found that all ratings of pain severity have been increased; however, neuropathic type pain was
stable and only developed in a small percent of the sample. Although this occurrence was rare, of
potential interest would be to understand the impact of developing neuropathic pain. Further
results of the third manuscript indicated that two individuals, who reported same amount of pain
severity on a global pain rating scale may indicate different types of pain sensation, suggesting
that a single measure of pain severity alone is inadequate assessment tool as it may not
adequately represent the construct of pain. The findings of the third manuscript provided
practical applications for chronic pain management programs; serial measures of pain should be

included in the visit of every person with MS to provide prognostic information and improve
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pain treatment. In addition, it has clinical implications regarding the differences across people in

the experience of pain.

While working on manuscripts 2 and 3 several methodological and statistical challenges in
measuring pain were brought up. One of the main challenges in measuring pain is that pain can
only be measured using self-report tools. These measures vary in terms of what is measured
(including duration, severity, and location), and the results are affected by ability to concentrate,
memory impairments, fatigue, anxiety, mood, and emotional status at the time of evaluation as
well as the time frame in which the pain is reported. In addition, the complexity of pain as a
multidimensional construct necessitates a comprehensive multidimensional assessment, and
emphasizes that pain should be studied within an interactive framework targeting all contributing
factors including different aspects of health from biological, functional, individual and social

perspectives.

Another challenge is that pain is susceptible to a phenomenon called response shift. Response
shift means a change in an individual’s judgment of their pain (or any other self-reported health
outcome) over time. This means that persons might give different answers on measures of pain
over time, not because of a true change in their pain level, but because they might have changed
their perception of pain due to a health state change, or changes in internal standards
(recalibration), values (reprioritization), or meaning (reconceptualization) of pain (Schwartz &
Sprangers 2013). Recalibration is change in people’s evaluation of a target construct due to the
change in individuals’ perspective or internal standard (Schwartz & Sprangers 2013). For
example, a person with MS may rate the intensity of his back pain as 6 out of 10 on a Numeric
Rating Scale (NRS). The individual later acquires episodes of intense pain in the face, called
trigeminal neuralgia, which are much more painful, the individual realizes that the back pain he
rated earlier was probably less than a 6. This phenomenon is known as scale recalibration.
Reprioritization is a change in the respondent's values over time (Schwartz & Sprangers 2013).
As an example of reprioritization, an individual with MS who originally may value disability
over other consequences of MS may later acquire a relapse leading to severe vision problems,
which is much more stressful. Although this person may still value disability highly, vision now

becomes the most important consequence of MS. Reconceptualization is a redefinition of the
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target construct over time (Schwartz & Sprangers 2013). For instance, the factors contributing to
an individual’s QOL may change after a life-altering event such as a diagnosis of MS, this

redefinition of QOL would be an example of reconceptualization (Schwartz & Sprangers 2013).

Increased knowledge of response shift may affect the way in which pain measures are used, both
in clinical practice and in research studies. From a theoretical perspective, integrating response
shift into pain research would allow a better understanding of how pain is affected by changes in
health status. Thus, the assessment of response shift should be part of any longitudinal pain
measure because an accurate measure of change in pain could potentially be missed if response

shift is not taken into account.

Various methods for response shift detection have been proposed (Ahmed & Mayo 2007,
Barclay-Goddard 2009a, b, Schwartz & Sprangers 2013). They mostly involve design
approaches (pre- test, post- test), additional administrations of the same questionnaire (e.g.,
then-test), or additional alternative assessments of the target construct (e.g., interviews,
direct assessments of values) (Ahmed & Mayo 2007, Barclay-Goddard 2009a,b, Schwartz &
Sprangers 2013). There are also several analytical methods to evaluate response shift such as
growth curve analysis, structural equation modeling, and multivariate multilevel models
(Barclay-Goddard 2009b). Due to the challenges associated with the design approaches or other
methods, the analytical approach is a promising one for evaluating response shift (Barclay-
Goddard 2009a). However, statistical methods typically combine data across individuals and
give information at the group level, thus they may mask the individual effects (Mayo 2008). A
new method called latent trajectory of residuals approach proposed by Dr. Mayo in 2008 is an
analytical approach at an individual level (Mayo 2008). In this approach individuals are assigned
a residual at each time point depending on how their predicted scores are different from their
reported scores. A longitudinal comparison between reported and predicted scores could be used
as a method of identifying subjects who potentially experienced response shift. This model has
been tested against a data set from a study in which the then-test had been administered and the
results support that this methodology identifies the presence of response shift (Mayo 2008).
Further empirical research into response shift will be helpful to further our understanding of pain

change and adaptation in chronic diseases such as MS.
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The fourth manuscript of this thesis provided important information for addressing symptom
clusters in MS. While the majority of previous studies on symptom clusters in MS had a small
sample size and included mostly women, this is the first application of cluster analysis to gender
differences using a well-designed epidemiological study of MS. In addition, while the focus of
most previous studies was on a limited number of symptoms, here a broader range of symptoms
was included. A strength of this study was the application of different cluster analytical methods
such as hierarchical and non- hierarchical clustering, as well as a comparison with exploratory
factor analysis enhancing the validity of our results and conclusions. For the first time, predictive
ability of different clusters on the downstream disease consequences such as walking capacity,
illness intrusiveness, perceived health status and QOL was shown. Interestingly, the physical
symptom clusters of pain, fatigue, and sleep disorder proved to be the one with most disabling
consequences, affecting all except walking capacity. Nevertheless, there are still many questions
in the area of symptom clusters that need more investigation. Future efforts are needed to
identify variation in symptom clusters across different MS types, severity, and age groups.
Longitudinal studies are also needed to evaluate the change in pattern of clusters over time.
However, as illustrated in the third manuscript “Long-term stability of pain type and severity
among people with multiple sclerosis” tracking change in even one symptom over time is
methodologically and statistically challenging. Tracking of symptoms cluster over time would be
even more difficult. For example, to track only one symptom, such as pain type stability over
time, we had to consider different pain types (neuropathic, non-neuropathic, and a mixed of

both) that could change in any combination; thus not only was time a factor, but so was pain

type.

The results of Manuscript 4 provided new insights on the relationship between and among MS
symptoms and several important disease consequences. However, analytical methods that we
used in Manuscript 4, such as multiple regression analysis, exploratory factor analysis, cluster
analysis and principal component analysis, could only determine the direct relationship among
symptoms. Nevertheless, the primary aim of this thesis was to contribute evidence to support a
multidimensional theoretical framework to conceptualize the construct of participation in the
context of MS and simultaneously target and evaluate the complex interrelationships among all

contributing factors. Therefore, the fifth and final manuscript of this thesis used Wilson- Cleary
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Model (WCM), as a theoretical framework (Wilson & Cleary 1995) to explain these relationship,
and SEM, as an advance statistical method. Although a first model, overall our results provided
support for fatigue, physical function, and psychological status as most important direct
contributors for participation in persons with MS. Fatigue was found to be not only the major
reason for participation restriction in this study, but was in relationship with all other variables in

the model, thus confirming its role as the most disabling symptom of MS.

Results of the fifth manuscript further indicated the indirect effects of pain on participation. Pain
is often considered as one of the MS symptoms that may contribute to problems with
participation. It is reasonable to think that in the presence of pain, people may be reluctant to
engage in physical and social activities. The results of the current study, however, showed no
direct effect of pain on participation. The only effect of pain on participation was through
fatigue, indicating that participants with higher levels of pain, who experienced higher levels of

fatigue, reported lower levels of participation.

One important message of this study for clinicians is that in persons with MS, a careful
assessment of fatigue, psychological status, and physical function would provide a much better
guide to a patient's participation than any combination of biologic and physiologic variables or
contextual factors. Although this conclusion will not surprise experienced clinicians, it does
support the value of a thorough assessment and management of those specific types of
symptoms. The role of fatigue in driving the path to participation indicates that its overall effect
cannot be underestimated. Reducing fatigue may be the central treatment target and given that
pain impacts on fatigue identifies the need for a thorough assessment and treatment of pain type
and intensity. These findings have another important implication for clinical practice, as it

emphasizes the strong need for health, activity, and social roles promotion in persons with MS.

The findings of this research can play an important role for recommendation to health policy
makers to ensure that appropriate resources and adequate supports are available for people with
MS to maximize their participation at the life pursuits. Providing convenient facilities where
people with MS can go to attend social and recreational activities for free or for a low price, as

well as the possibility of providing an appropriate transportation system for patients, would
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increase their participation. Employers need to provide reasonable support so that people with
disabilities remain in the workforce. Giving appropriate information to patients about the
advantage of participating in leisure, exercise, and social activities, and guiding them to do these

safely is also suggested.

The results of this study can also be used to conceptualize participation due to the appropriate
selection of participation parameters and measurement scales, adequate research method, and
complex statistical methods used. However, a limitation of this study was that the measures for

participation missed several components that should be included.

Edwards and Bagozzi highlight the importance of distinguishing between different conceptual
models when developing a measure (Edwards & Bagozzi 2000). There are two conceptual
models: reflective and formative. Under a reflective conceptual model the items reflect the
construct, if the construct changes, the items change (De Vet 2011). A reflective conceptual
model is a latent model, a latent variable represents a construct that cannot be directly measured
but is inferred from reactions to several related items or activities (Edwards & Bagozzi 2000).
For example, items that reflect anxiety are the representation of worrying thoughts or panic. If
there was an intervention to reduce anxiety, the presence of worrying thoughts or panic would
decrease (De Vet 2011). Under a formative model, the items form the construct; the resulting
total score is a composite value of presented items and a change in the construct will not affect
all of the items (De Vet 2011). A classical example is life stress; when a person loses his job, his
life stress increases. However if there was an intervention to decrease life stress, the presence of
job loss would not necessarily decrease (De Vet 2011). The challenge with the construct of
participation is that it can be conceptualized as both a reflective and a formative model (Dijkers
2010). Participation can be conceptualized as a formative model as it is formed by a number of
activities and life roles that individuals engage in. Under a reflective model, participation would
be reflected by accomplishing designed activities to a level of personal satisfaction with

activities valued by the individual or society (Wood-Dauphinee 1988).
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12.2 Summary
Pain associated with MS is an understudied contributor to MS-associated disability, participation

restriction, and impaired QOL. Participation is an essential component to rehabilitation in
chronic conditions as it affects HRQL. Pain and participation are global constructs, so their
complexity poses a measurement challenge emphasizing that they should be studied within a
multidimensional approach targeting all contributing factors. Given the methodological
challenges of classical modeling techniques a novel approach using SEM was performed. The
WCM was used as a guiding framework, providing the hypotheses about associations among

variables.

Although it is a first model, overall our results revealed that fatigue, physical function, and
psychological status do directly affect participation in persons with MS. Although pain was
prevalent, pain-related MS in isolation does not adequately impact on individuals’ participation.
The only effect of pain on participation was through fatigue, indicating that participants with
higher levels of pain who experienced higher levels of fatigue reported lower levels of

participation.

Results of the current study brought new evidence of the validity of the conceptualization of
participation in MS population due to the appropriate selection of participation measures,
adequate research method, and complex statistical methods used. Finally, the results of this study
proved evidence for the validity of WCM in MS. Further research needs to be done to go beyond
role function and participation to health perception and QOL. This study would serve as a model

for future research for these important constructs.
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APPENDICES

Appendix A: Psychometric Properties of Measures Included in Analyses

Variable Construct®* Measure Description of measure Scale Psychometric Properties
Pain
Pain Severity Symptom Numeric To measure worst pain severity over the previous Quasi- Psychometric properties of NRS
Rating Scale week we used 0—10 NRS, with 0 indicating ‘No continuous have been documented (Sharrack
(NRS) pain’ and 10 indicating ‘the most imaginable pain’. 1999, Jensen 1986, 1991, 1999,
2001).
Muscle Pain Symptom Visual Muscle pain was measured with a 0—10 VAS with Quasi- The VAS has several good
Intensity Analogue anchors of no pain to worst pain imaginable. VAS continuous qualities in terms of practicality,
Scale (VAS) has been widely used in studies of different chronic reliability and adaptability
conditions including MS. (Parkin 2004).
Bodily Pain Symptom RAND- 36 Th.e t'wo-ite.m BPS was used as a measur.e of bodily Continuous Internal consistency of this scale
Health Survey pain intensity durn.lg .the pa.st 4 weeks. First 1te@ of in the MS population has been
BPS asks about pain intensity, and the second item reported to range from 0.77 to
Pain Subscale  grades the impact of pain on work. These two items 0.94 (Brunet 1996, Freeman
(BPS) are combined into a single composite score from 0 2000).
to 100, with higher scores indicating lower pain
severity.
Pain Location ~ Symptom Margolis Participants were instructed to shade areas that were ~ Continuous The test-retest and inter-rater
Rating painful at the time of the evaluation on a pain reliability of scale has been
System diagram showing the front and back of the whole established (Margolis 1988).
body consisting of 45 anatomical areas.
Pain Symptom Margolis Pain distribution was measured using the Margolis Continuous The test-retest and inter-rater
Distribution Drawing drawing rating system which has 45 anatomical reliability of scale has been
Rating areas each with a corresponding percentage value of established (Margolis 1988).
System body surface in order to compute a total weighted

score, indicating body pain distribution.
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Variable Construct®* Measure Description of measure Scale Psychometric Properties
Psychological
variables
Depression/ Symptom Hospital The HADS has 14 items, 7 of them relate to anxiety — Quasi- The HADS is a reliable and valid
. Anxiety and ~ and 7 relate to depression. Each item on the continuous tool and has been used in a
Anxiety ) . .. . L, . .
Depression qu‘estlonnalfe is scored from 0 ‘most of the time’ to number of MS studies (Bjelland
Scale (HADS) 3 ‘not at all , and the.total score ranges be.tween 0 2002, Da Silva 2009,
and 21 for either anxiety or depression (Bjelland
2002); higher scores indicate worse depression/ Herrmann1997, Honarmand
anxiety symptoms. 2009, Zigmond 1983).
Psychological - Functional - RAND Short MHI has 5 items that ask questions on major mental Continuous MHI correlate highly with the
health Status Form-36 health dimensions about both the positive feelings General Health Questionnaire
Health Survey  (calm, peaceful, happy) and negative feeling which is a well-established
Mental Health  (downhearted, blue) (Hays 1993, 2001). For each indicator of psychic distress
Index (MHI- question the subjects were asked to rate on a 6-point (McCabe 1996). MHI is equal to
5) scale with five response categories from all of the a longer version, MHI-18 (.93-
time to none of the time. The questions of MHI are .96) and GHQ (30 items) in
combined to produce a continuous measure from 0 detecting the mental disorders
(worst) to 100 (best mental health). (Weinstein 1989).
Mood Symptom Visual Feeling of mood such as sadness and impatient Quasi- VAS has been widely used in
Analogue during the past 4 weeks was measured with a 0-10 Continuous research and clinical setting and
Scale (VAS) visual analogue scale (VAS). Participants were considered to be as a gold
asked to mark the position along a horizontal 10-cm standard in measuring health
line that best corresponded to their mood. outcome (Parkin 2004).
Irritability Symptom Irritability Irritability was measured using a specific irritability ~— Quasi- Validity and reliability have been
questionnaire  index created from Rasch analysis of Psychiatric continuous demonstrated by Rasch analysis.

Symptom Index (PSI) (Ilifeld 1976) which measures
the presence of depressive or anger-related
symptoms indicating the need for referral to a
mental-health professional. It comprised 4 items
each with a 4-point Likert response options ranging
from 1 ‘never’ to 4 ‘very often’. Persons were asked
to tell how often, during the past week, they lost
their temperature, felt critical of others, felt easily
annoyed or irritated, and got angry over things that
were not too important. A maximum total score of
16 representing the most irritability.
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Variable Construct®* Measure Description of measure Scale Psychometric Properties
Cognitive Symptom Perceived The PDQ items assess frequency of difficulties with ~ Continuous The validity and reliability of
Impairment Deficits attention/ concentration, retrospective memory, PDQ in MS persons has been
Questionnaire  prospective memory, and planning/organization widely accepted (Marrie 2003,
(PDQ) during the past month on a 5-point Likert scale Sullivan 1992).
ranging from ‘never’ to ‘almost always’ (Sullivan
1992). PDQ contains 20 items, each scores range
from 0 to 4 with a maximum total score of 80,
where higher scores indicate greater cognitive
impairment (Shevil 2006).
. Functional Paced PASAT is a measure of sustained attention. Subjects Continuous The PASAT has become widely
Processing ] . . . .
Speed/ Status Auditory listen to a series of numbers presented on used in the testing of people
Attention Serial audiocassette tape every 3 seconds and are with MS (Rao 1992).
Addition Test  requested to add the number they just heard with the
(PASAT) number they heard before. The test score is the
number of correct sums given (out of 60 possible);
higher is better. This task involves working
memory, attention and arithmetic capabilities and so
requires a high level of attention, especially if the
numbers are presented quickly.
Single
Indicator
Fatigue Symptom RAND-36, Fatigue was created by Rasch analysis from items of Continuous Each scale has been used in MS
MFIS, FAMS, several measures including Vitality Subscale of population and their validity and
MFI RAND -36 (Hays 1993, 2001), Functional reliability have been determined
Assessment of MS (FAMS) (Cella 1996), the (Hays 1993, 2001, Cella 1996,
Modified Fatigue Impact Scale (Ritvo 1997), and Fisk 1994, Larson 2013, Ritvo
the Multidimensional Fatigue Inventory (MFI) 1997). Validity and reliability of
(Weinshenker 1989). This component has already the new measure has been
been used in MS population (Bouchard 2012, Ng determined by Rasch analysis
2012). (Andrich 2004).
Neurological Symptom Symptom The component of Neurological Impairments was Continuous The validity and reliability of the
Impairments checklist, created by Rasch analysis (Cano 2011) from items measure has been determined by
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Variable Construct®* Measure Description of measure Scale Psychometric Properties
Medical chart, of patient symptom checklist, which included Rasch analysis (Ramp 2009,
Expanded neurological signs and symptoms giving biological Andrich 2004).
Disability information as to lesion location, and clinical
Status Scale information such as EDSS, MS type, the use of
(EDSS) Disease modifying therapy (DMT), and disease
duration (Ng 2012). This component has already
been used in MS population (Ng 2012).
Participation
Role Physical =~ Functional =~ RAND -36 RP includes 4 items each with 2- response options . . .
. . . . . Continuous Psychometric properties of
Status Role Physical  (yes/ no) asking subjects if during the past 4 weeks RAND-36 have been
Subscale (RP)  they have had any problems with their work or other demonstrated (Hays 1993, 2001).
regular daily activities as a result of their physical Also reliability of the RP
health (Hays 1993). Total scores range from 0 to subscale has been reported to be
100; higher scores indicate no or less problems. high in MS population (p=0.81)
(Moorer 2001).
Role ) Functional RAND -36 RE includes 3 items each with 2- response options Continuous Reliability, validity, and
Emotional Status Role (yes/ no) asking subjects if during the past 4 weeks responsiveness of RAND-36
Emotional they have had any problems as a result of any have been reported (Hays 1993,
Subscale (RE)  emotional problems. The three items are combined 2001). Reliability of RE reported
into a single sum score and transformed to a 0- 100 to be high in MS (p=0.84)
scale, higher scores is better (Hays 1993). (Moorer 2001).
SOClal_ ) Functional RAI_\ID -36- This subscale includes two items asking subjects to Continuous Reliability, validity, and
Functioning Status Social indicate to what extent their physical health or responsiveness have been
Functioning emotional problems have interfered with their social reported in different population
Subscale (SF)  activities with family, friends, or neighbors during (Hays 1993, 2001) and MS
the past 4weeks. Again, items are combined into a (Moorer 2001).
single score from 0 to 100; higher scores indicating
higher levels of social activity (Hays 1993).
Work Functional Socio- Participants were asked to report the year that they Continuous Information obtained from the
Status demographic stopped working. If they mentioned 2009 it means socio-demographical
Questionnaire  they still work, if stopped before 2009 it means not questionnaire.

employed any more. Then study participants were
asked to report hours of paid work per week, which
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Variable Construct®* Measure Description of measure Scale Psychometric Properties
called as work time, and the number of hours they
took care of people and worked, which called work
activity.
Illness Functional Illness This self-report measure determines the ratings of Continuous The psychometric properties of
Intrusiveness Status Intrusiveness ~ the degree to which one’s illness interfere with the scale have been administered
Rating Scale life domains such as work, religious and spiritual across numerous chronic-disease
(IRS) expression, recreation, financial situation, populations including MS
relationship with others, and community and civic (Devins 2001, 2010).
involYement (DeYins 1983?. It consists of 1.3 Test-retest: Cronbach’s 4=0.80-
quesFlons each \Zv1th a 7-point re’sponfe option, , 0.85 (Hays 1993); Internal
ra.ngmg from 1 ‘Not very much’ to 7‘very much consistency: 0.90 (Moorer 2001);
with a rr.lax1mum tot.al s.core .that can rgnge from 13 Validity (Devins 1994).
to 91; higher scores indicate increased illness
intrusiveness (rescored from 0 to 78).
Exercise Functional Exercise EBS was modified from the Barriers to Health Continuous The psychometric properties of
Barriers Status Barriers Scale  Activities Among Disabled Persons (BHADP) scale the original HADP scale have
(EBS) (Becker 1991). This scales asks participants to been found to be excellent in
circle the number which best indicates how much many health conditions including
each of these problems keep them from exercising. MS (Becker 1991, Harrison
There were 21 items each with response options 2001, Becker 2004, Greenhalgh
from 1 “Never” to 3 “Often”, with a total score from 2004).
21 to 63; higher is worse (rescored from 0 to 42).
Ability to Functional Preference PBMSI has been modified from the Preference Continuous Good internal consistency
accomplish Status Based MS Based Stroke Index (PBSI) (Poissant 2003) and has (Cronbach’s 0=0.84), and good
work/ social Index item that asks participants to indicate their ability to convergent validity compared to
activities (PBMSI) accomplish work or other activities such as the Physical Function subscale of

recreational activities and driving considering their
own health today. It has 11 items each with 1 to 3
response option with a total score from 11 to 33.

RAND-36 (Poissant 2003) have
been reported.
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Variable Construct®* Measure Description of measure Scale Psychometric Properties

Physical

Function

Walking Functional 6 Six-Minute ~ Walking capacity was measured using the Six- Continuous 6MWT has been used widely in

Capacity Status Walk Test Minute Walk Test (6MWT) in which the maximum MS population (Goldman 2008,
distance a person can walk as quickly as over the Savci 2005), and is correlated
interval six minutes at their own pace is recorded with the 12-Item MS Walking
(Butland 1982). In the present study, standardized Scale (r=0.81) (Goldman 2007).
instructions and encouragement were used (ATS Reliability (ICC = 0.96) has been
statement 2002). reported (Paltamaa 2005).

Walking Functional Gait speed Comfortable and maximum gait speed based on the Continuous It has been used in MS

Speed Status Test performance of individuals on a timed walk test was population and its test-retest and
determined over distances of 5 meters (Tyson 2009). reliability have been reported
Acceleration and deceleration distances, each of 2 m, (Bergamaschi 2006, Beeson
were marked. Using a digital stopwatch, the time it 1994, Compston 2005, Poser
takes for the subject to traverse the central 5 m section 2006, Tremlett 2005, 2006,
of the walkway was measured. Tyson 2009).

Lower Functional Vertical jump  First, participant stands side on to the wall and Continuous This test has been widely used in

Extremity Status Test reaches up with the extended hand closest to the health conditions including MS

Power wall. The point of the fingertips is recorded. Then, population (CSEP Health &
participant stands away from the wall, and jumps Fitness Program's Health-Related
vertically while touch the wall at the highest point Appraisal & Counselling
of the jump. The difference in distance between the Strategy 2004, Markovic 2004,
standing reach height and the jump height is the Kuspinar 2010, Bouchard 2012).
scored in centimeter.

Muscle Symptom Modified MAS assigns grades to a manually determined Continuous Validity and reliability of MAS

Stiffness and Ashworth resistance of muscle (elbow flexors, wrist flexors/ in a number of MS studies have

Spasticity Scale extensors, knee extensors /flexors, ankle dorsi been examined (Ashworth 1964,

(MAS) flexors) to passive stretching (Bohannon 1987). For Bohannon 1987, Leslie 1992,

each segment scores range from 0 (no increase in
muscle tone) to 5 (affected part rigid in flexion or
extension) with a maximum total score of 60 for
both sides (Pandyan 1999, 2001).

Nuyens 1994, Pandyan 1999).
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Variable Construct®* Measure Description of measure Scale Psychometric Properties
Balance Symptom EQUI-Scale EQUI-Scale, is a MS specific balance scale and has ~ Continuous The psychometric validity of the
Capacity been created using Rasch modeling from the items scale in MS population has been
of Tinetti Performance Oriented Balance Scale and administered using Rasch
the Berg Balance Scale (Tesio 1997). The EQUI- Analiys1s of the original scale
. . . (Tesio 1997).
Scale has 10 items that are listed in order of
difficulty. Each item scores from 0 to 2 with a
maximum total score of 20; higher scores indicate
better balance skills. Test starts with question
number 7. If the participants pass the test, then they
go to the next item with a harder level. If they fail,
then they should go back to an easier level.
Upper Body Disabilities of  Participants were asked to rate their ability to do Continuous Good test-retest reliability
Extremity Structure the Arm, different activities in the last week by choosing 1 to 5 (ICC=0.89), internal consistency
Dysfunction and Shoulder and  response options of 21 questions, where 1 means (Cronbach’s 0=0.90), divergent
Function Hand (DASH) “unable”, and 5 means “no difficulty”. validity (r<0.70 with thf.: MSWS_
12), and convergent validity
(r>0.70 with ABILHAND, and
MSIS-29) have been reported
(Cano 2011, Padua 2003).
Grip Strength Functional Jamar TM Standardized instructions and positioning were used Continuous Grip strength has excellent
Status and three consecutive trials for each hand were reliability (Mathiowetz 1984,
Dynamometer . . .
recorded (Mathiowetz 1984, Desrosiers 1995). Desrosiers 1995, Peolsson 2001,
Bohannon 2005).
Aerobic Functional The modified  Subjects were asked to perform a series of stepping Continuous The MCAFT has been shown to
Capacity Status Canadian sequences on a double 20-cm step in time with a have a high degree of reliability
Aerobic musical cadence (Iris 1993, 1994, Jette 1976). Each and validity (Iris 1993, 1994, Jette

Fitness Test
(MCAFT)

stage lasted 3-minutes. Subjects completed all the
stages necessary to achieve 85% of their age
predicted maximum heart rate. (CSEP Health &
Fitness Program's Health-Related Appraisal
&Counselling Strategy 2004).

1976, Weller 1998, CSEP Health
& Fitness Program's Health-
Related Appraisal &Counselling
Strategy 2004).
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Variable Construct®* Measure Description of measure Scale Psychometric Properties
Upper Limb Functional The push-ups  This test evaluates an individual’s ability to perform Continuous This test has been widely used in
Muscle Status Test repetitive contractions over time. Subjects were MS population (CSEP Health &
Endurance instructed to perform as many consecutive push-ups Fitness Program's Health-Related
without any time limit. For anchor points men used Appraisal & Counselling
their toes, women their knees. The test was Strategy 2004, Kuspinar 2010).
terminated when subjects were seen to strain forcibly
or using compensatory techniques.
Abdominal Functional Partial Curl- This test evaluates one’s ability to perform as many Continuous Test has been widely used in
Muscle Status ups Test consecutive curl-ups as possible at a rate of 25/min health conditions including MS
Endurance for a maximum of 1 minute. From a supine position population (CSEP Health &
with knees bent at 90 degree, subjects were asked to Fitness Program's Health-Related
curl-up the upper spine until the middle finger tips of Appraisal & Counselling
both hands have reached the 10cm mark on the mat, Strategy 2004, Kuspinar 2010).
and then to slowly return to the mat.
Physi?al . Functional RAND -36 The Physical .Functioning Subsc.ale il’lClllldCS 10. Continuous In sample of 352 people with MS
Functioning Status Physical items each with 3- response options asking subjects reliability of this subscale was
Functioning if their health limit them in the activities they might found to be high (p=0.94)
Subscale do during a typical day (Hays 1993). Total scores (Moorer 2001). Internal
(PFI) range from 0 to 100; higher scores indicate no or consistency estimated from the

less problems with physical activities as a result of
their health problems.

MOS is also high (0=0.93) (Hays
1993, 2001).

* Construct of each variable has been chosen based on the components of Wilson- Clearly Model (WCM) (Wilson & Cleary 1995).
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Appendix B: Questionnaires

PAIN QUESTIONNAIRE

Name /ID: Date: / /
month day year

Hospital:

Instructions:

1.
a). On the diagram below, please shade in all the area(s) where you felt pain during the past

week.
b). Put an “X” on the area that hurt the most
c). Please describe the quality of your pain by circling all the words listed below that apply.

Discomfort
Soreness
Tenderness
Achy
Numbness
Pressure
Burning
Boring
Throbbing
Pounding
Shooting
Stabbing
Gnawing
Sharp
Cutting
Cramping
Tugging
Pulling

Hot
Tingling
Smarting
Stinging
Radiating
Piercing
Nagging
Blinding
Annoying
Dull
Troublesome
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2. Does your pain come and go?
O Yes O No, it is constant

3.
a) If yes, how frequently does it occur?

O At least once aday [ 2-3 times a week O Weekly O Monthly

b) How long does it last?
O Minutes O Hours O Days O Weeks

d) Does it interfere with your sleep?

O Yes O No

The following questions refer to your experiences during the past week.

5. What was your TYPICAL or AVERAGE pain during the past week?

0 1 2 3 4 5 6 7 8 9 10
No pain The worst
pain imaginable

6. What was your LOWEST level of pain during the past week?

0 1 2 3 4 5 6 7 8 9 10
No pain The worst
pain imaginable

7. What was your pain level AT ITS WORST during the past week?

O Irregularly
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0 1 2 3 4 5 6 7 8 9 10
No pain The worst
pain imaginable

8.
a) Do you use anything to relieve pain?

Yes No
O O

b) If your answer to the above question is yes, what are you using? (medications, substances,
products, exercise, massage, acupuncture etc.)

c¢) Do these help?
Yes No
O O

9. RIGHT NOW, what is your pain?

0 1 2 3 4 5 6 7 8 9 10
No pain The worst
pain imaginable
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NEUROPATHIC PAIN QUESTIONNAIRE

Name /ID: Date: / /
Day / Month/ Year
Hospital:

We need a clear description of what you are feeling about your pain and sensation to make the
correct diagnosis. By completing this questionnaire, you will help to ensure the correct
diagnosis.

1. During the past week, did you experience any form of pain?

(O YES O NO

If you answer YES, continue.

2. Do you experience pain other than a headache or a migraine?

(O YES ONO

If you answer YES, continue.

Pain severity

3. What was your LOWEST level of pain during the past week?

0 1 2 3 4 5 6 7 8 9 10
No pain The worst pain imaginable

4. What was your pain level AT I'TS WORST during the past week?

0 1 2 3 4 5 6 7 8 9 10
No pain The worst pain imaginable
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5. RIGHT NOW, what is your pain?

0 1 2 3 4 5 6 7 8 9 10
No pain The worst pain imaginable

The ID-Pain questionnaire

6. Have you ever been diagnosed by your physician or health care provider for neuropathic
pain?

(O YES O NO

7. Do you feel pain in more than one site of your body?

O YES O NO

If you answer yes: complete the questionnaire for that pain site which is subjectively most
troublesome.

8. Type of pain

This section will help you describe the type of pain you are feeling. Please complete the
questions below. Consider the most painful area when answering these questions (Insert star
under yes or no column or just simple type yes or no).

Questions Score

Yes No

a) Did the pain feel like pins and needles?

b) Did the pain feel hot / burning?

c) Did the pain feel numb?

d) Did the pain feel like electric shocks?

e) Is the pain made worse with the touch of clothing or bed sheets?

f) Is the pain limited to your joints?

Total Score:
Minimum total score = -1; Maximum total score = 5
If you score 2 or more, you may have NP.
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9. Comorbidity
At this time do you have any other comorbid conditions, including hypertension, diabetes
mellitus, cerebrovascular accident, rheumatoid arthritis, and osteoarthritis?

O YES O NO

If you answer YES, please specify here --

History of symptoms

10. Has your pain changed during the last year? Please specify if it is
(O Better (O Worse (O Same

11. Has your fatigue changed during the last year? Please specify if it is

O Better O Worse O Same

12. Are you able to walk (without difficulty)?

O YES O NO

If you answer YES, please specify here --

O More than one kilometer O Several blocks (500 meter) O Less than one
block
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