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Abstract

Purpose The symptoms of multiple sclerosis (MS) often
cause physical and mental dysfunction, which interferes
with a person’s ability to participate in life’s roles. Iden-
tification of the strength of the contributors to participation
would help prioritize intervention approaches for its
improvement. 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 was a cross-sectional study. Study sample
was a center-stratified random sample of 188 persons with
MS. Subjects completed a battery of self-report and per-
formance-based measures that assessed participation and
domains affecting participation. To model the relationships
among variables, a conceptual framework based on the
Wilson and Cleary model was tested. Structural equation
modeling aimed at identification of the predictors of par-
ticipation within the hypothesized theoretical model.
Results Fatigue (ff = 0.63, p < 0.0001), physical func-
tion (f = 0.37, p < 0.0001), and psychological variables
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(p = 0.15, p = 0.04) were found to be as significant direct
predictors of participation. Pain (f = 0.4, p < 0.0001) and
age (f = 0.12, p < 0.0001) were significant indirect pre-
dictors through fatigue and physical function, respectively.
Together these effects explained 88 % of the variance of
participation, 35 % of the variance in psychological vari-
ables, and 29 % of the variance in physical function.
Conclusion Fatigue, physical function, pain, and psy-
chological variables were most important contributors for
participation in persons with MS.

Keywords Multiple sclerosis - Pain - Participation -
Fatigue - Wilson—Cleary model - Structural equation
modeling - Rehabilitation

Introduction

Multiple sclerosis (MS) is the most common disabling
neurological disease among young adults in North America
[1-3]. MS affects nearly all aspects of life [1-3]. Symp-
toms of fatigue, pain, and depression interfere with
capacity for physical effort, psychological functioning,
work, leisure activities, and lifestyle, making MS one of
the most intrusive illnesses [4]. Increasingly, the ultimate
target of rehabilitation interventions is on enhancing par-
ticipation in life’s roles [5], an outcome known to be
contributing strongly to quality of life (QOL) [6, 7].

The World Health Organization’s (WHO) International
Classification of Functioning, Disability and Health (ICF)
defines participation as “involvement in life situations”
[8]. Participation indeed represents the societal perspective
of functioning as it covers a number of aspects that are
more likely to be performed with others [8]. Participation is
considered as a global construct that covers personal and
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household management, leisure activities, community
involvement, work, and relationships with others [9]. The
concept of participation as a multidimensional health out-
come has been studied extensively in other chronic con-
ditions [6, 7, 10, 11], but less so for people with MS [12,
13]. Existing literature on MS suggests that people with
MS have less involvement in social activities, lower per-
ceptions of social support, less marital satisfaction, and a
shrinking social network [1, 3, 13]. Knowledge of the
contributors to participation and how they interact can help
focus rehabilitation interventions so that, ultimately, QOL
can be optimized.

Participation is influenced by impairments and activity
limitations [8]. Although fatigue is the most reported and
disabling symptom of MS, pain is also a common symptom
reported by almost 50 % of people with MS at some point
of their disease course [1-3]. The results of a meta-analysis
have indicated that individuals with MS who experience
pain are significantly more likely to report a decreased
employment rate than MS people who are pain free [14].
Considering that in comparison with people with MS who
do not have pain, people with pain report more psycho-
logical distress and poorer physical and mental function
[15, 16], and it is assumed that pain may catalyze the social
isolation of persons with MS [15-18].

Like participation, pain is conceptualized as a multidi-
mensional phenomenon [19], necessitating the developing
an interactive multidimensional framework that simultane-
ously evaluates the complex interrelationships among all
contributing factors [19]. There are several theoretical
frameworks that have been developed to explain the rela-
tionship among health outcomes. One of the commonly
applied conceptual models is the Wilson—Cleary model
(WCM) [20]. WCM is an interactive multidimensional the-
oretical model of health-related quality of life (HRQL) that
proposes consequences of health conditions. WCM explains
the linear interrelationship between and among biological
and physiological variables, symptoms status, functional
status, general health perception, and overall QOL [20]. The
model also indicates that each of these components can be
affected by individual and environment characteristics [20].

A broad-based examination of the key determinants of
participation in people with MS has not been widely
studied, nor has the relative contribution of various clinical,
personal, and environmental determinants within an inter-
active theoretical framework that considers all contributing
factors in this population been explored. Previous studies
have considered only a relatively limited range of potential
variables that might account for the variability in partici-
pation [15-18]. In addition, previous works have focused
only on a single dimension of contributing factors [15-18].
More effort needs to be made to conceptualize all the
dimensions of participation for women and men with MS.
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The objective of this study, therefore, was to contribute
evidence to support a biopsychosocial conceptual frame-
work of participation in the context of MS by clarifying the
direct and indirect effects of pain and other MS-related
symptoms, physical function factors, psychological vari-
ables, environmental factors, and individual characteristics
on participation. It was hypothesized that MS-related
symptoms, specifically fatigue and pain and physical
functioning would be the most important identified pre-
dictors. A preliminary conceptual model to assist in the
definition and measure of variables that are important in
order to create a priori hypotheses about the interactions
among different factors and role participation is illustrated
in Fig. 1.

Methods
Participants

The target population for this study consisted of persons with
a diagnosis of MS since 1995. The 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).
The time frame was stratified into three eras: 1995-1999,
2000-2004, and 2005-2006 to ensure that people from each
era were included. The number of people diagnosed with MS
since 1995 at the three clinics was 1950. A center-stratified
random sample of 550 individuals with MS was drawn, of
which 364 were contacted. From those who were contacted,
the first 192 who responded were only included due to the
limited budget. Following exclusion of three people with
incomplete data and one person who did not attend the
evaluation session, 139 women and 49 men comprised the
study sample (52 % of those contacted). No significant dif-
ference was found between responders (n = 188) and non-
responders (n = 176) on age, sex, MS severity, date of
diagnosis, and duration of symptoms. To reflect or resemble
the underlying epidemiology of MS [3], the sample consisted
of substantially more women than men (the ratio 2.8:1).
Participants who had a relapse in the preceding month, par-
ticipants younger than 18 years old, people with severe
cognitive impairments, and those with preexisting health
conditions affecting functioning were excluded from par-
ticipating in the study.

Procedure
Eligible people were sent a letter of invitation from the

director of each related MS clinic. A research coordinator
later contacted the candidates to verify whether they met
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Fig. 1 Initial hypothesized
model

Extent,

Site Fatigue

Nalk PFI Spast

Balan | |GaitF

S T SN SN SRR S

Mom{ ’ Cog

Irrit Anx Dep Ment| | Pasat

Barrier

int

phyis

s 2 3
S 2
O 0 2]

GaitC| |Push Curl Grip‘ Dash | | Aero Jump

1

the eligibility criteria, and invited them to participate if
they did. If persons consented to participate, an appoint-
ment was arranged for assessment of study measures. If
they refused to participate, socio-demographic and clinical
information were collected. On the day of testing, partici-
pants were asked to complete several patient-reported
outcome measures and performance-based measures rep-
resenting the domains identified in the WCM. Study pro-
tocol, measures, and procedures were approved by the
ethics committee of each participating hospital, and
informed consent was obtained.

Measurement

Measures of study are listed in Table 7.

Characteristics of the individuals

The personal characteristics of gender, age, education, and
employment were recorded on the day of testing using the
socio-demographic questionnaire.

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. Persons also were asked to report whether they used

disease-modifying therapy (DMT). The severity of disease
was assessed using the Expanded Disability Status Scale

(R N R I R R |

(EDSS), which has become the standard measure for
classification of MS-related disability, ranging from 0 (no
disability) to 10 (maximum disability) [21]. EDSS was
administered by an independent neurologist who was not a
part of the study.

A nine-item measure to indicate neurological impair-
ments was created using Rasch analysis reflecting lesion
location, and clinical information such as EDSS, MS type,
the use of DMT, and disease duration [22].

Symptoms status

Pain Several measures of pain were used to create a
latent variable for pain component. 0—10 Numeric Rating
Scale (NRS) was used to assess pain intensity in the past
week [23]. Pain location and distribution was quantified
using the Margolis Drawing Rating System (MRS) [24].
0-10 Visual Analogue Scale (VAS) was used to assess
muscle pain. Bodily pain (BP) was measured using the BP
subscale from the RAND 36-Item Short Form Health
Survey (RAND-36) [25, 26].

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) was used to assess
depression and anxiety in the sample [27]. Irritability was
measured using a specific irritability index created from
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Rasch analysis of Psychiatric Symptom Index (PSI) [28].
The scale comprised four items ranging from 1 “never” to
4 “very often.” A maximum total score of 16 represents the
most irritability symptom. VAS and the Perceived Deficits
Questionnaire (PDQ) were used to assess mood and cog-
nitive symptoms, respectively [29]. The Paced Auditory
Serial Addition Task (PASAT) was used to assess innate
processing speed and sustained attention in the sample
[30]. The five-item Mental Health Index (MHI-5) subscale
(also called “nonspecific psychological distress”) from the
RAND-36 was used to assess mental health in the sample
[25, 26].

Fatigue Several measures were used to create a latent
variable of fatigue using Rasch analysis. They included
vitality subscale (VIT) of the RAND-36 [25, 26], the
thinking/fatigue subscale of the Functional Assessment of
Multiple Sclerosis (FAMS) [31], the Modified Fatigue
Impact Scale (MFIS) from the Multiple Sclerosis Quality
of Life Inventory (MSQLI) [32], and the Multidimensional
Fatigue Inventory (MFI) [33]. The final fatigue measure
included 14 items with a total score ranging from O to 43
and the 90 % reliability estimate.

Functional status

Participation We created a latent component of partici-
pation using several corresponding representative measures
of work, lifestyle disruptions, exercise, and leisure activi-
ties. Role physical (RP), role emotional (RE), and social
functioning (SF) subscales from the RAND-36 were used
to identify problems with work or other regular daily
activities in the sample [24]. Information was also avail-
able on work time (hours of paid worked) and work activity
(hours taking care of people and worked). The Exercise
Barriers Scale (EBS) was used to assess exercise barriers
and facilitators in the sample [34]. The Preference-Based
Multiple Sclerosis Index (PBMSI)—modified from the
Preference-Based Stroke Index (PBSI) [35]—was used to
assess participants’ ability to accomplish activities such as
recreational activities and driving considering their own
health on the day of evaluation [22]. Finally, Illness
Intrusiveness Rating Scale (IIRS) measured the illness
intrusiveness [36], which has been defined as “illness and
treatment-induced lifestyle disruptions that interfere with
continued involvements in valued activities and interests”
[36].

Physical function A latent variable for physical function
was created from walking capacity, gait speed (comfortable
and fast), balance, spasticity, exercise capacity, lower
extremity power, grip strength, physical function, upper
limb and abdominal muscle endurance, and upper
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extremity dysfunction. The six-minute walk test (6MWT)
[37] and gait speed test [38] were used to assess walking
capacity and gait speed (comfortable and fast) in the
sample, respectively. EQUI Scale [39] was used to measure
balance, and the Modified Ashworth Scale (MAS) [40] was
used to assess spasticity in the sample. The Modified
Canadian Aerobic Fitness Test (MCAFT) [41] was used to
assess exercise capacity in the sample. Lower extremity
power, grip strength, and physical function were assesses
by the vertical jump test [42], the Jamar TM dynamometer
(JTMD) [43], and the Physical Functioning Index (PFI) of
the RAND-36 [25, 26], respectively. Push-up and partial
curl-up tests were used to assess the endurance of upper
limb and abdominal muscles [41]. The Disabilities of the
Arm, Shoulder and Hand (DASH) Scale was applied to
measure upper extremity dysfunction [44].

Statistical analyses

Descriptive statistics were used to describe the sample and
summarize data. The potential for selection bias was tested
using Chi-square test for categorical variables, ¢ test for
continuous variables with homogenous variances, and U
Mann—Whitney test for continuous variables with non-ho-
mogenous variances. Associations between all variables
were assessed using Spearman and Pearson correlation
coefficients for categorical and continuous variables,
respectively.

To test the Wilson—Cleary theoretical conceptual
framework against the observed data, structural equation
modeling (SEM) was considered the most appropriate
option of analysis. SEM, a combination of factor analysis,
path analysis and regression, is a powerful and advanced
statistical approach that has the ability to simultaneously
evaluate a priori hypotheses concerning both direct and
indirect relationships between and among constructs and
variables within multiple alternative models [45].

The assumptions of SEM, such as collinearity and
multivariate normality, were tested prior to the analysis.
Collinearity occurs when two or more indicators in the
model are highly correlated. Collinearity provides redun-
dant information about the response and so increases the
standard errors of parameter estimates and decreases reli-
ability [45]. Correlation matrices between all pairs of
indicators were constructed to assess for collinearity. If
correlation coefficients between two indicator variables
were close or larger than 0.8, one of them was removed
from the model [45]. Regarding multivariate normality,
since many construct-specific measures were not normally
distributed, all models were estimated using robust maxi-
mum likelihood (MLR), which produces more accurate
standard error estimates with non-normally distributed
variables and a more accurate Chi-square statistic [45].
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The goodness of fit of the model is examined using
several fit indices including the Satorra—Bentler scaled Chi-
square statistic, Comparative Fit Index (CFI), Tucker—
Lewis Fit Index (TLI), Root Mean Square Error of
Approximation (RMSEA), and the Standardized Root
Mean Squared Residual (SRMR) [46]. A p value smaller
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
value 0.90 for RMSEA; and a p value below 0.08 for
SRMR suggest an adequate fitting model [46].

Evaluation of the alternative models was based on the
theoretical knowledge, along with the statistical criteria for
adding or removing paths. We used Lagrange Multiplier
test for adding the paths. A critical ratio (¢ value) that
exceeds +1.96 or fall below —1.96 along with a non-
significant p value as well as the Wald test was used for
eliminating the paths [45].

A major restriction of SEM is its requirement for a large
sample size that is somewhat dependent on model com-
plexity [45, 46]. In order to estimate parameters with
reliability, rules of thumb suggest 200 cases or 10 subjects
per parameter being estimated [45]. As the number of
available variables was large with respect to the available
sample size, a set of steps were used to drop some of them.
First, the correlation matrix was examined to identify
variables with weak association with the outcome. Vari-
ables that did not correlate to the main outcome were
eliminated. In addition, some of the variables were
removed from the model due to collinearity. Of the cor-
related variables with strong correlation to the outcome,
those that severely violated the assumption of normality
were eliminated as well.

The power of the model was computed using the
MacCallum method, which is an extension of Satorra and
Saris’ power analysis procedure [47].

Statistical analyses were conducted using the Mplus
statistical software version 7.1 [48] for SEM model and fit
indices, and Statistical Analysis Systems (SAS) version 9.2
[49] for descriptive statistics and correlation matrix. Mplus
has the advantage of handling missing data as well as data
that are neither continues nor normally distributed [48].

Results
Description of the sample

Characteristics of the participants are presented in Tables 1
and 2, respectively.

The sample consisted of substantially more women than
men (the ratio 3:1). Both men and women had mild dis-
ability with a median EDSS score of <3. 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 (Table 3).

Structural equation modeling
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. Indicators for each latent variable are
presented in Table 2 and Fig. 1. 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. The latent variables of fatigue and
neurological impairments, created with single indicators,
were assigned reliabilities of 90 and 74 %, respectively
[22].

The strict interpretation of the WCM is a progression
from biological factors to symptoms to functioning. Thus,
the model was built in phases beginning with the paths
from the neurological impairment, to the fatigue, to the
physical function, and finally to the outcome, participation.
Gender and other personal factors such as education or
living situation were not included in the analysis as there
was no significant difference between these variables and
participation indicators in this study. The original hypoth-
esized structural model is illustrated in Fig. 1.

Simplified path model

Table 4 sets out the model progression. As expected, due to
the complexity of the model, the fit of the original hypoth-
esized path model was not adequate. Thus, several steps were
taken for improving the model fit. The RAND-PFI, DASH,
gait speed (fast) were removed from the physical function
latent, as they were highly correlated with the several other
indicators of function such as walking capacity, gait speed-
comfortable, and balance (Table 3). Results of factor anal-
ysis further demonstrated that not all of the indicators fit with
their hypothesized latent factors. Thus, variables such as pain
location, PASAT, physical capacity tests, PBMSI, the
RAND-SF, the RAND-RE, and work time, and work activity
were dropped from the further analysis. However, even with
the exclusion of work variables from the model, information
related to the work variables could still be captured using the
illness intrusiveness questionnaire as a work item was
already present in the illness intrusiveness questionnaire,
determining the ratings of the degree to which one’s illness
interfere with life domains such as work and employment
[36].
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Table 1 Description of the sample on the Wilson—Cleary rubrics of
personal, environmental, and biological and physiological factors
(N = 188)

Variables Frequency Percent
or (mean) or [SD]
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 5
Primary progressive 7
Primary relapsing 3 3
Clinically isolated syndrome 7
Years since diagnosis 3) [4]
Years since symptom onset ) [5]
MS severity (EDSS: median) 2.4 2
Disease-modifying therapy
Yes 110 85

Re-specified path model

The model was then further revised by eliminating the
direct paths from pain and age to participation, as well as
pain to physical function and psychological variables.
Additionally, the component of neurological impairments
was removed from the model due to the nonsignificant
effects of it on several paths of the model, and the mild
disability level of the current sample.

The final path model
The final model is shown in Fig. 2. Overall, the results of

fit indices indicated good fit of the model (Table 4).
According to the model, participation was directly
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predicted by fatigue (f = 0.63, p < 0.0001), physical
function (f = 0.37, p < 0.0001), and psychological vari-
ables (ff = 0.15, p = 0.04) (Table 5). Pain was a signifi-
cant indirect predictor of participation through fatigue
(fp = 0.4, p <0.0001). The effect of age on participation
mediated  through  physical function (f = 0.12,
p < 0.0001) as well. Fatigue also showed an indirect effect
on participation through physical function (f = 0.14,
p < 0.0001). Together these effects explained 88 % of the
variance of participation, 35 % of the variance in psycho-
logical variables, and 29 % of the variance in physical
function. Table 6 presents the maximum likelihood esti-
mates of final model on participation. These standardized
path coefficients represent the strength of the relationship
among variables. The statistical power of the final model
was estimated to be as high as 93 % (N = 188, df = 94,
o = 0.05, RMSEA range = 0.05-0.08).

Discussion

This study modeled participation using the framework of
the WCM 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.

The results of this study highlighted the importance of
doing more investigations on fatigue due to its overall
effect on participation so HRQL. Fatigue was found to not
only contribute to the construct of participation, as defined
in this study, but was also a contributor to all other vari-
ables in the model, thus confirming its role as the most
disabling symptom of MS. Similar to the study by Kempen
[50], our results also indicated that fatigue acts as inde-
pendent determinants of physical functioning. Pharmaco-
logical and non-pharmacological interventions are
currently underway to try and relieve MS fatigue [51].
Clinical practice guidelines suggest pharmacological
treatments, exercise training and energy conservation
techniques for managing fatigue [52]. A recently published
meta-analysis compared the effectiveness of three types of
interventions including exercise, education, and medication
on fatigue management. Results of this study indicated that
non-pharmacological interventions, i.e., exercise interven-
tions, appeared to have stronger effects on reducing the
severity of patient-reported fatigue compared with phar-
macological interventions [53]. A recently published
scoping review further identified a variety of exercise and
behavior change interventions for MS fatigue management.
Results of this review showed that both exercise and
behavior change interventions demonstrate some degree of
effectiveness for managing MS fatigue [54]. A cognitive-
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Table 2 Description of the
sample on the Wilson—Cleary

rubrics of symptoms and
functional factors (N = 188)

483
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 (NI) 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: 11-33) 27.4 54 Pbmsi
Exercise barriers (EBS: 0-42) 20.3 15 Barrier
Illness intrusiveness (IIRS: 0-78) 20.5 16.4 Illint
Work time 25.3 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, /IRS 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-RAND-36 Mental Health Scale of RAND-36, BP-RAND-
36 Bodily Pain Subscale of RAND-36, MRS Margolis Rating System, NRS Numeric Rating Scale

behavioral approach suggests that fatigue is worsened by  present study also showed that cognitive-behavioral factors
the individual’s interpretation of symptoms or associated  are more involved in the persistence of MS fatigue than
symptoms and not only by disease severity [55, 56]. The  biological factors, such as neurological impairments or
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Table 4 Model progression

Model X2

P SRMR CFI TLI
p value

RMSEA RMSEA
90 % CI

RMSEA
p value

Initial path model

32 Variables representing the four latent variables (physical
function, psychological variables, pain, and participation), and
fatigue, NI, and age were included in the initial model (Fig. 1)

Simplified path model 419

The RAND-PFI, DASH, gait speed (fast), jump test, MCAFT,
curl-ups, 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

Re-specified path model 147

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

Final model

NI was dropped from the model. Correlations were added
between pain extension and pain worse intensity and between
RAND-RP and Barrier Scale (Fig. 2)

1532

113.8

0.00 0.1 0.77 0.75 0.1 0.09-0.10 0.00

0.000  0.08 0.89 0.87 0.08 0.07-0.09 0.000

0.005  0.05 097 096 0.7 0.07-0.09 0.04

0.08 0.05 0.98 0.98 0.90 0.000-0.054 0.03

;(2 Chi-square test, CI confidence interval, NI neurological impairments

Fig. 2 Final model of
participation

y y y

‘ Mood ‘

Irritability Anxiety

-0.5

R?=.35

Psycho
0.2 0

Age

Exercise

Barrier
o2 0.7

0.6 08 e

disease severity, as in our final model no relationship was
found between those factors and fatigue.

In link with another study [12], the current study pro-
vided results for considering the role of physical function
as an important correlate of social activities and partici-
pation in persons with MS. In persons with MS, difficulty

Fatigue!
i Ll Intrusiveness

1 o4
0.9

R?=.88 -0.7 Role
-0.4 physical

0.3

R2=.29

09 7 4 0l 9 05

Walking| Gait Grip
capacity| Comfort| strength

) ) ) ) t

Balance

Spasticity|

with walking is related, either alone or in combination, to
MS symptoms such as muscle weakness, spasticity, fati-
gue, pain, and depression [57]. These symptoms can pro-
duce problems with walking, unsteady gait, and difficulty
with keeping balance and standing, thus avoiding partici-
pation in social activities.
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Table 5 Significant direct,
indirect, and total effects of
study variables on participation

Table 6 Maximum likelihood
estimates of re-specified model

In contrast with another study [12], our result revealed
that depression was not a predictor in the perpetuation of
participation in people with MS. This can be partly related

@ Springer

Study variables Direct effect Indirect effect Total effect
Physical function 0.37%* - 0.37
Psychological variables 0.15%* - 0.15
Fatigue 0.63%* 0.14* 0.77

Pain - 0.4* (through fatigue) 0.4

Age - 0.12* (through physical function) 0.12

Significant at * p < 0.0001 or ** p < 0.05

Estimate (8)*

Standard error

Critical ratio®

Participation BY
Exercise barrier
Illness intrusiveness
Role physical

Physical function BY
Walk test
Gait comfortable
Balance
Spasticity
Grip

Psychological variables BY
Irritability
Anxiety
Mood

Pain BY
Pain distribution
Pain scale of RAND-36
Worst pain severity

Participation ON
Physical function
Psychological variables
Fatigue

Physical function ON
Fatigue
Age

Psychological variables ON
Fatigue
Age

Fatigue ON

Pain

Physical function WITH psychological variables

Pain WITH age
Pain distribution WITH worst pain severity
Exercise barrier WITH role physical

0.70
0.79
-0.75

0.92
0.88
0.90
-0.73
0.49

0.72
0.82
—0.46

0.62
—0.86
0.74

-0.37
0.15
0.63

—0.38
—0.33

0.59
—0.18

0.63
0.22
0.21
0.44
0.34

0.05
0.04
0.05

0.02
0.03
0.02
0.05
0.07

0.07
0.05
0.07

0.06
0.05
0.05

0.06
0.08
0.07

0.06
0.07

0.06
0.07

0.05
0.08
0.07
0.09
0.09

14.22
21.75
—16.46

54.1

34.5
37.95
—14.52
6.58

9.67
17.82
—6.35

9.89
—-17.1
13.99

—6.17
1.9
8.5

—6.39
—4.63

9.31
—2.43

11.9
2.79
29
4.60
3.47

BY factor loading of indicator variables, ON path coefficients, WITH associations

% Parameter estimates (ff) are interpreted in the same way as regression coefficients

° All critical ratios had significant results/paths

to the fact that our sample reported no serious depressive
symptom (the mean scores of depression scores of our
sample was 4 out of 21 on HADS). In addition, those
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studies used different measures to assess depression, such
as the short form of the Center for Epidemiological Studies
Depression (CES-D) Scale [12]. This brings up 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 [2, 14—18]. 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. The results of this study indicated that
individuals with pain, who experienced higher levels of
fatigue, reported lower levels of social participation. Fati-
gue and pain are related symptoms that often occur con-
currently in people with MS and one can lead to or
exacerbate the other [58]. These symptoms are possibly
associated through common etiology due to the simulta-
neous damage to nerve fibers across different parts of the
central nervous system (CNS) [59]. Pain could to some
extent justify energy expenditure so as fear of pain could
make someone experiencing them more tired. From a
rehabilitation perspective, results from the current study
provide useful information to help healthcare professionals,
clinicians, and researchers to target symptoms that often
occur together, so their concurrent appearance exacerbate
their impact on disease consequences, €.g., role participa-
tion. Interventions that target fatigue through pain can also
be designed to impact on other aspects of life such as role
participation. For example, teaching of energy conserva-
tion techniques to alleviate pain during ambulation could
reduce fatigue so as role participation.

Comparing our model with the WCM [20], we found
that symptoms such as 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 [29] and Mayo [60] who concluded from their
SEM model in stroke that symptoms are important con-
tributors to participation.

The current study has several strengths. The sample of
study is a representative of the population living with MS
in Canada due to the several reasons. First, 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 and
type, consistent with a clinical spectrum of MS [61]. Sec-
ond, the sample consisted of substantially more women
than men; the ratio of women to men in our study was

2.8:1, indicating that our sample is representative of gender
difference in MS population (the ratio 3:1) [3]. Third, 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 [61]. Strength of this study
further relates to the validity of the conceptualization of
participation construct in MS population due to the full
appropriate selection of participation measures, adequate
research method, and complex statistical methods used.

This research had also some limitations. First, this was a
cross-sectional study when subjects were assessed at one
point in time. This limitation is particularly important in
MS due to its progress course, as factors contributing to
outcomes of interest change over time. Longitudinal stud-
ies are needed to evaluate changes in the participation over
time and determine whether any changes are related to the
factors identified in this study. Randomized controlled
trials investigating the effects of different intervention
approaches on participation and its contributors are also
suggested. Second, as we only included persons diagnosed
for MS since 1995, we acknowledge that these recruitment
criteria may underrepresent symptoms and other function-
ing status in our sample. Since 1995, advances in neu-
roimaging techniques, such as MRI, and DMT facilitate
earlier diagnosis of disease, and reduce the speed of disease
progression [62]. Another limitation of this study relates to
its relatively small sample size which is smaller than 200
cases as recommended in the literature [45]. However, as
the current sample included 188 participants who were
assumed to be a real representative of the MS population,
due to the method of recruitment procedure and richness of
data collected, we believe that the number of participants
who included in this study was enough to provide a reliable
estimate of parameters.

Future efforts need to assess the impact of more envi-
ronmental factors, such as weather temperature, neighbor-
hood, 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, satisfaction, self-efficacy, and
coping strategy to the analysis is suggested as well.
Research also needs to be done to go beyond role function
and participation to health perception and QOL.

The results of this study verified how well the different
measures captured different aspects of the multidimensional
concept of participation construct, thus suggesting the need
to have the multidisciplinary treatment approach for partic-
ipation restriction. Identification of the strength of the con-
tributors to participation would help prioritize intervention
approaches for its improvement. For example, our results
suggest that in persons with MS a careful assessment of
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fatigue, physical function, pain, and psychological variables
would provide a much better guide to an individual’s par-
ticipation than any combination of biological and physio-
logical 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. Unlike the pathological
variables associated with MS, those symptoms may be
modified to improve participation [52-54]. This information
also is important for the planning of rehabilitation services,
i.e., intervention approaches need to focus on reducing MS
impairments rather than only shifting to a function-based
approach, potentially increasing the opportunity for people
with MS to optimize their HRQL. 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. As mentioned previously,
healthcare providers should consider a full spectrum of
effective fatigue management approaches, from exercise to
educational strategies and self-management techniques in
conjunction with medication [53]. Given the impacts of pain
on fatigue, there is a need for a thorough assessment and
treatment of different dimensions of pain. Management of
MS pain involves a variety of pharmacological and non-
pharmacological approaches [63]. Massage, physical activ-
ity, yoga, tai chi, heat therapy, hydrotherapy, herbal reme-
dies, acupuncture, and cognitive-behavioral therapy are
examples of non-pharmacological approaches that have
effectively been used in MS population to modify MS-re-
lated symptoms [2, 15-18, 50, 51, 59, 63].

The findings of this research play an important role in
the recommendation to health policy makers to ensure that
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, as well as the
possibility of providing appropriate resources for patients,
would increase their role participation. Giving appropriate

Conclusion

Results of the current study suggested fatigue, physical
function, psychological variables, pain, and age as the most
important contributors to role participation of individuals
with MS. An interesting result of this study was the central
role that fatigue appeared to have on the social role of
people living with MS. We indicated that despite advances
in pharmacological and non-pharmacological treatment,
still fatigue continues to be the most disabling symptom in
persons with MS, thus highlighting the need for and
importance of promoting interventions for the management
of MS-related fatigue.

The optimum target of rehabilitation interventions is
increasing participation in life situations, as it is known to
be contributing strongly to QOL [6, 7]. A clear under-
standing of participation and its predictors can ultimately
improve QOL in individuals with MS. For example, if, as
the final model of this study indicates, fatigue is reduced
and participation is increased, then quality of life should
also improve. This highlights that further research needs to
be done to go beyond symptoms, role function, and par-
ticipation to health perception and QOL.
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information to patients about the advantage of participating ~ Appendix

in leisure, exercise, and social activities and guiding them

to do these safely are also suggested. See Table 7.

Table 7 Measures included in analyses

Variable Construct® Measure Scale

Pain
Pain severity Symptom Numeric Rating Scale (NRS) Quasi-continuous
Muscle pain intensity Symptom Visual Analogue Scale (VAS) Quasi-continuous
Bodily pain Symptom RAND-36 Health Survey Pain Subscale (BPS) Continuous
Pain location Symptom Margolis rating system Continuous
Pain distribution Symptom Margolis drawing rating system Continuous
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Table 7 continued

Variable Construct® Measure Scale
Psychological variables
Depression/anxiety Symptom Hospital Anxiety and Depression Scale (HADS) Quasi-continuous

Psychological health

Mood

Irritability

Cognitive impairment

Processing speed/attention
Single indicator

Fatigue

Neurological impairments
Participation

Role physical

Role emotional

Social functioning

Work

Illness intrusiveness

Exercise barriers

Ability to accomplish work
Physical function

Walking capacity

Walking speed

Lower extremity power

Muscle stiffness and spasticity

Balance capacity

Upper extremity dysfunction

Grip strength

Aerobic capacity

Upper limb muscle endurance

Abdominal muscle endurance

Physical functioning

Functional status
Symptom
Symptom
Symptom
Functional status

Symptom
Symptom

Functional status
Functional status
Functional status
Functional status
Functional status
Functional status

Functional status

Functional status
Functional status
Functional status
Symptom
Symptom

Body structure and function
Functional status
Functional status
Functional status
Functional status
Functional status

RAND-36 Health Survey Mental Health Index (MHI-5)
Visual Analogue Scale (VAS)
Irritability questionnaire

Continuous
Quasi-continuous

Quasi-continuous

Perceived Deficits Questionnaire (PDQ) Continuous
Paced auditory serial addition test (PASAT) Continuous
RAND-36, MFIS, FAMS, MFI Continuous
Symptom checklist, medical chart, EDSS Continuous
RAND-36 Role Physical Subscale (RP) Continuous
RAND-36 Role Emotional Subscale (RE) Continuous
RAND-36-Social Functioning Subscale (SF) Continuous
Socio-demographic questionnaire Continuous
Illness Intrusiveness Rating Scale (IIRS) Continuous
Exercise Barriers Scale (EBS) Continuous
Preference-Based MS Index (PBMSI) Continuous
Six-minute walk test Continuous
Gait speed test Continuous
Vertical jump test Continuous
Modified Ashworth Scale (MAS) Continuous
EQUI Scale Continuous
Disabilities of the Arm, Shoulder and Hand (DASH) Continuous
Jamar TM dynamometer Continuous
The Modified Canadian Aerobic Fitness Test (MCAFT) Continuous
The push-ups test Continuous
Partial curl-ups test Continuous
RAND-36 Physical Functioning Subscale (PFI) Continuous

* Construct of each variable has been chosen based on the components of Wilson—Clearly model [20]
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