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Abstract

Purpose There were two objectives in 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 (2) to compare the contribution of generated symptom
clusters to MS consequences including functional walking
capacity, perceived health, illness intrusiveness, and qual-
ity of life (QOL).

Methods This was a cross-sectional study. A center-
stratified random sample comprising 139 women and 49
men was recruited from three major MS clinics in Mon-
treal. Subjects completed several self-report and perfor-
mance-based measures that assessed symptoms and
downstream MS consequences. Hierarchical and K-means
cluster analyses were used to create clusters.

Results Three symptom clusters were identified. Cluster
1, labeled the “emotional/cognitive symptom cluster,”
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comprised of depression, anxiety, cognitive impairments,
and irritability. The second cluster, labeled the “physical
symptom cluster,” included pain, fatigue, and sleep dis-
orders. 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 significantly ill-
ness intrusiveness and QOL. On the other hand, the phys-
ical symptom clusters and emotional/cognitive symptom
clusters showed a significant contribution to prediction of
illness intrusiveness and QOL. All symptom clusters
showed a significant effect in predicting the overall vari-
ability of perceived health status.

Conclusions The findings of this study provide useful
information to help healthcare professionals, clinicians,
and researchers to target symptoms that are often in the
same cluster when one or two of them are present. Iden-
tification of the strength of the contributions of each
symptom clusters to the targeted MS consequences would
further help to prioritize treatment approaches for the MS
population.

Keywords Symptom cluster - Multiple sclerosis -
Disease consequences - Health outcomes

Introduction

Multiple sclerosis (MS) is a chronic, inflammatory disease
of the central nervous system (CNS) [1]. Canada has one of
the highest prevalence rates of MS in the world, affecting
as many as 240 people per 100,000 [2].

MS symptoms can be either a direct result of disease
itself, or related to treatments [3]. Symptoms of MS affect
people differently and, even in the same person, change
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from time to time. MS symptoms mostly include fatigue [4,
5], pain [6-10], sleep disturbance [11-14], balance problems
[15], spasticity [16], memory and concentration problems
[17, 18], depression [19], anxiety, and irritability [11, 20].

The majority of MS studies are focused on a single
symptom and its related prevalence, assessment, and
management [21]. However, symptoms of MS often occur
concurrently [21-26].

Two [27] or more [28-32] symptoms that are related to
each other and occur together are defined as a symptom
cluster (SC). The relationships among symptoms are com-
plex and can be either a real relationship (common etiology
mechanism) or a statistical association via a shared common
variance [28, 30, 31]. Symptom clusters of pain, fatigue, and
depression [33] as well as poor sleep quality and perceived
cognitive dysfunction have been identified in persons with
MS [21, 26, 33]. Based on the theory of unpleasant symp-
toms [34, 35], it is believed that multiple concurrent
symptoms, in comparison with a single symptom, have a
stronger effect on disease consequences [28, 32, 33, 36, 37].

Walking difficulty affects more than 75 % of persons
with MS [38]. Reduced walking capacity is related, either
alone or in combination, to MS symptoms such as muscle
weakness, poor balance, fatigue, pain, and depression [39—
42]. Diminished perceived health is another frequent dis-
ease 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
[43]. 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 [44-48]. Literature on illness
intrusiveness in MS shows that an increased perceived
lifestyle disruption is associated with poor sleep quality,
psychological distress [49], fatigue [50], and mental health
[51]. As a result of the psychological and physical chal-
lenges confronted by people with MS, they rate their
quality of life (QOL) lower than healthy peers. Fatigue,
depression, cognitive impairment, muscle weakness, gait
disturbance, and disease severity have been found to be
associated with poor QOL among MS persons [52-58].

Symptom clusters have been investigated broadly in other
clinical conditions such as cancer [59, 60], brain tumors [61],
and heart disease [28, 62, 63]. A search of the MS literature
using the term “symptom cluster” provided only a few cita-
tions of cluster analyses [21, 26, 32, 33, 64-66]. The majority
of studies on MS and symptom clusters have examined the
clusters of pain—depression—fatigue, and sometimes sleep
disturbances and cognitive impairment. However, the exis-
tence and composition of many MS-related symptoms such as
poor balance, spasticity, anxiety, and irritability across the
symptom clusters still remain unanswered. In addition, some
of the previous studies on symptom clusters in MS used small
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samples of convenience and a single statistical approach.
Furthermore, this study was as part of a larger study on
“Gender Life Impact of MS.” Subjects completed a battery of
self-report and performance-based measures that assessed
symptoms and downstream MS consequences. The pre-
liminary results of the original study showed that the symp-
toms and disease consequence included in the current study
were the most common symptoms and MS consequences
experienced by participants.

There were two objectives in 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, cogni-
tive impairment, spasticity, and poor balance, cluster and
(2) compare the contribution of generated symptom clus-
ters to MS consequences, including functional walking
capacity, perceived health, illness intrusiveness, and QOL.

Methods
Participants

A center-stratified random sample of 139 women and 49
men, registered at the three major MS clinics in greater
Montreal including: Montreal Neurological Hospital,
Centre Hospitalier de 1’Université de Montréal, and Cli-
nique Neuro Rive-Sud, comprised the study sample popu-
lation. Eligibility was based on diagnosis of MS since
1995. Participants had to be older than 18 years old. Par-
ticipants with severe cognitive impairments and preexisting
health conditions affecting functioning such as cancer,
heart disease, and arthritis were excluded from participat-
ing in the study. Participants who had a relapse in the
preceding month of evaluation were excluded from par-
ticipating in the study as well.

Measures

Eligible people were sent a letter of invitation from the
director of each related MS clinic. A research coordinator
contacted the participants to verify whether persons met the
eligibility criteria and invited them to participate. If per-
sons consented to participate, an appointment was arranged
for assessment of study measures. Table 1 outlines the
measurement strategy, study variables and their related
constructs, units, and scales.

Sociodemographics characteristics
Sociodemographic factors of gender, age, weight, and

employment status were recorded on the day of testing
using the sociodemographic questionnaire.
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Table 1 Classification and

. Variable Measure Scale Unit/coding
measurement of variables
included in the study Sociodemographic 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
SDQ Sociodemographic Disease-modifying therapy MC Binary 0 = No; 1 = Yes
Questionnaire, EDSS Expanded Symptoms
Disability Status Scale, MC Pain RAND-36 Continuous Scores 0-100
ﬁegwa} g‘alf’hRgND -36 The Fatigue RAND-36 Continuous Scores 0-100
edical Health Outcomes . .
Study, HADS Hospital Anxiety Sleep problems R-PSQI Quasi-continuous Rasch model: 0-8
and Depression Scale, PDQ Spasticity MAS Quasi-continuous Scores 0-60
Perceived Deficits Poor balance R-EQUI Quasi-continuous Rasch model: 0-20
Questlonnalre, R'PSQ( Rasch- Depression/anxiety HADS Quasi-continuous Scores 0-21
Pittsburgh Sleep Quality Index, o ) .
MAS Modified Ashworth Scale, Cognitive impairments PDQ Continuous Scores 0-80
R- EQUI EQUI Balance Scale, Irritability 1Q Quasi-continuous Scores 4-16
1Q Trritability questionnaire, Outcome variables
O6MWT Six-Minute Walk Test, . . .
EQ-VAS Euro Quality of Life Walking capacity 6MWT Continuous Meters
Visual Analogue Scale, IIRS Perceived health status EQ-VAS Continuous Scores 0-100
Ilness intrusiveness Rating Iliness intrusiveness IIRS Continuous Scores 13-91
Scale, PGI Person Generated Quality of life PGI Continuous Scores 0-100

Index

Disease-related characteristics

The clinical records of each person were reviewed to obtain
data on MS-related characteristics. The severity of neuro-
logical impairment was assessed by a neurologist based on
the Expanded Disability Status Scale (EDSS) [67].

Symptoms

The two-item bodily pain subscale (BPS) from RAND-36
was used as a measure of pain severity [68]. The scale
scores from O to 100, with lower scores indicating higher
levels of pain severity [68]. Internal consistency of this
scale in the MS population has been reported to range from
0.77 to 0.94 [69, 70].

The Vitality subscale of RAND-36 was used, which is
comprised of 4 items asking about the level of energy and
feeling of tiredness [68]. The sum scores range from 0 to
100, higher score indicating lower fatigue. RAND-36 has
been used widely in MS population, and its psychometric
properties have been provided [71, 72].

To assess sleep disturbance, we used a specific sleep
questionnaire created from a Rasch analysis of the

Pittsburgh sleep quality index (PSQI) [73]. The scale
contains 4 items that assess factors affecting sleep quality
during the previous month. Total score ranges from 0 to 8,
higher score indicating worse sleep quality. Reliability and
validity of the original questionnaire have been determined
[73].

The levels of anxiety and depression of persons were
measured using the hospital anxiety and depression scale
(HADS) [74, 75]. The HADS has 14 items; 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 [76]. Higher scores indicate
worse depression/anxiety symptoms. The HADS is a reli-
able and valid tool and has been used in a number of MS
studies [74, 76-78].

Irritability was measured using a specific irritability
index created from Rasch analysis of psychiatric symptom
index (PSI) [79]. The scale comprised 4 items ranging from
1 “never” to 4 “very often.” A maximum total score of 16
representing the most irritability symptom.

Cognitive impairment was assessed using the perceived
deficits questionnaire (PDQ) [80]. PDQ contains 20 items,
each score ranging from 0 to 4 with a maximum total score
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of 80, where higher scores indicate greater cognitive
impairment [81]. The validity and reliability of PDQ in MS
persons have been widely accepted [80, 82].

Spasticity was assessed using the modified Ashworth
scale (MAS) [83]. The MAS assigns grades to a manually
determined resistance of muscle [83]. For each segment,
scores range from O (no increase in muscle tone) to 5
(affected part rigid in flexion or extension) with a maxi-
mum total score of 60 for both sides. Validity and reli-
ability of MAS in a number of MS studies have been
examined [83-88].

To assess balance, we used the EQUI-Scale, which is a
MS-specific balance scale created using Rasch modeling
from the items of Tinetti Performance Oriented Balance
Scale and the Berg Balance Scale [89]. The scale has ten
items that are listed in order of difficulty. Each item scores
from O to 2 with a maximum total score of 20; higher
scores indicate better balance skills [89].

Disease consequences

Walking capacity was measured using the six-minute walk
test (6(MWT) in which the maximum distance a person can
walk over 6 min at their own pace is recorded [90]. The
6MWT has been used widely in MS population [91] and is
correlated strongly with the 12-Item MS Walking Scale
(r =0.81, P <0.001) [92] and the shuttle Walk Test
(r=0.68) [93]. An excellent test-retest reliability
(ICC = 0.96) and inter-rater reliability (ICC = 0.93) have
been reported for the 6GMWT [94].

Perceived health status was measured using the Euro-
QOL VAS (EQ-VAS) [95]. Participants were asked to rate
their overall health on 0-100 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 adapt-
ability [96].

Ilness intrusiveness was measured using the Illness
Intrusiveness Ratings Scale, which determines the ratings
of the degree to which one’s illness interferes with different
life domains [97]. It consists of 13 questions each with a
7-point response option, 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 [48, 98].

Person generated index (PGI) was used to capture life
domains that have been affected by MS and its related
treatment [99—101]. The total score ranges from 0 to 100;
higher scores indicates better health QOL. The reliability,
validity, and responsiveness of the PGI have been assessed
[99, 100, 102].
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Statistical analyses

Descriptive statistics were used to describe the sample and
summarize data. Selection bias was tested using chi-
squared test for categorical variables and ¢ test for contin-
uous variables. Associations between all variables were
assessed using Spearman’s and Pearson’s correlation
coefficients for categorical and continuous variables,
respectively.

As in contrast to other scales, higher scores from fatigue,
pain, and balance scales indicated better health status;
scores from these scales were reversed. In addition, as the
measurement scales differed, each scale was transformed
into a 0-100 scores. Hierarchical (centroid, average, and
ward methods) and non-hierarchical clustering with a
squared Euclidean distance were used. Hierarchical cluster
analysis, characterized by the development of a hierarchy
(tree-like structure), is the main statistical method for
providing homogeneous clusters. It begins with treating
each symptom as a separate cluster and then merges the
similar symptoms into consecutively larger clusters. While
hierarchical cluster analysis does not need the number of
clusters as input, the non-hierarchical clustering method
referred to as k-means clustering uses a defined number of
clusters. Additionally, a hierarchical tree diagram, called a
dendrogram, and a scree plot were produced to help
identify the correct number of clusters. As different sta-
tistical methods may produce different SCs, exploratory
factor analysis was also carried out for comparison
purposes.

Since each generated cluster was to be used as a pre-
dictor of downstream outcomes, using principal component
analysis, a unique value per person on each SC was gen-
erated. Then, factor loading for each symptom in a par-
ticular cluster was combined to create the SC latent
variable. This cluster was then entered in multiple regres-
sion analysis to identify the relative contribution of each
latent cluster on the downstream disease consequences.

Other predictor variables were 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 pre-
dictor was also calculated permitting a quantifiable way of
identifying which predictor had the largest effect on dis-
ease consequences.

There are no rules about the appropriate number of
participants in cluster analysis. The only recommendation
is to critically question whether the dimensionality is not
too high for the number of variables/participants to be
grouped [103, 104]. Considering that there were 9 symp-
toms in our analysis, and in most rules-of-thumb criteria,
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Table 2 Demographic and clinical characteristics of study partici-

pants (N = 188)

Variables (x &= SD) or N (%)
Current age (¥ = 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 333

Clinically isolated syndrome 9 ()
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)

10-20 cases per variable are recommended, a sample size
of 188 participants would be suitable for the purpose of this
study.

Results
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. Sociodemographic and clinical
characteristics of the sample are presented in Table 2.

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 pop-
ulation (76/100 and 66/100, respectively) [105]. Distance
walked was 66 % of predicted for healthy individuals with
the same age, height, and weight (range 400-700 m) [106].
Mean rating on perceived health was 73 out of 100, lower
that what has been reported for a general Quebec popula-
tion (mean 80) [107].

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

Table 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: 0-8) 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 3.4
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 (IIQ: 0-78) 29 23
Quality of life (PGI: 0-100) 50 25

SD Standard Deviation, BP-RAND-36 BPS 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, 1Q
Irritability Questionnaire, 6MWT Six-Minute Walk Test, EQ-VAS
EuroQol Visual Analogue Scale, /IQ Illness intrusiveness Question-
naire, PGI Person Generated Index

balance, and walking capacity were not correlated with
anxiety, cognitive deficits, and irritability.

Cluster analysis on symptoms

As shown in Table 5, nine symptoms formed three symp-
tom clusters, which were the same irrespective of the
analysis method used to generate clusters. Cluster 1,
labeled the emotional/cognitive SC, comprised depression,
anxiety, cognitive impairments, and irritability. The second
cluster, labeled the physical SC, included pain, fatigue, and
sleep disorders. Cluster 3, labeled the motor SC, included
spasticity, and poor balance. The resulting dendrogram
(Fig. 1) and scree plot further confirmed the 3-cluster
solution for the study. Scree plot resulting from cluster
analysis is interpreted much like a scree plot used in factor
analysis where the number that appears before the dis-
tinctive break shown the cluster solution (Elbow rule).
There were some differences in cluster composition by
gender.

Impact of symptom clusters on disease consequences
Results of principal component analyses on each SC are
presented in Table 6. As it is indicated, the factor loadings

for the indicators of the SC latent variable were all suffi-
ciently large. Additionally, all symptoms indicated almost

@ Springer



Qual Life Res (2015) 24:617-629

622

1000°0> 1000°0> 1000°0> L00°0 800°0 1000°0> 1000°0>  1000°0>  1000°0> 1000°0>  1000°0>  1000°0>
00000°T §0— 90 S0 0— 00— g0— ¥'0— ¥'0— 70— 70— g0— €0— oJI Jo Apend
1000°0> 1000°0> 1000°0>  1000°0>  T1000°0> 1000°0> 1000°0>  1000°0>  T1000°0> 1000°0>  T000°0>  T1000'0>  ssouoArsnnur
S0— 00000°1 S0— §0— 0 €0 Lo S0 S0 €0 70 90 ¥'0 SSU[[L
1000°0> 1000°0> 1000°0> €000 100°0 1000°0> 1000°0>  1000°0>  [000°0> 1000°0>  1000°0>  [000°0> qIresy
90 §'0— 000001 90 ¢o0— c0— §0— Y'0— g0— 70— €0~ 90— ¥'0— PaAIddIad
1000°0> 1000°0> 1000°0> 70 80 1000°0> 60°0 1000°0>  1000°0> ¥000°0 1000°0>  1000°0> Kyoedeo
S0 §0— 90 00000°1 L00— 00 70— 1'0— 80— 90— €0~ €0— €0~ Sunjrepm
L00°0 1000°0> €000 70 1000°0> 1000°0> 1000°0> S0 90 2000 1000°0> 00
c0— 70 00— L0'0— 000001 90 ¢o S0 S0'0 00— 4\ 0 0 Avprqetuy
L00°0 1000°0> ¥100°0 80 1000°0> 1000°0> 1000°0> 10 90 S00°0 1000°0>  S100°0
00— €0 co— 200 90 000001 ¢o 90 2000 00— 0 0 0 Korxuy
1000°0> 1000°0> 1000°0> 1000°0>  10000>  1000°0> 1000°0>  1000°0>  S000°0 1000°0>  1000°0>  1000°0>
S0— Lo §0— ¥'0— S0 S0 00000°1 90 70 €0 0 90 €0 uotssardo(
1000°0> 1000°0> 1000°0> 1’0 1000°0>  1000°0> 1000°0> 0 0 1000°0>  1000°0>  1000°0> $11049p
¥'0— 0 70— 10— ¢o 0 90 00000°T 10 10— €0 90 70 aAnmus0)
1000°0> 1000°0> 1000°0> 1000°0> ¢o 60 1000°0> 0 1000°0> L00°0 8000°0 1000°0>
y'0— S0 S0— 80— SO0 €000 ¥'0 I'0 00000°T Lo 4\ 0 €0 oduefeq 1004
1000°0> 1000°0> 1000°0> 1000°0> 90 90 €000°0 0 1000°0> 100 S00 €00
¥'0— €0 70— 90— 00— 00— €0 ['0— L0 000001 4\ [0 0 Aionseds
1000°0> 1000°0> 1000°0> ¥000°0 2000 S00°0 1000°0> 1000°0> L00°0 100 1000°0>  1000°0> SIOPIOSIP
¥'0— 70 £0— £0— 0 0 70 €0 0 0 00000°T S0 €0 daars
1000°0> 1000°0> 1000°0> 1000°0>  1000°0>  1000°0> 1000°0> 1000°0> 800070 S00 1000°0> 1000°0>
S§0— 90 90— £0— 70 70 90 90 €0 0 ¢'0 000001 0 ongneq
1000°0> 1000°0> 1000°0> 1000°0> 00 100°0 1000°0> 1000°0>  1000°0> €00 1000°0>  1000°0>
€0— 0 70— £0— 0 0 €0 ¥'0 €0 0 €0 ¢0 000001 uted
OJI]  SSOUQAISNIUI yireay Koedes syoyop Joueeq SI9PIOSIP
Jo Kyrend) ssau[[[ PoATadIog Sunyrepr  Anqiqeltay Kprxuy  uorssaxda(g aAnmuso) J100qd Ayonsedg dagrs andneq ureq S9[qeLIB A

(881 = u) so[qeLrea 19518} SUOWE XIJEW UONR[AII0) § J[qe]

pringer

A's



Qual Life Res (2015) 24:617-629

623

Table 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

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 spas-
ticity 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
the 6MWT (P < 0.05). The final multiple regression model
explained 75 % of the variance in 6MWT. The regression
coefficients for gender indicated that women, on average,
walked 73 m less than men. In addition, for every unit
increase in spasticity and balance problems, the distance
walked at the 6MWT decreased by 78 m (P < 0.0001),

holding all other variables constant. A difference of 54 m is
considered clinically important [108].

All symptom clusters showed significant effect in pre-
dicting the overall variability of EQ-VAS; however, the
effect of physical symptom clusters was greater than oth-
ers. 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 EDSS, the individual’s perception
about their health status decreased by 2, holding all other
variables constant.

Illness intrusiveness was significantly 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 EDSS, the person’s disruption of lifestyle increased by
3, while for every unit increase in age (year), it decreased
by 0.4.

Finally, the results of multiple linear regression analysis
on QOL indicated that again physical and emotional/cog-
nitive symptom clusters significantly contributed in pre-
dicting the overall QOL (Table 7). 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 43 %
of the variance in PGI. The results of regression results
further showed that for every unit increase in EDSS, scores
of QOL decreased by 5.

Fig. 1 Dendrogram for variable
clusters using agglomerative
hierarchical cluster analysis

Cognitive impairments

Depression

including all participants

Anxiety

Irritability

Pain

Fatigue

Sleep disorders

Spasticity
Poor balance
T T
1.0

T T
0.8 0.6 0.4 0.2 0.0
Proportion of variance explained
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Discussion

We conducted this study to determine which MS symptoms
are clustered together and to examine the effect of SC on
MS consequences. Results identified three symptom clus-
ters including emotional/cognitive SC, physical SC, and
motor SC. In addition, patterns of women’s symptoms
clusters were different from men’s. Furthermore, the cur-
rent study indicated that motor SC had a strong effect on
functional walking capacity, while it did not significantly

Table 6 Symptoms’ weight on created clusters

Symptoms Cluster 1 Cluster 2 Cluster 3
Depression 0.80 0.55 0.34
Anxiety 0.82 0.37 0.06
Irritability 0.81 0.35 0.02
Cognitive impairments 0.82 0.5 0.08
Pain 0.35 0.75 0.28
Fatigue 0.51 0.85 0.22
Sleep disorders 0.36 0.74 0.21
Spasticity 0.02 0.2 0.91
Poor balance 0.2 0.34 0.91

Bold shows the factor loadings for the specific items (symptoms) on
their related factors (clusters)

Loading coefficients obtained from principal component analysis

Cluster 1: Emotional/cognitive symptom cluster: cognitive impair-
ments, depression, anxiety, and irritability

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

Cluster 3: Motor symptom cluster: Spasticity and poor balance

Table 7 Multiple linear regression models for outcomes of the study

affect illness intrusiveness and QOL. Physical SC and
emotional/cognitive SC showed a significant contribution
to prediction of illness intrusiveness and QOL. Results
further suggested that all symptom clusters showed sig-
nificant effect in predicting the overall variability of per-
ceived health status.

An important finding of this study was the confirmation of
the existence of SC of fatigue, pain, and sleep disorders in
individuals with MS. This SC has been identified previously
in the MS population [21, 32, 33] and other chronic condi-
tions such as cancer [109]. Pain and fatigue together may
produce sleep disturbance, and poor sleep can also contrib-
ute to fatigue. While the etiologies of specific clusters of
symptoms are generally unknown, these symptoms are
possibly correlated through common etiology due to the
simultaneous damage to nerve fibers across different parts of
the CNS [3] or expression of proinflammatory cytokines
[110] such as Lymphotoxin-alpha (LT-alpha), interferon-
gamma (IFN-gamma), and tumor necrosis factor-alpha
(TNF-alpha) in cerebrospinal fluid mononuclear cells.

In contrast to another study [33], 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 with depression.

In accordance with findings reported by Lovera [23],
this study confirmed the existence of a SC of emotional and
cognitive deficit symptoms in persons with MS. These
symptoms may be linked through a common etiological
mechanism based on the cytokine-induced manifestation of

Outcomes Walking capacity 6MWT: Perceived health perception Illness intrusiveness 11Q: Quality of life PGI:
R> = 0.75 P < 0.0001 EQ-VAS: R* = 0.50 R* = 0.60 P < 0.0001 R> = 0.43 P < 0.0001
P < 0.0001
Predictors p SE Sc Pvalue f SE  Sc P value p SE Sc¢c Pvalue f SE Sc P value
MS severity -30 5 —-60 <0.0001 -2 07 -4 0.03 3 04 6 <0.0001 -5 07 —-10 <0.0001
Age —-25 07 =25 0.0003 —-04 0.1 4 0.03
Gender =73 15 - <0.0001
Weight -2 04 =34 <0.0001
Emotional/cognitive -3 12 =3 0.02 6 1 6 <0.0001 —4 17 -4 0.03
cluster
Physical cluster -6 12 -6 <0.0001 45 1 45 <0.0001 -8 1.8 —8 <0.0001
Motor cluster -78 10 —-78 <0.0001 —4 15 —4 0.01

Standardized coefficient = B x 1 Standard Deviation of each predictor

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

6MWT Six-Minute Walk Test, EQ-VAS EuroQOIl Visual Analogue Scale, /IQ Illness intrusiveness Questionnaire, PG/ Person Generated Index,

f Parameter estimate, SE Standardized Error, Sc Standardized coefficient
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sickness behavior or co-occurring of pathological changes
and diffuse axonal damage across different regions of the
CNS [26, 65, 110].

The current study, for the first time, provided pre-
liminary evidence for the existence of SC of poor balance
and spasticity in individuals with MS, and this is consistent
with the finding in persons with cancer [109]. Muscle
weakness, spasm, and stiffness in the legs may produce
unsteady gait and difficulty with keeping balance.

Interestingly, findings of the current study suggested that
motor SC with only two symptoms showed stronger effect
on a particular outcome than a broader cluster with three or
four symptoms. This is linked with the results reported by
Motl [26] and inconsistent with the theory of unpleasant
symptoms [34, 35]. As walking capacity, in comparison
with other outcomes of the current study, is the only
physical consequence of MS, it should be more affected by
synergistic effects of motor symptoms such as balance and
leg spasm. Another explanation can be related to the
greater amount of association between walking capacity
with spasticity and poor balance in comparison with 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.

QOL and illness intrusiveness were only affected by
emotional/cognitive and physical SCs. These results are
acceptable as illness intrusiveness has been found to be
associated more with sleep quality, fatigue, psychological
distress, and mental health [49-51]. Previous works on SC
in MS have also shown that SCs of pain, fatigue, and
depression as well as SCs of pain, fatigue, depression, poor
sleep, and cognitive deficits were associated with dimin-
ished QOL [21, 32, 33]. 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. Interestingly, physical
SC indicated to be the most disabling SC in our study as it
significantly affected all disease consequences except
walking capacity. Considering that fatigue is the most
disabling symptom of MS, this result is not far from our
expectations.

To be able to compare the results of our study with other
works and enhance the validity of our results and conclu-
sions, we used different clustering methods. Interestingly,
the results were similar. Using both analytical and con-
ceptual approaches has been recommended for creating a
SC [26, 27, 30, 31]. The conceptual approaches suggest
using both bivariate correlations and factor analysis for
identifying SC [30, 31]. Cluster analysis in comparison
with factor analysis may produce clusters with less over-
lapping. Furthermore, cluster analysis is often used when
there is no prior hypothesis about which symptoms should
be grouped together.

We further compared the existence of such SC among
men and women. Although the existence of emotional/cog-
nitive and motor symptom clusters was confirmed across
genders, fatigue and sleep disorders were clustered differ-
ently. In women, fatigue made a cluster with other psycho-
logical symptoms and cognitive deficits rather than pain and
sleep disorders. This association between cognitive impair-
ments, fatigue, and emotional distress has already been
reported [82]. On the other hand, in men, sleep disorders
were placed in the same cluster with spasticity and poor
balance rather than with pain and fatigue. This difference in
the sex SC compositions might be linked with different
synergetic effects of symptoms or underlying mechanisms of
symptoms in men and women [27, 28, 30, 31].

This study has several strengths. While the majority of
previous studies on SC in MS had a small sample size and
included mostly women, we believe this is the first appli-
cation of cluster analysis to gender differences using a well-
designed epidemiologic study of MS. The study sample 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. We then believe it is representative of the general
MS population. However, as we only included persons
diagnosed since 1995, this sample may not be fully gener-
alizable to MS persons diagnosed before 1995 [111]. Finally
we, for the first time, compared the predictability of different
clusters on the downstream disease consequences.

A limitation of this study was to examine symptom
clusters and their association with several MS conse-
quences using a cross-sectional pattern. So it was not
possible to examine changes in the number and pattern of
symptom clusters and their effects on outcomes over the
time. This issue is particularly important in MS because as
disease progresses throughout its course, variables con-
tributing to each cluster could be different.

Results from the current study provide useful informa-
tion to help healthcare professionals, clinicians, and
researchers to recognize SC in MS and target symptoms
that are often in the same cluster when one or two of them
are present. Identification of the strength of the contribu-
tions of each SC 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 SC that need
more research and consideration, for instance: methodo-
logical and statistical challenges related to clustering,
number of symptoms included in the cluster, degree of
correlation among symptoms, and the length of time the
symptoms occur concurrently [28, 30, 31, 112]. Moreover,
researchers will need to determine which dimensions of a
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symptom (i.e., presence and severity) are critical for the
assessment of a symptom within a SC [26, 32, 33, 65].
Longitudinal studies are also needed to evaluate the change
in pattern of clusters over time. Future efforts also need to
examine the validity of these symptom clusters across
different MS types, severity, and age. More research needs
to be done on etiology or biologic mechanisms of symptom
clusters to better understand the connection between
symptoms and inflammatory cytokine factors.

Finally, although the preliminary results of this manu-
script provided us with new insights on the relationship
between MS symptoms and several important disease con-
sequences, the analytical methods that we used in this study
could only determine the direct relationship among symp-
toms and disease consequences. For example, 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 vari-
able. Advanced statistical methods such as structure equation
modeling (SEM) are needed to simultaneously examine both
direct and indirect relationships between and among pre-
dictor symptoms and their impacts on an individual’s life.

Conclusion

Overall, the findings of the current study provide pre-
liminary results for considering the role of the motor SC as
an independent correlate of functional walking capacity in
persons with MS. Moreover, physical SCs indicated to be
the most disabling SC as it affected all other health out-
comes except walking capacity. Illness intrusiveness has
been affected mostly by the emotional/cognitive SC, while
perceived health status and QOL are mostly affected by
physical symptoms. The role of symptoms in MS conse-
quences is an important area of research as it may lead to
identification of appropriate intervention approaches to
adequately manage symptoms in persons with MS.
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