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Abstract

Background

Fatigue is considered one of the most common symptoms of multiple sclerosis (MS) and
lacks a current standardized treatment. Therefore, the aim of this study was to examine the
feasibility and effectiveness of a cognition-targeted exercise versus symptom-targeted exer-
cise for MS fatigue.

Methods

In this Pilot, parallel-group, randomized controlled trial, sixty participants with multiple scle-
rosis, were randomly assigned to either a Cognition-Targeted Exercise (CTE) (N = 30,
mean age 41) or a Symptom-Targeted Exercise (STE) (N = 30, mean age 42). The partici-
pants in the experimental group received eight, 50-minute sessions of weekly Cognitive
Behavior Therapy (CBT) in addition to a CTE Program; whereas, participants in the control
group received eight, 50-minute sessions of weekly CBT in addition to the standardized
physiotherapy program (STE Program). Feasibility was assessed through recruitment rate,
participant retention, adherence and safety, in addition to clinical outcome measures, includ-
ing: (1) Modified Fatigue Impact Scale (MFIS), (2) Work and Social Adjustment Scale
(WSAS), (3) Hospital Anxiety and Depression Scale (HADS), and Perceived Stress Scale
(PSS). All outcome measures were assessed at baseline (pretreatment), following comple-
tion of the eight visit intervention protocol, and at 3-months follow-up.

Results

The recruitment rate was 60% and 93% of participants completed the entire study. The
recruited participants complied with 98% of the required visits. No adverse events were
recorded. A Generalized Estimation Equation Model revealed a significant difference over
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time as an interaction term during the post and follow up visit for all clinical outcome mea-
sures (p <.001).

Conclusion

The addition of CTE to CBT exhibited positive and more lasting influence on MS fatigue out-
comes compared to Symptom-Targeted Exercise (STE). Feasibility and efficacy data from
this pilot study provide support for a full-scale RCT of CTE as an integral component of Multi-
ple Sclerosis fatigue management.

Introduction

Multiple Sclerosis (MS) is a chronic demyelinating disease of the central nervous system and is
broadly known as a common neurologic complication in humans [1]. It is estimated that over
2.5 million people are suffering from this ailment all around the world [2]. It is most prevalent
among females, 20 to 40 years of age [3]. The cause has not yet been detected and no definite
treatment has been found; however, pharmacological interventions have exhibited some suc-
cess in the reduction of intensity and recurrence of the disease process [4]. MS represents a
wide range of impairments, including: muscle pain and cramping, insentience, cognitive, sen-
sory, vision and speech dysfunction, gastrointestinal excretory problems and fatigue [5]. Com-
plaints of fatigue for people with MS are reported at 76-97% [1]. The causes of fatigue in
people with MS have not been clearly defined in the research [6]. Approximately 65% of people
with MS reported fatigue-related symptoms as one of the three most bothersome aspects of
their symptoms [7], with a profound side effect on health-related quality of life and daily activ-
ity performance [8]. Fatigue also interfered with daily activities for people with MS, causing
numerous troubles in occupational, educational, economic, recreational and family areas, ulti-
mately producing negative outcomes in social and personal communications and mental
health outcomes [9].

Several published reviews have examined the effectiveness of individual types of fatigue
management interventions for people with MS. Current review of evidence for pharmacologic
intervention trials targeting fatigue in people with MS have shown weak and inconclusive
results [7, 10]. In comparison, recent reviews of exercise training [11] and cognitive behavioral
therapy (CBT) [12] suggest that these interventions may be beneficial for MS fatigue
management.

The body of research investigating the effect of CBT and exercise interventions is expand-
ing, but to our knowledge, there are insufficient studies that examine the combined effect of
CBT and exercises to target fatigue for people with Multiple Sclerosis.

While the role of CBT in contributing to the reduction of fatigue severity is well established
[13-15], there continues to be controversy regarding the role that physical activity and exercise
play in fatigue management [16-21]. No single, optimal exercise modality has been established
to address MS fatigue. Furthermore, most studies show variability in subtype exercise choice,
depending on specific MS symptoms, level of functional ability and therapist preference.
There is a lack of clarity in identification of specific type and components of exercise that
should be included in an intervention to achieve positive fatigue management benefits for peo-
ple with MS [22].

In light of current research findings, we cannot find a clear answer to the question of
whether different types of exercise may affect fatigue differently. The purpose of the present
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study was to determine whether the treatment effect of CBT on fatigue is mediated by adding
different exercise approaches (Cognition-Targeted Exercise versus symptom-contingent exer-
cises). Related aims included feasibility outcomes related to rate of recruitment, participant
retention and/or completion rate, adherence to treatment allocation and assurance of protocol
safety. The results of this study are an important addition to the validation of CBP treatment
approaches and interventions that rely upon physical exercise and activity programs in some
way to reduce fatigue in people with Multiple Sclerosis.

Methods
Study design and setting

This study was a prospective, assessor-blinded, parallel-group, randomized controlled clinical
trial, comparing one group that received CBT plus Cognition-Targeted Exercise (CTE) to a
control group receiving CBT plus Symptom-Targeted Exercise (STE). The setting was Farouk
Hospital—Egypt. This trial was registered with the Clinical-Trials.gov NCT04699370 where
the full protocol can be accessed (https://register.clinicaltrials.gov/prs/app/action/
SelectProtocol?sid=S000AJQR&selectaction=Edit&uid=U0005FZM &ts=2&cx=-g5ewh2). The
study protocol was approved by the local ethics committee. Informed consents were provided
to and obtained from all participants prior to data collection in accordance with relevant
guidelines and regulations.

(The protocol for this trial and supporting CONSORT checklist are available as supporting
information; see S1 Checklist and S1 File).

Sample size

Priori sample size calculation indicated that 100 patients per each group were required to
detect a minimal clinically important change of 4 points on the MFIS [23] (assuming a level of
significance of 5% and a power level of 90%). As a pilot study we used 25 patients per each
group and to account for possible participant dropouts, the sample size was increased by 20%.

Participants

Both male and female subjects were included in this study if they aged between 20-50 years,
have relapsing remitting or progressive MS and met the following criteria: (1) Diagnostic crite-
ria for MS were confirmed by a neurologist [24]. (2) Being within normal or average dysfunc-
tion and excluding those scoring > 6 in the Expanded Disability Status Scale (EDSS); (3) Being
identified as a case level of fatigue; fatigue score of 4 or greater on the fatigue Scale [25]. Poten-
tial participants were excluded from the study if they had any serious psychiatric disorders
including major affective disorder or any chronic illness that may affect their fatigue level.

Allocation and concealment

An independent person blinded to group allocation and not involved in any other aspect of
the study performed the randomization in a 1:1 ratio utilizing a method of random permuted
blocks of different sizes. A permuted block randomization sequence was generated using a
random number generator (www.randomizer.org). Each block was placed in a sequence of
consecutively numbered sealed envelopes. Sequentially numbered and sealed opaque enve-
lopes containing the sequence were stored in a locked drawer. For each enrolled participant,
the study coordinator (not involved in the preparation of the allocation sequence) retrieved
and opened the next sequentially numbered envelope and assigned the participant according
to the random allocation scheme.
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Intervention protocol

The participants in the experimental group received eight 50-minute sessions of weekly CBT
based on van Kessel's model [26] in addition to a Cognition-Targeted Exercise CTE program;
whereas, participants in the control group received eight 50-minute sessions of weekly CBT in
addition to a standardized physiotherapy program, consisting of Symptom-Targeted Exercises
(STE).

o CBT was designed on the basis of van Kessel’s Model. The main objective of this treatment is
to challenge all external factors (e.g. behavioral, cognitive, and affective factors) expected to
participate in the development and persistence of fatigue in MS patients. The treatment ses-
sions were delivered on an individual basis. Table 1 summerizes the session contents.

« For Cognition-Targeted Exercise (CTE), all standardized physical therapy exercises were
performed in a time contingent rather than in a symptom-contingent way. Goal setting is
essentially done together with the patient, focusing on functionality instead of fatigue relief.
Progression to the next level was preceded by mentally visualizing the task for enhancement
of successful execution of the targeted movement. During the CTE training, the therapist
placed great emphasis on patient’s cognitive report of their problems, so that patients will
have positive perceptions regarding their illness and treatment outcome. In addition, the
patient’s perceptions about each exercise and anticipated consequences of the exercises were
discussed during the session.

The standardized physical therapy protocol consisted of eight, half-hour, individualized
physiotherapy sessions, over a 4-week period. This program consisted of twice-weekly super-
vised general aerobic, strengthening and flexibility exercise sessions based on symptom-tar-
geted contingencies. This exercise program is typically implemented in routine clinical
practice.

All intervention procedures for the study and control group were delivered individually,
face to face, by the same physiotherapist, with 10 years prior experience, who received special-
ized training and certification in the techniques employed in this study to minimize inter-ther-
apist variation, enhance fidelity and to mimic a clinical oriented patient-physiotherapist

Table 1. Summary of CBT sessions.

First session | Overview of causes of MS fatigue; explanation of cognitive behavioral model for MS fatigue.

Second Introduction of treatment rationale, which includes an explanation of CBT and how it relates to MS
session fatigue

Third session | Education on how patterns of rest and activity or over-activity affect the body and fatigue.

Participants are encouraged to set goals to improve levels of resting, activity, and exercise to set
goals to improve levels of resting, activity, and exercise
Fourth Information is provided on sleep patterns (sleeping too much or too little) and impact on fatigue
session and behavioral techniques (basic sleep hygiene)

Fifth session | The concepts of symptom focusing and symptom attribution are introduced, and how these can
have an impact on MS fatigue. Alternative explanations of somatic symptoms are discussed,

Six session The concept of negative thoughts is introduced and impact on fatigue and mood.
Seventh Basic stress management and coping with emotions is discussed. Participants are encouraged to set
session goals for stress management and practicing alternative ways to manage their emotions

Eighth session | The importance of social support for MS patients is discussed, and participant’s personal support
systems are reviewed. Participants are encouraged to continue to employ the skills they have
learned throughout the manual to manage their fatigue

https://doi.org/10.1371/journal.pone.0258752.t001
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relationship. Compliance with the exercise program was calculated as total number of session’s
attended/total number of sessions available.

Outcome measures

Multiple outcome measures were collected at baseline (pretreatment), the next day following
the completion of the eight visit intervention, and at 3-months follow-up. The order of mea-
surements was the same for all participants. Modified fatigue impact scale (MFIS) was the pri-
mary treatment outcome to determine the fatigue level. The MFIS has been recommended by
“the fatigue guidelines development panel of the MS Council for Clinical Practice Guidelines”,
as the main outcome measures for assessing MS related fatigue [27, 28].

Secondary outcome measures included:

« The Work and Social Adjustment Scale. Fatigue-related impairment was assessed using a
reliable and valid Work and Social Adjustment Scale [29].

» Hospital Anxiety and Depression Scale. Improvements in mood was assessed using a reli-
able and valid Hospital Anxiety and Depression Scale [30, 31], a commonly used self-report
instrument for detecting states of depression and anxiety in patients with medical illnesses.

« Finally, the perception of stress. Was measured using a valid and reliable Perceived Stress
Scale [32, 33].

The main feasibility outcomes included recruitment rate, retention or completion rate,
adherence rate and safety. Recruitment rate was a simple ratio of the number of identified par
ticipants vs. those who actually agreed. Whereas, the completion rate was indicated by the
number of participants that completed the entire study. Adherence rate was quantified by the
number of treatments made vs. the total recommended. For safety assessment, the number
and nature of adverse events were recorded on a weekly basis during the intervention period
and at every month during the follow up period. All participants were assessed by two physio-
therapists, who have at least 10 years’ experience in neurorehabiliation and were not the same
therapist who provided the intervention protocol. Assessors were blinded to group allocation
to prevent any bias.

Data analysis

The statistical procedure depended on the principle of intention to treat for between-groups
comparisons. The normal distribution of all descriptive statistics baseline variables was deter-
mined using the Kolmogorov-Smirnov test; where continuous data is noted as mean with
standard deviation (SD) in the text and tables. Equality of variance was assessed with Levene’s
test; attaining a 95% confidence level, p-value > 0.05. To follow up and compare the effects of
the 2 alternative treatments over 3 months, we examined the results using a generalized Esti-
mation Equation (GEE) Model. The statistical analysis was performed using the SPSS statistical
software system The SPSS Statistics 26 ® (IBM Corp.) and RStudio IDE. (RStudio, Inc.).

Results

The experimental and control groups were similar for age, gender, EDSS score and all outcome
measures. The baseline participant demographics of all patients are shown in Table 2.
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Table 2. Baseline participant demographics.

Cognition-targeted group (n =30) | Symptom-targeted group (n = 30)

Age(y) 41+6 42+4
Range 47-65 Range 45-64
Weight(kg) 59+9 60 +8
Gender (%)
Male 5 4
Female 25 26
EDSS score 4.5 43
Marital status
Married 22 20
Single 1 2
Widow /divorced 7 8
Employment status
Working 27 28
retired 3 2
Educational level
University or higher 19 18
High school 2 1
Junior high school or less 9 11
Disease duration, years, mean (SD) 12+4 11+3
Disease course (RRMS/SPMS), 28/2 29/1
Medication at enrolment
Interferon 6 8
Fingolimod 15 12
Natalizumab 9 10

EDSS: Expanded Disability Status Scale. RRMS: relapsing remitting multiple sclerosis; SPMS: secondary progressive

multiple sclerosis; SD: standard deviation.

https://doi.org/10.1371/journal.pone.0258752.t1002

Feasibility

Recruitment. The exclusion criteria for this study removed 40% of individuals initially
interested in participation, resulting in a recruitment rate of 60%. One hundred participants
were initially screened and 60 subjects were found to be eligible to enroll in the study. In total,
60 (100%) participants completed the first follow-up at 4 weeks of treatment and 56 (93%)
completed the entire study including the 3-month follow-up after the four week intervention.
A diagram of participant retention and randomization throughout the study is shown in Fig 1.
The study adherence rate was relatively consistent for both groups. Ninety-eight percent of
participants in the CTE group attended 100% of the intervention sessions. In the STE group,
95% of participants attended 100% of sessions. Participant illness accounted for 98% and ill-
ness in a family member accounted for 2% of missed appointments. No adverse effects were
identified during the 12-week intervention period. Only one participant was hospitalized for 3
days because of a generalized infection unrelated to the study.

A generalized Estimation Equation (GEE) Model was developed and used to examine the
influence of CTE over STE on changes in Modified Fatigue Impact scale (MFIS), Work and
social Adjustment scale (WSAS), Hospital Anxiety Scale (HAS) and Perceived Stress Scale
(PSS). Pre-treatment scores were considered as reference values for estimating the post and
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100 patients screened

For eligibility

Not fulfilling inclusion
criteria (N=25)
Refused (N=15)

Not eligible

Eligible (N=40)

N=60

Agreed to participate and sign Informed consent
statement (N=60)

Random assignment (N=60)
Cognition-targeted group
(N=30)

Symptom-targeted group
(N=30)

Received allocation intervention (n=60)

Available for post intervention measurement Available for post intervention
measurement (n=30)
Lost to follow up (N= Lost to follow up (N=2)
2)
Travel problem (1)
Personal reasons
Moved away (1)
Available for follow up measurement Available for follow up measurement
(N=28) (N=28)

Fig 1. Flow chart.
https://doi.org/10.1371/journal.pone.0258752.9001

follow up changes among groups. Models selected were chosen according to the least quasi-
likelihood under the independence model criterion.

A Generalized Estimation Equation Model revealed a significant difference over time as an
interaction term during the post and follow up visit for. Regarding the Hospital Anxiety Scale
(HAS), an increase by 0.32 units was reported as a main effect for the CTE compared to STE
group. However this observed effect was found to be reduced significantly over the post and
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follow up visits in response to CTE by -3.96 and -4.45, respectively. There was also a non-sig-
nificant decrease by -1.08 units as a main effect of CTE, compared to STE group. This decrease
remained consistent with the null hypothesis even after considering the time factor for the
post treatment visit. However, the interaction effect of CTE at the follow up visit showed a sig-
nificant decrease by -4.616 units. (The data are available as supporting information; see S1
Data).

Discussion

This randomized controlled trial compared the outcomes of fatigue, work and social adjust-
ment, hospital anxiety, depression, and perceived stress scale between a group that received
the Cognition-Targeted Exercise (CTE) coupled with Cognitive Based Therapy (CBT) to that
of a group that received Symptom-Targeted Exercise (STE) coupled with CBT. The adherence
to treatment assignment during the 4-week, intervention period and compliance with follow-
up were acceptable, with no serious adverse events. The between group analysis revealed a sig-
nificant difference over time as an interaction term during the post and follow up visit. In the
cognition-targeted exercise group, the amount of Modified Fatigue Impact Scale (MFIS) and
other management outcomes related to work and social adjustment, hospital anxiety and per-
ceived stress improved significantly and this improvement was maintained at the 3-month fol-
low-up. In contrast, the STE group revealed significantly less differences in fatigue level and
other management outcomes between baseline and 4-weeks of treatment, and at the 3-month
follow-up fatigue scores increased again (Table 3).

To our knowledge, there is no study that has evaluated the comparative effectiveness of cog-
nition-targeted exercise and symptom-targeted exercise. So far, few existing studies have com-
pared the effects of different exercise approaches that have heterogeneous results [34]. There is
a substantial body of research showing that the level of physical activity is an effective compo-
nent in chronic fatigue management for patients with MS [16, 35]. However, according to
Wiborg et al. [13], the effect of CBT on fatigue “is not mediated by a persistent increase in
physical activity”. The results of our study are also consistent with earlier research on CBT for
chronic fatigue in which a reduction in fatigue was associated with a change in illness beliefs
and not the physical activity level [20, 21].

Diverse results related to exercise approach in patients with MS found in comparative liter-
ature may be one explanation for the lack of consensus for interventions for reducing fatigue.
Previous studies have challenged the behavioral, and cognitive factors that play a role in the
development and persistence of fatigue in MS patients. Other studies focused only on the phys-
ical fitness status. The majority of previous studies investigated non-fatigued groups of patients
with MS [34], thus the level of evidence from this group of studies may be limited and not gen-
eralizable to patients with MS and fatigue [36-40].

However, no clear explanation is available for the superiority of CTE, the plausible mecha-
nism behind the positive effect on MS fatigue, which is based on the theory that excessive phys-
iological motor fatigue is mainly central in origin, rather than a consequence of intramuscular
changes. It, logically, follows that when patients learned of their ability to increase their level of
physical activity, despite their symptoms, the belief of having little control over their condition
may have, also, changed [13]. This explanation is also consistent with other studies that
highlighted the role of changing the illness belief as an important factor in fatigue reduction
[21, 41]. In light of the findings of this study, changing illness-related cognitive behaviors may
also play a more crucial role in CBT for Chronic Fatigue Syndrome (CFS) compared to a focus
on sole increase in physical activity.
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Table 3. GEE model for unit change from baseline to 4- week post treatment and the 3-month follow-up, cognition-targeted. Exercise versus symptom-targeted exer-

cise for multiple sclerosis fatigue.

Modified Fatigue Impact
(Intercept)
Cognition-targeted

Post

Follow
Cognition-targeted: post

Cognition-targeted: follow

Work and Social Adjustment Scale

(Intercept)
Cognition-targeted

Post

Follow
Cognition-targeted: post
Cognition-targeted: follow
Hospital Anxiety
(Intercept)
Cognition-targeted

Post

Follow
Cognition-targeted: post
Cognition-targeted: follow
Perceived Stress
(Intercept)
Cognition-targeted

Post

Follow
Cognition-targeted: post
Cognition-targeted: follow

GEE coefficient 95% confidence interval Standard error Wald p-value
49.6 47.49 To 51.71 1.08 2117.9 <0.001
-2.16 -6.04 To 1.72 1.98 1.19 0.2747
-6.32 -8.93 To -3.71 1.33 22.47 <0.001
-4.3 -7.44To -1.15 1.61 7.15 <0.001
-12.88 -17.31 To -8.45 2.26 32.4 <0.001
-15.32 -20.3 To -10.34 2.54 36.35 <0.001
GEE coefficient 95% confidence interval Standard error Wald p-value
18.28 17.151 To 9.408 0.576 1008.74 <0.001
-1.36 -2.91 To 0.186 0.789 2.97 0.08468
-2.96 -4.69 To -1.231 0.882 11.26 0.00079
-2.367 -4.17 To -0.561 0.921 6.6 0.01020
-3.68 -5.82 To -1.537 1.094 11.33 0.00076
-5.162 -7.40 To -2.923 1.142 20.41 <0.001
GEE coefficient 95% confidence interval Standard error Wald p-value
15.08 14.16 To 16 0.47 1031.12 < 2e-16
0.32 -0.858 To 1.498 0.601 0.28 0.59449
-1.72 -3.108 To -0.332 0.708 5.9 0.01517
-1.863 -2.922 To -0.803 0.541 11.87 0.00057
-3.96 -5.682 To -2.238 0.879 20.31 <0.001
-4.45 -5.967 To -2.933 0.774 33.06 <0.001
GEE coefficient 95% confidence interval Standard error Wald p-value
22.12 20.36 2 To 3.878 0.897 608.41 <0.001
-1.08 -3.48 To 1.321 1.225 0.78 0.3779
-2.64 -5.01 To -0.266 1.211 4.75 0.0293
-1.772 -4.51 To 0.961 1.394 1.62 0.2038
-3.04 -6.43 To 0.348 1.729 3.09 0.0786
-4.616 -8.05To -1.179 1.753 6.93 0.0085

Symptom-targeted Exercise was the reference value.

https://doi.org/10.1371/journal.pone.0258752.t003

CBT is based upon the principle that physical, behavioral, cognitive, and affective responses
and functions interact with one another with mutual effects [1]. Therefore, the addition of

CTE, which focuses on the patient’s awareness of the connection between body and cognitive
belief systems, may contribute toward a change in other systems (e.g. affective and physical
response), resulting in a greater reduction in symptoms of fatigue for patients with MS, than
those achieved by CBT, alone.

Study limitations and strategies for improvement

Our study strengths include successful blinding of the outcome assessors, a limited loss to fol-
low-up, and high compliance rate for both of our groups. However, we propose several limita-
tions of this study, pointing to necessary future research work on this topic. First, our project
only included a short-term follow-up of 3-months after intervention was terminated. It is
unclear how long the identified fatigue related changes would remain and whether patient
compliance may also be an issue. Second, because we chose participants with a scoring of less
than six in the expanded disability status scale to investigate, it is unknown how our study
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results might relate to people with MS who have higher levels of disability. Third, within the
resource constraints of a pilot investigation, only a small sample size was feasible. While our
study had statistically significant findings and raised the possibility of Cognition-Targeted
Exercise CTE benefits, no reliable conclusions about mood effects of CTE can be drawn from
such a small sample. As Button et al. [42] emphasize, “a study with low statistical power
reduces the likelihood that a statistically significant result reflects a true effect.” Thus, replica-
tion studies with larger sample sizes are critical to further evaluating any potential mood effects
of this type of exercise. Despite of the above mentioned limitations, the present study can be
regarded as a positive step toward finding and adopting non-pharmacological interventions to
ameliorate fatigue levels in patients with Multiple Sclerosis.

Conclusion

The addition of the Cognition-Targeted Exercise (CTE) to Cognitive-Behavioral Therapy
(CBT) revealed positive and more lasting influence on multiple sclerosis management out-
comes compared to those received CBT with Symptom-Targeted Exercises (STE). Feasibility
and efficacy data from this pilot study provide support for a full-scale RCT based on CTE as an
integral component of Multiple Sclerosis fatigue management.

Supporting information

S1 Checklist. CONSORT 2010 checklist of information to include when reporting a rando-
mised trial.
(DOC)

S1 File.
(PDF)

S1 Data.
(XLSX)

Author Contributions

Conceptualization: Ibrahim M. Moustafa.

Data curation: Azza Alketbi, Nouran Hamza.

Formal analysis: Salah Basit, Nouran Hamza, Ibrahim M. Moustafa.
Investigation: Azza Alketbi, Salah Basit.

Methodology: Azza Alketbi, Salah Basit.

Project administration: Ibrahim M. Moustafa.

Supervision: Lori M. Walton, Ibrahim M. Moustafa.

Validation: Nouran Hamza, Lori M. Walton.

Visualization: Lori M. Walton.

Writing - original draft: Azza Alketbi, Salah Basit, Ibrahim M. Moustafa.

Writing - review & editing: Nouran Hamza, Lori M. Walton, Ibrahim M. Moustafa.

PLOS ONE | https://doi.org/10.1371/journal.pone.0258752 November 8, 2021 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0258752.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0258752.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0258752.s003
https://doi.org/10.1371/journal.pone.0258752

PLOS ONE

Cognition-targeted exercise versus symptom-targeted exercise for multiple sclerosis fatigue

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

Nazarboland N, Tehranizadeh M, Mozaffarinejad F. Effectiveness of Cognitive Behavioral Therapy for
Multiple Sclerosis (MS) Fatigue Ab s tract. Int J Behav Sci. 2017.

Runia TF., van Pelt-Gravesteijn ED., Hintzen RQ. Recent Gains in Clinical Multiple Sclerosis Research.
CNS Neurol Disord—Drug Targets. 2012; 11: 497-505. https://doi.org/10.2174/187152712801661239
PMID: 22583434

Rolak LA. Multiple sclerosis: it’s not the disease you thought it was. Clinical medicine & research.
Marshfield Clinic; 2003. pp. 57—60.

Goodin DS. Disease-modifying therapy in multiple sclerosis: update and clinical implications. Neurol-
ogy. 2008; 71: S8-S13. https://doi.org/10.1212/WNL.0b013e31818f3d8b PMID: 19064873

McGuinness SD, Peters S. The diagnosis of multiple sclerosis: Peplau’s Interpersonal Relations Model
in practice. Rehabilitation nursing: the official journal of the Association of Rehabilitation Nurses. Reha-
bil Nurs; 1999. pp. 30-33.

Michel P, Bogousslavsky J. Shared mechanisms of ischaemic and haemorrhagic stroke: Still a lot to
learn. J Neurol Neurosurg Psychiatry. 2006; 77: 1. https://doi.org/10.1136/jnnp.2005.078287 PMID:
16361581

Mucke M, Mochamat, Cuhls H, Peuckmann-Post V, Minton O, Stone P, et al. Pharmacological treat-
ments for fatigue associated with palliative care. Cochrane Database of Systematic Reviews. John
Wiley and Sons Ltd; 2015. https://doi.org/10.1002/14651858.CD006788.pub3 PMID: 26026155

Friedman EH. Fatigue in Multiple Sclerosis. Canadian Journal of Neurological Sciences / Journal Cana-
dien des Sciences Neurologiques. 1995. p. 75. https://doi.org/10.1017/s0317167100040555 PMID:
7750080

Julian LJ, Vella L, Vollmer T, Hadjimichael O, Mohr DC. Employment in multiple sclerosis: Exiting and
re-entering the work force. J Neurol. 2008; 255: 1354—1360. https://doi.org/10.1007/s00415-008-0910-
y PMID: 18677639

TC,GG, PE,DR, S A. Amantadine for fatigue in multiple sclerosis. Cochrane database Syst Rev.
2003 [cited 22 Aug 2021].

P LA, GTA, MRW, N MS, P SJ. Effects of exercise training on fatigue in multiple sclerosis: a meta-anal-
ysis. Psychosom Med. 2013; 75: 575-580. https://doi.org/10.1097/PSY.0b013e31829b4525 PMID:
23788693

B LJ, HBM, KH, S HJ, B JB, van M J. Effectiveness of energy conservation treatment in reducing
fatigue in multiple sclerosis: a systematic review and meta-analysis. Arch Phys Med Rehabil. 2013; 94:
1360-1376. https://doi.org/10.1016/j.apmr.2013.01.025 PMID: 23399455

Wiborg JF, Knoop H, Stulemeijer M, Prins JB, Bleijenberg G. How does cognitive behaviour therapy
reduce fatigue in patients with chronic fatigue syndrome? the role of physical activity. Psychol Med.
2010; 40: 1281-1287. https://doi.org/10.1017/S0033291709992212 PMID: 20047707

Malouff JM, Thorsteinsson EB, Rooke SE, Bhullar N, Schutte NS. Efficacy of cognitive behavioral ther-
apy for chronic fatigue syndrome: A meta-analysis. Clinical Psychology Review. 2008. pp. 736—745.
https://doi.org/10.1016/j.cpr.2007.10.004 PMID: 18060672

Price JR, Mitchell E, Tidy E, Hunot V. Cognitive behaviour therapy for chronic fatigue syndrome in
adults. Cochrane Database of Systematic Reviews. John Wiley and Sons Ltd; 2008. https://doi.org/10.
1002/14651858.CD001027.pub2 PMID: 18646067

Wearden AJ, Morriss RK, Mullis R, Strickland PL, Pearson DJ, Appleby L, et al. Randomised, double-
blind, placebo-controlled treatment trial of fluoxetine and graded exercise for chronic fatigue syndrome.
BrJ Psychiatry. 1998; 172: 485-492. https://doi.org/10.1192/bjp.172.6.485 PMID: 9828987

Sharpe M, Hawton K, Simkin S, Surawy C, Hackmann A, Klimes |, et al. Cognitive behaviour therapy for
the chronic fatigue syndrome: A randomised controlled trial. Verhaltenstherapie. 1998; 8: 118—124.

Cognitive Behavioural Therapy for Chronic Fatigue Syndrome: A Guide fo. [cited 17 Apr 2021]. https://
www.routledge.com/Cognitive-Behavioural-Therapy-for-Chronic-Fatigue-Syndrome-A-Guide-for/
Kinsella/p/book/9780415436120.

Quarmby L, Rimes KA, Deale A, Wessely S, Chalder T. Cognitive-behaviour therapy for chronic fatigue
syndrome: Comparison of outcomes within and outside the confines of a randomised controlled trial.
Behav Res Ther. 2007; 45: 1085-1094. https://doi.org/10.1016/j.brat.2006.08.019 PMID: 17074300

Moss-Morris R, Sharon C, Tobin R, Baldi JC. A randomized controlled graded exercise trial for chronic
fatigue syndrome: Outcomes and mechanisms of change. J Health Psychol. 2005; 10: 245-259. https://
doi.org/10.1177/1359105305049774 PMID: 15723894

Deale A, Chalder T, Wessely S. lliness beliefs and treatment outcome in chronic fatigue syndrome. J
Psychosom Res. 1998; 45: 77-83. https://doi.org/10.1016/s0022-3999(98)00021-x PMID: 9720857

PLOS ONE | https://doi.org/10.1371/journal.pone.0258752 November 8, 2021 11/12


https://doi.org/10.2174/187152712801661239
http://www.ncbi.nlm.nih.gov/pubmed/22583434
https://doi.org/10.1212/WNL.0b013e31818f3d8b
http://www.ncbi.nlm.nih.gov/pubmed/19064873
https://doi.org/10.1136/jnnp.2005.078287
http://www.ncbi.nlm.nih.gov/pubmed/16361581
https://doi.org/10.1002/14651858.CD006788.pub3
http://www.ncbi.nlm.nih.gov/pubmed/26026155
https://doi.org/10.1017/s0317167100040555
http://www.ncbi.nlm.nih.gov/pubmed/7750080
https://doi.org/10.1007/s00415-008-0910-y
https://doi.org/10.1007/s00415-008-0910-y
http://www.ncbi.nlm.nih.gov/pubmed/18677639
https://doi.org/10.1097/PSY.0b013e31829b4525
http://www.ncbi.nlm.nih.gov/pubmed/23788693
https://doi.org/10.1016/j.apmr.2013.01.025
http://www.ncbi.nlm.nih.gov/pubmed/23399455
https://doi.org/10.1017/S0033291709992212
http://www.ncbi.nlm.nih.gov/pubmed/20047707
https://doi.org/10.1016/j.cpr.2007.10.004
http://www.ncbi.nlm.nih.gov/pubmed/18060672
https://doi.org/10.1002/14651858.CD001027.pub2
https://doi.org/10.1002/14651858.CD001027.pub2
http://www.ncbi.nlm.nih.gov/pubmed/18646067
https://doi.org/10.1192/bjp.172.6.485
http://www.ncbi.nlm.nih.gov/pubmed/9828987
https://www.routledge.com/Cognitive-Behavioural-Therapy-for-Chronic-Fatigue-Syndrome-A-Guide-for/Kinsella/p/book/9780415436120
https://www.routledge.com/Cognitive-Behavioural-Therapy-for-Chronic-Fatigue-Syndrome-A-Guide-for/Kinsella/p/book/9780415436120
https://www.routledge.com/Cognitive-Behavioural-Therapy-for-Chronic-Fatigue-Syndrome-A-Guide-for/Kinsella/p/book/9780415436120
https://doi.org/10.1016/j.brat.2006.08.019
http://www.ncbi.nlm.nih.gov/pubmed/17074300
https://doi.org/10.1177/1359105305049774
https://doi.org/10.1177/1359105305049774
http://www.ncbi.nlm.nih.gov/pubmed/15723894
https://doi.org/10.1016/s0022-3999%2898%2900021-x
http://www.ncbi.nlm.nih.gov/pubmed/9720857
https://doi.org/10.1371/journal.pone.0258752

PLOS ONE

Cognition-targeted exercise versus symptom-targeted exercise for multiple sclerosis fatigue

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.
35.

36.

37.

38.

39.

40.

41.

42,

Asano M, Finlayson ML. Meta-Analysis of Three Different Types of Fatigue Management Interventions
for People with Multiple Sclerosis: Exercise, Education, and Medication. Mult Scler Int. 2014; 2014: 1—12.

RS, MDA, W DL, M DF, P PL. Minimally important difference of the fatigue severity scale and modified
fatigue impact scale in people with multiple sclerosis. Mult Scler Relat Disord. 2019; 35: 158-163.
https://doi.org/10.1016/j.msard.2019.07.028 PMID: 31400557

McDonald WI, Compston A, Edan G, Goodkin D, Hartung HP, Lublin FD, et al. Recommended diagnos-
tic criteria for multiple sclerosis: Guidelines from the International Panel on the Diagnosis of Multiple
Sclerosis. Ann Neurol. 2001; 50: 121-127. https://doi.org/10.1002/ana.1032 PMID: 11456302

Chalder T, Berelowitz G, Pawlikowska T, Watts L, Wessely S, Wright D, et al. Development of a fatigue
scale. J Psychosom Res. 1993; 37: 147-153. https://doi.org/10.1016/0022-3999(93)90081-p PMID:
8463991

vanKK, M-M R, WE, CT, J MH, R E. A randomized controlled trial of cognitive behavior therapy for
multiple sclerosis fatigue. Psychosom Med. 2008; 70: 205-213. https://doi.org/10.1097/PSY.
0b013e3181643065 PMID: 18256342

Téllez N, Rio J, Tintoré M, Nos C, Galan |, Montalban X. Does the modified fatigue impact scale offer a
more comprehensive assessment of fatigue in MS? Mult Scler. 2005; 11: 198-202. https://doi.org/10.
1191/1352458505ms11480a PMID: 15794395

Chetta A, Rampello A, Marangio E, Merlini S, Dazzi F, Aiello M, et al. Cardiorespiratory response to
walk in multiple sclerosis patients. Respir Med. 2004; 98: 522-529. https://doi.org/10.1016/j.rmed.2003.
11.011 PMID: 15191037

Mundt JC, Marks IM, Shear MK, Greist JH. The Work and Social Adjustment Scale: A simple measure
of impairment in functioning. Br J Psychiatry. 2002; 180: 461-464. https://doi.org/10.1192/bjp.180.5.
461 PMID: 11983645

Hartung TJ, Friedrich M, Johansen C, Wittchen HU, Faller H, Koch U, et al. The Hospital Anxiety and
Depression Scale (HADS) and the 9-item Patient Health Questionnaire (PHQ-9) as screening instru-
ments for depression in patients with cancer. Cancer. 2017; 123: 4236—-4243. https://doi.org/10.1002/
cncr.30846 PMID: 28654189

Al Aseri ZA, Suriya MO, Hassan HA, Hasan M, Sheikh SA, Al Tamimi A, et al. Reliability and validity of
the Hospital Anxiety and Depression Scale in an emergency department in Saudi Arabia: A cross-sec-
tional observational study. BMC Emerg Med. 2015; 15.

Cohen S. PERCEIVED STRESS SCALE. 1994. www.mindgarden.com.

Baik SH, Fox RS, Mills SD, Roesch SC, Sadler GR, Klonoff EA, et al. Reliability and validity of the Per-
ceived Stress Scale-10 in Hispanic Americans with English or Spanish language preference. J Health
Psychol. 2019; 24: 628—-639. https://doi.org/10.1177/1359105316684938 PMID: 28810432

Andreasen AK, Stenager E, Dalgas U. The effect of exercise therapy on fatigue in multiple sclerosis.

Fulcher KY, White PD. Randomised controlled trial of graded exercise in patients with the chronic fatigue
syndrome. Br Med J. 1997; 314: 1647-1652. https://doi.org/10.1136/bm|.314.7095.1647 PMID: 9180065

Schulz KH, Gold SM, Witte J, Bartsch K, Lang UE, Hellweg R, et al. Impact of aerobic training on
immune-endocrine parameters, neurotrophic factors, quality of life and coordinative function in multiple
sclerosis. J Neurol Sci. 2004; 225: 11-18. https://doi.org/10.1016/j.jns.2004.06.009 PMID: 15465080

Newman MA, Dawes H, van den Berg M, Wade DT, Burridge J, Izadi H. Can aerobic treadmill training
reduce the effort of walking and fatigue in people with multiple sclerosis: A pilot study. Mult Scler. 2007;
13: 113-119. https://doi.org/10.1177/1352458506071169 PMID: 17294619

Van Den Berg M, Dawes H, Wade DT, Newman M, Burridge J, I1zadi H, et al. Treadmill training for indi-
viduals with multiple sclerosis: A pilot randomised trial. J Neurol Neurosurg Psychiatry. 2006; 77: 531—
533. https://doi.org/10.1136/jnnp.2005.064410 PMID: 16543538

Gutierrez GM, Chow JW, Tillman MD, McCoy SC, Castellano V, White LJ. Resistance training improves
gait kinematics in persons with multiple sclerosis. Arch Phys Med Rehabil. 2005; 86: 1824—1829.
https://doi.org/10.1016/j.apmr.2005.04.008 PMID: 16181949

McCullagh R, Fitzgerald P, Murphy RPM, Cooke G. Long-term benefits of exercising on quality of life
and fatigue in multiple sclerosis patients with mild disability: A pilot study. Clin Rehabil. 2008; 22: 206—
214. https://doi.org/10.1177/0269215507082283 PMID: 18285430

Wiborg JF, Knoop H, Prins JB, Bleijenberg G. Does a decrease in avoidance behavior and focusing on
fatigue mediate the effect of cognitive behavior therapy for chronic fatigue syndrome? J Psychosom
Res. 2011; 70: 306—310. https://doi.org/10.1016/j.jpsychores.2010.12.011 PMID: 21414449

Button KS, loannidis JPA, Mokrysz C, Nosek BA, Flint J, Robinson ESJ, et al. Power failure: why small
sample size undermines the reliability of neuroscience. Nat Rev Neurosci 2013 145. 2013; 14: 365—
376. https://doi.org/10.1038/nrn3475 PMID: 23571845

PLOS ONE | https://doi.org/10.1371/journal.pone.0258752 November 8, 2021 12/12


https://doi.org/10.1016/j.msard.2019.07.028
http://www.ncbi.nlm.nih.gov/pubmed/31400557
https://doi.org/10.1002/ana.1032
http://www.ncbi.nlm.nih.gov/pubmed/11456302
https://doi.org/10.1016/0022-3999%2893%2990081-p
http://www.ncbi.nlm.nih.gov/pubmed/8463991
https://doi.org/10.1097/PSY.0b013e3181643065
https://doi.org/10.1097/PSY.0b013e3181643065
http://www.ncbi.nlm.nih.gov/pubmed/18256342
https://doi.org/10.1191/1352458505ms1148oa
https://doi.org/10.1191/1352458505ms1148oa
http://www.ncbi.nlm.nih.gov/pubmed/15794395
https://doi.org/10.1016/j.rmed.2003.11.011
https://doi.org/10.1016/j.rmed.2003.11.011
http://www.ncbi.nlm.nih.gov/pubmed/15191037
https://doi.org/10.1192/bjp.180.5.461
https://doi.org/10.1192/bjp.180.5.461
http://www.ncbi.nlm.nih.gov/pubmed/11983645
https://doi.org/10.1002/cncr.30846
https://doi.org/10.1002/cncr.30846
http://www.ncbi.nlm.nih.gov/pubmed/28654189
http://www.mindgarden.com
https://doi.org/10.1177/1359105316684938
http://www.ncbi.nlm.nih.gov/pubmed/28810432
https://doi.org/10.1136/bmj.314.7095.1647
http://www.ncbi.nlm.nih.gov/pubmed/9180065
https://doi.org/10.1016/j.jns.2004.06.009
http://www.ncbi.nlm.nih.gov/pubmed/15465080
https://doi.org/10.1177/1352458506071169
http://www.ncbi.nlm.nih.gov/pubmed/17294619
https://doi.org/10.1136/jnnp.2005.064410
http://www.ncbi.nlm.nih.gov/pubmed/16543538
https://doi.org/10.1016/j.apmr.2005.04.008
http://www.ncbi.nlm.nih.gov/pubmed/16181949
https://doi.org/10.1177/0269215507082283
http://www.ncbi.nlm.nih.gov/pubmed/18285430
https://doi.org/10.1016/j.jpsychores.2010.12.011
http://www.ncbi.nlm.nih.gov/pubmed/21414449
https://doi.org/10.1038/nrn3475
http://www.ncbi.nlm.nih.gov/pubmed/23571845
https://doi.org/10.1371/journal.pone.0258752

