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Abstract.
BACKGROUND: Fatigue is the most prevalent symptom among people with multiple sclerosis (PwMS). Although exercise
effectively reduces fatigue, the relationship between daily physical activity and fatigue has only recently been demonstrated.
OBJECTIVE: The aim of this study was to evaluate the prevalence of fatigue and to understand the relationship with several
variables in French PwMS.
METHODS: Data were collected from 191 PwMS using Modified Fatigue Impact Scale (MFIS) and Fatigue Severity Scale
(FSS) for fatigue, and the Godin Leisure-Time Exercise Questionnaire (GLTEQ) for physical activity.
RESULTS: 110 PwMS (57%), 35 PwMS (18%) and 46 PwMS (24%) were considered as fatigued, non-fatigued and in the
grey zone, respectively. Greater physical activity was observed in non-fatigued PwMS (20.2 ± 19.8) compared to fatigued
PwMS (12.5 ± 14.1). FSS and MFIS scores were associated with physical activity (r = –0.28 and r = –0.25, respectively,
p < 0.05). Using multivariate analysis, disability, physical activity and being unemployed explained 21% of the variance of
the MFIS.
CONCLUSIONS: The present study confirms that physical activity and fatigue are associated. Disability and unemployment
status should also to be consider when assessing fatigue. Activity-oriented health policies should be redesigned to improve
fatigue among PwMS.

Keywords: Fatigue, physical activity, FSS, MFIS, multiple sclerosis, employment, neurological disorder, physical therapy,
quality of life

1. Introduction

Multiple sclerosis (MS) is an auto-immune disease
characterized by the demyelination of the axons from
the spinal cord and brain. More than 2,500,000 peo-
ple worldwide and 115,000 in France are affected by
this neurological disorder. MS is the first cause of
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disability in the young adults after car accident con-
sequences. Progressive damage to the myelin sheaths
induces numerous impairments of functional capac-
ity. Among the manifestations of the disease, fatigue
is one of the more frequent and disabling symptoms
reported by people with MS (PwMS) (Lerdal, Celius,
Krupp, & Dahl, 2007). This symptom has been
defined as a “subjective lack of physical and/or mental
energy, perceived by the individual or caregiver, that
interferes with usual and desired activities” (Multi-
ple Sclerosis Council for Clinical Practice guidelines,
1998). It is distinct from the fatigue observed in
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healthy individuals due to its disabling nature and
the fact that fatigue is not relieved by rest or sleep.
PwMS describe a disproportionately high level of
effort required to perform everyday tasks, resulting in
a major physical, psychological, and socio-economic
burden (Krupp, Serafin, & Christodoulou, 2010).
Unemployment is an unfortunate consequence of
MS-related fatigue (Kavaliunas, Danylaitė, Binzer,
& Hillert, 2021) along with decreased quality of life.
The term fatigue is complex and must be distin-
guish from performance fatigability (Kluger, Krupp,
& Enoka, 2013), which refers to an objective mea-
surement (e.g. decrease of force production). Fatigue
can be evaluated by self-report using questionnaires
such as the Fatigue Severity Scale (FSS) or the Modi-
fied Fatigue Impact Scale (MFIS) which are the most
used scales of fatigue in PwMS (Krupp, LaRocca,
Muir-Nash, & Steinberg, 1989). These self-report
questionnaires do not rate the same parameters. For
instance, FSS primarily rates the physical dimension
while the MFIS include physical, cognitive and psy-
chosocial dimensions (Tellez et al., 2005).

PwMS have lower physical activity than healthy
populations (Motl, 2014). Physical activity can be
measured by objective (accelerometers) or subjective
(i.e. questionnaires, logs) methods (Motl, Bollaert, &
Sandroff, 2018). A large survey conducted on 1,011
PwMS indicated low physical activity in this pop-
ulation, one of the main barriers being MS-related
fatigue (LaRocca, 2011). In fact, for many years
PwMS were advised to reduce their physical activity
level and adapt their lifestyle because exercise was
thought to worsen MS-related symptoms (Tallner,
Mäurer, & Pfeifer, 2013). This policy has substan-
tially contributed to the phenomenon of physical
deconditioning and has led to the emergence of co-
morbidities such as type II diabetes in this population
(Giesser, 2015). It has been shown that PwMS with
less physical activity show more severe fatigue (Motl,
McAuley, Snook, & Gliottoni, 2009). Energy conser-
vation strategies have long been advised for PwMS,
favoring a sedentary lifestyle. However, this lifestyle
induces deconditioning and may exacerbate fatigue
due to a low resistance to fatigability during exercise
(Eldadah, 2010). Thus, activities of daily living may
become more fatiguing, leading PwMS to perform
less physical activity, thereby dragging them into the
vicious cycle of fatigue.

Moreover, numerous studies have shown that phys-
ical rehabilitation programs have led to reduced
fatigue and improved quality of life in PwMS (Motl
& Sandroff, 2015). Despite the clinical importance of

MS-related fatigue, there are no specific recent data
on fatigue prevalence in relation to physical activity
in PwMS in France. The introduction of new pharma-
cological drugs in the treatment of MS has led to an
evolution in the medical management of PwMS that
may have consequences on treatments’ side effects
such as fatigue (Cao et al., 2021; Tran et al., 2017).
It is therefore necessary to make regular updates to
ensure that fatigue does not significantly increase in
PwMS. The aim of this study was thus to character-
ize fatigue and understand the relation between with
physical activity, disability and socio-economic sta-
tus in French PwMS. It was hypothesized that (i) the
majority of PwMS would rate themselves as clin-
ically fatigued, (ii) fatigued PwMS would be less
physically active, more disabled and have a higher
unemployment rate than non-fatigued PwMS, and
(iii) disability, physical activity and socio-economic
status would be explicative variables of fatigue.

2. Methods

2.1. Research design

2.1.1. Participants
All individuals (24–78 years old) from the EDMUS

(European Database for Multiple Sclerosis) database
of the University Hospital of Saint-Etienne, France
were screened for this study. The survey took place
in September 2020. Age, sex, body mass index
(BMI), subtypes of MS, beginning of the MS, the
last relapse and the treatment were obtained from
EDMUS database. This study was approved by the
local ethic committee (Comité Ethique Territorial
Terre d’Ethique, IRBN762019/CHUSTE) and writ-
ten informed consent was obtained from all persons.
This study was conducted in conformity with the
declaration of Helsinki.

2.1.2. Data collection
A letter explaining study goals and protocol with

the questionnaires attached was sent to all of those
in the database. These individuals were asked to fill
in all the corresponding cases of questionnaires with
detailed information (profession, phone number) and
return them with a stamped envelope. Reminder calls
were sent to those contacted after 3 and 6 week delays.

2.1.3. EDSS
The disability level of PwMS was quantified by

the expanded disability status scale (EDSS) (Kurtzke,
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1983). This scale examines different neurological
functional systems (cerebral, pyramidal, cerebellar,
brainstem, sensory, bowel/bladder, visual) and walk-
ing capacity to identify a score between 0 to 10, when
0 corresponds to no disability, 6 corresponds severe
disability and need assistance to walk and 10 cor-
responds to the death. The EDSS was scored by a
neurologist.

2.1.4. Fatigue questionnaires
The Modified Fatigue Impact Scale (MFIS) rates 3

components of fatigue (physical, cognitive and psy-
chosocial) (Tellez et al., 2005). The MFIS is the
short version (21 items) of the fatigue impact scale
(Fisk et al., 1994). We used the version validated
in French (Debouverie, Pittion-Vouyovitch, Louis,
& Guillemin, 2007). MFIS is recommended by the
Multiple Sclerosis Council for Clinical practice and
Guidelines (Guidelines, 1998). Answers are scored
from 1 (completely false) to 4 (completely true) so
that the final score varies from 21 to 84. Flache-
necker et al. (2002) used the MFIS score of 38 as
the cut-off used to categorize PwMS as fatigued or
non-fatigued. The FSS is a scale which rates physi-
cal aspects of fatigue through 9 components (Krupp
et al., 1989). The final score varies from 1 to 7.
For this study, the French version was used (Debou-
verie, Pittion, Guillemin, & Vespignani, 2002). From
the study of Flachenecker et al. (2002), 4 was the
cut-off used to categorize PwMS as fatigued or non-
fatigued. There is a positive association between level
of fatigue and score for both questionnaires, i.e. a
high score indicates that the PwMS is considered
to be highly fatigued and vice-versa. To determine
whether PwMS were fatigued or not, we used the two
fatigue questionnaire scores. The use of the two ques-
tionnaires that rate different components of fatigue
allows for a more rigorous PwMS selection based
on their fatigue. PwMS with both scores above the
cut offs were considered as fatigued and inversely,
when the both scores were below the cut offs, they
were considered as non-fatigued. Those who do not
have both scores above or below the cut-offs (FSS = 4;
MFIS = 38) were removed from the analysis. In other
words, if a PwMS was in a grey zone, i.e. scored as
fatigued in one questionnaire and non-fatigued in the
other one, he/she was not considered for the group
comparison analysis. Yet, all PwMS were taken into
account for the Least Absolute Shrinkage and Selec-
tion Operator (LASSO) and correlation analysis.

2.1.5. The Godin Leisure-Time Exercise
Questionnaire

The Godin Leisure-Time Exercise Questionnaire
(GLTEQ) is a questionnaire that rates physical
activity. The GLTEQ is largely used on clinical popu-
lations, including MS people (Motl et al., 2018). This
questionnaire quantifies the frequency of sessions of
physical activity lasting at least 15 minutes, over peri-
ods of one week. Three levels of physical activity are
proposed (low, moderate, high) to report the inten-
sity of activity, so as to calculate a weekly leisure time
activity rate from a corresponding Metabolic Equiva-
lent of Task value. For this study, the French validated
version was used (Vernay et al., 2000).

2.1.6. Socio-economic classification
The profession of each people was classified

according to French national institute for statistical
and economic studies. This is the correspondence
for each class: 1-Farmer; 2-Storekeeper, craftman,
and company manager; 3-Executives and higher
intellectual professions; 4-Intermediate professions;
5-Employees; 6-Worker; 7-Retired people; 8-Other
people without professional activity.

2.2. Statistics

Analyses were performed with Statistical software
R/statistical environment (R Core Team, 2021). For
all tests, significance level was set at p < 0.05. Miss-
ing data were inputted using the k-nearest neighbor
(k = 5) method, from the ‘VIM’ package wherein 5
(‘k’) samples were used to estimate the value of
the missing data points. Relevant predictors were
selected using LASSO regression. This technique
uses a coefficient to minimize excessive weighting
of individual data points and selects for only the
most relevant predictors (Tibshirani, 1996). Ten-fold
cross-validated linear LASSO regression was per-
formed using the glmnet package (Friedman, Hastie,
& Tibshirani, 2010). Selected independent variables
were entered into a linear regression model with FSS
or MFIS as a dependent variable. Data normality
was verified using the Shapiro-Wilk test. To com-
pare differences between fatigued and non-fatigued
groups, the Mann-Whitney U-test was used. Pear-
son’s correlation coefficient was used to determine
the relationship between questionnaires and people’
characteristics. Results are expressed as mean val-
ues ± standard deviation (SD).
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Fig. 1. Flowchart of the answers and selection process.

3. Results

The questionnaires were sent to 533 PwMS, of
whom 191 (36%) replied. Among the 191 responses
received, 110 people (57%) were considered as
fatigued, 35 people (18%) were considered as non-
fatigued and 46 people (24%) were in the grey zone.
PwMS of the grey zone were not included in the
between-groups analysis, giving a total of 145 PwMS
analyzed (Fig. 1).

3.1. Characteristics of PwMS

The characteristics of PwMS are presented in
Table 1. The percentage of men and women were not
significantly different between the fatigued and non-
fatigued groups. The duration since the beginning
of the disease (fatigued 16.3 ± 8.8 vs non-fatigued
12.4 ± 8.5 years) and the type of MS were different
between the two groups (Table 1). In fact, the per-
centage of recurrent-remittent MS was greater in the
non-fatigued group compared to the fatigued group
(86.1% vs 71.0%, respectively) and it was the oppo-
site for secondary-progressive MS (8.3% vs 22.0 %,
respectively).

3.2. Fatigue in PwMS

The raw medians for fatigued groups were 5.7
(4.1– 7) for the FSS and 64.0 (50–83) for the MFIS
compared to non-fatigued groups were FSS score
was at 2.4 (1–4) and the MFIS score was at 34.5
(21–47) (p < 0.05). The three subscales of the MFIS
were significantly lower for fatigued compared to
non-fatigued PwMS. The EDSS of the fatigued group
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Fig. 2. Correlation matrix containing Pearson’s correlation coef-
ficients for fatigue questionnaires, level of physical activity and
disability status.

was also higher compared to that of the non-fatigued
group (3.9 ± 2.3 vs 1.5 ± 1.6, respectively). There
was a moderate but significant association between
fatigue questionnaires and EDSS (FSS: r = 0.44,
p < 0.05; MFIS: r = 0.38, p < 0.05). Moreover, the 3
subscales of the MFIS were associated with EDSS
(r = 0.45 physical, r = 0.20 cognitive and r = 0.34 for
psychosocial, all p < 0.05) (Fig. 2).

3.3. Level of physical activity

Fatigued PwMS had a significantly lower level
of physical activity when compared to non-fatigued
PwMS, with a GLTEQ score of 12.5 ± 14.1 vs
20.2 ± 19.8, respectively (p < 0.05). There were sig-
nificant associations between FSS and GLTEQ scores
(r = –0.28, p < 0.05) and between MFIS and GLTEQ
scores (r = –0.25, p < 0.05). Similar findings were
observed for physical (r = –0.31, p < 0.05), cogni-
tive (r = –0.23, p < 0.05) and psychosocial (r = –0.15,
p < 0.05) subscales of the MFIS (Fig. 2).

3.4. Socio-economic classification

There was no dependence between fatigue and
socio-economic categories. Yet, the level of disabil-
ity was different between unemployed PwMS and
other socio-economic categories combined (4.1 ± 2.2
vs 2.9 ± 2.4, p < 0.05).

Table 2
Predictors of fatigue severity in function of Fatigue Severity

Scale (FSS) and Modified Fatigue Impact Scale score (MFIS)

Predictors r² F Statistic r² change

MFIS model
GLTEQ 0.06 11.29 0.06
EDSS 0.18 20.41 0.12
Inactive 0.21 16.87 0.03

FSS model
GLTEQ 0.09 18.02 0.09
EDSS 0.24 29.79 0.15

3.5. Explicative of fatigue

The LASSO regression identified four explicative
variables of FSS, namely GLTEQ, time from the last
relapse, EDSS and unemployment status. Using a
multivariate linear regression model, the GLTEQ, the
EDSS score explained 24% of the variance of the FSS
score (r² = 0.241; p < 0.001). For the MFIS model,
GLTEQ, EDSS, age and unemployment status were
identified from the LASSO as explicative variables
of fatigue that the resulting model including only
GLTEQ, EDSS and unemployment explained 21%
(r² = 0.213; p < 0.001) of the variance of the MFIS
(Table 3).

4. Discussion

The aim of this study was to investigate the preva-
lence of fatigue and the role of physical activity
amongst French PwMS. We hypothesized that there
would be more fatigued than non-fatigued PwMS and
that the level of physical activity would be higher for
non-fatigued PwMS compared to fatigued PwMS.
The present results confirm our two main hypothe-
ses since it was shown that (i) over 50% of the
PwMS were considered as clinically fatigued, and
(ii) fatigued PwMS were less physically active than
non-fatigued PwMS. Our third hypothesis was also
confirmed given that physical activity, disability level
and unemployment were retained as independent
variables associated with fatigue scores.

4.1. Fatigue prevalence in MS

Compared to healthy controls, a greater preva-
lence of fatigue exists in PwMS as often reported
with other diseases is survivors of intensive care
units (Morel et al., 2022), cancer (Stone & Minton,
2008) or cardio-vascular diseases (Casillas, Damak,
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Table 3
Socio-economics characteristic of the participants

N Farmer Storekeeper, Executive Intermediate Employees Worker Retired people Without
craftman, and higher professions professionnal
company intellectual activity
manager professions

Fatigued 110 1 (0.9%) 2 (1.8%) 3 (2.7%) 14 (12.7%) 25 (22.7%) 6 (5.5%) 19 (17.3%) 40 (36.4%)
Non-Fatigued 35 0 (0.0%) 0 (0.0%) 2 (5.7%) 8 (22.9%) 16 (45.7%) 2 (5.7%) 3 (8.6%) 4 (11.4%)
Grey Zone 46 2 (4.3%) 1 (2.2%) 3 (6.5%) 7 (15.2%) 12 (26.1%) 0 (0.0%) 6 (13.0%) 15 (32.6%)

Chauvet-Gelinier, Deley, & Ornetti, 2006). In fact,
a substantial proportion of PwMS complain about
fatigue, varying from 36.5% to 78% of people (Oliva
Ramirez et al., 2021). The present finding, that rep-
resent the lastest update of fatigue status of PwMS in
France, confirmed the prevalence of fatigue since the
majority of PwMS were clinically fatigued (57%).
Higher proportions of fatigued PwMS compared to
non-fatigued PwMS was reported in the latest survey
studies (Bakshi et al., 2000; Broch et al., 2021; Lerdal
et al., 2007). In a large survey (N = 1,011), among
the symptoms experienced at least twice a week by
people with MS, fatigue was the most reported symp-
toms (76%) (LaRocca, 2011). Interestingly, when
fatigued and non-fatigued PwMS were combined, the
median of fatigue questionnaires was largely above
the cut-off (FSS: 5.3; MFIS: 60.0) used in the current
literature (Flachenecker et al., 2002), confirming the
prevalence of the fatigue in this disease despite new
treatments.

Given that fatigue is a physical and social burden,
general quality of life scores and their 3 dimen-
sions (physical, social, cognitive) has been found to
be lower when fatigue scores are higher (Pittion-
Vouyovitch et al., 2006). Unlike physical activity
(Motl & Pilutti, 2012), pharmacological treatments
remain fairly ineffective in preventing or treating
fatigue.

4.2. Physical activity and fatigue in MS

In the present study, a greater GLTEQ score
was observed in non-fatigued compared to fatigued
PwMS. Recently, Rzepka, Toś, Boroń, Gibas, and
Krzystanek (2020) presented results similar to the
present study, i.e. higher physical activity for
non-fatigued PwMS compared to fatigued PwMS
and similar moderate negative association between
fatigue and physical activity questionnaires (MFIS:
–0.33 vs –0.25; FSS: –0.38 vs –0.28, respectively).

This provides further confirmation that fatigue and
physical activity levels are linked. It has been previ-
ously shown that (i) PwMS had a significantly lower
level of physical activity than healthy controls (Beck-
erman, de Groot, Scholten, Kempen, & Lankhorst,
2010; Klaren, Motl, Dlugonski, Sandroff, & Pilutti,
2013) (ii) less than 25% of PwMS are active (Marrie et
al., 2009) and (iii) 45% of PwMS did one exercise ses-
sion per week (LaRocca, 2011). Using accelerometry,
Cederberg, Jeng, Sasaki, and Motl (2022) observed
that fatigued PwMS performed fewer steps during
the day, had a greater sedentary time and a lower
moderate to vigorous physical activity compared to
non-fatigued PwMS.

The present findings are not surprising because his-
torically, it has been recommended that PwMS reduce
physical activity to avoid worsening symptoms of
the disease (Tallner et al., 2013). The energy con-
servation strategy may be useful in the short term,
but the inactivity of PwMS is detrimental for many
symptoms of MS, including fatigue (Giesser, 2015).
Indeed, fatigue is the main reason people do not
engage in physical activity (LaRocca, 2011). Low
physical activity induces deconditioning which can
increase fatigability. In line with our recent find-
ings with fatigued vs non-fatigued people with cancer
(Brownstein et al., 2022), we found that motor fati-
gability explained around 50% of the variance in
fatigue questionnaires on PwMS (Coates et al., 2020).
It can be speculated that higher fatigability, due to
deconditioning induced by low physical activity lev-
els, exacerbates daily life activities effort, which
could contribute to fatigue (Twomey et al., 2017).
Thus the energy conservation strategy is not sustain-
able, especially considering studies that have shown
the benefits of different physical rehabilitation pro-
grams among PwMS. In addition to the direct effect
on fatigability resistance, training interventions have
other benefits such as limiting sleep disturbances and
depressive feelings (Motl & Sandroff, 2015).
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4.3. Predicting variables of fatigue

The causes of fatigue in PwMS remain unknown
but categorization in primary and secondary fatigue
was established to better understand this symp-
tom. Primary fatigue refers to factors directly
affected by the physiopathology of MS such
as the central nervous system (cerebral atro-
phy, axonal demyelination), immunological (anti/pro
inflammatory cytokines) and neuroendocrinologi-
cal (hypothalamic-pituitary-adrenal axis dysfunc-
tion) pathways (Langeskov-Christensen, Bisson,
Finlayson, & Dalgas, 2017). Secondary fatigue
corresponds to factors non-specific to the MS
(e.g. depression, sleep disorders, deconditioning)
(Langeskov-Christensen et al., 2017).

In this study, we focused our reflection on
secondary fatigue, as rated by self-reported ques-
tionnaires (Kluger et al., 2013). Using a robust
multivariable analysis, we determined that EDSS,
physical activity levels and being unemployed were
the most significant factors explaining the variance
of FSS and MFIS scores. Given that the relationship
between fatigue and physical activity was previously
considered in the above section, specific attention will
be given to unemployment and disability in relation
to fatigue.

An association was found between the score
of the fatigue questionnaires and the EDSS score
(r = 0.44 for FSS and r = 0.38 for MFIS), which is
in line with previous studies showing associations
between neurological deficits and fatigue severity
using different fatigue questionnaires (Koch, Mostert,
Heerings, Uyttenboogaart, & De Keyser, 2009;
Pittion-Vouyovitch et al., 2006). However, as fac-
tors, EDSS and fatigue questionnaires were weakly
(Šabanagić-Hajrić, Suljić, & Kučukalić, 2015; Tellez
et al., 2005) or no longer associated after adjust-
ing for depression (Bakshi et al., 2000), a symptom
not considered in the present study. Recently, it was
hypothesized that lower mobility due to disability
could co-occur with fatigue in PwMS (Neal, Ceder-
berg, Jeng, Sasaki, & Motl, 2020). Professional status
also appeared to be an explicative variable. In fact,
fatigue is gradually becoming a burden in the work-
ing environment, and there are higher proportions of
unemployed among PwMS (range from 32% to 80%)
than in the general population (Strober, 2020). More-
over, fatigue was one of the most important factors
(i.e. the factor with the largest effect size) in explain-
ing unemployment rate compared to other factors
such as disease course, exercise/diet, self-efficacy

(Strober, 2020). The need to reduce fatigue is thus
necessary in order to give people the opportunity to
work again. Although fatigue remains the main issue
behind unemployment, disability level is likely also
a factor. We observed that unemployed PwMS had
greater disability levels than other socio-professional
categories combined (4.1 vs 2.9). These findings are
consistent with a recent systematic review (Kavaliu-
nas et al., 2021) highlighting the impact of requiring
PwMS to work part-time or to stop working com-
pletely because of their level of disability.

4.4. Limitations

One of the main limitations of this present study is
the sample size (N = 191). A larger sample of PwMS
would have given a better representation of the French
MS population. The second limitation of our study
is the number of independent variables to explain
fatigue severity since a greater number of explica-
tive variables would have allowed us to refine the
explanatory analysis of fatigue.

5. Conclusion

The present study provides an updated view of
fatigue, a highly debilitating symptom, among French
PwMS. Fatigued PwMS were less physically active
than non-fatigued PwMS and had a higher disability
level. We determined that disability status, physical
activity level and unemployment were independently
associated with fatigue severity. Promoting physi-
cal activity is an important challenge in the fight
against fatigue and other comorbidities. In the future,
activity-oriented health policies are needed to provide
a better quality of life for PwMS.
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Kavaliunas, A., Danylaitė, V. K., Binzer, S., & Hillert, J. (2021).
Systematic Review of the Socioeconomic Consequences in
Patients With Multiple Sclerosis With Different Levels of Dis-
ability and Cognitive Function. Frontiers in Neurology, 12,
737211-737211.

Klaren, R. E., Motl, R. W., Dlugonski, D., Sandroff, B. M., &
Pilutti, L. A. (2013). Objectively quantified physical activity
in persons with multiple sclerosis. Arch Phys Med Rehabil,
94(12), 2342-2348. doi:10.1016/j.apmr.2013.07.011

Kluger, B. M., Krupp, L. B., & Enoka, R. M. (2013). Fatigue
and fatigability in neurologic illnesses: proposal for a unified
taxonomy. Neurology, 80(4), 409-416.

Koch, M., Mostert, J., Heerings, M., Uyttenboogaart, M., & De
Keyser, J. (2009). Fatigue, depression and disability accumu-
lation in multiple sclerosis: a cross-sectional study. European
Journal of Neurology, 16(3), 348-352.

Krupp, L. B., LaRocca, N. G., Muir-Nash, J., & Steinberg, A. D.
(1989). The fatigue severity scale: application to patients with
multiple sclerosis and systemic lupus erythematosus. Archives
of Neurology, 46(10), 1121-1123.

Krupp, L. B., Serafin, D. J., & Christodoulou, C. (2010). Multiple
sclerosis-associated fatigue. Expert Review of Neurotherapeu-
tics, 10(9), 1437-1447.

Kurtzke, J. F. (1983). Rating neurologic impairment in multiple
sclerosis: an expanded disability status scale (EDSS).
Neurology, 33(11), 1444-1452. doi:10.1212/wnl.33.11.
1444

Langeskov-Christensen, M., Bisson, E. J., Finlayson, M. L., &
Dalgas, U. (2017). Potential pathophysiological pathways that
can explain the positive effects of exercise on fatigue in mul-
tiple sclerosis: A scoping review. J Neurol Sci, 373, 307-320.
doi:10.1016/j.jns.2017.01.002

LaRocca, N. G. (2011). Impact of walking impairment in multiple
sclerosis. The Patient: Patient-Centered Outcomes Research,
4(3), 189-201.

Lerdal, A., Celius, E. G., Krupp, L., & Dahl, A. A. (2007). A
prospective study of patterns of fatigue in multiple sclerosis.
Eur J Neurol, 14(12), 1338-1343. doi:10.1111/j.1468-
1331.2007.01974.x

Marrie, R. A., Horwitz, R., Cutter, G., Tyry, T., Campagnolo, D., &
Vollmer, T. (2009). High frequency of adverse health behaviors
in multiple sclerosis. Multiple Sclerosis Journal, 15(1), 105-
113.
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