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Abstract

Fatigue is a common and debilitating symptom in multiple sclerosis (MS). However, after over 100 years of inquiry its
definition, measurement and understanding remains elusive. This paper describes the challenges clinicians and researchers
face when assessing and treating MS patients, as well as our understanding of neural mechanisms involved in fatigue. Chal-

lenges for the future are discussed.
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Introduction

Fatigue is the most common symptom in persons with MS,
with an incidence of up to 90% of patients and frequently
significantly impacts on everyday life activities. Fatigue is
a concept we all know but is inconsistent and difficult to
define. Its meaning is often vague and difficult to opera-
tionalize [4]. After over 100 years of inquiry, its definition
remains elusive, and some have suggested the term be aban-
doned (e.g., Muscio [20], Hubbard [27]). Years ago, Muscio
[27] concluded that “it is obviously absurd to set about find-
ing a test of an undefined entity”. Eighty years later Dittner
et al. [12] stated: “Before a concept can be measured, it must
be defined, and before a definition can be agreed, there must
exist an instrument for assessing phenomenology. There is
unfortunately no ‘gold standard’ for fatigue, nor is there ever
likely to be”. Today, after more than 100 years of inquiry,
our ability to define, measure and treat fatigue has improved
marginally.

Defining Fatigue

The multidimensional nature of fatigue has been known
for over 100 years encompassing: Behavior (i.e., perfor-
mance), Feeling state (i.e., subjective sense), Mechanism,
and Context [26]. Yet, clinical medicine focuses solely on
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subjective complaints of fatigue. However, even defining
and measuring subjective fatigue has been challenging. For
instance, in MS, chronic fatigue has been defined as “fatigue
that is present for any amount of time on 50% of days for
more than 6_weeks, that limits functional activities or quality
of life” Multiple Sclerosis Council [16]. However, in chronic
fatigue syndrome (CFS) it is defined as “New onset of unex-
plained, persistent or relapsing fatigue for at least 6 months
...” (not result of ongoing exertion, not substantially allevi-
ated by rest, substantial reduction in level of functioning).
This marked lack of a clear definition of fatigue is pervasive
across clinical entities.

There are dozens of definitions of fatigue, which them-
selves illustrate the problem (c.f., [10] Supplement 2 for
examples). Unfortunately, none truly captures the com-
plexity of the construct. Chaudhuri and Behan [8] offer a
definition which at a minimum is testable, defining central
fatigue as: “the failure to initiate and/or sustain attentional
tasks (‘mental fatigue’) and physical activities (‘physical
fatigue’) requiring self-motivation (as opposed to external
stimulation)”.

Measuring fatigue

Despite lacking a clear definition, Hjollund et al. [19]
found over 250 scales to measure fatigue. Such instruments
are used clinically to assess subjective fatigue across vari-
ous populations. Close et al. [10] analyzed the most fre-
quent fatigue inventories used in MS and found that they
lacked content validity, raising the question as to whether
they actually assess fatigue? There are numerous problems
with such instruments which typically become dogmatically
unchallenged. The first is that many assess fatigue without
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defining it (e.g., FSS). More problematically, fatigue inven-
tories often (if not most of the time) include items that
have little or nothing to do with fatigue [10]. For instance,
questions regarding sleep are often included despite hav-
ing distinct neural representations and is distinguishable
from fatigue [32]. Questions regarding reduced cognitive
functioning are often included despite no clear or consistent
evidence that fatigue reduces cognitive functions, although
some studies show a relationship with intraindividual vari-
ability [30]. The fact is that most studies show that fatigue
does not affect objective cognition (e.g., Lohaus et al. [22]),
and in some cases even improves cognitive performance
(e.g., Chang et al. [7]) including in other populations [2]. In
truth, “Under fatiguing conditions, performance sometimes
declines, sometimes remains unchanged, or sometimes even
increases as time on task increases.” (Ackerman [1], p.3).

Another problem is that current subjective fatigue inven-
tories measure “trait” fatigue, that is self-reported fatigue
over a period of time such as the past week (e.g., FSS) or
past 4 weeks (e.g., MFIS). However, fatigue in the moment
(i.e., “state” fatigue) can be distinguished from “trait”
fatigue. The problem here is that state and trait fatigue typi-
cally do not correlate (e.g., Sandry et al. [33], Wylie et al.
[32]) or correlate poorly [18], even in other populations
(e.g., Malloy et al. [23], Moller et al. [24]) begging the ques-
tion: Is fatigue, fatigue?

Some questions

Why should subjective fatigue be the gold standard for its
measurement? Sure, it is easy to use a fatigue inventory, but
what use is it if its truly not measuring the desired construct
[10]? Why should objective and subjective fatigue correlate?
The truth is that clearly the literature shows that they don’t.
Why must behavioral performance result in a decline with
increasing fatigue? The data supporting this is not strong.
This suggests that the concept of “fatigability” which, by

Fig. 1 cortico-striato-thalamo-
cortical (CSTC) loop underlying
fatigue. Need to get permission
from Arm et al. [3]

definition requires a decrease in performance, may be flawed
in that a decrease is often not observed. Perhaps we should
return to the traditional term of “performance” which allows
for either decreases, no change or increases, rather than fati-
gability. Let’s face it, subjective fatigue correlates with other
subjective ratings such as depression, pain, subjective sleep,
cognitive complaints, stress, etc., and is related to other sig-
nificant factors such as deconditioning, hormonal changes
or medication side effects. While the strongest behavioral
correlation with fatigue is with depression, it must be rec-
ognized that fatigue can be present in the absence of depres-
sion. Part of this high correlation is likely due to the overlap
between depression and fatigue measures.

Fatigue and the brain

Chaudhuri & Behan [8] hypothesized that central fatigue
was due to the “failure in the integration of limbic input
and non-motor functions within the basal ganglia affecting
the striatal-thalamic-frontal cortical system”. Several stud-
ies have supported this hypothesis both in MS (e.g., Arm
et al. [3], Roman et al. [31]) and in other populations (e.g.,
Wylie et al. [32]). Advanced MRI imaging techniques have
consistently shown that central fatigue, both physical and
cognitive, are correlated with disruptions in the cortico-stri-
ato-thalamo-cortical (CSTC) loop (see Fig. 1) [3], resulting
in a fatigue network [9]. Recent research using signal detec-
tion theory shows that persons with MS report more fatigue
while performing a fatiguing cognitive task and they adopt
a more conservative response bias [31]. That is, MS patients
require more “evidence” before releasing a response, and
the relationship between effort and reward is different for
persons with MS than for Controls. In MS the balance
between effort and reward is persistently skewed because
many aspects of cognition require increased effort. This
results in persons with MS exhibiting a persistently skewed
response bias. Interestingly, brain areas sensitive to fatigue
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(i.e., caudate) are also sensitive to response bias, which has
implications for treatment (see below).

Can We treat fatigue?

If we don’t know what fatigue is, and we are not sure
we are able to measure it, how can we treat it? In general,
we can discuss two approaches: Pharmacological and Non-
pharmacological Treatments.

Pharmacological approaches

Clinically, a pharmacological approach for symptoms of
fatigue has been a mainstay of treatment. In general, three
medications have been utilized the most in MS: amantadine,
modafinil and methylphenidate. Despite its clinical utiliza-
tion, most reviews show little to no support for any of these
medications in the treatment of fatigue in MS (e.g., [37]).
For instance, Modafinil is a wakefulness-promoting agent,
approved for excessive sleepiness associated with narco-
lepsy, obstructive sleep apnea and shift-work disorder. Most
studies lack support for modafinil as an effect treatment for
fatigue in MS Moller et al. [25]. Despite this, a substan-
tial number of MS patients are prescribed this treatment.
Perhaps the seminal study was conducted by Nourbakhsh
et al. [28] where in a randomized, double-blind, placebo-
controlled crossover study, MS patients across centers
received amantadine, modafinil, methylphenidate and a pla-
cebo (within group design). Results showed that all three
medications were not superior to placebo but did result in
more adverse events. They concluded that the results do not
support the indiscriminate use of these medications to treat
fatigue in MS. In fact, they more boldly concluded that: “Our
results support the notion that most of the benefits that have
been reported in the clinical use of medications for multiple
sclerosis fatigue are attributable to the placebo effect.” The
authors continue, “On the basis of our results, physicians
should reduce the use of these medications for the treatment
of multiple sclerosis fatigue”.

Similar lack of evidence exists in other populations
such as stroke [24], Parkinson’s disease [15] and TBI (e.g.,
Canto et al. [6]). In fact, one study with TBI found increased
fatigue as an adverse event of modafinil [21].

Non-pharmacological approaches

There is significant support for behavioral approaches to
reduce fatigue in MS, namely: Cognitive Behavioral Ther-
apy (CBT) and exercise. Harrison et al. [17] reviewed a host
of behavioral interventions, in 6909 MS patients across 113
trials. CBT and balance exercise showed the best results
with effect sizes in the moderate to large range. Similar
approaches (aerobic exercise, relaxation, education or infor-
mation) were less effective. Surprisingly, despite intuition,
energy conservation has received little to no support in this
or other studies (e.g., [5]). That is, recommending lifestyle
alteration alone (e.g., exercise more, function only during
periods of less fatigue or after rest) have little effect. Oth-
ers have found support for CBT in MS (e.g., van den Akker
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et al. [35], Wendebourg et al. [36]) even in other populations
(e.g., [37]) and exercise [9]. A recent review of 10 RCT’s
found that mindfulness-based interventions were moderately
effective for improving fatigue [34], and confirmed in a more
recent review [29].

One novel approach to treating fatigue involves the
reward system in the brain. It is well known that prolonged
performance on cognitively demanding tasks often leads to
mental or cognitive fatigue. That is, increasing time on task
(ToT), typically results in higher levels of subjective fatigue.
A growing body of literature suggests that the detrimental
effects of ToT-induced fatigue can be reversed by increas-
ing the task related motivational levels, such as providing
rewards. Indeed, there is significant overlap between the
reward system in the brain and the proposed fatigue network.
Dobryakova et al. [13] showed that stimulation of the fronto-
striatal network through monetary reward led to decreased
fatigue in MS and healthy controls, which was associated
with changes in brain activation in the ventral striatum and
the ventromedial prefrontal cortex. Similar results were
recently replicated by another group [11], and also observed
in persons with TBI [14]. These studies show that motiva-
tional incentives (e.g., monetary reward) improve fatigue
and are related to functional changes in the brain. Such data
lead to a provocative hypothesis that central fatigue can be
treated by using reward contingencies in MS patients expe-
riencing fatigue. Such an approach could be individualized
by determining what patients themselves find rewarding
(e.g., what is it that they no longer engage in and would like
to re-introduce) and employ behavioral techniques (cogni-
tive behavior therapy) as a reward to reduce fatigue. This is
potentially an intriguing and fruitful area of research.

Conclusion and Suggestions

While fatigue is one of the most pervasive symptoms of MS
affecting everyday life, its research and clinical application
is mired by stagnation and a lack of innovation in its con-
ceptualization and measurement. The answer to the question
of can we measure fatigue and treat it; Yes, we must! How-
ever, we must gain a better understanding of the construct of
fatigue. Clinically, we rely on subjective reports of fatigue,
which is plagued by significant bias, resulting in instruments
with poor content validity. What should we do?

Clinically, among other things, we need to acknowledge
our limited understanding of our measurement tools. Self-
report tools include variables unrelated to fatigue such as
perceptions of depression, pain, medication, decondition-
ing and personality to name a few. We also need to know
what fatigue is NOT. Fatigue can and should be differen-
tiated from depression, sleep and muscle weakness, and
acknowledge that fatigue does not necessarily result in actual
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cognitive or behavioral decline and is affected by personal
factors such as motivation and personality. The complexity
of fatigue must be considered when life altering decisions
are required, such as whether to continue employment. It’s
time to no longer view fatigue as a singular construct.

Scientifically, new research using functional imaging
points to a fatigue network in the brain. Such a network
could be very useful in clinical trials to assess treatment
effects which could be used as a primary outcome of vari-
ous interventions rather than self-report alone. Reliance on
the current conceptualization of fatiguability may need to
be revisited as it requires an a-priori stipulation that perfor-
mance must decline, when it often does not, especially in the
cognitive domain. Perceived fatigue and objective fatigabil-
ity do not evaluate the same underlying concept.

Indeed fatigue has a significant impact on every day
activities. However, it is our job as clinicians and research-
ers to truly understand this impact. That’s the challenge for
the future.

Funding The preparation of this manuscript was supported in part
by the National Multiple Sclerosis Society (NMSS) Grant MB-2107-
38097 to John DeLuca, and funding by Kessler Foundation.

Availability of data and material (data transparency) Not
applicable.

Code availability (software application or custom code) Not
applicable.

Declarations

Conflicts of interest/Competing interests Dr. John DeLuca received
consulting fees/honorarium from Biogen, Sanofi — Genzyme, Novartis,
Janssen and Bristol Myers Squibb. He has received grant funding from
Biogen, Roche, Bristol Myers Squibb, EMD Serono, National Multiple
Sclerosis Society (NMSS), Consortium of Multiple Sclerosis Centers
(CMSCQ), and the National Institute of Health (NIH).

Ethics approval Not applicable.

Consent to participate (include appropriate statements) Not applica-
ble.

Consent for publication (include appropriate statements) Not appli-
cable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in

the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Ackerman PL (2011) Introduction. In: Ackerman PL (ed) cogni-
tive fatigue: multidisciplinary perspectives on current research
and future applications. American Psychological Association,
Washington, D.C., pp 3-7

2. Anderson JFI, Jordan AS (2020) An observational study of the
association between sleep disturbance, fatigue and cognition in
the post-acute period after mild traumatic brain injury in prospec-
tively studied premorbidly healthy adults. Neuropsychol Rehabil.
https://doi.org/10.1080/09602011.2020.1781665

3. ArmJ, Ribbons K, Lechner-Scott J, Ramadan S (2019) Evaluation
of MS related central fatigue using MR neuroimaging methods:
scoping review. J Neurol Sci 400:52-71

4. Balkin TJ, Wesensten NJ (2011) Differentiation of sleepiness and
mental fatigue effects. In: Ackerman PL (ed) Cognitive fatigue:
multidisciplinary perspectives on current research and future
applications. American Psychological Association, pp 47-66.
https://doi.org/10.1037/12343-002

5. Blikman LJM, van Meeteren J, Twisk JWR, de Laat FAJ, de Groot
V, Beckerman H, Stam HJ, Bussmann JBJ, TREFAMS-ACE study
group (2017) Effectiveness of energy conservation management
on fatigue and participation in multiple sclerosis: a randomized
controlled trial. Mult Scler J 23(11):1527-1541

6. Cantor JB, Ashman T, Bushnik T, Cai X, Farrell-Carnahan L,
Gumber S, Hart T, Rosenthal J, Dijkers MP (2014) Systematic
review of interventions for fatigue after traumatic brain injury:
a NIDRR Traumatic Brain Injury Model Systems Study. J] Head
Trauma Rehabil 29(6):490-497

7. Chang YK, Labban JD, Gapin J1, Etnier JL (2012) The effects of
acute exercise on cognitive performance: a meta-analysis. Brain
Res 1453:87-101

8. Chaudhuri A, Behan PO (2000) Fatigue and basal ganglia. J Neu-
rol Sci 179:34-42

9. Clark LV, Pesola F, Thomas JM, Vergara-Williamson M, Bey-
non M, White PD (2017) Guided graded exercise self-help plus
specialist medical care versus specialist medical care alone for
chronic fatigue syndrome (GETSET): a pragmatic randomised
controlled trial. Lancet 390(10092):363-373.

10. Close J, Vandercappellen J, King M, Hobart J (2023) Measuring
fatigue in multiple sclerosis: there may be trouble ahead. Neurol
Ther. https://doi.org/10.1007/s40120-023-00501-9

11. Darnai G, Matuz A, Alhour HA, Perlaki G, Orsi G, Aratéb A, Sze-
nte A, Afra E, Nagy SA, Janszky J, Csath6a A (2023) The neural
correlates of mental fatigue and reward processing: a task-based
fMRI study. Neuroimage 265(2023):119812. https://doi.org/10.
1016/j.neuroimage.2022.119812

12. Dittner AJ, Wessely SC, Brown RG (2004) The assessment of
fatigue. A practical guide for clinicians and researchers. J Psy-
chosom Res 56:157-170

13. Dobryakova E, Hulst HE, Spirou A, Chiaravalloti N, Genova H,
Wylie GR, DeLuca J (2018) Frontal-striatal network activation
leads to less fatigue in multiple sclerosis. Mult Scler J 24(9):1174—
1182. https://doi.org/10.1177/135245817717087

14. Dobryakova E, Genova H, Schneider V, Chiaravalloti ND, Spirou
A, Wylie GR, DeLuca J (2020) Reward presentation reduces
fatigue in traumatic brain injury. Cortex 126:16-25

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/09602011.2020.1781665
https://doi.org/10.1037/12343-002
https://doi.org/10.1007/s40120-023-00501-9
https://doi.org/10.1016/j.neuroimage.2022.119812
https://doi.org/10.1016/j.neuroimage.2022.119812
https://doi.org/10.1177/135245817717087

6392

Journal of Neurology (2024) 271:6388-6392

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
217.
28.

29.

Elbers RG, Verhoef J, van Wegen EEH, Berendse HW, Kwakkel G
(2015) Interventions for fatigue in Parkinson’s disease. Cochrane
Database Syst Rev. https://doi.org/10.1002/14651858.CD010925.
pub2

Fatigue and Multiple Sclerosis: Evidence-Based Management
Strategies for Fatigue in Multiple Sclerosis (1998) Multiple scle-
rosis council for clinical practice guidelines. Paralyzed Veterans
of America, Berlin

Harrison AM, Safari R, Mercer T, Picariello F, van der Linden
ML, White C, Moss-Morris R, Norton S (2021) Which exercise
and behavioural interventions show most promise for treating
fatigue in multiple sclerosis? A network meta-analysis. Mult Scler
J27(11):1657-1678. https://doi.org/10.1177/1352458521996002
Heine M, van den Akker LE, Blikman L, Hoekstra T, van Munster
E, Verschuren O, Visser-Meily A, Kwakkel G (2016) Real-time
assessment of fatigue in patients with multiple sclerosis: how does
it relate to commonly used self-report fatigue questionnaires?
Arch Phys Med Rehabil 97:1887-1894

Hjollund NH, Andersen JH, Bech P (2007) Assessment of fatigue
in chronic disease: a bibliographic study of fatigue measurement
scales. Health Qual Life Outcomes 5:12. https://doi.org/10.1186/
1477-7525-5-12

Hubbard AL, Golla H, Lausberg H (2021) What’s in a name? That
which we call Multiple Sclerosis Fatigue. Mult Scler J 27(7):983—
988. https://doi.org/10.1177/1352458520941481

Jha A, Weintraub A, Allshouse A, Morey C, Cusick C, Kittelson
J, Harrison-Felix C, Whiteneck G, Gerber D (2008) A randomized
trial of modafinil for the treatment of fatigue and excessive day-
time sleepiness in individuals with chronic traumatic brain injury.
J Head Trauma Rehabil 23(1):52-63

Lohaus T, Witta J, Schiirmeyerb A, Wolf OT, Thoma P (2023)
Fatigue and its relation to general cognition, social cognition and
social activity in multiple sclerosis and stroke. Cog Neuropsych.
https://doi.org/10.1080/13546805.2023.2178399

Malloy S, Genova H, Chiaravalloti N, DeLuca J, Holtzhei-
mer P, Wylie GR (2021) Cognitive fatigue in Traumatic Brain
Injury: a pilot study comparing state and trait fatigue. Brain Inj
35(10):1254-1258

Moller MC, Johansson J, Matuseviciene G, Pansell T, Nygren,
Deboussard C (2019) An observational study of trait and state
fatigue, and their relation to cognitive fatigability and saccade
performance. In: Concussion, CNN62

Moller F, Poettgen J, Broemel F, Neuhaus A, Daumer M,
Heesen C (2011) HAGIL (Hamburg Vigil Study): a randomized
placebo-controlled double-blind study with modafinil for treat-
ment of fatigue in patients with multiple sclerosis. Mult Scler J
17(8):1002—-1009. https://doi.org/10.1177/1352458511402410
Mosso A (1904) Fatigue. Swan Sonnenschein, London

Muscio B (1921) Is a fatigue test possible? Br J Psychol 1:31-46
Nourbakhsh B, Revirajan N, Morris B, Cordano C, Creasman J,
Manguinao M, Krysko K, Rutatangwa A, Auvray C, Aljarallah
S, Jin C, Mowry E, McCulloch C, Waubant E (2021) Safety and
efficacy of amantadine, modafinil, and methylphenidate for fatigue
in multiple sclerosis: a randomised, placebo-controlled, crossover,
double-blind trial. Lancet Neurol 20:38-48

Requier F, Demnitz-King H, Whitfield T, Klimecki O, Marchant
NL, Collette F (2023) The effect of meditation based interventions
on patients with fatigue symptoms: a systematic review and meta
analysis. Psycholog Belg 63(1):64-81. https://doi.org/10.5334/pb.
1182

@ Springer

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Riegler KE, Cadden M, Guty ET, Bruce JM, Arnett PA (2022)
Perceived fatigue impact and cognitive variability in multiple scle-
rosis. J Int Neuropsychol Soc 28:281-291

Romén CAF, DeLuca J, Yao B, Genova H, Wylie GR (2022)
Signal Detection Theory as a novel tool to understand cognitive
fatigue in individuals with Multiple Sclerosis. Front Behav Neu-
rosci. https://doi.org/10.3389/fnbeh.2022.828566

Ruiz-Rizzo AL, Bublak P, Kluckow S, Finke K, Gaser C, Schwab
M, Giillmar D, Miiller HJ, Witte OW, Rupprecht S (2022) Neural
distinctiveness of fatigue and low sleep quality in multiple sclero-
sis. Eur J Neurol 29(10):3017-3027. https://doi.org/10.1111/ene.
15445

Sandry J, Genova H, Dobryakova E, DeLuca J, Wylie G (2014)
The temporal onset of cognitive fatigue in multiple sclerosis.
Front Neurol 5:214 (1-5)

Simpson R, Simpson S, Ramparsad N, Lawrence M, Booth J,
Mercer SW (2020) Effects of Mindfulness-based interventions
on physical symptoms in people with multiple sclerosis—a sys-
tematic review and meta-analysis. Mult Scler Rel Dis. https://doi.
org/10.1016/j.msard.2019.101493

van den Akker LE, Beckerman H, Collette EH, Twisk JWR,
Bleijenberg G, Dekker J, Knoop H, de Groot V, TREFAMS-ACE
Study Group (2017) Cognitive behavioral therapy positively
affects fatigue in patients with multiple sclerosis: results of a ran-
domized controlled trial. Mult Scler J 23(11):1542—1553. https://
doi.org/10.1177/1352458517709361

Wendebourg MJ, Heesen C, Finlayson M, Meyer B, PoEttgen
J, KoEpke S (2017) Patient education for people with multiple
sclerosis-associated fatigue: A systematic review. PLoS ONE.
https://doi.org/10.1371/journal.pone.0173025

White PD, Goldsmith KA, Johnson AL, Potts L, Walwyn R,
DeCesare JC, Baber HL, Burgess M, Clark LV, Cox DL, Bavin-
ton J, Angus BJ, Murphy G, Murphy M, O'Dowd H, Wilks D,
McCrone P, Chalder T, Sharpe M (2011) PACE trial management
group. Comparison of adaptive pacing therapy, cognitive behav-
iour therapy, graded exercise therapy, and specialist medical care
for chronic fatigue syndrome (PACE): a randomised trial. Lancet
377(9768):823-836. https://doi.org/10.1016/S0140-6736(11)
60096-2

Wu S, Kutlubaev MA, Chun HY'Y, Cowey E, Pollock A, Macleod
MR, Dennis M, Keane E, Sharpe M, Mead GE (2015) Interven-
tions for post-stroke fatigue. Cochrane Database Syst Rev. https://
doi.org/10.1002/14651858.CD007030.pub3

Wylie GR, Yao B, Genova HM, Chen MH, DeLucaJ (2020) Using
functional connectivity changes associated with cognitive fatigue
to delineate a fatigue network. Sci Rep 10:1-12. https://doi.org/
10.1038/541598-020-78768-3

Wylie G, Genova H, Yao B, Chiaravalloti N, Roméan C, Sandroff
B, DeLucaJ (2023) Determinants of cognitive fatigue: Evaluating
the effects of brain injury, disease and tasks. Sci Rep 13:20166.
https://doi.org/10.1038/s41598-023-46918-y

Yang T-T, Wang L, Deng X-y, Yua G (2017) Pharmacological
treatments for fatigue in patients with multiple sclerosis: a system-
atic review and meta-analysis. J Neurol Sci 380:256-261. https://
doi.org/10.1016/j.jns.2017.07.042


https://doi.org/10.1002/14651858.CD010925.pub2
https://doi.org/10.1002/14651858.CD010925.pub2
https://doi.org/10.1177/1352458521996002
https://doi.org/10.1186/1477-7525-5-12
https://doi.org/10.1186/1477-7525-5-12
https://doi.org/10.1177/1352458520941481
https://doi.org/10.1080/13546805.2023.2178399
https://doi.org/10.1177/1352458511402410
https://doi.org/10.5334/pb.1182
https://doi.org/10.5334/pb.1182
https://doi.org/10.3389/fnbeh.2022.828566
https://doi.org/10.1111/ene.15445
https://doi.org/10.1111/ene.15445
https://doi.org/10.1016/j.msard.2019.101493
https://doi.org/10.1016/j.msard.2019.101493
https://doi.org/10.1177/1352458517709361
https://doi.org/10.1177/1352458517709361
https://doi.org/10.1371/journal.pone.0173025
https://doi.org/10.1016/S0140-6736(11)60096-2
https://doi.org/10.1016/S0140-6736(11)60096-2
https://doi.org/10.1002/14651858.CD007030.pub3
https://doi.org/10.1002/14651858.CD007030.pub3
https://doi.org/10.1038/s41598-020-78768-3
https://doi.org/10.1038/s41598-020-78768-3
https://doi.org/10.1038/s41598-023-46918-y
https://doi.org/10.1016/j.jns.2017.07.042
https://doi.org/10.1016/j.jns.2017.07.042

	Fatigue in multiple sclerosis: can we measure it and can we treat it?
	Abstract
	Introduction
	Conclusion and Suggestions
	References




