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Concept: Fatigue is a major concern for patients with multiple sclerosis (MS). A clear definition of MS-related
fatigue is a prerequisite for appropriate instruments for fatigue assessment. In turn, accurate assessment of
fatigue in MS will enhance exploration of plausible mechanisms underlying this common and distressing
symptom.
Content/Objectives: To provide an integrative review of the current literature on theoretical models used to study
fatigue in MS, instruments used to assess fatigue and other factors that impact fatigue during the various phases
of MS.
Methods: Data sources: PUBMED, OVID, Ovid Health Star, Ovid MEDINE, CINAHL, Health and Psychosocial
Instruments (HaPI), and PsycINFO. Seventeen articles fit the inclusion criteria and were included in the review.
Results: Definitions of MS-related fatigue are reviewed. Several studies found a link with neurotransmitter
dysfunction, circadian rhythm, and the timing of fatigue. Central fatigue in MS is associated with
neurotransmitters disruptions as well as circadian rhythm disorders, but the evidence is not strong.
Perceptions of fatigue or fatigability may arise as either a primary or secondary manifestation of disease.
Based on findings from the literature review, a theoretical model of fatigue in MS is proposed.
Conclusion: Future research on MS-related fatigue may consider a longitudinal design with a carefully selected
self-report instrument to advance understanding of the underlying pathological mechanisms.
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Introduction
Multiple sclerosis (MS) is a progressive and disabling
neurologic disease resulting from immune-mediated
damage in the central nervous system (CNS). It differs
among people in its clinical manifestations (e.g. motor,
sensory visual and autonomic systems).1 Furthermore,
depending on the location of lesions (e.g. in brain or
spinal cord) fatigue may be more pronounced. Fatigue
is associated with decreased quality of life (QOL) and
disability even when controlling for other symptoms,
such as depression.2 The prevalence and severity of
fatigue in people with MS has been described in several
studies, and is reported as the most disabling symptom
by as many as 60% of patients.3–6 In addition, compared
with other neurological symptoms that characterize MS,

fatigue is common across diagnostic subtypes (relapsing
vs. progressive forms), with estimates of lifetime preva-
lence in MS as high as 80%.7 Whereas historically it
has been difficult to discern the impact of MS-related
fatigue compared with fatigue related to other chronic
conditions, several recent studies suggest that the
annual prevalence of fatigue in MS is higher in severity
and frequency compared with that in both healthy
people and those with chronic fatigue syndrome
(CFS),8 systemic lupus erythematosus (SLE),9 and
cancer.10

As early as 1989, Krupp11 reported a greater impact of
fatigue on daily living in patients with MS and SLE com-
pared with healthy controls, and proposed that the patho-
logical mechanisms of MS-related fatigue are different
compared to those of SLE. Although the pathological
(disease-related) mechanisms may be different, the experi-
ence of fatigue in both conditions can entail primary (e.g.
lassitude), secondary (e.g. medications or sleep
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problems), and tertiary (e.g. inactivity/stress) factors.7

Specific to pathogenesis of MS-related fatigue, there is
evidence of peripheral and central mechanisms, with per-
ipheral fatigue originating in the muscles and related
tissues, whereas central fatigue develops in the central
nervous system.12 Central fatigue generally refers to per-
formance decrements on a cognitive task, changes in
motivation, effects of fatigue on CNS function, or CNS
causes of fatigability.13 Recently, considerable interest
has been generated about the possible role of neurotrans-
mitter disruptions and circadian rhythm in precipitating
fatigue in MS. Although the cause of MS-related
fatigue has not been elucidated, it remains a significant
problem.14

Magnetic resonance imaging (MRI) studies have con-
tributed to the identification of factors related to fatigue
in MS.15 Although studies to date have yielded conflict-
ing results,16 recent reports have described an associ-
ation between fatigue and higher lesion load as well as
demyelination.17,18 Moreover, altered brain activity in
certain subcortical areas, such as the thalamus and
basal ganglia, may be reflected in oscillatory cortical
electrical wave activity that can be measured by electro-
encephalogram (EEG). For example, central fatigue
assessed during task performance (odd ball test) has
been related to increased brain activity in certain
bandwidths.19

While these studies have provided new information
regarding the brain regions associated with fatigue, a
major challenge in translation to patient care has been
variation across studies in how the concept of fatigue
is quantified. In order to accelerate translation to the
clinical setting, an operational definition of MS-related
fatigue with clear case/non-case criteria and linked
with objectives measures will facilitate identification
and treatment. Similar challenges have been confronted
with the concept of cancer-related fatigue (CRF), a con-
dition which still lacks a clear etiology.20 Dysregulation
of several systems, both biochemical and physiological,
are likely involved in CRF, and include both peripheral
and central mechanisms (Table 1). Proposed mechan-
isms of CRF include cytokine dysregulation, hypothala-
mic-pituitary-adrenal (HPA) axis dysfunction,5 hydroxy
tryptophan (5-HT) neurotransmitter dysregulation, cir-
cadian rhythm disruption, alterations in adenosine tri-
phosphate (ATP) and muscle metabolism, and vagal
afferent activation.21,22 As the body of evidence con-
tinues to grow regarding how these mechanisms contrib-
ute to CRF, there has been less attention given to fatigue
in MS despite the documented impact on patient QOL.
Therefore, we performed an integrative review as a

first step toward the development of an operational

definition of MS-related fatigue. The purpose of this
review was to thoughtfully integrate biological studies
focused on the mechanisms of MS-related fatigue in
order to examine the current state of knowledge and
propose future directions for research and clinical prac-
tice. The review of the literature was guided by the fol-
lowing questions:

How has fatigue been defined and measured in
patients with MS?

What factors have been found to influence fatigue
in MS?

What theoretical models have been used to study
fatigue in MS?

Methods
Search method
A detailed literature review addressing fatigue and MS
was conducted for this article. The literature search
was performed through the databases Ovid
HealthStar, Ovid MEDINE, CINAHL, Health and
Psychosocial Instruments (HaPI), and PsycINFO. The
time frame of the search was from 2009 to 2014, result-
ing in a total of 164 articles. An initial generic search in
PubMed published at any date using the following key
words as titles, “Fatigue AND multiple sclerosis,”
yielded 101 articles. These common key words/phrases
include: (“fatigue” [MeSH Terms] OR “central
fatigue” [All Fields]) AND (“circadian rhythm”

[MeSH Terms] OR “neurotransmitters” [All Fields]
OR “serotonin” [All Fields] OR “suprachiasmatic
nucleus (SCN)” [All Fields]). The refined search
yielded 30 articles by eliminating inclusion and exclu-
sion criteria. We then incorporated “brain activity”
AND “disability.” The search included articles written
in English published between the years 2000–2014 and
focused on fatigue in patients with MS. Twenty-three
publications were included in this review. One article
was found by incidental review of the literature.23 The
earliest article was published in 199424 and the remain-
der (n = 16) were published from 2004 to the present
(Table 2).

Inclusion criteria
All RCTs, quasi-randomized and quasi-experimental
designs with comparative controls, and controlled
before-and-after studies were included. Whenever
RCTs were lacking, a search for relevant observational
studies was conducted. Studies involving other medical
conditions where data were specifically provided for
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MS-related fatigue were also included. Descriptive
studies and narrative reviews were explored to identify
policies, protocols, and gaps in service provision.
Systematic reviews and meta-analysis were excluded.
No restrictions were set for type of MS, disease severity,
level of disability, or demographic characteristics
(gender/race/ethnicity) of study participants. Studies
were excluded if they targeted non-adults (aged
younger than 18 years old), or included populations
other than MS. Results and inclusion were discussed
until consensus was reached among all three authors. A
summary of the publications included in the review is
provided in Table 2.

Results
How has fatigue been defined and measured in
patients with MS?
A host of assessments have been used to measure MS-
related fatigue, many of which have been used in clinical
trials (Table 3). Several recent reviews of published MS
assessments highlight the strengths and weaknesses of
each available assessment.25,27,43,44 These reviews
confirm the Fatigue Task Force by the American
Association of Neuroscience Nurses (AANN)27 rec-
ommendations that researchers should select the most
appropriate instrument to achieve the study goals.

Self-report measures of MS-related fatigue
As a subjective symptom, MS-related fatigue is
measured via self-report. Most self-report scales ident-
ified in the literature review address both the sensation
and impact of fatigue,25 and some scales include
additional domains such as reduced motivation,
energy or vitality, or diurnal variation.7 A brief descrip-
tion of the major self-report fatigue instruments is pro-
vided to illustrate variation in measurement.

The Fatigue Severity Scale (FSS) instructs patients to
assign a score of between 1 (completely disagree) and 7

(completely agree) for each of the 9 FSS items. The
items are designed to rate the extent of fatigue symptoms
and their impact on patient functioning (including
motivation, exercise, physical functioning, carrying out
duties, and interfering with work, family, or social
life). Examples of the items include: “exercise brings
on my fatigue” and “my fatigue is very debilitating.”
A higher score indicates a higher degree of fatigue for
all items.11 Scoring of the FSS is performed by dividing
the sum of the 9 items to produce an FSS total score that
ranges from 1 (no fatigue) to 7 (very severe fatigue).

The MFIS-21 is a modified version of the 40-item
Fatigue Impact Scale (FIS), which was originally devel-
oped to assess the effects of fatigue on quality of life in
patients with chronic diseases, specifically MS.23 The
FIS asks patients to rate the extent to which fatigue
has affected their life in the past 4 weeks on a question-
naire consisting of 10 “physical” items, 10 “cognitive”
items, and 20 “social” items, with 0 indicating “no
problem” and 4 indicating “extreme problem.” The
maximum possible score is 160. The MFIS evolved
from the FIS during the development of a clinical inven-
tory assessing overall QOL in people with MS (the
Multiple Sclerosis Quality of Life Inventory (MSQLI).
During the phase 2 field testing of the MSQLI the 40-
item FIS was abbreviated into the 21-item MFIS by
“eliminating items which appeared both content-redun-
dant and had high inter-item correlations.”43,44 The
maximum possible score is 84, with higher scores indi-
cating a greater impact on QOL.

The Neurological Fatigue Index for MS (NFI-MS)
(28) consists of 23 items in four subscales of Physical
(8 items), Cognitive (4 items), Relief by diurnal sleep
or rest (6 items), and Abnormal nocturnal sleep and
sleepiness (5 items). A 10-item Summary Scale derived
from physical and cognitive items is also available.
Wording of the scales is both simple and concise; the

Table 1 Differing characteristics between central and peripheral fatigue

Fatigue
type Key Features Physiological Psychological

Neurochemicals
Released

Central Presence of both physical and mental fatigue,
failure to sustain sustained mental tasks (e.g.
mental arithmetic, remembering).

Impaired brain function
Sleep problems
Altered thought processes
Brain atrophy
Autonomous response
(altered heart rate) during
cognitive challenge.

Lassitude
Inability to
concentrate

↑ Cytokines (e.g.
IL-6; IFN-alpha)
↑ hypocretin-1
↓melatonin
↓HPA axis function

Peripheral Failure to achieve motor and muscle activation
and voluntary strength for maximum muscle
force

Motor Weakness
Reduced strength and
endurance

↑ATP
↑TNF a
↑Interleukin 6
↓acetylcholine

IL-6 = interleukin; IFN = interferon’s
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Table 2 Summary of articles focusing on MS-related fatigue

References Participants Purpose Significant Findings Conclusions

Bailey et al.25 14 with chronic
progressive MS.

Examine cognitive and subjective fatigue.
First phase: A continuous n-back task,
involving attention; Second phase: a task
involving working memory (1-back).
Subjective fatigue was rated at regular
intervals during each session.

The MS group reported a greater
increase in the level of subjective fatigue
during the 1-back testing session
compared to the control group.
Fatigue measure: FSS

Given the small sample size, there was
limited evidence of objective cognitive
fatigue in the MS group, as assessed by
the change in n-back performance
during the sessions. The use of the FSS
does allow for consistency of fatigue
measurement.

Chang et al. (2011) 9 MS. Evaluate effects of a surface functional
electrical stimulation (FES) on muscle
strength and fatigability in MS subjects and
to determine whether the surface FES
training relieved central or peripheral
fatigue.

Central fatigue was weighted over 5
times higher than peripheral fatigue.
Eight weeks of surface FES training led
to increases in resistance to general
fatigue and resistance to central fatigue.
Fatigue measure: General Fatigue Index
(FI), Central Fatigue Index (CFI),
Peripheral Fatigue Index, and MFIS

Since EDSS were 1 and 4, outcomes on
subjects with more severe motor deficits
cannot be determined. Given the small
sample, seven out of nine participants
completed the study; central fatigue
could not be evaluated. The use of the
MFIS does allow for consistency of
measurement.

Engstrom et al.26 15 MS; self-reported
fatigue; matched to
controls.

Determine if disruptions of the thalamo-
striato-cortical network correctly predicted
fatigue using functional MRI (fMRI) during
the performance of a complex working
memory task.

In MS group, parietal cortex was
activated in both hemispheres and
elicited less activation in the thalamus
and several regions of the basal ganglia.
Brain activation in the left posterior
parietal cortex and the right substantia
nigra was positively correlated with
perceived fatigue ratings.
Fatigue measure: Swedish FIS

In a small sample study, thalamo-striato-
cortical network was involved in the
pathophysiology of fatigue in MS and
possibly central fatigue in general.

Fisk24 85 MS; 20 hypertensive
subjects.

Evaluate the impact of fatigue in relation to
other symptoms.

MS group reported fatigue as either the
worst (14%), or one of the worst (55%)
symptoms.
Fatigue measure: FIS

Perceived fatigue is a significant factor
for the MS group; Fatigue significantly
impacts outcomes of subjects with MS
over the course of the disease. The use
of the FIS allows for consistent use of a
measurement tool.

Heesen et al.27 23 MS; 25 controls. Examine if the immune response to a
cognitive task is a variant of psychological
stress in MS subjects; distinct from healthy
controls.

MS group scored high on a disease-
specific fatigue measure, whereas
baseline cytokine patterns did not differ
between the groups.
MS subjects displayed a blunted
response of IFNγ (P = 0.03) whereas
TNFα and IL-10 responses did not
change. Additionally MS subjects
showed less of an increase in heart rate
exercise (P < 0.001).
Fatigue measure: MFIS and VAS

Small sample size; and a reduced
cardiac response might indicate an
autonomic dysfunction in this group of
subjects. The use of consistent tools
strengthens this study.
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Table 2 Continued

References Participants Purpose Significant Findings Conclusions

Iriarte et al.28 155 (105 women, 50 men)
with MS.

Demonstrate if there was a mechanism for
each of the different varieties of fatigue.

Immunoactivation parameters were
associated with asthenia (P < 0.001),
and pyramidal tract involvement was
associated with fatigability (P < 0.001).
Sleep disorders, anxiety and depression
were linked with fatigue in a few subjects.
Fatigue measure: Fatigue Descriptive
Scale (FDS) and FSS

Relative small sample size; fatigue in
MS seemed to be a heterogeneous with
asthenia and fatigability remaining
different clinical entities. This finding
gives strength to the use of FSS as a
subjective measure of fatigue.

Johansson et al.27 200 MS. Describe longitudinal variations in MS-
related fatigue while simultaneously
exploring predictors for variations in fatigue.

54% of MS group reported fatigue, 27%
were persistently fatigued and 19% were
persistently non-fatigued (P = 0.02); with
predictors of increased fatigue being
depression, not working, and disease
severity ( > than 10 years since
diagnosis or a progressive course).
Fatigue measure: FSS

Since disease severity was a predictor
of disease, classification of subtypes is
needed in future studies. The use of the
FSS is a strength of this study.

Kim et al.30 49 MS; FSS score > 4. Develop and evaluate a real-time
measurement for fatigue.

Mean RDFS significantly correlated with
FSS (P < 0.001) and MFIS (P < 0.001);
mean RDFS did not correlate with BDI or
EDSS. RDFS captured significant
variability in fatigue throughout the day
with an incremental increase in circadian
fatigue as the day progressed (all values
P < 0.05 with the majority of values
P < 0.001)
Fatigue measure: FSS and MFIS

Small sample size; compliance for the
RDFS all four times each day for three
weeks was 64%. The use of the FSS
and MFIS are strengths of this study. No
mention of MS subtypes; thus
classification of MS subtypes and
distinct diagnostic parameters need to
be considered.

Krupp & Elkins31 45 MS and 14 healthy
controls.

Complete a baseline neuropsychological
battery, a continuous effortful cognitive
task, and a repeat neuropsychological
battery.

MS group declines in measures of verbal
memory and conceptual planning.

Due to the disparate sample size
between groups, these findings may not
be useful for showing a relationship in
mental and physical fatigue.

Melamud et al.32 13 females with RRMS
and 12 matched healthy
controls.

Evaluate fatigue, sleep and day/night
levels of 6-sulphatoxy-melatonin were
performed before, during, and after starting
IFN-beta treatment.

Mean urine melatonin metabolite levels in
the MS group pre-treatment were
significantly lower than in the control
group (P < 0.001).
During treatment with IFN-beta patient’s
levels of 6SMT gradually increased and
the 4-month levels were significantly
higher compared to pre-treatment levels
(P = 0.001).
Fatigue measure: FSS

Small sample size; however, melatonin
levels may be related to fatigue in
subjects with RRMS. The use of a
reliable fatigue measure strengthens this
study.

Mills et al (2013)33 208 MS. Determine the minimum clinically important
difference (MCID) of the NFIMS. The
instrument was administered before and
after expected change or stability in
fatigue.

The largest MCID increased 2.49 points
on the Summary scale, 2.36 points on the
Physical scale, 0.84 points on the
Cognitive scale, 0.97 on the Diurnal
Sleep scale and 1.95 on the Nocturnal
Sleep scale.

Conclusion was that the NFI-MS
responded as expected to changes in
fatigue and had desirably small MCID
scores.
The NFI-MS may be a useful tool for
measuring fatigue
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Table 2 Continued

References Participants Purpose Significant Findings Conclusions

Mills & Young34 1223 with MS. Examine relationships between fatigue,
disability, sleep, and depression in MS
subjects using a large sample and a newly
developed patient reported outcome for
fatigue (NFI-MS).

Fatigue higher in those with an
ambulatory disability (P < 0.001) with
regards to the EDSS and strong linear
correlation to the MFIS physical scale.
Those with progressive disease had
more fatigue than those with RRMS
(P < 0.001). Those who slept during the
day had greater fatigue (P < 0.002) a
borderline linear correlation of fatigue
and hours of day sleep. Fatigue was
much greater with broken nocturnal
sleep (P < 0.001) with no linear
relationship between fatigue and duration
of nocturnal sleep. Anxiety, depression,
and non-working groups had greater
fatigue (P < 0.001).
Fatigue measure: NFI-MS

Due to fair response rate at 52%, it is
difficult to determine if NFI-MS is better
in comparing fatigue than the MFIS-29

Mills et al.35 40 MS. Analyze a coherent definition of fatigue,
and a potential 52-item measure (FIS).

Four potential subscales were identified
by factor analysis: ‘physical’, ‘cognitive’,
‘relief by diurnal sleep or rest’ and
‘abnormal nocturnal sleep and
sleepiness’. Summary scale comprising
items from the Physical and Cognitive
subscales.

Qualitative analysis alone is not a
reliable method to define fatigue given
the small sample size.

Najafi et al.36 120 MS; 60 healthy
controls (age and sex
matched).

Compare sleep quality, circadian rhythm
and fatigue severity.

CRSD was more frequent in MS group
(P = 0.002). Sleep quality, using the
Pittsburgh Sleep Quality Index and
fatigue were worse in MS subjects
(P = 0.0001)
Fatigue measure: FSS

The use of sleep quality as an indicator
of fatigue may be useful with additional
subtypes with age- matched controls.
The use of the FSS expands the
reliability of this study.

Papuć et al.37 38 MS; 15 healthy
controls.

Investigate the hypocretin-1 levels in CSF of
MS subjects in relation to different
neurological deficit measures.

Positive correlation between hypocretin-1
and fatigue in a total group of MS
subjects (P = 0.016); association was
stronger in a subgroup of MS subjects
who experienced more severe fatigue
(P = 0.006).
Fatigue measure: FSS

Small sample size. Clinical significance
should be tested on larger MS
population especially with different
clinical subgroups and well-defined
groups (e.g. relapsing-remitting versus
progressive subtype). The use of the
FSS expands the reliability of this study.

Pokryszko-Dragan
et al.23

86 MS; 42 healthy
controls age- and sex-
matched.

Evaluate visual and brainstem auditory EP
with regard to fatigue and disease-related
variables (duration, subtype).
P100 component of VEP and the I–V
components of BAEP were analyzed. The
results of EP were compared between non-
fatigued, moderately and severely fatigued
MS subjects and controls.

The amplitude of the EP was lower in
fatigued subjects and correlated with
FSS/FSS-5. Significant
VEP and BAEP abnormalities were found
in fatigued MS group, with no
relationships to disease related variables.
Fatigue measure: FSS

EP may be considered an
electrophysiological marker of fatigue
severity. The use of the FSS expands
the reliability of this study.
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Table 2 Continued

References Participants Purpose Significant Findings Conclusions

Steens et al.38 20 RRMS (EDSS < 5.5);
20 healthy controls.

Investigate associations between perceived
fatigue and measures of fatigability after
correction for differences in maximal
voluntary contraction (MVC).

MS and controls developed similar
amounts of muscle fatigue during the
sustained contraction but muscle fatigue
and MVC was positively associated with
perceived fatigue in MS (P = 0.01).
Voluntary activation during the sustained
contraction was negatively associated
with perceived fatigue (P = 0.02).
Fatigue measure: FSS

Given the small sample of RRMS
subjects, the isolation of muscle fatigue
to determine perceived fatigue requires
more study. No reliable or valid self-
report measure of fatigue was used.

Streckis et al.39 9 men with MS and 9
women, age, BMI, EDSS
matched as 3.5–5.5
(moderately disabled).

Evaluate the effect of time of day on central
and peripheral fatigue during a continuous
2-min maximal voluntary contraction of the
quadriceps muscle in women and men with
MS.

Central fatigue increased and peripheral
fatigue decreased in women during the
2-min MVC in the evening.
Fatigue measure: FSS

In this small sample, the FSS was not
used to determine fatigue changes for
time of day. No specific MS subtype
mentioned.

Tartaglia et al.19 10 RRMS; 7 controls. Assess the impact of mental fatigue on
motor task-related cerebral activation.

Challenging mental tasks altered the
pattern and increased the volume of
cerebral activation on an unrelated motor
task in fatigued MS subjects.
Fatigue measure: FSS

In a small sample, mental task could be
sufficient to increase fatigue as
objective measure in subjects with
RRMS.

Tedeschi et al.40 222 RRMS with low
disability scores.

Evaluate the correlation between fatigue
and lesion load, white matter (WM) and
gray matter (GM) in MRI.

Fatigue group had higher WM and GM
atrophy and lesion load. In MS,
independent of disability, WM and GM
atrophy is a risk factor for fatigue.
Fatigue measure: FSS

The use of WM and GM in MRI, with
FSS, is essential to determine neural
disruption and may prove useful for
defining fatigue. Yet to be determined if
this method would be useful in other
subtypes of MS (e.g. progressive). The
use of the FSS expands the reliability of
this study.

Tomasevic et al.41 20 mildly disabled RRMS
subjects :EDSS ≤ 2).

Test structural and functional (cortico-
muscular coherence [CMC]) measures
were recruited in two fatigue-dependent
groups.

Both groups were similar in terms of
demographic, clinical and imaging
features, as well as task execution
accuracy and weariness. In the absence
of any fatigue-dependent brain and
muscular oscillatory activity alterations,
CMC higher fatigue, explaining 67% of
fatigue variance (P = 0.002).
Fatigue measure: MFIS

Given the small sample size, CMC may
not be a reliable method for measuring
central fatigue.

Vetrugno et al.42 6 MS; 10 age- and sex-
matched controls.

Measure sleep-wake cycles with body core
temperature (BCT) measurement using
polysomnography.

Both groups displayed a normal BCT 24-
h rhythm. Mesor, amplitude and
acrophase of BCT rhythm did not show
significant differences between MS and
controls.
Fatigue measure: FSS

Small sample size; abnormal sleep or
abnormal BCT were unlikely
mechanisms of fatigue. The use of sleep
circadian rhythm and BCT may not be
an advantage for measuring fatigue.

BDI = Beck Depression Inventory; CRSD = Circadian Rhythm Sleep Disorder; EP = Evoked Potential; ESS = Epworth Sleepiness Scale; EDSS = Expanded Disability Status Scale; FIS =
Fatigue Impact Scale; FSS = Fatigue Severity Scale; HADS = Hospital Anxiety and Depression Scale; MFIS = Modified Fatigue Impact Scale; MSIS-29 = MS Impact Scale; NFI-MS =
Neurological Fatigue Index for MS; RDFS = Real-time Digital Fatigue Scores; RRMS = Relapsing Remitting Multiple Sclerosis; VAS = Visual Analogue Scale
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use of the word ‘fatigue’ was deliberately avoided
because of its associated semantic ambiguities. All
items are worded in such a way as to be scored in the
same direction. Each item has a four point Likert
response option with headings of ‘strongly disagree,’
‘disagree,’ ‘agree,’ and ‘strongly agree,’ which progress
in the natural reading direction (i.e. left to right), and
are scored 0, 1, 2, 3. There is a single sentence instruc-
tion at the start of the scale asking respondents to con-
sider their experience over the previous four weeks.
The scale has good construct validity across subscales
in persons with MS.35

In summary, the publications included in this review
used the FSS, MFIS, and NFI-MS to measure fatigue
in people with MS. Of the publications identified,
almost all used the FSS,11,19,28–30,32,37,38,40,41 whereas
five 20,21,33,35,41,45 used the MFIS and three33–35 used the
NFI-MS. In comparing these commonly used instru-
ments, it is noted that the FSS does not include questions
regarding cognitive fatigue whereas the MFIS does
include questions of cognitive fatigue as well as the
impact of fatigue on social functioning. In contrast, the
NFI-MS focuses on measurement of physical and cogni-
tive fatigue as well as the impact of sleep quality, quantity,
and sleepiness of levels of fatigue. Because different con-
structs of fatigue are measured in each instrument, the
results cannot be compared across studies. Also, there
are no adequate measures for the evaluation of fatigue
in control populations to allow for true comparison, as a
majority of fatigue scales are disease specific. It is, there-
fore, reasonable to assume that more research on the
various measures described here is needed to identify
change in the physical and cognitive domains.45

Physiological factors associated with fatigue:
neurotransmitter dysfunction
Several studies reviewed investigated the relationships
among fatigue and levels of neurochemical modulators.
Melamud et al.32 assessed the influence of IFN-β treat-
ment on melatonin secretion, fatigue, and sleep charac-
teristics in a sample of 15 patients with MS compared
to healthy controls (HC). Using the Modified Fatigue
Impact Scale (MFIS), sleep was assessed by actigraphy,
and day/night levels of 6-sulphatoxy-melatonin (6-
SMT) in urine were determined using a highly specific
ELISA assay. They found that patients with MS had
significantly decreased levels of 6-SMT and disrupted
circadian regulation of its secretion, which was
increased with IFN-β treatment. Furthermore the
IFN-β improved fatigue, suggesting dysregulation of
melatonin secretion in MS. The results call for further
characterization of the role of neuro-hormones, such

as melatonin, in MS and their cross-regulation with
immune-mediators.
Using an experimental design, Papuć et al.37 found

hypocretin system functions may be involved in fatigue
levels. The hypocretin system is linked to wakefulness
and arousal in the brain. The sample size was small
with 25 people diagnosed with relapsing-remitting MS
and 13 diagnosed with secondary progressive MS,
along with healthy control participants (HCs). All par-
ticipants completed the Fatigue Severity Scale (FSS),
and Epworth Sleepiness Scale (ESS). CSF hypocretin-1
levels did not differ between patients with MS and HCs
(P> 0.05), however, a positive correlation between hypo-
cretin-1 level and fatigue level was found in patients with
MS who were in the relapse phase (P< 0.05), an effect
even stronger in the MS subgroup suffering from
fatigue (P= 0.01). The hypocretin system seems to be
generally unchanged in MS, but a relationship between
hypocretin-1 level and fatigue may indicate involvement
of some compensatory mechanisms stimulating the pro-
duction of the neuropeptide in patients with MS.
In a study by Heesen et al.21 there was an altered cyto-

kine response to cognitive stress during MS-related
fatigue. Patients (n= 23) and controls (n= /25) partici-
pated in a cognitive task lasting 40 minutes in which
the heart rate was continuously monitored. Patients
scored high on a disease-specific fatigue score compared
to controls, whereas baseline cytokine patterns did not
differ between the groups. Patients with MS displayed a
blunted response of IFN γ (P= / 0.03) whereas TNF α
and IL-10 responses did not change. Additionally
patients with MS showed a significantly lower heart
rate increase after the task (P< / 0.001). Cognitive
impairment was associated with a decreased heart rate
reactivity (P= /0.02) while depressive symptoms corre-
lated with stronger IL-10 responses (P< /0.05), support-
ing autonomic dysfunction in the MS group.
In Iriarte et al.28 a sample of 155 patients (105

women, 50 men) with clinically definite MS were
studied. Fatigue was measured using the Fatigue
Descriptive Scale (FDS) and the Fatigue Severity
Scale (FSS). Patients were to report on three clinically
different entities (asthenia, fatigability, and worsening
of symptoms with effort). Fatigue was a symptom in
118 patients (76.13%.); 26 patients (22.03%) described
it as asthenia (fatigue at rest); 85 patients (72.03%) as
fatigability (fatigue with exercise), and seven patients
(5.9%) as worsening of symptoms. The authors con-
cluded that asthenia (fatigue at rest) and fatigability
(fatigue with exercise) may be different clinical entities.
The publications reviewed suggest that there are

differences in levels of neurochemical mediators, such
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as melatonin and hypocretin in people with MS who
report fatigue compared to non-fatigued patients with
MS and healthy controls. Although inflammatory acti-
vation is often cited as a potential mediator of fatigue
in people with MS, there is not enough evidence cur-
rently available to support this assumption.

Circadian rhythm and timing of fatigue
Several publications reported findings on the relevance
of time of day to fatigue severity. In a recent study,
Streckis and colleagues39 evaluated the effect of time
of day on central and peripheral fatigue during quadri-
ceps exercise in men and women with MS. The sample
consisted of age-matched patients with MS (age range
40–50) who completed the FSS to ascertain any differ-
ence in men and women with MS in both morning
and evening. They found a significant gender difference
in central activation ratio (CAR) in the evening. At the
end of the 2-min maximal voluntary contraction
(MVC), the voluntary torque decreased by about 65%
in men and women with MS in both the morning and
evening. The most interesting finding of that study was
that central fatigue increased, whereas peripheral
fatigue decreased markedly in the evening only in
women. It remains unclear why women’s central
fatigue is greater in the evening than in the morning.

In a similar study, Kim et al.30 used the FSS and
MFIS in a sample of 49 patients with MS. The
authors used a cut-off score of FSS > 4 and had patients
wear a wrist-worn device four times a day over 3 weeks.
FSS and MFIS were evaluated and compared with real
time digital fatigue scores (RDFS). Mean RDFS signifi-
cantly correlated with FSS (r = 0.55, P < 0.001) and

MFIS (r = 0.55, P < 0.001). RDFS captured circadian
variations in fatigue, with scores increasing from mean
3.4 at 9 AM, to 4.0 at 1 PM, 4.5 at 5 PM, and 5.0 at 9 PM.

Likewise, in a large cross sectional study (n = 635) in
the UK, Mills and Young34 reported fatigue was worse
in those with progressive disease and clearly worsened
once ambulation was started. Fatigue was not related
to disease duration or patient age. Fatigue levels were
minimum at nocturnal sleep duration of 7.5 hours.

Conversely in a longitudinal study, Johansson and
colleagues29 sought to describe variations in fatigue
over the course of 2 years in a sample of persons
with MS. These authors found that FSS scores varied
significantly (P = 0.02); 54% changed FSS category
one or several times, 27% were persistently fatigued,
and 19% persistently non-fatigued. Furthermore, mod-
erate disease severity predicted increase in fatigue
when combined with 10 years since diagnosis, or a
progressive course.

In Iran, Najafi et al.36 used a case-control study per-
formed with 120 patients with MS and 60 healthy sub-
jects, who were age-sex matched. Sleep quality,
rhythm, and fatigue severity were assessed using PSQI
(Pittsburgh Sleep Quality Index) and FSS question-
naires, respectively. They observed that circadian
rhythm sleep disorder (CRSD) was more frequent in
patients with MS relative to healthy subjects (P =
0.002). Also, CRSD was higher in patients with MS
with severe fatigue relative to patients with MS with
mild fatigue (P < 0.05). The patients were divided by
fatigue severity of 49.9 ± 8.2 and 22.5 ± 7.4 in the
first and second group, respectively. The PSQI index
was 7.9 ± 4.5 in patients with severe fatigue and 5.9 ±

Table 3 Reliability and validity of fatigue measures

Measure Forum Subscales

Test-
Retest

Reliability
Internal

Consistency
Construct
Validity

Criteron
Validity

Time
(minutes) #Items

FSS IP/OP
Self-report

NA 0.91 0.94 0.80 with
Fatigue
scale11

5 9

MFIS43 IP/OP Physical 0.70–0.86 NA 5 to 10 9
Self-report Cognitive 0.77–0.90 10

Psychosocial 0.81 2
Total 0.94–0.96 21

NFI-MS IP/OP
Self-report

Physical 0.85 NA 0.96 5 to 10 16

Cognitive 0.82 0.85 8
Nocturnal

Sleep
0.83 0.62 7

Diurnal Sleep 0.79 0.65 8
Summary 0.86 10

FSS = Fatigue Severity Scale; MFIS = Modified Fatigue Inventory Scale; NFI-MS = Neurological Fatigue Index Scale; IP = inpatient;
OP = outpatient forum.
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4.5 in patients with mild fatigue, and 4.5 ± 2.4 in the
control group (P = 0.0001). They concluded that dis-
tinguishing fatigue and sleep among this population is
highly important, as fatigue is difficult to define. Some
of the reasons for these findings could be attributed to
a shared mechanism between fatigue and sleep.34

In contrast, Vetrugno et al.42 reported on sleep-wake
and body core temperature (BCT) circadian rhythms
in patients with MS associated with chronic fatigue in
Italy. They used 48 consecutive hours of polysomnogra-
phy (PSG) with BCT measurement, followed by a
Multiple Sleep Latency Test (MSLT) in six patients
with MS and chronic fatigue. Fatigue was also assessed
by standardized, self-administered questionnaires that
included the FSS and the MFIS. They found normal
sleep–wake rhythmicity, sleep structure, and BCT
rhythm in six drug-free patients with MS and chronic
fatigue, and without sleep-related breathing disorders.
However, due to the small sample, the authors con-
cluded that other factors, such as co-occurring sleep
symptoms, should be addressed.
It has been documented previously that CRSD may

increase fatigue levels.45 The possible common mechan-
isms shared by MS and sleep disturbances may be con-
nected with CRSD combined with compromised
melatonin secretion, reducing input to the suprachias-
matic nucleus (SCN) due to increased levels of proinflam-
matory cytokines.46 Najafi et al.36 reported that sleep
phase syndrome and irregular sleep wake patterns in
patients with MS with mild and severe fatigue were com-
pared with healthy subjects. CRSDs were significantly
higher in patients with MS in relation to healthy sub-
jects.47,48 Furthermore, it is correlated with increased
symptoms of tiredness, fatigue, and lack of energy in
patients with MS.40,49

In summary, the literature concerning the impact of
circadian rhythm and timing on fatigue suggests that
fatigue may worsen over the course of the day,28,42

with disease severity,39,50 levels of activity39 and with
diagnosis of CRSD.30,34 A few studies found that the
later in the day, the more severe the fatigue for patients
with MS.28,42,44,51 Fatigue has been shown to show
noticeable daily cycles, with greater fatigue at the end
of the day in some people.40 Explanations are unclear,
but it is postulated that this may be caused by early neur-
onal damage in the brain, or influenced by psychologi-
cal factors, muscle exhaustion,42 or an overlap of these
factors.28 Particularly in patients with more progressive
forms of MS, fatigue may start or intensify with exces-
sive physical activity, emotional stress or cognitive
changes.22,51

Factors related to central fatigue
A recent study23 found that evoked potential (EP) in
EEG may be useful as indicator of neural disruption
and not just the subjective nature of fatigue. For
example, abnormalities of EP in fatigued patients, inde-
pendent from MS-related variables, may support the
hypothesis of disturbed bioelectrical activity due to
CNS damage as the background of fatigue, which con-
tradicts the idea of its purely subjective origin.
While there are differing etiologic theories underlying

the pathogenesis of MS-related fatigue, it is clear that
damage to the central nervous system is an inciting
event. Neuroimaging procedures have demonstrated
that select areas of CNS disruption are tied to symptoms
of fatigue. Such techniques have shown reduced cerebral
blood flow and overall cerebral atrophy in both people
with MS and chronic fatigue syndrome,15 even though
the clinical patterns of fatigue differ between these
disease states. Other work using fMRI demonstrate
impaired functionality of the cortical and subcortical
areas in association with increased levels of fatigue as
measured by the FSS.16 In that study, people without
fatigue displayed significantly higher activation of the
primary somatomotor cortex and several other areas
of the brain associated with motor movement and acti-
vation. Similarly, those with more severe MS-related
fatigue demonstrate increased lesion load, and atrophy
of both white and gray matter.36 Other authors conclude
that damage to CNS connectivity results in a need for
increased activation of other brain areas in order to
maintain function, and such increases are tied to resul-
tant fatigue.19

In summary, it appears that MS-related fatigue is
associated with white matter changes in areas associated
with motivation and reward processing, in a manner
beyond that traditionally associated with the central ser-
otonergic model.52 Disease associated damage of the
CNS is associated with the manifestation of fatigue in
those with MS.

What theoretical models have been used to study
fatigue in MS?
Conceptual framework for the definition of MS-related
fatigue
A conceptual definition of fatigue commonly used in
people with MS is the “subjective lack of physical
and/or mental energy that is perceived by the individual
to interfere with usual and desired activities.”48

However, a clear conceptual framework for MS-
related fatigue is still lacking. Building on the subjective
experience of fatigue, explanatory theories have been
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offered explaining the pathogenesis of MS. A major
theory of central fatigue is the thalamo-striato-cortical
theory. This theory implicates central fatigue results
from disruptions of cortical networks. Work, by
Alexander and Crutcher54 examining this perspective
has found the thalamo-striato-cortical network as
specific hypothesis of fatigue in MS. The authors state
that communication between the striatum and prefron-
tal cortex is clearly related to neurotransmitters. To
further explain this theory, Chaudhuri and Behan54

suggest that central fatigue might arise due to the
“failure of the non-motor functions of the basal
ganglia.”37 One paper currently reviewed by Engstrom
et al.26 reported a physiological model (e.g. dysfunction
of the thalamo-striato-cortical network) explanation of
fatigue in MS. Subjects in their study experienced an
altered brain response in the thalamo-striato-cortical
network during performance of a complex working
memory task. In essence, MRI reveals that fatigue
results from the disruption of communication between
these regions.

The model proposed here (Fig. 1) is our unique con-
tribution. In our model assessing neurotransmitter dys-
function, thalamo-striato-cortical network, such as in
EEG findings, as well as other distressing symptoms
could help to further unravel the pathophysiological
mechanism of MS-related fatigue.55 Inflammation is a
biological response of the immune system to a number
of different stimuli. If serum levels of cytokines reflect
general systemic inflammation and CSF levels of cyto-
kines are more closely related to disease-specific pro-
cesses in the central nervous system of patients with
MS, simultaneous testing of multiple cytokines in
serum and CSF may shed new light on the possible
mechanism of inflammation in MS-related fatigue.56

Based on similar findings, symptom overlap of
cognition, depression, and sleep problems may occur
due to thalamo-striato-cortical network dysfunction.58

Although possible, this theory remains inconclusive in
our experience, and thus, we did not include this exact
brain response in our model due to the potential for
symptom confounders.

Discussion
The literature review was guided by three questions
regarding the concept of fatigue in MS with the goal
of providing a synthesis of the measures used, factors
that influence fatigue, and theoretical frameworks used
to study fatigue across MS populations. Based on the lit-
erature review, we identified several seminal instruments
that have been used to quantify the symptom of fatigue.
Each instrument offers measurement of different fatigue

constructs such as: physical and/or cognitive; the
impact of fatigue on different functional domains; and
the influence of sleep quality, quantity, and sleepiness.

Conceptual clarity of MS-related fatigue may help to
distinguish patients with definite MS-related fatigue
versus fatigue from other causes. MS-related fatigue has
remarkable phenomenological and neuroimmune over-
laps with CRF44; however, a defining feature of MS-
related fatigue is the anatomical hallmark of a progressive
destruction of the myelin coating of axons. Autonomic
dysfunction, diminished cardiac responses, and a relap-
sing-remitting or progressive course with infections and
psychosocial stress, play a part in driving MS fatigue
symptoms. However, bothMS and CRF exhibit evidence
of autoimmunity and activated immunoinflammatory
pathways.33 As seen with CRF, patients with MS-
related fatigue may experience behavioral variables such
as anxiety, depressed mood, and reduced activity, as
well as biobehavioral signs of cognitive slowing, loss of
executive function during rest, and memory loss as a con-
founder to fatigue51 (Table 3).

The concept that MS fatigue as central in origin is
related to a disruption of cortical-subcortical involve-
ment in motor planning and execution during simple
motor tasks. For example, fatigue in MS is related to a
functional impairment of the motor system at the corti-
cal level, up from the corticospinal tracts. This has
shown to be evident even during the performance of a
simple reaction time task (e.g. odd ball test) during elec-
troencephalography (EEG). Furthermore, there are
differences between central and peripheral fatigue
along both physiologic and psychological pathways
(Table 1). Central fatigue is a phenomenon prevalent
in many pathological conditions including multiple
sclerosis, Parkinson’s disease, cancer, and human immu-
novirus/autoimmune deficiency syndrome (HIV/
AIDS). Fatigue in these conditions is multidimensional,
comprising both primary pathophysiological mechan-
isms and secondary contributing factors. Central
fatigue in MS is recognized as multifactorial in origin,
and may be associated with immunomodulatory drugs
used for treatment, depression, and sleep disorders.
Impairment of volitional drive to the descending
motor pathways54 has been proposed as a mechanism
determining central fatigue by functional neuroimaging
and electrophysiological studies.59

MS-related fatigue comprises self-reported lack of
energy, and physical and mental tiredness which may
be present irrespective of physical effort or intense exer-
cise, and which may not be alleviated with rest. It is
reported by people to be amongst their worst symptoms,
contributes to disability, and has a highly detrimental
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impact upon perceived QOL.51,57,60 A combined
approach using neurophysiology and neuroimaging
allowed evaluation of both functional and structural
abnormalities in cortical areas involved in motor pro-
gramming and execution. One such study61 found that
brain-muscle circuits play a role in fatigue during EEG
and handgrip tasks. Thus, fatigue resulting from CNS
disturbances is clearly different in nature than that
resulting from metabolic disruption of energy utilization
in peripheral muscle.62

Other factors related to fatigue derived from this
review include the time of day,39,42 activity level,39 and
CRSD.30,34 However, many gaps still remain as to the
usefulness of such factors. The authors used small
samples and various fatigue measures. For example, in
one case-control study, Najafi et al.36 discuss limitations
of their study of small sample size, lack of MS subtypes,
and fatigue as multifaceted symptom. The evidence
suggests that these are important factors to consider in
studies evaluating fatigue in people with MS.
A well-defined theoretical framework or model of

MS-related fatigue is still lacking. Research has shown
that fatigue does not occur in isolation and is associated
other symptoms, such as depression and disability.3,4

Due to the common presence of co-occurring symptoms
in MS, the Theory of Unpleasant Symptoms63 may
provide a theoretical model in which to study the
patient experience. The Theory of Unpleasant
Symptoms addresses the influences of physiological
(e.g. existence of any pathological condition [sleep]),
psychological (e.g. affective reaction or mood), and

situational (e.g. social support or physical environment)
factors that impact each symptom to one another
(Table 1). Incorporating the Theory of Unpleasant
Symptoms in the design of studies focused on MS-
related fatigue would enable a more holistic64 investi-
gation that is based upon well-established constructs
and conceptual relationships. Based on a growing
body of evidence, the model incorporates potential con-
tributions of genetic and epigenetic factors on stress
responses and vulnerability to symptom phenotypes.
Evoked potentials (EP) parameters seem promising as

possible electrophysiological markers of fatigue with the
asymmetry of their abnormalities deserving special
attention. A limitation of our study is the fact that the
assessment of fatigue and EP parameters was performed
only once, without re-testing to check for reliability of
the results. Considering the common fluctuations of
MS, large longitudinal studies are needed to determine
mechanism of MS-fatigue (Table 1).

Strengths and limitations
The strength of this integrative review is that it provides
a current evaluation of the instruments used to measure
MS-related fatigue, factors that influence fatigue, and
theoretical models65 used to understand the phenom-
enon in patients with MS. Several studies found a link
with neurotransmitter dysfunction, CSRD, and the
timing of fatigue.66 The findings can be useful in the
development of intervention programs, and while pro-
viding care to patients with MS who experience
fatigue. The limitations present in the review include

Figure 1. Organizational framework for MS-related fatigue. Concepts from the literature search related to physiology, clinical
components, symptoms, and individual demographic factors. Dx = diagnosis; EDSS = Expanded Disability Status Scale; FIM =
Functional Independence Measure; HPA = hypothalamus-pituitary-adrenal; QOL = quality of life.
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that there were too few randomized control trials (RCT)
studies available using large samples to provide a more
comprehensive review of central fatigue mechanisms.
Likewise, careful classification of well-defined MS sub-
types and disability levels is needed for future studies.

Conclusions
The review of literature identified three instruments that
are frequently used to quantify fatigue in MS popu-
lations; each instrument offers a unique strength.
Factors identified in the literature that influence
fatigue include other symptoms, time of day, and
CRDS.66 Although there may be clinical overlap and
interactions between symptoms and fatigue, they are dis-
tinct experiences. Further, MS-related fatigue may result
from impairment in cortico-subcortical [thalamus and
basal ganglia] interactions utilized in motor planning
and execution.16 Along with the organizational frame-
work, this review is unique in the integration of biobeha-
vioral measures to develop explanations of MS-related
fatigue.
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