FATIGUE IN MULTIPLE SCLEROSIS—A REVIEW

Fatigue in Multiple Sclerosis: Mechanisms, Evaluation, and Treatment

Tiffany J. Braley, MD'; Ronald D. Chervin, MD, MS?

'Multiple Sclerosis Center and Department of Neurology, and *Sleep Disorders Center and Department of Neurology, University of Michigan, Ann Arbor; MI

Among patients with multiple sclerosis (MS), fatigue is the most commonly reported symptom, and one of the most debilitating. Despite its high
prevalence and significant impact, fatigue is still poorly understood and often under-emphasized because of its complexity and subjective nature.

In recent years, an abundance of literature from specialists in sleep medicine, neurology, psychiatry, psychology, physical medicine and rehabilita-
tion, and radiology have shed light on the potential causes, impact, and treatment of MS-related fatigue. Though such a diversity of contributions
clearly has advantages, few recent articles have attempted to synthesize this literature, and existing overviews have focused primarily on potential
causes of fatigue rather than clinical evaluation or treatment. The aims of this review are to examine, in particular for sleep specialists, the most
commonly proposed primary and secondary mechanisms of fatigue in MS, tools for assessment of fatigue in this setting, and available treatment

approaches to a most common and challenging problem.

Keywords: Fatigue, multiple sclerosis, restless legs syndrome, insomnia, circadian rhythm
Citation: Braley TJ; Chervin RD. Fatigue in multiple sclerosis: mechanisms, evaluation, and treatment. SLEEP 2010;33(8):1061-1067.

MULTIPLE SCLEROSIS (MS) IS AN INFLAMMATORY
DISEASE OF THE CENTRAL NERVOUS SYSTEM THAT
RESULTS IN MYELIN DESTRUCTION AND AXONAL
degeneration in the brain and spinal cord. According to the
National Multiple Sclerosis Society, the prevalence of this con-
dition is estimated to be 400,000 in the United States and over
2.5 million worldwide. Several subtypes of MS exist. Eighty
percent of patients present with a relapsing-remitting subtype,
characterized by clearly defined episodes of neurological dys-
function (relapses) separated by periods of relative clinical
stability (remissions). In the majority of untreated cases, relaps-
ing-remitting MS evolves into a secondary-progressive phase
during which the subject experiences a gradual, insidious de-
terioration, usually in the form of paraparesis, hemiparesis, or
dementia. A primary-progressive subtype occurs in a smaller
percentage of patients, characterized by a slow deterioration in
neurologic function from onset, without distinct relapses.
Therapies available for management of the MS disease
process can decrease the frequency of clinical relapses and
new radiological lesion formation. However, none of these
therapies reverse preexisting tissue damage or control chronic
symptoms, such as fatigue, that are common to all subtypes
of MS. Other treatments and management strategies that can
alleviate these symptoms sometimes provide critical opportu-
nities to improve quality of life and occupational productivity.
Fatigue is considered to be one of the main causes of im-
paired quality of life among MS patients, independent of
depression or disability.! Fatigue is also among the most com-
mon symptoms, reported by at least 75% of MS patients at
some point in the disease course.>* For many, fatigue is con-
sidered to be the single most debilitating symptom, surpass-
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ing pain and even physical disability.* Fatigue also imposes
significant socioeconomic consequences, including loss of
work hours and in some instances, loss of employment.’

Nonetheless, fatigue in MS remains poorly understood and
often underemphasized for several reasons. First, fatigue is a
subjective symptom without a unified definition. While com-
mon definitions include a sense of exhaustion, lack of energy,
or tiredness,' and “a subjective lack of physical and/or men-
tal energy that is perceived by the individual or caregiver to
interfere with usual or desired activity,”® these terms may be
interpreted differently depending on cultural or educational
backgrounds.

Ambiguity also arises because no gold standard exists by
which to measure fatigue. Although multiple questionnaires
are available, most clinicians do not know which are best
suited to MS patients. Furthermore, whereas questionnaires
can be helpful to rate the level of fatigue, most do not include
questions to qualify or define the fatigue.

Finally, fatigue in MS patients may be multifactorial. In
addition to immunologic abnormalities, multiple sclerosis is
associated with an increased prevalence of other conditions
that contribute to fatigue, including depression and several
sleep disorders. For example, although sleep disorders are
recognized for contributions to excessive daytime sleepiness,
many patients with sleep disorders such as obstructive sleep
apnea consider their problems with fatigue, tiredness, or lack
of energy to supersede their problems with sleepiness per se.”
Moreover, treatment of these disorders leads to robust im-
provement in patient-defined fatigue, tiredness, and lack of
energy, as well as sleepiness.® Separation of treatable from
untreatable causes of fatigue can be challenging in MS, how-
ever, and the wide range of potential etiologies within this
population makes MS a unique model for the study of fatigue.

Primary Mechanisms

The most commonly proposed primary mechanisms of fa-
tigue in MS involve the immune system or sequelae from cen-
tral nervous system damage. Specific causes are thought to
include proinflammatory cytokines, endocrine influences, axo-
nal loss, and altered patterns of cerebral activation.
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Cytokine influences

Although the pathological mechanisms of MS are poorly
understood, cytokines implicated in the disease are thought to
be strong mediators of fatigue. Among these, interferon-y and
TNF-a are the most studied. Both are important inflammato-
ry mediators in MS.*!* Significantly increased TNF-oo mRNA
expression, TNF-a levels, and interferon-y levels are found in
fatigued MS patients compared to non-fatigued patients.'"'?
Unfortunately, use of these observations to devise therapeutic
targets is not straightforward. For instance, TNF-a antagonists
that have been shown to reduce sleepiness in patients with
obstructive sleep apnea'* may worsen MS.!" In addition, both
cytokines are relatively nonspecific and may be elevated in a
variety of inflammatory conditions.

Endocrine influences

The hypothalamic-pituitary-adrenal (HPA) axis and the
hormone dehydroepiandrosterone (DHEA) have been studied
in multiple autoimmune diseases in which fatigue is a com-
mon symptom. Both low cortisol”® and low DHEA levels's
have been implicated in chronic fatigue syndrome, and low
DHEA levels are found in patients with lupus and rheuma-
toid arthritis.'” Recent attempts have been made to translate
these findings to multiple sclerosis. An association between
fatigue and dysregulation of ACTH levels has been proposed,
but studies examining ACTH levels after dexamethasone-
corticotropin stimulation (Dex-CRH) tests in fatigued MS
patients have shown conflicting results."'® Lower levels of
DHEA and its sulfated compound, DHEAS, have been dem-
onstrated in MS patients with sustained fatigue than their
non-fatigued counterparts.'” Although definitive conclusions
cannot be drawn based solely on these studies, these results
suggest a possible endocrine contribution to fatigue in MS.
The fact that many MS patients report increased energy while
taking corticosteroids as treatment for their neurologic symp-
toms further supports a possible hormonal influence. How-
ever, because of the chronic nature of fatigue and risks of
long-term steroid use, steroids are not advocated as treatment
for fatigue.

Axonal loss and altered cerebral activation

As conventional measures of T2 lesion volume and atro-
phy have fallen short in providing a basis for fatigue in MS,*
many investigators have relied on non-conventional neuroim-
aging techniques to shed further insight. The demonstration
on positron emission tomography (PET) of decreased regional
glucose metabolism in the frontal cortex and basal ganglia of
fatigued MS patients has suggested that neuronal dysfunction
in these regions may play a role.”’ Magnetic resonance spec-
troscopy (MRS) studies have shown significant reductions in
N-acetylaspartate/creatine (NAA/Cr) ratios in multiple brain
regions among fatigued MS patients in comparison to non-
fatigued MS patients, suggesting axonal loss as a contributing
factor.”>** MS-related fatigue also may arise at least in part from
compensatory reorganization and increased brain recruitment,
as functional MRI studies that have demonstrated increased
volumes and patterns of activation in the cingulate gyri and left
primary sensory cortex in fatigued MS patients compared to
non-fatigued patients.*
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Secondary Mechanisms

Fatigue in MS also can arise from associated conditions or
accumulation of disease burden. Specific causes to consider in-
clude sleep disorders, depression, disability status, MS subtype,
and iatrogenicity.

Sleep disorders

Sleep disorders and their potential contributions to fatigue in
MS have gained increasing attention in the past several years.
Specific sleep disorders or problems that may affect MS pa-
tients disproportionately include restless legs syndrome, peri-
odic limb movement disorder, chronic insomnia, and circadian
rhythm disturbances.

Restless legs syndrome: Restless legs syndrome (RLS) affects
about 10% of the general population.”>*” RLS is classified as ei-
ther idiopathic or secondary to another medical cause known to
increase vulnerability. The prevalence of RLS among MS patients
is approximately 3-5 times that of the general population.”!

The pathophysiologic basis for this association is still poorly
understood. The frequency of RLS is proposed to rise with MS se-
verity, as assessed by the Expanded Disability Status Score, irre-
spective of brain lesion load or location.?®*° Other authors suggest
a correlation between spinal cord pathology and RLS. Dopami-
nergic diencephalospinal and reticulospinal pathways that project
to the spinal cord, to inhibit sensory inputs and autonomic output,
are susceptible to damage from a variety of pathologic processes,
including MS.?>3 Dysfunction of these dopaminergic pathways
could decrease sensory thresholds and increase susceptibility to
RLS. This hypothesis is supported by a recent study utilizing spi-
nal cord diffusion tensor imaging in MS patients with and with-
out RLS: Fractional anisotropy, a measure of axonal integrity, is
lower in MS patients with RLS than those without RLS.*

Sleep disordered breathing: MS lesions that affect medul-
lary respiratory centers can lead to sleep disordered breathing in
the form of central sleep apnea (Ondine’s curse). Studies regard-
ing the prevalence of obstructive sleep apnea (OSA) among per-
sons with MS have yielded conflicting results.***¢*” Given the
relatively high prevalence of OSA in the general population, fur-
ther studies are necessary. Nonetheless, MS patients with med-
ullary lesions should be assessed for central or obstructive sleep
disordered breathing with a high index of suspicion, as medul-
lary reticular formation damage can impair respiratory control.*®

Chronic insomnia and circadian rhythm abnormalities:
The frequency of sleep disturbance is increased among patients
with MS as compared to the general population.* Risk for
chronic insomnia may arise secondary to pain, spasticity, de-
pression, anxiety, nocturia, medication effects, or primary sleep
disorders such as RLS or periodic limb movement disorder.**-+
Potential causes such as these must be addressed, as insomnia
and poor sleep quality in MS patients correlate significantly
with quality of life.*?

Some investigators have implicated disrupted sleep architec-
ture and circadian disturbances as contributors to fatigue. In a
recent study, Attarian and colleagues used actigraphy to assess
the sleep of fatigued MS subjects. A modestly increased fre-
quency of delayed sleep onset distinguished fatigued MS sub-
jects from non-fatigued subjects and healthy controls. Fatigued
MS subjects were also more likely to have disrupted sleep. The
authors concluded that MS-related fatigue may arise, at least in
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part, from circadian rhythm disturbances.** A relatively small
sample size (including 15 fatigued MS subjects), and the inabil-
ity of actigraphy to identify the cause of sleep disruption, were
limitations of this study. However, the findings seem consistent
with an important hypothesis—that disrupted nocturnal sleep
may contribute to fatigue in MS.

Kaynak and colleagues asked 37 MS patients (27 who were
fatigued and 10 who were not) and 13 healthy controls to under-
go polysomnography and complete several subjective measures,
including the Fatigue Severity Scale, Fatigue Impact Scale, Ep-
worth Sleepiness Scale, Pittsburgh Sleep Quality Index, Beck
Depression Inventory, and subjective reports of RLS symptoms
and snoring.** Polysomnographic data included sleep stage per-
centages and latencies, sleep efficiency and continuity indices,
time in bed, wake time after sleep onset, and arousals that oc-
curred spontaneously or in association with respiratory events or
leg movements. The MS patients, regardless of level of fatigue,
had a significantly higher frequency of RLS, higher Epworth
Sleepiness Scale scores, and higher Pittsburgh Sleep Quality
Index scores. The time in bed, wake time after sleep onset %,
total arousal index, limb movement arousal index, and periodic
limb movement arousal index were also elevated in MS patients
as compared to healthy controls. The sleep efficiency index
and sleep continuity index were decreased. Fatigued vs. non-
fatigued MS patients on average had a significantly higher total
arousal index. The Pittsburgh Sleep Quality Index results also
suggested more disrupted sleep in fatigued MS patients. There
were no group differences in sleep stage percentages, apnea/hy-
popnea indices, or minimum oxygen saturations. In the study by
Kaynak et al., depression symptoms also correlated with fatigue.

Depression

Depression commonly accompanies MS, with a prevalence
of up to 50%.%4¢ Depression itself can manifest with fatigue
and symptoms often mistaken for fatigue (loss of motivation,
anhedonia), making this condition difficult to sort out from MS-
associated fatigue. Contrary to previous studies, recent studies
have identified a correlation between fatigue and depression in
MS.*7 Various rating scales including the Beck Depression In-
ventory and the Zung self-rating depression scale correlate with
the Fatigue Severity Scale.*®* The presence of fatigue must
alert the clinician to the possibility of depression. Regardless of
any contribution to fatigue, depression should be addressed and
treated, as it has substantial impact on quality of life.

MS subtype and disability

MS subtype and disease severity can affect the risk of fa-
tigue. The Expanded Disability Status Score correlates with fa-
tigue scores,*®**3! though less strongly, perhaps, after adjusting
for depression.’’? A review of The New York State Multiple
Sclerosis Consortium Database showed that fatigue consistent-
ly correlated with Expanded Disability Status Score.*’” Fatigue
appears to be more severe in patients with progressive subtypes
of MS,** but this observation may in part be confounded by
differences in disability levels.*

latrogenic mechanisms
Medications used to treat symptoms of MS have the po-
tential to cause fatigue. Drowsiness, a common side of effect
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of several antispasmodics including cyclobenzaprine and the
benzodiazepines, may be perceived or reported as fatigue. Pain
medications or anxiolytics may have a similar effect. Clinicians
should be aware of these side effects in patients presenting with
fatigue, and efforts should be made to minimize use of these
medications, if possible.

Immunomodulatory and immunosuppressive therapies also
have the potential to cause or exacerbate fatigue. Fatigue is gen-
erally thought to occur more frequently with interferon-f rela-
tive to other immunomodulatory agents, although this has not
been unequivocally demonstrated.’*

Fatigue Rating Scales

Many fatigue rating scales are available, but not all correlate
well with each other, and most are not specific to MS. Several
of the original fatigue scales, including some of the most wide-
ly used, were created to quantify fatigue associated with other
chronic medical conditions including chronic fatigue syndrome
and systemic lupus erythematosus. Some scales primarily quan-
tify fatigue, whereas others assess the impact of fatigue on vari-
ous functions. A useful comprehensive review of the various
general and disease specific scales is outlined by Dittner et al.>*
Here, we review scales most commonly used for MS patients,
including instruments designed specifically for MS.

The Chalder Fatigue Scale (The Fatigue Scale)

One of the most well-known fatigue scales, the Chalder Fa-
tigue Scale was created for chronic fatigue syndrome patients.
This 14-item instrument quantifies fatigue intensity in terms of
physical and mental domains.*® Each item is quantified by a
numeric value on a Likert scale, and a sum score is calculated.
Higher totals indicate more fatigue. Advantages of this instru-
ment include its ease of use and brevity: it can usually be com-
pleted within 2-3 minutes. Although it has demonstrated good
internal consistency in patients with chronic fatigue syndrome,
MS-specific assessments of validity and consistency for this
instrument are lacking. Nonetheless, some investigators still
regard The Fatigue Scale as a valuable instrument for clinical
studies.**>’

Krupp’s Fatigue Severity Scale (FSS)

Many studies of MS-related fatigue have used the Fatigue
Severity Scale to identify fatigued patients. Initially designed to
identify common features of fatigue in both MS and lupus pa-
tients, the Fatigue Severity Scale assesses the impact of fatigue
on multiple outcomes, with a physical focus.”® Each of 9 re-
sponses is provided on a 7-point Likert scale. Prior studies have
shown acceptable internal consistency and stability over time,
and sensitivity to change afforded by clinical improvement. The
Fatigue Severity Scale has been shown to differentiate between
subgroups of patients with MS, chronic fatigue syndrome, and
primary depression. Moreover, the scores correlate with other
scales commonly used in MS, including the Modified Fatigue
Impact Scale and Fatigue Descriptive Scale.*®

The Modified Fatigue Impact Scale (MFIS)

The Modified Fatigue Impact Scale, proposed by the Multiple
Sclerosis Council for Clinical Practice Guidelines, has gained
recognition among MS specialists as a reliable tool. Originally
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Fatigue, tiredness or decreased energy?
(Rule out common medical causes)

/\.

Symptoms of sleepiness, insomnia, Mood fluctuations,
snoring or restless legs? anhedonia, lassitude
suggesting depression?

no
yes
Assess for sleep disorders

(e.g. ESS, PSQl, sleep log, Quantification/ pressmn

RLS questionnaire, pharmacologm treatment ecreemn
polysomnography, or of fatigue
sleep clinic referral)

ves j no

+

Treat sleep disorder

\ Persistent fatigue
despite treatment?

Figure 1—Systematic approach to treating reversible causes of fatigue.
(abbreviations: ESS, Epworth Sleepiness Scale; PSQI, Pittsburgh Sleep
Quality Index; RLS, restless legs syndrome)

Treat
depression

derived from the 40-item Fatigue Impact Scale (FIS),* the MFIS
contains only 21 items and offers a more multidimensional as-
sessment: physical (pMFIS, 9 items), cognitive (cMFIS, 10
items), and psychosocial functioning (psMFIS, 2 items). The to-
tal score is the sum of the 21 items. An abbreviated version that
contains 5 items also exists. Besides its multidimensional fea-
tures, other advantages of the MFIS include ease of use, good re-
producibility, and strong correlation with FSS results (r = 0.68)."!

A Diagnostic Approach to Fatigue

An open ended question, followed by a series of more fo-
cused inquiries will often prove to be a productive approach.
This should be followed by screening for other confounding
conditions such as sleep disorders or depression. A systematic
approach to the assessment and treatment of fatigue in patients
with MS is summarized in Figure 1.

Initial questioning

If the patient does not volunteer fatigue, one suggested ap-
proach is to ask the patient about his or her level of energy.
Often patients will endorse terms such as “low energy,” “fa-
tigue,” or “tiredness”; but they should be allowed to provide
their own descriptions to avoid any misconceptions from the
start. If significant fatigue, low energy, or tiredness is endorsed,
quantification with one of the above fatigue scales may be help-
ful to clarify severity or establish a baseline from which future
progression or response to intervention can be assessed.

Sleepiness assessment

Fatigue and sleepiness may be difficult to distinguish. If
the problem is reported to be worse during sedentary, monoto-
nous activities than during extended physical activity, sleepi-
ness is more likely than fatigue. If the patient endorses what
appears to be sleepiness, describes poor sleep quality, or re-
ports the use of sleep as a recovery mechanism, screening for
excessive daytime sleepiness is recommended. The Epworth
Sleepiness Scale (ESS) is a validated 8-item questionnaire that
uses a 4-point Likert scale to quantify the patient’s likelihood
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of falling asleep (dozing) in 8 sedentary circumstances.® This
instrument is widely used in the outpatient setting to evaluate
subjective sleepiness. A patient’s perception of sleep quality
can be quantified with instruments such as the Pittsburgh Sleep
Quality Index (PSQI). The PQSI is a 19-item, self-rated, valid,
and reliable measure of sleep quality and disturbances over the
preceding month®'; results may correlate with the perception
of fatigue and disrupted sleep in MS patients.*® If excessive
daytime sleepiness or poor sleep quality is endorsed, patients
should be screened for potential sleep disorders, including ob-
structive sleep apnea, primary insomnia, narcolepsy, periodic
limb movement disorder, and restless legs syndrome.

Depression screening

Multiple screening tools exist for evaluation of depression.
Often, observation of the patient’s demeanor or a few simple
questions about mood will alert the clinician that depression may
be present. Among the most common tools are the Beck Depres-
sion Inventory (BDI) and the Zung Self-Rating Depression scale.
A positive screen should prompt consideration for treatment of
depressive symptoms or referral to a mental health specialist.

Fatigue quantification

In clinical settings, use of a fatigue scale is not always
necessary when a patient clearly endorses the symptom, its
importance, and desire for treatment. However, even in such
instances, a formal scale may be a useful tool to evaluate treat-
ment response. If a fatigue scale is favored, the clinician’s level
of comfort, time requirements, reliability, reproducibility, and
applicability to MS patients should also be considered when
selecting the appropriate instrument. Taking all of these factors
into consideration, the Fatigue Severity Scale or Modified Fa-
tigue Impact Scale may be optimal.

Other medical conditions

Laboratory testing for common hematologic and metabolic
conditions should be considered as part of the initial screening
process. Iron studies, including ferritin levels, may be warranted
if exercise intolerance or symptoms of restless legs syndrome
are endorsed, as clinically significant iron deficiency may be
missed with routine blood counts. Vitamin B12 and folate levels
should be assessed in patients with a history of excessive alcohol
use or suspected nutritional deficiencies. Thyroid studies should
be considered if the patient presents with systemic symptoms
suggestive of hyper- or hypothyroidism (weight fluctuation, skin
changes, temperature intolerance). Clinicians should also have
a low threshold for assessing 25-hydroxy vitamin D levels (the
primary circulating form of vitamin D), as vitamin D deficien-
cy is common in MS® and is associated with fatigue in a variety
of conditions,* as well as skeletal muscle dysfunction.®>¢¢

Pharmacologic Treatment

Treatment options for fatigue and MS are summarized in
Table 1, along with indications, doses, side effects, and contra-
indications.

Amantadine
Amantadine (Symmetrel) is approved by the FDA for treat-
ment of influenza. By an unknown mechanism that involves
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Table 1—Commonly used pharmacologic treatments for MS-related fatigue.
Brand Common Side Contraindications
Drug Name FDA Indications Dosage Effects and Precautions
Amantadine | Symmetrel® -« Influenza 100 mg BID + Livedo reticularis * Hypersensitivity to amantadine
« Parkinson’s + Orthostatic hypotension |« Abrupt discontinuation in Parkinson’s
Disease * Peripheral edema disease
* Headache + Caution in patients with seizure
* Dizziness disorder
* Nausea + Caution in congestive heart failure or
* Insomnia cardiac arrhythmia
Modafinil Provigil® + Narcolepsy Start 200 mg every morning or at start |« Anxiety « Hypersensitivity to modafinil or
« Shift-work sleep of shift, may escalate to 400 mg + Headache amodeafinil
disorder * Dizziness « Caution in pre-existing cardiovascular
* Excessive daytime + Nausea or psychiatric diseases
sleepiness from * Hypertension « Caution if hepatic or renal impairment
OSA not relieved + Palpitations + May decrease effectiveness of oral
by CPAP * Insomnia contraception
Armodafinil Nuvigil® + See modafinil Start at 150 mg every morning or at + See modafinil + See modafinil
start of shift, may escalate to 250 mg

cholinergic and dopaminergic transmission, amantadine also
has anti-parkinsonism properties and is FDA-approved for Par-
kinson disease. The drug is generally well tolerated and has a
mild side-effect profile. It also remains the most extensively
studied for MS-related fatigue. Although several placebo-con-
trolled trials have shown modestly favorable results for sub-
jective measures of fatigue,”” a Cochrane Database Review
conducted by Taus et al. demonstrated that the small scale of
these studies and potential for bias preclude formal prescribing
recommendations or FDA approval.®®

Pemoline

Pemoline is a central nervous system stimulant with do-
paminergic effects. It has not been studied as extensively as
amantadine. One crossover and one parallel-arm study with
amantadine have yielded unimpressive results.®*” In addition,
pemoline has been associated with liver toxicity that has limited
its use and made it an unattractive option for treating multiple
sclerosis patients.

Modafinil

Modafinil (Provigil), and its (R)-enantiomer Armodafinil
(Nuvigil), are wake-promoting agents approved by the FDA
for narcolepsy, shift-work sleep disorder, and obstructive
sleep apnea with residual excessive sleepiness despite optimal
use of continuous positive airway pressure. At recommended
doses, modafinil is generally safe and well tolerated, although
increased risk of adverse psychiatric and cardiovascular ef-
fects have been reported. Modafinil has been studied in two
controlled trials involving MS patients with fatigue; neither
unequivocally demonstrated significant differences against pla-
cebo.”" Nonetheless, many MS specialists rely on modafinil
when other agents have failed.

Non-Pharmacologic Treatments

In addition to pharmacologic treatments, many authors con-
sider non-pharmacologic treatments to be important tools in the
management of MS-related fatigue. A recent study of cogni-
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tive behavioral therapy (CBT) demonstrated sustained fatigue
reduction over a six-month period. Incidentally, the active con-
trol arm of the trial, relaxation therapy (RT), was also shown
to have benefit, to a lesser extent.>® Limitations of the study
included use of a single therapist, potential underpowering, and
exclusion of MS patients with EDSS scores > 6. Nonetheless,
these findings highlight the potential role for a new approach to
fatigue management, apparently with lasting benefit.

Aerobic exercise and rehabilitation regimens, energy conser-
vation strategies, and cooling devices have also been studied
as potential interventions.”’¢ With the exception of cooling
therapy,” no large-scale randomized controlled studies have
demonstrated their effectiveness in the MS population. None-
theless, numerous smaller studies have shown trends in favor
of these treatments as potential mediators of fatigue. Moreover,
as exercise and cooling devices are associated with other health
benefits in patients with MS, most clinicians advocate their use
in tandem with pharmacologic treatments.

CONCLUSIONS

Sleep specialists, neurologists, and MS specialists alike will
inevitably encounter MS patients with fatigue complaints at
some point during their practice. While the treatment of MS-
related fatigue is challenging, knowledge of treatable etiologies
and use of a systematic approach can facilitate prompt diagno-
sis and management, offer the best chance to identify treatable
causes, and ultimately have a profound positive impact for the
patient.

ABBREVIATIONS
BDI, Beck Depression Inventory
Dex-CRH, Dexamethasone-corticotropin stimulation test
DHEA, Dehydroepiandrosterone
DHEA-S, Sulfated dehydroepiandrosterone
ESS, Epworth Sleepiness Scale
FIS, Fatigue Impact Scale
FSS, Fatigue Severity Scale
HPA, Hypothalamic-pituitary axis
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MFIS, Modified Fatigue Impact Scale
cMFIS, cognitive subscale of MFIS
pMFIS, physical subscale of MFIS
psMFIS, psychosocial subscale of MFIS
MRI, Magnetic resonance imaging
MRS, Magnetic resonance spectroscopy
MS, Multiple sclerosis

NAA/Cr, N-acetyl acetate/creatine ratio
PET, Positron emission tomography
PSQ]I, Pittsburgh Sleep Quality Index
RLS, Restless legs syndrome

TNF-a, Tumor necrosis factor alpha
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