
Abstract

Chronic daytime fatigue and excessive daytime
 sleepiness (EDS) are potentially invalidating and also
common complaints in primary care and general neuro-
logical practice. The lack of distinction in the clinical use
of terms like fatigue and sleepiness is an important issue.
Although these semiological concepts present fundamen-
tal differences from physiological and pathological points
of view, general medical literature still often confuses both
symptoms. The objective of the present review is to
 contribute to the clinical distinction between fatigue and
sleepiness and describe available measurement tools and
respective treatment options. 

We found that sleepiness and fatigue both present with
semiological multidimensionality and clinical complexity.
Although relating to different underlying concepts, they
can show overlapping features and several clinical
 conditions can present with both complaints simultane-
ously. Existing specific assessment tools are sometimes
underutilised, causing EDS and fatigue to  continue to be
confounded. The blurring contributions of several studies
are mainly due to the fact that typically only one of these
two clinical dimensions is investigated. Despite consensus
on objective sleepiness measures,  simple and validated
objective fatigue assessments are generally lacking
and seem elusive. Causal and  symptomatic treatment
options   exist predominantly for sleepiness-associated
conditions  .

Although comprehension of sleepiness and its under -
lying physiology has seemed to improve over time,
 descriptions of common pathways of fatigue remain rela-
tively incomplete. Clinical research and practice should
systematically investigate both conditions with  adequate
measurement tools. Behavioural medicine is certainly un-
derestimated, especially in the management of chronic
daytime fatigue.

Key words: Fatigue; excessive daytime sleepiness;
 semiology; review; treatment.

Introduction

Persisting invalidating fatigue is a very common
and not only potentially invalidating but also a
 frequently resisting symptom in many clinical con-
ditions primarily related directly or indirectly to the
central nervous system (CNS). Like pain, fatigue
deserves   guidelines addressing specific therapeutic
approaches (Pigeon et al., 2003). Nevertheless,
 fatigue is often neglected because of under-diag -
nosis, potential confusion with sleepiness, lack of
recognition and because of a general lack of clear
treatment approaches (Shen et al., 2006).

The semantic and semiological ambiguities
 arising out of conceptualisations of fatigue and
sleepiness are considered by some authors to be a
major clinical issue (Pigeon et al., 2003; Shen et al.,
2006), particularly for both general medical practice
and neurological disciplines (Guilleminault &
Brooks, 2001).

Complaints of both fatigue and sleepiness are
very common in both the general population
 (Pawlikowska et al., 1994; Ohayon 2005) and in
primary   care (Hossain et al., 2005). Excessive day-
time sleepiness is often reported in community
 samples and both fatigue and sleepiness can present
heavy burdens for public health care (Kim, 2005;
Young, 2004; Pigeon, 2003; Leger, 1995). 

Sleepiness is generally described as a trigger
 signal for an upcoming spontaneous onset of sleep.
It is a physiological phenomenon that depends on
previous sleep occurring at regular intervals follow-
ing a circadian rhythm as described by Borbély’s
‘two process model’ (Borbély, 1982; Lavie, 1986).
However, in pathological conditions, excessive
 daytime sleepiness (EDS) can be irrepressible when
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associated with, for instance, narcolepsy or sleep
apnea-hypopnea syndrome (SAHS). EDS is also
linked to other primary sleep disorders, such as
 periodic limb movement disorder (PLMD), idio-
pathic hypersomnia and sleep  deprivation (Young,
2004).

On the other hand, fatigue is generally described
as a condition in which maintaining motor or mental
energy levels gets more difficult with an increasing
duration of exercise. Recovery from fatigue usually
requires rest rather than sleep. Chronic severe day-
time fatigue is, for instance, the core symptom in
clinical conditions like the chronic fatigue syndrome
(CFS). Nevertheless, even in CFS, a significantly
overlapping subjective sleepiness has recently been
described (Neu et al., 2008).

In contrast to sleepiness, it is generally accepted
that if there are any relationships between fatigue
and sleep, they are undoubtedly less obvious. How-
ever, there have been previous reports linking both
fatigue and sleepiness to complaints of non-
 restorative sleep (NRS) (Ohayon, 2005; Neu et al.,
2007). The relationships between fatigue and
 sleepiness themselves also remain insufficiently un-
derstood. While classical structured evaluation scales
and psychometric assessment tools are  available for
both subjective fatigue and sleepiness complaints,
the definitions and semiological  distinctions between
fatigue and sleepiness are often difficult for both
patients   and clinicians to discern (Bailes, 2006;
Pigeon  , 2003). Reports suggest that affective
symptom s such as mood disturbances and anxiety
are frequently associated with daytime  conditions
relate d to both sleepiness (Andrews, 2004;
Schroeder, 2005) and fatigue (Moss-Morris, 2006;
Neu, 2007).

These are important issues, since the aetiopatho-
genesis of related clinical conditions and the
 implications for therapeutic orientation can be very
different (Leibowitz, 2006; Pigeon, 2003). Poten-
tially overlapping descriptive features can also lead
to imprecise diagnoses and subsequently to inade-
quate or insufficient treatment strategies (Leibowitz,
2006; Young, 2004; Pigeon, 2003). Shen and
 colleagues have suggested a possible co-existence of
both phenomena, along with the fact that both can
potentially be related to sleep deprivation (Shen et
al., 2006). In an effort to disentangle fatigue and
sleepiness, Bailes et al. (2006) have proposed two
empirical scales measuring either fatigue or
 sleepiness and reported the ability of those scales to
identify “sleepiness which is not fatigue”. Indeed,
objective para-clinical measurements, if available,
are often limited to one dimension of these complex
concepts. While there is a certain consensus on ‘what

and how’ we measure when we assess objective
sleepiness, resolution of this endeavour has been
quite elusive when speaking about fatigue as a global
and unique entity.

We will review the available phenomenological
definitions, clinical assessments, relationships to
sleep and the associated diurnal impairments of both
concepts. Considering that fatigue and sleepiness are
related to different underlying mechanisms, we will
also point out that they mainly relate to very different
clinical conditions. The possible co-existence of
sleepiness and fatigue complaints and their respec-
tive clinical impact will also be discussed. Finally,
the objective of the present review is to contribute to
an improvement of the clinical distinction between
fatigue and sleepiness and describe available meas-
urement tools, related conditions of both concepts
and their respective treatment options. 

Sleepiness

DEFINITION

Terms like drowsiness, somnolence, somnificity
(Johns, 2002) and general sleep propensity are
 related to sleepiness. Drowsiness and somnolence
relate   more specifically to an intermediate state
 between wake and sleep or a near-sleep state. Som-
nolence also relates to pathological sleepiness.
Hence, sleepiness is first of all a physiological
 phenomenon mainly governed by the sleep drive
interaction   of processes S (homeostatic) and C
 (circadian) according to Borbély’s ‘two-process
model’ (Borbély, 1982). Moreover, sleepiness can be
considered as a function of competing forces, sleep
drive (C & S) and wake drive (Johns, 1998 & 2002).
The term of somnificity (Johns, 2002) describes
the implications of multiple behavioural and
environmental   factors that influence sleepiness in
addition   to processes C and S (e.g., the likelihood of
falling asleep when lying down in a bed in contrast
to standing upright). Excessive daytime sleepiness
(EDS) is a clinical symptom and sign closely related
to several sleep disorders, depending on values
measured on psychometric scales or on objective
testing. 

RELATIONSHIPS TO SLEEP

EDS can be encountered in numerous clinical
conditions, and is particularly evident in primary
sleep disorders (e.g., narcolepsy, sleep apnea syn-
dromes). EDS can be linked to sleep fragmentation
in general and to sleep deprivation. Even if somno-
lence does indeed relate to excessive sleepiness and



a near-sleep state, we would tend to use the term of
somnolence rather than EDS, in certain metabolic or
toxic conditions affecting the CNS, such as hyper-
ammonemia,  hypoglycaemia or alcohol intoxication
as well as neuropharmacological drug-induced iatro-
genic sleepiness. In a rodent model of EDS, adeno-
sine  levels in the basal forebrain were increased due
to induced sleep fragmentation. The authors con-
cluded that EDS might be mediated by mechanisms
 involving adenosine in the basal forebrain (McKenna
et al., 2007). 

In sleep medicine, the standard clinical interview
typically assesses its own contributing factors to
EDS or to the main sleep complaint as follows
 (Pigeon et al., 2003): (1) sleep quantity (insufficient
sleep); (2) sleep quality (sleep continuity disrupted
by a primary sleep disorder or by pain); (3) sleep-
wake schedule (e.g., shiftwork, circadian distur-
bance, excessive napping, etc.); (4) medical or
neurological conditions or a general clinical status
that could impact sleep; (5) substance use adversely
impacting sleep; (6) primary hypersomnolence (e.g.,
narcolepsy or idiopathic hypersomnia). Finally, we
suggest that sleep propensity is the most unifying
 underlying concept of sleepiness.

MEASUREMENT

Sleepiness measurements are generally referred to
as subjective (as measured by scales) or objective (as
measured by electrophysiological testing) sleepiness.

One of the most widely used self-reporting tools
in sleep research is the Epworth Sleepiness Scale
(ESS). The ESS consists of 8 items describing situa-
tions that may or may not induce sleep, which are
arranged on a 4-point Likert scale ranging from
0 (never doze) to 3 (high chance of dozing during
daytime). The summed scores range from 0 to 24
and scores above 10 are commonly interpreted as an
increased global sleep propensity (Johns, 1991).
Johns described the ESS as also measuring the aver-
age sleep propensity in daily life of a given subject
(Johns, 1998).

The Stanford Sleepiness Scale (SSS) contains
seven statements describing different levels of cur-
rent alertness ranging from 1 “feeling alert and vital”
to 7 “almost in reverie, lost struggle to remain
awake” (Hoddes et al., 1972). Patients have to
choose the most appropriate description of their
sleepiness level for several time points (0900, 1300,
1700, 2100 hours) during the day. 

Like the SSS, The Karolinska Sleepiness Scale
(KSS) is also a state marker of subjective sleepiness.
The KSS measures sleepiness using a 9-point scale
based on five states, ranging from “extremely alert”

to “extremely sleepy/fighting sleep.” There are four
intermediate states that are not designated with
words (Akerstedt & Gillberg, 1990). Like other state
assessments, the KSS also fits for multiple or
prospective measurement designs. High scores on
the KSS have been shown to be associated with
physiological changes in daytime EEGs like slow
roving eye movements and elevated alpha and theta
power (Akerstedt & Gillberg, 1990). 

Visual Analogue Scales (VAS) are also commonly
used for the assessment of sleepiness/alertness and
may be more sensitive to sleepiness states than
 ordinal scales like the SSS or the KSS (Monk, 1987).
Subjects are asked to place a mark on a 100-mm line
to indicate their subjective perception between two
extremes usually going from ‘alert to drowsy’ or
‘very alert to very sleepy/drowsy.’ The VAS usually
needs semantic explanations in order to show accu-
rate results. This type of test is particularly interest-
ing in multiple measurement designs (stimuli or
circadian factors) or for prospective study designs
(treatment effect or progression of the clinical con-
dition over a given time period) in clinical trials or
longitudinal intra- or inter-subject comparisons
(Shen et al., 2006).

The multiple sleep latency test (MSLT) is not only
the most widely accepted and extensively used
 measure of objective sleepiness, it is also the best
validated test (Thorpy, 1992). The MSLT consists of
4 to 5 daytime naps (MSLT-sessions) separated by
two-hour intervals. The beginning of the MSLT is
generally initiated about 1.5-3 h after morning wake
up. Each MSLT-session includes 20 min of EEG and
Electrooculogram (EOG) recordings. Subjects are
asked to lie down in a quiet darkened room and are
encouraged to fall asleep. Sleep latency is being de-
fined as the time from the recording start (lights out)
to the first 30-second epoch scored as sleep. EOG
recordings also allow the detection of sleep onset
rapid eye movement periods (SOREMPs). The mean
sleep latency (SL) over the 4-5 MSLTs is generally
calculated to indicate the global objective sleepiness
or sleep propensity of a given subject. In research
settings, MSLTs are usually stopped at least after one
minute of continuous sleep in order to avoid ‘power-
napping’ and interference with successive MSLTs
or polysomnographic (PSG) follow-up recordings.
Formerly, the International Classification of Sleep
Disorders (ICSD) suggested that a mean SL less than
10 minutes on the MSLT indicates moderate to
severe   sleepiness and a mean SL above 10 indicates
mild or normal sleepiness. Current cut-offs,
according   to the ICSD, suggest a mean SL above
10 minutes as normal sleepiness and below 8 as
pathological. 
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The maintenance of wakefulness test (MWT) was
designed in part to provide a measure of the ability
to maintain wakefulness (i.e., “resistance to sleepi-
ness”) when called upon to do so, as opposed to
 allowing oneself to fall asleep (Mitler, 1982). Sub-
jects are asked at two-hour intervals to sit upright in
bed or in a comfortable armchair in a quiet, darkened
room and are instructed to ‘remain awake’ for a
specified period of time in a 20, 30 or 40 minute pro-
tocol. The MWT is primarily a measure of ‘wake-
fulness’ or ‘wake drive’ traits. Globally, the MWT
presents similar limitations to the MSLT, particularly
the fact that it measures only short-term wakefulness
(e.g., the day of the study), in only one, fairly
soporific   situation. Importantly, this renders it
incompletely   distinct from the sleep drive, and limits
its generalization to other situations (e.g., driving).
Nevertheless  , the MWT provides a standardised
measure of a subject’s ability to remain awake under
maximally soporific conditions (Shen et al., 2006). 

The Oxford Sleep Resistance test (OSLER) has
been proposed as a behavioural alternative to stan-
dard sleep resistance measurements like the MWT
(Bennet et al., 1997). The test procedure follows that
of the MWT closely. Participants are installed in
semi-recumbent position in a dark, quiet room and
are instructed to resist falling asleep for the duration
of the test. The OSLER adds a monotone signal
 detection task to the procedure. The individual is re-
quired to react to a red Light-Emitting Diode (LED)
using a wireless response device with  minimal
 debounce time. The LED is illuminated for 1 s every
3 s, during a maximum of 40 min. Failing to respond
within the allocated time is regarded as an error.
After 7 consecutive errors, which corresponds to 21 s
or ± 1 sleep epoch, the participant is considered to
have dozed off and the test is aborted. The sleep
onset latency (SOL) and the number of missed
events are recorded and displayed. The OSLER
has repeatedly shown to discriminate well between
normal sleepers and patients with EDS and offers ex-
cellent conformity with simultaneous EEG-based
definitions of sleep onset latency (Mairesse et al.,
2009). Despite evident advantages of the OSLER
regarding  , including its simplicity and portability, it
requires the purchase of a relatively expensive
 device. In a recent paper, a free software-based valid,
sensitive and easy-to-use screening instrument has
been proposed as a potential alternative to the
OSLER (Mairesse et al., 2009).

The Behavioural Sleep Resistance Task (BSRT),
which follows the same procedure as the OSLER,
but includes both sleep onset latency (SOL) and error
profile analyses as a standard feature and is
 executable on virtually any low-specification

personal   computer (Mairesse et al., 2009). The
BSRT was highly correlated with actual situational
subjective sleepiness measures (KSS, VAS) and
EEG activity (Mairesse et al., 2009). Hit ratios, error
 profiles and SOL variables from the BSRT were also
significantly correlated with subjective sleepiness
(Mairesse et al., 2009). 

The Psychomotor Vigilance Test (PVT), another
widespread attention-related indirect measure of
sleepiness, has also shown to be highly sensitive to
various forms of sleep restriction in different envi-
ronments (Balkin et al., 2004). Participants subjected
to the PVT are required to respond to a visual stim-
ulus (a four-digit LED incrementing from 0 to
60 seconds at 1-millisecond intervals) presented at
variable inter-stimulus intervals by pressing a button.
A feedback system allows the participant to read his
response time (RT) for 1 second, before the counter
is restarted. RTs over 500 ms are considered as
 attentional lapses.  

Daytime EEG measures: It is known that the alpha
frequency of EEG power changes when individuals
move from alertness toward sleepiness; more specif-
ically, when eyes are closed the alpha frequency
range decreases and when eyes are open it increases.
The alpha attenuation test (AAT) is based on these
findings. During the AAT, individuals are arranged
in a normally illuminated room and instructed to
open and close their eyes repeatedly about 8 times,
with each opening and closing lasting for 1 minute.
The AAT showed significant correlations with the
MSLT and subjective sleepiness measurements
(Stampi et al., 1995). The AAT also showed signifi-
cantly different eyes-open / eyes-closed alpha power
ratios in drug-free narcolepsy patients compared to
controls (Alloway et al., 1997).  

Event related potentials (ERP) such as the P300,
are known to be related to sleep deprivation. A recent
study showed healthy control subjects to have a sig-
nificantly shorter P300 latency than SAHS patients
(Gosselin et al., 2006). Although they contribute to
comprehensive and phenomenological approaches,
ERPs do not provide specific measurement tools for
sleepiness. 

In an exploratory study, we compared psycho -
motor and cognitive functions between chronic
 fatigue syndrome (as a fatigue-related model) and
sleep apnea patients (as a sleepiness-related model)
with healthy control subjects. The results showed
that cognitive impairment and psychomotor
 performance were worse when associated with
sleepiness rather than with fatigue alone (Neu et al.,
2008). In the same sample, P300 latencies did not
significantly differ between groups (unpublished
data).



TREATMENT

When confronted with EDS, clinicians should
 always first seek the causal treatment of any under-
lying disorders after a careful differential diagnostic
evaluation. These treatments would include nasal
CPAP for sleep apnea, dopamine agonists for restless
leg syndrome associated with periodic limb move-
ment disorder and stimulants such as modafinil in
hypersomnia disorders like narcolepsy. Clinical in-
vestigations of EDS may, in most cases, require
polysomnography to rule out aetiopathogenic pri-
mary sleep disorders. Augmentation strategies with
different stimulants, such as methylphenidate or
modafinil, have been reported as possible secondary
treatment options in several conditions of residual
invalidating EDS (Banerjee et al., 2004). For exam-
ple, causally treated SAHS patients have already
benefited from treatment with a correctly titrated
nasal CPAP (Black & Hirshkowitz, 2005). Modafinil
in particular seems to show an overall higher safety
and better tolerance profile in secondary treatment
approaches addressing EDS-related conditions
(Banerjee et al., 2004). Despite evidence of superior
outcomes with active stimulant treatments, high rates
of placebo responses reporting EDS-improvements
in clinical trials may suggest the potential effective-
ness of interventions based on Cognitive Behav-
ioural Therapy (CBT). Although clear evidence is
lacking, psychoeducational modalities on general
sleep hygiene could be of interest in some clinical
conditions. 

Fatigue

DEFINITION

Descriptive terms that are related to fatigue
 include exhaustion, lethargy, languidness, languor,
lassitude, listlessness, ‘tiredness,’ and asthenia.
 Fatigue is weariness; it is only a symptom (not a
sign) because of the lack of gold standard objective
measures.

Nevertheless, fatigue has also first of all a
 physiological counterpart before being a significant
complaint and a medical symptom. Physical or
 mental exertion leads to a time-limited sensation of
exhaustion. Symptomatic pathology arises when
 fatigue becomes invalidating and chronic as well as
when recovery is incomplete or absent. Fatigue is
often divided into time frames (duration and
 chronicity) and is also described in terms of mental
or physical fatigue. Some authors also refer to
 peripheral fatigue as seen in myasthenia gravis, or to

central fatigue like in multiple sclerosis (MS), CFS
or stroke-related fatigue. 

Chronic severe daytime fatigue is the core symp-
tom of CFS (Kasatkin & Spirin, 2007), but it is also
associated with several systemic conditions as
anaemia, rheumatoid arthritis, cancer (Stone et al.,
2000), MS (Kasatkin & Spirin, 2007; Leocani et al.,
2008) or hypothyrosis. 

Mitochondrial dysfunction and impaired intra -
cellular energy metabolism has often been suspected
in chronic fatigue conditions. A very recent study de-
scribed an “ATP profile test” designed for CFS and
other fatigue conditions (Myhill et al., 2009). This
test  proposed five factors about the availability of
ATP in neutrophils, the fraction complexed with
magnesium, the efficiency of oxidative phosphory-
lation, and the transfer efficiencies of ADP into the
mitochondria and ATP into the cytosol. The authors
concluded that the “ATP profile test” is a powerful
diagnostic tool that can differentiate patients
with fatigue   as a result of dysfunctional energy
management   by stress and psychological factors
from those who have insufficient energy due to
dysmetabolic   cellular respiration function. Higher
levels of circulating cortisol and pro-inflam -
matory cytokines as IL-6 or IL-2 have also been
associated   to chronic daytime fatigue (Vgontzas et
al., 2007).

Globally, we can affirm that chronic and invali-
dating fatigue is associated with many autoimmune
disorders, certain infectious diseases and other gen-
eral inflammatory states as well as with treatments
such as radiation or chemotherapy. However, despite
intense research on the pathophysiology and treat-
ment-associated issues of cancer-related fatigue
through major scientific societies like the American
Society of Clinical Oncology (ASCO), it remains
surprising that in the practice guidelines for cancer-
related fatigue, the US National Comprehensive
Cancer Network (NCCN) only suggests a simple 0-
10 fatigue intensity scale as a screen for fatigue
(Mock et al., 2000). When fatigue is assessed in such
modalities, EDS cannot be ruled out or identified in
the absence of a specific EDS assessment (Pigeon et
al., 2003). However, the NCCN recommends a more
detailed assessment of possible primary contributing
factors when the patient-rated intensity of fatigue is
moderate (4-6) or high (7- 10). These possible con-
tributing factors include (1) pain; (2) emotional dis-
turbance; (3) sleep disturbance; (4) anaemia and
(5) hypothyroidism. Fatigue is also frequently a
residual symptom of major depression (Baldwin and
Papakostas, 2006), associated with treatment resist-
ance (Nutt et al., 2006) and linked to higher relapse
rates (Fava, 2006). 
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RELATIONSHIPS TO SLEEP

The relationships between fatigue and sleep, if
any, seem less obvious than those between sleepiness
and sleep. As quoted previously, fatigue “needs rest
not (necessarily) sleep to recover from.” Hence,
there is no global regulation model for daytime
 fatigue like there is for sleepiness. Furthermore, it
seems as if chronic daytime fatigue conditions seen
in CFS patients present with very a different sleep
structure than patients with primary sleep disorders
(Neu et al., 2009). Nevertheless, fatigue has, like
sleepiness, been related to sleep deprivation in the
past (Shen et al., 2006) while fatigue, but not sleepi-
ness, is a core daytime symptom of insomnia.

MEASUREMENT

Global levels of fatigue are often measured by
means of self-report questionnaires like the Fatigue
Severity Scale (FSS). The FSS is used to assess levels
of fatigue and its effect on daily functioning. The
FSS was initially used on individuals with multiple
sclerosis (MS) and systemic lupus erythematosus
(Krupp, 1989), but it has since been used in studies
examining such factors as obstructive sleep apnea
and aerobic exercise. By extension, FSS has been
used in many studies investigating fatigue in other
chronic conditions like obesity, Parkinson disease,
hepatitis C infection, CFS (Olson, 2003) and also in
samples of the general population (Lerdal et al.,
2005; Stone et al., 2000). The FSS is a 9-item ques-
tionnaire with a 7-point Likert scale. Scores are usu-
ally reported as ‘mean scores’ (ranging from 1 to 7)
obtained by dividing the total score (ranging from 7
to 63) by 9. The most often proposed cut-off point,
for abnormal fatigue, is a mean score of 4
 (Flachenecker et al., 2002; Kos et al., 2006), while
other authors have proposed a cut-off of 5 (Lerdal et
al., 2005). Currently, the FSS is one of the most
widely used fatigue scales in clinical research and
general internal medicine.

Other global fatigue scales include the fatigue
 assessment instrument (FAI), the fatigue impact
scale (FIS), the brief fatigue inventory (BFI), the
multidimensional fatigue inventory (MFI-20) and the
fatigue questionnaire (FQ). Most have been used in
MS or cancer-related fatigue and showed good
 correlations with the FSS and high internal consis-
tency (Shen et al., 2006).

The Fatigue impact scale (FIS) is a 40-item
 questionnaire that is used to assess the diurnal impact
of fatigue on daytime impairment regarding
 cognitive, physical and psychosocial functioning.
The FIS has been used in studies on MS, hyper -

tension and CFS with high internal consistency and
good discrimination abilities. It has also shown to be
a useful tool in assessing the impact of fatigue on
 patients’ every-day lives (Fisk et al., 1994).

The Fatigue questionnaire (FQ) is an 11-item
questionnaire that measures two fatigue dimensions:
physical and mental fatigue. It was originally
 developed for research purposes for studying CFS in
hospital and community population samples. Due to
its high degrees of internal consistency and validity,
it has since then been used in a variety of different
medical disorders, such as cancer and HIV (Shen et
al., 2006).

The multidimensional fatigue inventory (MFI-20)
is a 20-item self-report instrument that rates the
severity of fatigue over the past week. The MFI-20
investigates five different dimensions: global or gen-
eral fatigue, physical fatigue, mental fatigue, reduced
motivation and reduced activity. It was tested for its
psychometric properties in cancer patients receiving
radiotherapy, patients with CFS, psychology and
medical students, army recruits and junior physi-
cians. It has been used to discriminate patients with
Parkinson’s disease (PD) from those without PD.
The convergent validity of the MFI-20 was investi-
gated by correlating the MFI subscales with a Visual
Analogue Scale measuring fatigue with a correlation
coefficient between 0.22 and 0.79 (Shen et al., 2006).

As for state sleepiness, VAS scales can also
 address state fatigue (from “fatigued/exhausted” to
“energetic/perfect shape”). Psychometric properties
of these VAS scales are useful for testing given
 stimuli and time points as well as for prospective
studies and repeated assessments regarding clinical
progression or subjective treatment response.

Unlike objective sleepiness, there is no description
of a common underlying pathway or mechanism for
fatigue, and there is consequently no objective test
for global fatigue. Rather, objective parameters in the
assessment of fatigue complaints focus on a specific
aspect of fatigue (mental or physical) or more specif-
ically on ‘fatigability’ (kinetic and dynamic aspects
of energy levels as a function of elapsed time during
a given task).

Other motor performance-associated methods
have been used to assess fatigability in mitochondrial
disorders (Meulemans et al., 2007).

A functional neuroimaging study using single
photon emission computed tomography (SPECT)
scans in a between-group region-of-interest analysis
compared CFS patients with healthy controls (HC)
during mental tasks. The data showed reduced per-
fusion in the anterior cingulate region of CFS indi-
viduals, although activation changes in these subjects
were greater than in the HC during the cognitive



task. CFS patients also reported the perception of
higher mental effort requirements when performing
the given tasks (Schmaling et al., 2003). Another
functional imaging study, using 18-fluorodeoxy -
glucose positron emission tomography (FDG-PET),
showed decreased FDG metabolism (mainly in the
cingulate gyrus) in only half of the patients
 (Siessmaier et al., 2003).

ERP measures have also been shown to differ
from HCs in certain studies (Polich et al., 1995) with
a large variability with respect to population samples
and study conditions. As for sleepiness, ERPs do not
currently provide an objective and unified measure
of fatigue.

Effort measures and respiratory parameters
(VO2max) have also been proposed to be useful
under certain clinical conditions, such as fatigability
in congestive heart failure or pulmonary obstructive
syndromes.  

Most objective assessments in studies of fatigue-
related conditions mainly rely on fatigability (i.e.,
 kinetics of the decline in performance) during mental
tasks (e.g., arithmetic), simple motor tasks (e.g.,
hand-grip dynamometry) or more complex psycho-
motor paradigms. 

TREATMENT

Ideally, as for EDS, should causal treatments, in
chronic fatigue-related daytime conditions, have a
preferred consideration too. Although the latter
seems sometimes still to be a more elusive task in
fatigue. Despite inconsistent findings, there is
 evidence that CBT-based interventions can be effec-
tive in subgroups of CFS patients (Price et al., 2008).
Graded-exercise programs have also been shown to
be effective in CFS (Moss-Morris et al., 2005).

Antidepressants should be used in the event of a
co-morbid diagnosis of major depression (MDD) or
anxiety disorder in chronic fatigue patients. Despite
reports of the use of stimulants, such as modafinil,
in several fatigue-related conditions including MS,
cancer and post-poliomyelitis (Lange et al., 2009;
Cooper et al., 2009; Vasconcelos et al., 2007), there
is no consistent evidence available that validates
the overall clinical utility and wide usage of these
treatments for fatigue in general. Donepezil, a
cholinesterase inhibitor, and noradrenaline-
dopamine reuptake inhibitors (NDRIs) like bupro-
pion, have also been considered as secondary
pharmacological treatment strategies in addressing
fatigue in cancer (Caroll et al., 2007) or other
 conditions, such as MS or MDD (Foley et al., 2006).
NDRIs in particular need further investigation to
 better clarify their therapeutic roles. 

Discussion

We found that both sleepiness and fatigue present
with semiological multidimensionality and clinical
complexity. Hence, the common use of undifferen-
tiated terms like “tiredness” in clinical and research
settings contributes to the ongoing confusion about
sleepiness and fatigue. Along with the under -
utilization of existing specific assessment tools, the
blurring contributions of several studies are mainly
because only one of these two clinical dimensions is
investigated. 

Chronic fatigue is indeed mainly related to
 systemic conditions. Although the altered perception
of sleep quality can be associated with daytime
 fatigue, its relationship to sleep seems to be of a
more indirect nature (Neu et al., 2007). Insomnia (a
hyperarousal condition), however, is generally
related   to fatigue and not to sleepiness. Nevertheless,
polysomnographic recordings are unlikely to play a
significant role in aetiopathogenic investigations or
specific treatment regimes regarding chronic day-
time fatigue-related conditions in most cases. 

On the other hand, sleepiness is mainly related to
sleep and wake drives or to disordered sleep. Exces-
sive daytime sleepiness is primarily related to sleep
fragmentation or to primary sleep disorders (ex-
cepted insomnia disorders). Polysomnography is in-
dicated, as a para-clinical investigation, in most cases
of EDS, to identify eventually underlying primary
sleep disorders. We showed that an overlap of the
clinical symptoms of both fatigue and sleepiness
can be observed in total sleep deprivation. Addition-
ally, both clinical conditions are associated with cog-
nitive and psychomotor impairment and to some
extent with altered affective states, such as impaired
mood.

Therefore, we suggest that study paradigms for
 investigating the relationship between sleep and both
fatigue and sleepiness (Neu et al., 2007 & 2009) –
studies that measure sleepiness levels in fatigue-
 related conditions (Neu et al., 2008) and fatigue
levels   in sleepiness-associated conditions – can
 potentially contribute to a better understanding of
both phenomena.

Despite a relative consensus on objective sleepi-
ness measures, simple and validated objective
 fatigue assessments are generally lacking and seem
elusive. Unlike sleepiness, fatigue cannot be reduced
to a unifying and underlying process in most cases,
even though sleepiness is also a complex, potentially
heterogeneous concept with various environemental
and behavioural influences. This apparently larger
complexity of the ‘fatigue-phenomenon’ leads to the
fact that objective assessments of fatigue focus on a
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specific aspect of fatigue (mental or physical), on
specific tasks or on fatigability. 

As mentioned above, although fatigue and
 sleepiness relate to different concepts and to different
underlying processes, they have overlapping features
and some clinical conditions present with both
symptoms simultaneously. Altered vigilance and
psychomotor function are probably the most
 consistent overlapping features linked to both con-
cepts. Cognitive impairment has been associated
with both sleepiness (Schulz et al., 1997; Sallinen et
al., 2005) and fatigue (Mahurin et al., 2004; Capuron
et al., 2006; Cook et al., 2007; Bailey et al., 2007).
This intersection between sleepiness and fatigue
warrants more intense research efforts in the future. 

Adenosine and related intracellular energy
 metabolism could also play potential roles in both
EDS (McKenna et al., 2007) and chronic fatigue
states (Myhill et al., 2009); however, it is likely that
they would be associated with different profiles and
different regions of the CNS or systemic alterations.

Furthermore, we showed that despite the funda-
mental differences and theoretically different treat-
ment approaches, arousal promoting and stimulating
neuropharmacological treatments have been shown
to potentially address both fatigue and sleepiness
under certain conditions. However, stimulating treat-
ments have greatly contributed to the confusion
about fatigue and sleepiness. Moreover, it seems that
specific approaches in behavioural medicine could
also be effective for each respective condition, albeit
with exercise and educational components unlike
treatment with stimulants. Although they are seem-
ingly underutilised, the currently available behav-
ioural medicine and interventions show encouraging
results, especially in chronic conditions. 

Pigeon and colleagues, along with others, have
 asserted that fatigue is as clinically significant as
pain, and as such, it warrants a similar level of
awareness in the broader medical community.
 Furthermore, they emphasise the fact that although
pain has already been called the “fifth vital sign,” it
is questionable how many vital signs we can
 effectively take care of and manage.

Finally, we would propose the following state
 definitions:

1) Fatigue is a clinical symptom associated with
a faster decrease of performance levels following a
given motor or mental activity task. It leads more
rapidly to a state of exhaustion and needs higher
 (increased) amounts of rest to recover from. Further-
more, it is associated with many systemic medical
conditions (including MDD) and, in all cases, it is
directly or indirectly related to the CNS. Altered
sleep quality, for whatever definition we may use,

seems to worsen fatigue states or contribute to its
maintenance. Sleep disorders such as insomnia
also classically present with daytime complaints
of fatigue  . Invalidating fatigue, which interferes
 significantly with major daytime functions, must be
chronic by nature and definition. 

2) Sleepiness, on the other hand, is a physiologi-
cal phenomenon regulated by the sleep/wake drives
as described by Borbély’s two-process model
 (Borbély, 1982) or by Johns’ extensions (Johns,
2002). Excessive daytime sleepiness (EDS) mainly
occurs in clinical conditions associated with sleep
fragmentation or sleep loss whether due to a PSD
(excepted insomnia) or external factors. EDS is best
described as a higher sleep propensity and, unlike
chronic fatigue, usually resolves with sleep. EDS can
be a severe symptom, for instance it has been linked
to higher road traffic accidents.

Although chronic daytime fatigue showed a
higher incidence of significant co-morbid affective
symptom intensity, both chronic fatigue and EDS
seem to be related to impaired vigilance and
 attentional abilities and to altered mood. Presently,
the higher impact on vigilance and cognitive
 functioning in EDS-related conditions remains open
to speculation.

In conclusion, we find that although comprehen-
sion of sleepiness and its underlying physiology has
improved over time, descriptions of common path-
ways of fatigue remain rather incomplete. Therefore,
we believe that functional neuroimaging holds great
promise for improving the global assessment of
 fatigue in the future (Cook et al., 2007), considering
the latter as a potentially modified state and altered
dynamic functioning of the brain during or after a
given mental or physical exercise or task.

Clinical research and practice should systemati-
cally investigate both fatigue and sleepiness with
 adequate measurement tools. Furthermore, behav-
ioural medicine-based treatment approaches are cur-
rently underestimated, and should be taken into
further consideration for the management of chronic
daytime fatigue. 
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Appendix

A1: The Epworth Sleepiness Scale (ESS) 
A2: The Fatigue Severity Scale (FSS) 

A1. The Epworth Sleepiness Scale

Legend: The subject is given the following written instructions: “How likely are you to doze off or fall asleep in the fol-
lowing situations, in contrast to feeling ‘just tired’? This refers to your usual way of life at present and in the recent past.
Even if you have not done some of these things recently, try to work out how they would have affected you.” 

A2. The Fatigue Severity Scale

Disagree ← →Agree

1. My motivation is lower when I am fatigued 1     2     3     4     5     6     7

2. Exercise brings on my fatigue 1     2     3     4     5     6     7

3. I am easily fatigued 1     2     3     4     5     6     7

4. Fatigue interferes with my physical functioning 1     2     3     4     5     6     7
5. Fatigue causes frequent problems for me 1     2     3     4     5     6     7

6. My fatigue prevents sustained physical functioning 1     2     3     4     5     6     7
7. Fatigue interferes with carrying out responsibilities 1     2     3     4     5     6     7

8. Fatigue is among my three most disabling symptoms 1     2     3     4     5     6     7

9. Fatigue interferes with work, family, or social life 1     2     3     4     5     6     7

Total score:

Comment: Usually a mean score is calculated by dividing the total score by the number of items (9). 
Legend: The subject is given the following written instructions: “Circle the number that best represents your response

to each question. Scoring range: 1 = strongly disagree with the statement to 7 = strongly agree with the statement. During
the past week I have found that.” 
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Item / Situation Probability of dozing
Use the following scale to choose the most
 appropriate number for each situation:
0 = would never doze; 1 = slight chance of
dozing; 2 = moderate chance of dozing;
3 = high chance of dozing

1. Sitting and reading

2. Watching TV

3. Sitting, inactive in a public place  (e.g., a theatre or meeting)

4. As a Passenger in a car for an hour without a break

5. Lying down to rest in the afternoon when circumstances permit

6. Sitting and talking to someone

7. Sitting quietly after a lunch without alcohol

8. In a car, while stopped for a few minutes in traffic 

Total Score:


