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Preface and Mini-review:
Fatigue Science for Human Health

Yasuyoshi Watanabe

Program Director, Molecular Imaging Research Program, RIKEN;

Professor, Department of Physiology, Osaka City University Graduate School of Medicine

V

What is fatigue? Why do we feel tired sometimes or seemingly all of the time? 
What is the physiological role or meaning of the sensation of fatigue? How is 
chronic fatigue related to various diseases? How can we prevent chronic fatigue 
and exhaustion?

In the past we really did not know very much about the mechanisms of fatigue. 
Fatigue or tiredness is really an important bio-alarm, without which we might drop 
into an unrecoverable exhaustive state and in the most severe case even die, referred 
to in Japanese as karoshi. As compared with the mechanisms of other bio-defense 
systems such as pain and fever, little is known regarding molecular/neuronal 
mechanisms of fatigue. Cytokine-prostaglandin systems are involved as the major 
factors in the induction and/or mediation of pain and fever. Although some pre-
infl ammatory cytokines may be the central mediator(s) in fatigue (see the chapters 
by Katafuchi and the one by Inoue et al.), the prostaglandin systems are probably 
not involved in the mechanisms of fatigue because cyclooxygenase inhibitors, both 
COX-1 and COX-2 ones, could not reduce the hypo-activity caused by poly I:C 
injection in rats, although they are quite effective as anti-febrile drugs (Matsumura 
K et al, unpublished data). Lactate, which was previously considered to be a can-
didate fatigue-inducing substance accumulating during severe exercise, is no longer 
thought to be a causative substance of fatigue (see the chapter by Tanaka and 
Watanabe).

Figure 1 shows the statistics on fatigue in Japan in 2004. Although surprisingly 
a lot of people are suffering from chronic fatigue lasting longer than 6 months 
(more than one-third of the Japanese population), integrated research on fatigue 
had not been organized until quite recently. Fatigue is a sensation that probably all 
people have experienced and is therefore quite familiar to all of us, but its molecular 
and neural mechanisms have not been elucidated yet, probably because of the 
complicated nature of the causes. However, we know that fatigue defi nitely 
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Are you tired?

Period?

Disturbance in
daily life

Cause of chronic
fatigue

No (44%) Yes (56%)

> 6 months
(39%)

< 6 months
(17%)

None (55%) Yes (37%)

Often disturbed (7.4%)

Quit job or school (1.2%)

Unknown (38%)Overwork (42%)
Disease

(19%)

decreases the effi ciency with which we perform our daily tasks or studies. Thus it 
is of great value to our modern society for scientists to extensively analyze the 
causes of fatigue and to develop methods to quantify fatigue, with the goal of 
developing methods or therapies to afford better recovery from and perhaps even 
avoidance of severe chronic fatigue. The economic gain would be really quite large 
if chronic fatigue could somehow be cured. To our regret and surprise, almost all 
commercially available means for recovery from fatigue are not yet based upon 
scientifi c and medical evidence.

In light of the situation outlined above, Watanabe and Kuratsune organized an 
integrated research project entitled “The molecular/neural mechanisms of fatigue 
and fatigue sensation and the way to overcome chronic fatigue” under the aegis of 
the Ministry of Education, Culture, Sports, Science, and Technology, Japan, and 
carried it out from 1999 to 2005. The project was conducted by 26 laboratories in 
various universities and institutions with Yasuyoshi Watanabe as the chief 
researcher. The project made the following major contributions to our knowledge 
of fatigue: 1) Elucidation of the brain regions and their neurotransmitter systems 
responsible for fatigue sensation and chronic fatigue; 2) development of a variety 
of methods and scales to quantitatively evaluate the extent of fatigue; 3) develop-
ment of animal models based on different causes of fatigue; 4) elucidation of 
molecular/neural mechanisms of fatigue in humans and animals; and 5) invention 
of various methods or therapies to treat chronic fatigue and chronic fatigue syn-
drome (CFS).

As can be seen in several chapters of this book, the pathogenesis of CFS is 
becoming a little clearer than before through the cooperation and fi ndings of many 
investigators internationally from such fi elds as virology, immunology, endocrinol-
ogy, physiology, biochemistry, psychiatry, and neuroscience.

Fig. 1. Statistics in Japan in 2004. The research project under Ministry of Education, Culture, 
Sports, Science, and Technology, the Japanese Government made the questionnaire-based search 
with 2,742 answers from the citizens in Osaka area
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In order to develop the foods and drugs to help overcome fatigue, we have been 
making efforts through the anti-fatigue project, organized by Soiken Co., Ltd., 
(2003–2007)(see the chapter by Kajimoto), and through the 21st Century COE 
Program called the “Establishment of the center of excellence (COE) to overcome 
fatigue (2004–2009).” More recently, the research has been directed not only 
toward foods and drugs to overcome fatigue but also toward various aspects of the 
environment, such as air-conditioning; the interior design of homes, hotel rooms, 
and offi ces; aromas; music; city design; and vehicular traffi c. Although fatigue is 
a problem of individuals, it is also one of civilized societies, and we should there-
fore investigate and analyze the social aspects of fatigue, especially in terms of 
modern city life (see the chapter by Evengård). The contents of this book summa-
rize our fatigue researchers’ achievements, and present the status of research on 
fatigue and the perspectives on remedies for chronic fatigue and chronic fatigue 
syndrome. To generate international discussion, we organized The International 
Conference on Fatigue Science—the fi rst in 2002 in Sandhamn, Sweden, and a 
second in 2005 in Karuizawa, Japan. As a consequence, the editors and contributors 
decided to collect the papers presented at these two conferences and incorporate 
them in this book entitled Fatigue Science for Human Health.

Concerning the molecular mechanisms of chronic severe fatigue addressed in 
this book, the only ones clearly involved are the following:

1. Oxidative stress: its prolongation or poor elimination
2. Pro-infl ammatory cytokines: their central role in fatigue mediation
3. Less energy reservoir state, especially for repair of damaged intracellular and 

intercellular components (e.g. carbonyl proteins)
4. Neuro-immune-endocrine dysfunction and characteristic autonomic nerve 

dysfunction

In this context, some possible bio-toxins and lowered detoxifi cation capacities are 
highlighted.

Recent progress in the neuroscience fi eld has been marked (see also the chapter 
by Natelson and the one by Chaudhuri et al). Particularly, I would like to introduce 
our hypothesis on brain dysfunction in chronic fatigue. The team with Watanabe 
and Kuratsune investigated the brain regions responsible for the fatigue sensation 
by using positron emission tomography (PET), and found the regions in Brod-
mann’s area 10/11 well correlated with the fatigue sensation, areas in which moti-
vation and evaluation of perceived information are organized (Tajima, S. et al., 
manuscript in preparation). Recent single-photon emission computed tomography 
(SPECT) studies [1–3] using 99mTc-hexamethyl-propylene-amine oxime revealed 
that most CFS patients showed cerebral hypoperfusion in a variety of brain regions 
such as the frontal, temporal, parietal, and occipital cortices; anterior cingulate; 
basal ganglia; and brain stem. Furthermore, they suggested that central nervous 
system (CNS) dysfunction may be related to the neuropsychiatric symptoms of CFS 
patients. To confi rm these fi ndings, we studied the regional cerebral blood fl ow 
(rCBF) in 8 CFS patients and 8 age- and sex-matched controls by use of 15O-labeled 
water (H2

15O) and PET, and found that the rCBF was lower in the CFS patient 
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group than in the control group in the brain regions including the frontal, temporal, 
and occipital cortices; anterior cingulate; basal ganglia; and brain stem [4]. These 
brain regions correspond to various neuropsychiatric complaints: autonomic imbal-
ance, sleep disturbance, many kinds of pain, and the loss of concentration, thinking, 
motivation, and short-term memory. Therefore, our results from the fi rst quantita-
tive rCBF study done on CFS patients with PET are in good agreement with the 
data from the previous SPECT studies, and indicate that various neuropsychiatric 
complaints found in CFS patients might be related to dysfunction in these regions 
of the CNS.

Furthermore, when we studied the cerebral uptake of [2-11C] acetyl-L-carnitine 
in the same 8 CFS patients and 8 age- and sex-matched normal controls by using 
PET, a signifi cant decrease in uptake was found in several brain regions of the 
patient group, namely, in the prefrontal (Brodmann’s area 9/46d) and temporal 
(BA21 and 41) cortices, anterior cingulate (BA24 and 33), and cerebellum [4]. 
These fi ndings suggest that the levels of neurotransmitters biosynthesized through 
acetyl-L-carnitine may be reduced in some brain regions of chronic fatigue patients 
and that this abnormality may be one of the keys to unveil the mechanisms underly-
ing chronic fatigue sensation.

More recently, using magnetic resonance imaging (MRI), we found that patients 
with CFS have reduced gray matter (GM) volume in their bilateral prefrontal cor-
tices.5 Furthermore, right-hemisphere GM volume correlated negatively with the 
subjects’ fatigue ratings [5]. This is consistent with the above-mentioned result that 
showed decreased uptake of acetyl-L-carnitine, perhaps indicating a decrease in the 
biosynthesis of glutamate, in the prefrontal cortex. The prefrontal cortex may 
therefore be part of the neural underpinnings of fatigue.

Much more striking, we demonstrated by functional MRI studies the vulnerabil-
ity of the neuronal activity in task-unrelated brain regions in CFS patients, although 
in the healthy subjects decreased neuronal activity was seen only in task-related 
brain regions [6]. Apparently, a system guarding against further exhaustion may 
be built into the brain.

We also studied 5-HT transporter (5-HTT) density in 10 patients with CFS and 
10 age-matched normal controls by using PET with the radiotracer [11C](+)McN5652. 
Analysis using a statistical parametric mapping software (SPM99; The Wellcome 
Department of Cognitive Neurology, London, UK) revealed that the density of 5-
HTTs in the rostral subdivision of the anterior cingulate was signifi cantly reduced 
in CFS patients [7]. In addition, the density of 5-HTTs in the dorsal anterior cin-
gulate was negatively correlated with the pain score [7]. Therefore, an alteration in 
the serotoninergic neurons in the anterior cingulate plays a key role in the patho-
physiology of CFS.

Apparently, these PET results on 5-HTT density seem to be inconsistent with 
our results regarding the 5-HTT gene promoter polymorphism [8], where CFS 
patients could have a greater frequency of the L allele, which affords greater trans-
porter effi ciency. However, it might be the case that the reduction in 5-HTT density 
in CFS patients with L and XL allelic variants is less than that in CFS patients with 
S allelic variants. Because 5-HT biosynthesis in the brain is thought to deteriorate 
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in patients with CFS, 5-HT defi ciency in the synapses might be more serious in 
patients with L and XL allelic variants. If so, it is consistent with the fi nding that 
selective serotonin re-uptake inhibitor (SSRI) treatment is effective for some 
patients with CFS. To clarify the full particulars of brain dysfunction in patients 
with CFS, we are now studying 5-hydroxy-L-tryptophan (5-HTP) uptake, L-DOPA 
uptake, and muscarinic acetylcholine receptor density by using PET. We plan to 
report the results of these studies concerning brain dysfunction found in patients 
with CFS in the near future. So far, however, we propose the working hypothesis 
on this dysfunction in chronic fatigue, as shown in Fig. 2.

Quantifi cation of fatigue or invention of fatigue scales specifi c for the induced 
load (physical load, mental load, or mixed ones) is also a central issue to be devel-
oped in fatigue science (Lists 1 and 2; see also the chapter by Kajimoto and the 
one by Kondo). For this purpose, we developed a new clinical scale based on the 
results of a 64-item questionnaire (see the chapter by Fukuda et al.). Also, non-
verbal scales to assess frontal lobe function (see the chapter by Mizuno et al.), 
behavior amount (by using an actigraph), and autonomic function (by using accel-
eration plethysmography) have been developed. Blood and saliva samples from 
CFS patients and from individuals with induced fatigue (physical and mental) were 
analyzed, and we found a specifi c pattern or spectrum of the components [9]. By 
using these physiological and biochemical (including immunological and viral) 
biomarkers (see the chapter by Kajimoto), we started a project to develop evidence-
based anti-fatigue foods, especially those foods that can prevent fatigue (Soiken 

Fig. 2. The working hypothesis in dysfunction of neural circuits from acute to chronic fatigue. 
Watanabe and colleagues summed up their recent data from PET and fMRI
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Questionnaire, VAS, Face scale
fatigue, sleep, life trends, temperament and 
character investment (TCI), food intake

Physiological biomarkers
autonomic, cognitive, sleep diagram, activity,
working memory, fatigability

Biochemical biomarkers
virological, immunological, endocrinological,
energy substrates, redox

Doctor interview
motivation, vividness?

List 1. Evaluation protocol for the extent of fatigue

Cortical function: attention, concentration, and working
memory

Advanced Trail  Making Test  (ATMT)
Dual Task Test  (DTT), n-back task

Evaluation by behavioral measures
motion capture, actigraph (gyroscope-type)

Autonomic nerve function 
acceleration plethysmography (APG), ECG

Biochemical markers in the plasma and saliva
immune and endocrine biomarkers, amino acids, iron,
heme, vitamins, viruses and near infrared-factors

List 2. Scales/Biomarkers for quantification of fatigue

Project). In 2007, or by the beginning of 2008, we could have the fi rst anti-fatigue 
product derived from the Soiken Project.

One thing is very clear: if we would like to elucidate the mechanisms of CFS and 
to devise a systematic remedy for CFS patients, we may learn more by studying both 
CFS and chronic fatigue. What is specifi c to CFS? Unfortunately, most studies have 
merely focused on the differences between CFS patients and healthy volunteers. 
However, whether factors or treatments relate to CFS or chronic fatigue is at times 
unclear and leads to confusion. If we could have some means of distinguishing 
between chronic fatigue and CFS, e.g., as like pre-disease and disease, respectively, 
we would be able to study at least three conditions (groups), i.e., healthy, chronic 
fatigue, and CFS. Elsewhere, we should compare healthy, CFS, and chronic fatigue 
with regard to other causes and diseases. Such studies could help both CFS and 
chronic fatigue patients. Toward this end, we propose here the promotion of “fatigue 
science for the benefi t of human health.” It is our hope that more researchers from 
various disciplines will join the study of fatigue science after having read this book 
and the references cited therein.
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Dimensions and Assessment of Fatigue

Leonard A. Jason and Michelle Choi

Summary

In this chapter, we fi rst review the sources of diagnostic unreliability, otherwise 
known as variance, which lead to disagreement among clinicians regarding diag-
nostic decisions. We then review issues related to the assessment of fatigue. We 
conclude that basic data on scale reliability are often missing, few studies provide 
information about the cut-off scores that identify clinical cases, and there are few 
direct comparisons of existing fatigue scales. Fatigue scales used in chronic fatigue 
syndrome (CFS) studies should have been diagnostically validated in CFS and 
depression samples, and should represent several factorally distinct dimensions of 
fatigue. In addition, fatigue scales need to give an accurate assessment of the severe 
fatigue that is characteristically observed among people with CFS.

Dimensions and Assessment of Fatigue

Fatigue has come to be recognized as a serious symptom of many chronic illnesses 
that can signifi cantly impair a person’s functioning and negatively impact their 
quality of life [1,2]. These include fatigue after cancer treatment [3,4], systemic 
lupus erythematosus (SLE) [5], multiple sclerosis [6], HIV infection, viral and 
cholestatic liver diseases, rheumatoid arthritis [7], and chronic fatigue syndrome 
(CFS) [8]. Even in conditions where fatigue is considered to be a primary or 
common symptom, such as multiple sclerosis (MS) or SLE, levels of fatigue may 
not always correlate with disease status or physiological fi ndings [6,9,10].

In this chapter, we review issues related to the assessment of fatigue. However, 
before reviewing actual studies or instruments that measure fatigue, it is important 
to consider sources of diagnostic unreliability, technically known as variance, that 
can lead to disagreement among clinicians regarding diagnostic decisions [11].

1

DePaul University, Center for Community Research, 990 West Fullerton, Suite 3100, 
Chicago, IL 60614, USA
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Sources of Diagnostic Unreliability

Sources of variance can be divided into the following fi ve categories: subject vari-
ance, occasion variance, information variance, observation variance, and criterion 
variance [12]. Subject variance occurs when patients have different conditions at 
different times. For example, a patient may have acute alcohol intoxication on 
admission to a hospital, but develop delirium tremens several days later. Occasion 
variance occurs when patients are in different stages of the same condition at dif-
ferent times. An example would be a patient with multiple sclerosis who was in 
remission during one period of illness and symptomatic during another. Information 
variance occurs when clinicians have different sources of information about their 
patients. For example, one clinician may regularly question patients about areas of 
functioning and symptoms, which another clinician does not assess. Observation 
variance occurs when clinicians presented with the same signs and symptoms differ 
in what they detect and perceive. An example of this type of variance would be a 
disagreement among clinicians as to whether a patient is irritable or depressed. 
Criterion variance occurs when there are differences in the formal inclusion and 
exclusion criteria that clinicians use in reaching diagnostic conclusions. An example 
would be a disagreement as to whether diffi culty concentrating is a necessary cri-
terion for the pronouncement of fatigue.

Studies examining sources of diagnostic unreliability have shown that subject, 
occasion, and information variance account for only a small portion of diagnostic 
reliability [12]. However, criterion variance, i.e., differences in the formal inclusion 
and exclusion criteria used by clinicians to classify patients’ data into diagnostic 
categories, accounts for the largest portion of diagnostic unreliability. Therefore, 
an improvement in diagnostic reliability is primarily dependent on reducing crite-
rion variance as a source of unreliability. Criterion variance is most likely to occur 
when operationally explicit criteria do not exist for diagnostic categories [12]. In 
other words, inclusion and exclusion criteria need to be consistent across measures 
in order to compare fatigue states across patients adequately.

When diagnostic categories lack reliability and accuracy, the validity (i.e., use-
fulness) of a diagnostic category is inherently limited by its reliability. Therefore, 
to the extent to which a diagnostic category is unreliable, a limit is placed on its 
validity for any type of clinical research or administrative use [12]. The reliability 
of clinical diagnosis is also crucial when conducting assessment studies. If the 
reliability of the diagnostic groups studied is limited, the results of any study using 
such diagnostic categories are likely to be unreliable and/or invalid. Issues concern-
ing the reliability of clinical diagnoses are therefore complex, and have important 
research and practical implications.

The low reliability of routine diagnostic procedures is a crucial problem in 
the assessment of fatigue, which affects both clinical work and research efforts 
to improve the management, treatment, and care of patients [13]. Problems regard-
ing diagnostic reliability and validity have been topics of discussion and contro-
versy for many years [14]. As an example, both the fi rst and second editions of 
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the American Psychiatric Association’s offi cial publication on nomenclature, the 
Diagnostic and Statistical Manual of Mental Disorders (DSM I, DSM II) [15,16], 
were predominantly composed of largely unreliable, purely clinical descriptions 
of psychiatric disorders [13]. The number of researchers who found diagnostic 
judgments based on clinical interviews to be unreliable out-numbered those who 
found them to be reliable [17]. The problem of low inter-rater reliability in psy-
chiatric diagnosis was attributable to the inability of two examiners to write down 
and agree in advance what symptoms needed to be present before a specifi c 
diagnosis could be made [17]. In other words, the low rates of inter-rater reli-
ability were due to criterion variance: differences in the formal inclusion and 
exclusion criteria used by clinicians to classify patients’ data into diagnostic cat-
egories. Because criterion variance is likely to occur when no operationally explicit 
criteria exist for diagnostic categories, in 1972 the St. Louis group developed the 
Fieghner criteria [18]. The Fieghner criteria were operationally explicit criteria 
for the then 16 diagnostic categories of the DSM II. Use of the Fieghner criteria 
led to an immediate and dramatic improvement in clinician–clinician diagnostic 
reliability [18].

By the 1970s, researchers in the fi eld of diagnostics also recognized that the 
provision of operationally explicit, objectively debatable criteria was not enough 
to ensure that clinicians would know how to elicit the necessary information from 
a clinical interview to permit them to apply it to the reliable criteria [19]. These 
concerns led to the development of a series of structured interview schedules, 
such as the Structured Clinical Interview for DSM IV Axis 1 [14,17,20,21]. The 
benefi t of structured interview schedules is that they ensure that clinicians in the 
same or different settings conduct clinical interviews and examinations that maxi-
mize the accuracy of clinical diagnoses [19]. The use of structured interview 
schedules increases the chance that the clinical material needed to apply the diag-
nostic criteria is elicited by structuring and standardizing the questions asked by 
each interviewer [19]. Thus, structured interview schedules serve to remove as 
much as possible of the unreliability in the resulting psychiatric diagnosis intro-
duced by differences in the way clinicians elicit clinical information. Together, 
the provision of operationally explicit, objectively debatable criteria and standard-
ized interviews was found to signifi cantly improve the reliability of clinical diag-
nosis for a number of psychological and psychiatric conditions [13]. It is possible 
that similar strategies might be used to enhance the reliability of assessments of 
fatigue.

Diagnostic and epidemiological research requires diagnostic categories that are 
both reliable and valid [22]. Thus, the criteria used to defi ne fatigue must be clearly 
operationalized. Tucker [23], however, warns that in the contemporary practice of 
psychiatry, the patient’s history and report of functioning is not always considered 
to be essential to the diagnostic process. Rather, the focus tends to be merely on 
the symptoms presented, without regard to either the antecedents or consequences 
of those symptoms [23]. In emphasizing and focusing on a predetermined set of 
symptoms, the views of the patient may be dismissed, and additional sources of 
important information, such as the reports of family and friends, tend to be ignored. 
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Meaningful distinctions between patients within the same diagnostic categories are 
also likely to be disregarded. For example, in the evaluation of subjective experi-
ences (i.e., complaints of pain, fatigue, etc.), self-reported symptoms cannot be 
effectively interpreted without careful consideration of the antecedents, conse-
quences, overall context, and fl uctuations in intensity over time (i.e., the patient’s 
story) [23].

Cantwell [22] believes that diagnostic criteria should specify which diagnostic 
instrument to use, what types of informant to interview, and how to determine the 
presence and severity of the criteria. It is necessary to specify a certain number and 
type of symptoms that should be present in order to make a particular diagnosis. 
In addition to the importance of the number and type of symptoms, defi nitions of 
fatigue should also include specifi c guidelines pertaining to the importance of 
symptom severity in the diagnostic procedure. Given the high variability in symptom 
severity among people with fatigue, standardized procedures should be employed 
for determining whether or not a particular symptom is severe enough to qualify 
as an occurrence of one of the symptoms required for a diagnosis of fatigue. For 
example, if a patient presents with a symptom such as postexertional malaise, 
standard questions should include the duration, frequency, and severity of the 
symptoms, including onset, pattern, intensity, and associated factors.

A fi nal consideration is the use of polythetic criteria (i.e., sets of criteria in which 
not all the criteria need to be present before making a diagnosis). It is argued that 
while standardized diagnostic criteria are needed for research, the use of polythetic 
criteria developed by expert committees (as is the case with CFS) may not be 
methodologically sound [23]. For example, the use of polythetic criteria may result 
in a comparison of two different groups of patients within the same diagnostic 
category, or of similar groups in different diagnostic categories [23]. Research by 
Kendler and Gardner [24] highlights the arbitrary and varied results that can be 
found when different polythetic criteria are used. Kendler and Gardner [24] con-
ducted a study to evaluate the DSM IV diagnostic criteria for major depression. 
The results of their investigation revealed minimal empirical support for the DSM 
IV requirements of 2 weeks duration, fi ve or more symptoms, and clinically sig-
nifi cant impairment, and suggested that most changes in functioning appeared to 
be continuous. Based on these fi ndings, Kendler and Gardner [24] suggested that 
major depression, as defi ned by the DSM IV, may be a diagnostic convention 
imposed on a continuum of depressive symptoms of varying severity and 
duration.

The results obtained by Kendler and Gardner [24] are of great importance 
because they demonstrate that although signifi cant improvements in the classifi ca-
tion and diagnosis of psychiatric disorders have occurred through the use of opera-
tionalized criteria, the classifi cation methods and the validity of diagnostic criteria 
are also matters of importance that cannot be ignored. With respect to the develop-
ment of diagnostic instruments to measure fatigue, the fi ndings of Kendler and 
Gardner [24] strongly suggest a careful consideration and examination of classifi ca-
tion methods.
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Classifi cation Methods

At present, a variety of classifi cation methods are used to study individuals with 
symptoms of fatigue. For example, Fukuda et al. [25] used a clinical approach to 
the classifi cation of individuals with chronic fatigue syndrome (CFS). Others have 
provided experimental evidence for the importance of the CFS criteria. For example, 
Hartz et al. [26] examined people with CFS and compared them with people with 
other fatigue-related conditions and those with no symptoms of fatigue. They con-
cluded that people with fatigue could be classifi ed according to the degree to which 
they matched the case defi nition of CFS [25]. Friedberg et al. [27] found three 
factors (cognitive problems, fl u-like symptoms, and neurological symptoms) in a 
sample of patients with CFS. Finally, Linder et al. [28] used artifi cial neural net-
works to classify patients with chronic fatigue (including CFS and idiopathic 
chronic fatigue), SLE, and fi bromyalgia, and were able to achieve a sensitivity of 
95% and a specifi city of 85%.

Nisenbaum et al. [29] also conducted an empirical test of the current US case 
defi nition of CFS. In this study, they collected data on the occurrence of 30 symp-
toms commonly experienced by people with CFS in a random sample of people 
who reported that they were suffering from unexplained fatigue of six months 
duration or longer, and also in a sample of people who reported that they were 
suffering from unexplained fatigue of 1–5 months duration. Factor analysis was 
used to identify underlying relations among the symptom data. They found that 
three correlated factors (“fatigue–mood–cognition” symptoms, “fl u-type” symp-
toms, and “visual impairment” symptoms) explained a set of correlations between 
fatigue lasting for 6 months or more and 14 interrelated symptoms. No factor 
explained the correlations among fatigue lasting for 1–5 months and other symp-
toms. While the fi ndings of this study do provide empirical support for the interrela-
tions among unexplained fatigue of 6 months duration or longer and symptoms 
included in the CFS case defi nition, this type of fi nding is of interest because it 
indicates that only fatigue lasting 6 months or more (with at least four additional 
minor symptoms based on the 1994 CFS criteria [25]) overlaps with published 
criteria to defi ne CFS.

Haley et al. [30] conducted a study to determine whether Gulf War Syndrome 
was best characterized as a group of distinct syndromes rather than as one overarch-
ing syndrome. To accomplish this task, they developed a standardized survey to 
measure the myriad symptoms frequently reported by veterans complaining of Gulf 
War Syndrome. For each symptom endorsed by the survey, a series of follow-up 
descriptive questions were asked to elucidate the nature of the symptom (e.g., 
fatigue characterized by excessive daytime sleepiness versus fatigue characterized 
by excessive muscle exhaustion after exertion). Separate factor analyses were per-
formed on each set of follow-up questions to clarify the various features and mean-
ings of each symptom. For example, for the symptom of fatigue, the following nine 
descriptions were used to disentangle the different meanings of fatigue: (1) too 
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weak in the hands or arms to complete work; (2) too weak in the legs to complete 
work; (3) too weak in the body to do normal work; (4) wearing out too quickly to 
fi nish work; (5) having too little energy to start work; (6) feeling too sleepy to do 
normal work; (7) feeling very sleepy most of the day; (8) having to take naps fre-
quently during the day; (9) nodding off to sleep while working or driving. Factor 
analysis of these nine items revealed the following two factors: excessive muscle 
exhaustion, with items 1 through 5 loading on this factor, and excessive daytime 
sleepiness, with items 6 through 9 loading on this factor [30]. After a factor analysis 
was conducted for individual sets of symptom descriptors, another factor analysis 
was performed on the factors generated from the analyses of the symptom descrip-
tors to identify clusters of symptoms that might represent hidden syndromes within 
Gulf War Syndrome. The results of this analysis produced six factors, impaired 
cognition, confusion ataxia, arthromyoneuropathy, phobia apraxia, fever adenopa-
thy, and weakness incontinence, with each factor representing a syndrome or dif-
ferent cluster of symptoms.

Statistical procedures have also been used by other investigators in an attempt to 
classify the wide array of patients who present with fatigue as a primary problem or 
complaint. In a study conducted by Hall et al. [31], cluster analysis was used to 
identify homogenous subgroups within a sample of fatigued patients in order to 
facilitate the diagnosis and treatment of the underlying disorder. Data were collected 
for each patient regarding the presence or absence of 15 symptoms and 3 demo-
graphic variables. The results of the cluster analysis revealed the presence of the 
following four distinct reasons for fatigue within the sample of fatigued patients: 
organic, anxiety, depression, and mixed anxiety and depression [31]. Factor analytic 
studies have tended to fi nd multiple factors or clusters of fatigue-related symptoms. 
Ray et al. [32] factor analyzed a list of symptoms in 208 patients with postviral 
fatigue, and found that four factors emerged: emotional distress, fatigue, somatic 
symptoms, and cognitive diffi culty. Jason et al. [33] factor analyzed fatigue-related 
symptoms reported by 780 people with chronic fatigue. They found four factors: 
lack of energy, physical exertion, cognitive problems, and fatigue and rest.

Reeves et al. [34] recently attempted to use empirical methods to operationalize 
the CFS criteria [25] using the medical outcomes survey short form 36 (SF-36), 
the checklist of individual strength (CIS), the multidimensional fatigue inventory 
(MFI), and the CDC (Centers for Disease Control and Prevention) symptom inven-
tory. On the scales of the SF-36, substantial reductions in occupational, educational, 
social, or recreational activities were defi ned as scores lower than the 25th percen-
tile on the physical function (less than or equal to 70), role physical function (less 
than or equal to 50), social function (less than or equal to 75), or role emotional 
(less than or equal to 66.7) subscales. Severe fatigue was defi ned as greater than 
or equal to 13 on the MFI general fatigue subscale, or greater than or equal to 10 
on the reduced activity subscale. Individuals also needed to have four or more 
symptoms and to score 25 or more on the CDC’s symptom inventory case defi nition 
(a sum of the products of the frequency and intensity scores of the eight CFS case 
defi nition symptoms). Subjects who met the CFS case criteria [25] had signifi cantly 
worse impairment, more severe fatigue, and more frequent and severe symptoms 
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than other subjects in the study who were ill but who did not meet the CFS 
defi nition.

Jason (see http://iacfs.net/p/1,544.html) has recently criticized these criteria as 
being too broad.

Measures of Fatigue

Friedberg and Jason [35,36] provided a review of some of the more common and 
well-validated fatigue rating scales (Table 1), and a recent article [37] provided a 
comprehensive review of 30 published scales. Clearly, at this time there is on no 
“gold standard” of fatigue severity available. As mentioned in a previous review [35], 
fatigue scales most frequently involve fatigue intensity and fatigue/function effects, 
although as Table 1 indicates, some scales also measure fatigue/affect constructs. 
Most measures of fatigue involve either verbal or numerical ratings, although some 
have used a visual analogue scale, and each of these methods is described below.

One of the most commonly used techniques to assess subjective symptoms (e.g., 
pain, nausea, fatigue, dyspnea) is the visual analogue scale (VAS). The VAS is a line 
of predetermined length (typically 100  mm) that is anchored at both ends with words 
that are descriptive of the extreme boundaries of the phenomenon being assessed 
(e.g., “no fatigue at all” and “worst fatigue possible”). Patients are asked to draw a 
mark through the line to indicate the intensity of the phenomenon being measured. 
The VAS can then be scored by measuring the distance from one end of the scale to 
the mark drawn by the patient, thereby providing an objective representation of a 
previously subjective and unquantifi ed phenomenon [38]. This type of graphic 
method is quick and simple to construct and administer. However, some populations 
have diffi culty with this technique (e.g., the elderly), reproduction tends to distort the 
length of the line, there is no “true” equal interval or ratio scale, it cannot be admini-
stered over the telephone, and anchoring ideas are often imprecise [38,39].

Owing to the limitations of the VAS technique, researchers have recommended 
that other measurement techniques be used to assess the subjective symptoms of 
fatigue [35]. An alternative to the VAS is the verbal rating scale (VRS). The VRS 
comprises a list of adjectives that describe different levels of intensity of the given 
phenomenon. Patients are asked to read over the list and select the adjective or 
descriptive phrase that best describes their level of the phenomenon. The primary 
advantages of using VRS scales are that they are easy to administer and score, they 
have demonstrated good evidence of construct validity, and compliance with the 
measurement task is high [39]. The primary disadvantages include the diffi culty of 
use with populations with limited vocabulary, the fact that patients are forced to 
choose a word even if no word on the scale appropriately describes the intensity 
of their symptoms, and that if they are scored using a ranking method, the score 
represents ordinal data and must be treated as such statistically [39].

Subjective phenomena may also be assessed using numerical rating scales 
(NRS). This can easily be accomplished by asking patients to rate each of their 
symptoms on a scale of 0–10 or 0–100, where 0 represents no intensity and 10 or 
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100 represents the worst intensity possible. The number that the patient chooses is 
the symptom’s intensity score. Numerical rating scales have been shown to be 
consistently valid measures of symptom intensity, particularly for pain intensity 
[39]. The primary advantages of using NRS scales are that they are easy to admin-
ister and score, they have demonstrated good evidence of construct validity, com-
pliance with the measurement task is high, and the data can be treated as ratio data 
[39]. The drawbacks of this technique primarily concern the lack of evidence 
regarding the relative treatment sensitivity of the NRS to that of other measures 
such as the VAS.

We now describe a few of the more popular and well-validated fatigue scales. 
A more comprehensive list is given in Table 1 [35]. Many fatigue measures were 
developed for specifi c medical conditions, but several have been developed to 
measure the subjectively experienced fatigue that might occur in varied medical 
illnesses.

The Fatigue Scale. The fatigue scale [40] is a 14-item verbal rating instrument with 
a 4-choice format that measures fatigue intensity. This scale was originally used in 
a hospital-based case control study [41] and also in a study designed to measure 
responses to treatment [42]. David et al. [43] found a continuous distribution of 
fatigue scores on this scale in a sample in Great Britain. The fatigue scale produces 
a total score, a score refl ecting mental fatigue, and a score refl ecting physical 
fatigue. The fatigue scale was further refi ned by Chalder et al. [40]. Despite its 
brevity, the scale was found to be reliable and valid, and it has good face validity 
and reasonable discriminant validity. This 11-item scale is commonly scored in one 
of two ways: continuous scoring code responses according to a four-option con-
tinuum, with codes ranging from 0 to 3, and total scores ranging from 0 to 33 (with 
higher scores signifying greater fatigue). Dichotomous scoring code responses 
according to a two-option dichotomy, where responses are normally coded as 0 or 
1, are represented by a score of 0, and responses normally coded as 2 or 3 are rep-
resented by a score of 1. Total dichotomous scores of four or more items coded as 
1 characterize cases of signifi cant fatigue [40]. The fatigue scale is commonly used 
in community-based studies of fatigue, chronic fatigue, and CFS [44,45]. Jason et 
al. [46] used a receiver operating characteristic curve analysis to differentiate 
people with CFS from healthy controls, although those with SLE were most similar 
to those with CFS. Factor analysis has uncovered two dimensions, physical and 
mental fatigue, although one study has questioned the stability of this factor struc-
ture [47]. One limitation of this scale is its inability to distinguish between CFS 
and primary depression patients.

The Energy/Fatigue Scale. Ware and Sherbourne [48] developed the energy/fatigue 
scale, which is another verbal rating scale of fatigue intensity. This scale consists 
of fi ve questions with a fi ve-choice response format. This scale uses adjectives that 
describe both fatigue (worn out, tired) and energy (pep, energy). This scale was 
derived from the Rand vitality index, and it has shown good internal consistency 
[48]. However, the brevity of the energy/fatigue scale may result in scores that do 
not fully refl ect the severity of severely disabling fatigue illnesses [36].
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Fatigue Severity Scale. The Krupp fatigue severity scale is an example of a fatigue/
function measure, which attempts to capture the relationship between the symptoms 
of fatigue and the function level. It includes 9 items rated on 7-point scales and is 
sensitive to different aspects and gradations of fatigue severity. Most items in the 
Krupp scale are related to the behavioral consequences of fatigue. This scale has 
the advantages of being both brief and easy to use, although a ceiling effect may 
limit its ability to assess severe fatigue-related disability. Previous fi ndings have 
demonstrated the utility of the fatigue severity scale [49] to discriminate between 
individuals with CFS, MS, and primary depression [50]. In addition, the fatigue 
severity scale [49] was normed on a sample of individuals with MS or SLE, and 
healthy controls. A study by Taylor et al. [51] compared the fatigue scale [40] with 
the fatigue severity scale [49] on a sample of healthy controls and a CFS-like group. 
Within the CFS-like group, the fatigue severity scale [49] was most closely associ-
ated with severity ratings for the eight CFS symptoms [25], as well as with func-
tional outcomes related to fatigue.

Checklist of Individual Strength. The checklist of individual strength (CIS) is a 
20-item inventory with four subscales: fatigue severity, reduction in concentration, 
motivation, and physical activity [52,53]. A score above 36 represents severe 
fatigue. The CIS asks respondents about the preceding 2 weeks, and interviewees 
use a 7-point Likert scale ranging from 1 = “Yes, that is true” to 7 = “No, that is 
not true.” A considerable amount of normative data has been collected with refer-
ence to both CFS and postcancer patients. This scale has high internal consistency, 
and can discriminate between healthy individuals, patients with CFS, and patients 
with multiple sclerosis [52]. While the CIS has shown sensitivity to treatment 
intervention in patients with CFS [54], it is still unclear whether it can differentiate 
between CFS and depression.

Somatic and Psychological Health Report. The somatic and psychological health 
report (SPHERE) is a 36-item instrument that identifi es severe and disabling fatigue, 
and measures accompanying symptoms and somatic distress. The SPHERE allows 
for concurrent measurements of depression, anxiety, and fatigue as independent 
constructs, and hence it is useful as a screening instrument [55]. It has been used 
extensively in studies of primary care patients [56] and patients with postinfective 
and postcancer fatigue [57]. However, it does not address fatigue in the same detail 
as other scales mentioned above, and screens only for depression and anxiety 
[58].

Measures of Physical Activity

At present, levels of physical activity are typically assessed in three ways: by 
getting individuals to recall and report their physical activity, by asking individuals 
to maintain activity diaries or records, or by getting individuals to wear a mechani-
cal or electrical monitoring device [59]. Current measures of physical activity can 
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therefore be classifi ed as either direct or indirect measures. Direct measures of 
physical activity include questionnaire assessment, activity diaries, and mechanical 
or electrical monitoring devices. Indirect measures of physical activity include 
dietary assessment, body composition measurement, assessment of physiological 
fi tness, and occupational classifi cation. Although all the assessment methods listed 
above are useful, questionnaires have become the preferred instrument in surveys 
assessing physical activity [60].

Activity Logs. A practical alternative, or perhaps supplement, to the questionnaire 
format is the use of activity logs and records. The NIH (National Institute of Health) 
activity record, the ACTRE, is an example of a daily self-administered log of physi-
cal activity. The ACTRE provides a functional assessment of physical activity 
through the use of a daily log format that measures the quantity and intensity 
(e.g., sedentary, active, etc.) of an individual’s physical activity [61]. The ACTRE 
also assesses the more subjective features of each physical activity, such as whether 
it was associated with pain or fatigue, or perceived as being enjoyable, meaningful, 
or diffi cult to perform [61]. A profi le of function can then be obtained by establish-
ing a sequence of activity that is quantifi ed in terms of the amount and quality of 
time spent [61]. In a validation study of the ACTRE, Gerber and Furst [61] found 
that it provides a valid measure of physical activity by capturing the sequence of 
activities across a day in an individual’s life. Furthermore, data collected on the 
ACTRE can be totaled, and specifi c abilities can be rated in terms of associated 
symptoms. In effect, clinicians are able to obtain a composite picture that represents 
a comprehensive profi le of functioning as well as of areas of dysfunction [61]. For 
example, using this instrument, King [62] found that, compared with people with 
major depression or controls, people with CFS spent signifi cantly more time resting, 
spent signifi cantly more time in low-intensity activities (e.g., activities performed 
lying down), and reported signifi cantly more time in activities that produced 
fatigue.

Actigraphy. An actigraph is a small, light-weight, cost-effi cient activity monitor 
that can be worn on the waist, has a long battery life, and can collect data continu-
ously every minute of the day and night for 22 days before the memory is com-
pletely full [63]. One important use of the actigraph is to verify self-reported 
improvements in physical function. Unlike most activity monitoring devices, the 
actigraph is capable of recording movement intensity [64]. Tryon and Williams 
[63] demonstrated both within and between device reliability and validity of the 
actigraph as a monitoring instrument. Data collected by the actigraph can be down-
loaded to a computer for the purpose of analysis. The CSA (Computer Science and 
Applications) actigraph transduces activity using an accelerometer. An 8-bit analog-
to-digital converter quantifi es these measurements into 128 levels of positive accel-
eration and 128 levels of negative acceleration, called activity units, 10 times each 
second. The 600 measurements made each minute are averaged and stored in the 
memory. Averaging over time integrates the acceleration units over time, resulting 
in average velocity units measured in meters per minute. As an example of the 
types of fi nding that emerge when employing this assessment device, Tryon et al. 
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[65] found that patients with CFS had a blunted circadian rhythm. Continuous 
actigraphy, augmented with a daily activity diary, could be incorporated into fatigue 
assessment and treatment in order to collect the necessary data to evaluate circadian 
rhythm and to follow its changes throughout treatment. Ohashi et al. [66] found 
that patients with CFS had more abrupt interruptions during voluntary physical 
activity than healthy controls.

Conclusions and Recommendations

In response to the complex nature of fatigue, most measures of fatigue have moved 
away from single questions (e.g., “Do you feel tired?”) and now employ a multi-
dimensional approach toward fatigue [2]. These measures assess the effects of 
fatigue on daily activities, mental and physical fatigue, and other fatigue charac-
teristics and related symptoms [40,67,68]. Fatigue has also been described in terms 
of the level of severity, the level of impairment that it causes, physiological and 
psychological fatigue (i.e., physical vs. mental), and duration [67,68]. Unfortu-
nately, as indicated in Dittner et al.’s comprehensive review of fatigue scales [37], 
basic data on the reliability of such scales are rarely available, few provide informa-
tion on the cutoff scores for identifying clinical cases, and there have been few 
direct comparisons of different scales.

Recently, several authors have made recommendations about the use of scales 
to measure fatigue. For example, Friedberg and Jason [36] suggested that the 
fatigue scales used in CFS studies should employ those that have been diagnosti-
cally validated in CFS and depression samples, and which also assess several 
factorally distinct dimensions of fatigue. They concluded that the Krupp fatigue 
severity scale would be the easiest to use and score, because it also provides a 
rapid assessment of fatigue-related impairments. Reeves et al. [58] also reviewed 
fatigue scales that have been used in studies of CFS, and they recommended that 
in future such studies should consider using the more extensive checklist of 
individual strength, but that shorter instruments such as the Chalder and Krupp 
scales were also appropriate. They also recommended that investigators should 
use the somatic and psychological health report as a screening instrument for 
potential study participants. As Stouten [69] correctly notes, some fatigue scales 
(e.g., Krupp, CIS, Chalder) do not accurately represent the severe fatigue that is 
characteristics of CFS (with the exception of the profi le of fatigue-related symp-
toms [70]).

While some researchers have proposed a categorical classifi cation of fatigue 
(i.e., the absence or presence of fatigue), several other studies have suggested that 
fatigue is best conceptualized on a continuum [44,45,71], with the variability of 
fatigue refl ecting the difference in degree of severity [44]. Despite these more 
recent attempts to understand the phenomenon of fatigue, the major problem with 
such self-reporting measures is that they remain largely subjective. In research 
investigations, it would be prudent to use at least two fatigue instruments, which 
would provide a more thorough description of the fatigue experience and the 
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opportunity for concurrent validation of each scale, as well as convergent validation 
with other measures [36].
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Fatigue: Epidemiology and 
Social/Industrial Aspects

Birgitta Evengård

Summary

There is no doubt that the symptoms of fatigue are costly for both society and for 
the individual. Fatigue is found in a spectrum of diseases and illnesses caused by 
pathology in biological systems, but also by environmental factors which directly 
or indirectly infl uence biological systems in the human body. Although it has been 
known for a long time that more women than men suffer from this group of ill-
nesses, little research has focused on the infl uence of gender, e.g., the circumstances 
which women and men live under, on the outcome of fatigue-related health prob-
lems. The complex interaction between different regulatory systems connecting 
body, soul, and mind is clearer today as molecular techniques are being developed. 
Data on a genetic linkage to chronic fatigue have also been established.

The evaluation of huge data sets evolving from molecular epidemiological 
studies and successfully integrating sets of data from other studies covering many 
dimensions of human life has the potential to improve the general health of the 
community and promote the prevention of illness.

The need to include social dimensions such as gender, e.g., the social constructs 
of the roles and behavior of women and men, girls and boys, and also other groups 
with less infl uence in a particular society, e.g., immigrants, refugees, the handi-
capped, and other groups characterized by some sort of stigma, when working 
toward improved health is widely understood today and possible in practise. The 
main issue remains whether or not the politics of the day will let it happen, whether 
appropriate policy documents will be published, and above all whether money for 
research and development will be distributed.

Chronic illnesses are a major part of the burden of ill health in modern society. To 
be able to prevent, bring relief to, and to cure these conditions would be a major 
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achievement with impacts on the level of individual health and economy, as well 
as at the societal level. A study from the Centre for Disease Control (CDC), Atlanta, 
USA, has estimated the national costs for chronic fatigue syndrome (CFS) alone 
to represent an annual productivity loss of US $9.1 billion [1]. In Sweden, since 
the end of the 1990s, there have been many people on sick leave or taking early 
retirement. Many of the causes for this have fatigue as a dominant symptom. The 
cost for sick leave and early retirement in Sweden alone is more than US $17 billion 
annually.

First, one needs to agree what fatigue is, as it is not defi ned by a numeric value 
[2,3]. One defi nition accepted by an international network of researchers [4] in the 
fi eld is as follows:

“.  .  .  fatigue is a lack of energy that affects mental and physical activity, which differs from 
sleepiness and lack of motivation, and which may be aggravated by, but is not primarily 
attributable to, minor exercise or diagnosable diseases.”

There is no doubt that it is not a symptom that is considered to have much value 
in medical education, and thus by the medical profession. However, among patients, 
it is a symptom of primary concern.

To date, there are have been few publications on the epidemiology of the various 
forms of chronic fatigue throughout the world [5,6,7,8,9]. It is important to differ-
entiate studies performed within clinical samples (primary care, tertiary reference 
centres) from those performed at the population level, which present little selection 
bias.

Within our research group in Sweden, ongoing work is focusing on describing 
the epidemiological patterns and the role of genes and the environment in the most 
severe phenotype of fatigue illnesses, chronic fatigue syndrome (CFS), in a repre-
sentative sample of the Swedish population, the Swedish Twin Registry [9]. In this 
project, the collection of epidemiological data, clinical and biological data, and 
psychological and sociodemographic data are included, and most are evaluated 
from a gender perspective. Although most studies report that a majority of patients 
are women, to date there are few if any studies presenting data with a gender per-
spective. We think this is an important aspect of research design for a condition of 
unknown origin, which entails high costs both for the individual and for society. 
We also believe that an integrated approach is the solution, and may be the only 
one to approach the true cause of this illness.

We describe the prevalence of conditions characterized by chronic fatigue and 
their risk factors in patients and affected twins, and in particular in an affected twin 
in comparison to their healthy co-twin [10]. This population-based design gives us 
the possibility of evaluating the validity of the CFS defi nition and later, through 
molecular epidemiology, identifying biological determinants which may be of 
potential value for diagnosis [11,12]. These data were also analyzed from a gender 
perspective. Through the collection of different kinds of environmental data, social 
and psychological infl uences can also be described [13]. This opens up discussion 
into future avenues of investigation on the best treatment schemes. In this chapter, 
some of our fi ndings will be presented and discussed, together with a review of 
other reports.
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Background to CFS

The signs and symptoms which provide the basis for any defi nition of a chronic 
fatigue state have been described in the literature since the end of the 19th century. 
At that time the condition was labeled neurasthenia, but during the last three 
decades, several alternative terms have been introduced, such as postviral fatigue 
syndrome, myalgic encephalomyelitis, and Iceland disease [14,15]. Since 1994, 
there has been an agreement to use the term chronic fatigue syndrome in the clinical 
setting, and the diagnostic criteria published by the CDC are to be applied for research 
purposes [16]. Nowadays, CFS can be summarized as a severe fatigue experience 
with a minimal duration of 6 months, involving physical, emotional, and cognitive 
impairment in daily life activities, and showing at least four of the eight ancillary 
symptoms defi ned (presence of sore throat, tender lymph nodes, muscle pain, multi-
joint pain, headache with new onset, unrefreshing sleep, postexertional malaise, and 
impaired memory and/or concentration). However, this defi nition has been chal-
lenged by some researchers and the ambiguities which arise can only be resolved in 
an international study, since different infl uences (biological, social, cultural, environ-
mental) will infl uence the subjective criteria included [17].

Etiological Debate

There is no predominant explanatory model for the origin and development of CFS 
[18,19,20]. An array of biological hypotheses regarding the causative mechanisms 
has been promulgated, including immune dysfunction, body dysfunction following 
infection, neuroendocrine dysfunction, and cardiorespiratory and sleep abnormali-
ties [21,22,23,24,25a,25b,26]. In parallel, psychological and psychosocial factors 
have also been considered, either for their direct involvement or in conjunction 
with biological factors [27a,27b,28,29,30]. Extensive discussions have considered 
the possible role of psychiatric conditions, such as depression and anxiety disorders, 
in the differential diagnosis or as co-morbid conditions [11,31,32,33]. Adding to 
this is a growing bulk of work on the possible genetic background of CFS. CFS is 
a complex illness, where genetic and environmental factors may possibly interact 
in the susceptible individual [34].

We designed a study using the Swedish Twin Registry (STR), which to date is 
the largest in the world to perform a population-based study [9]. This was also a 
nation-wide study, because we know that the geographical spread of twins repre-
sents the Swedish population as seen in other contexts. In short we screened 31 
405 individuals (aged 42–65 years) for symptoms of fatiguing illness via a tele-
phone questionnaire. We refi ned these self-reported symptoms via data from several 
national registries (registries for death, Swedish national cancer register, and in-
patient hospitalization), and from a physicians’ review of all available medical 
records (n = 2489) in order to reach a close approximation to the dominant case 
defi nition of CFS.
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This study revealed four striking fi ndings:

1. the high prevalence of CFS-like illness;
2. the arbitrariness of the cut-off point chosen for the number of symptoms in the 

current CFS defi nition;
3. the infl uence of gender;
4. the lack of a predictive effect of education or occupation.

The prevalence of CFS is described in Fig. 1, together with results from other 
population-based studies shown as sex-disaggregated data. We started by asking 
about fatigue during the last 6 months, and then asked the twins many more strin-
gent questions. From Fig. 1, it is clear that the prevalence and gender composition 

Individual twins eligible for CFS 
screening interview (N=41,499)

Participants, fatigue evaluated  
by interview (N=31,406, 75.68%)

Nonresponders (N=10,093, 24.32%) 

Predictors of participation:
- Monozygous twin (OR=1.68, p<.0001) 
- Eligible co-twin (OR=1.44, p<.0001)  
- Female gender (OR=1.39, p<.0001) 
- Fewer hospitalizations (OR=1.18, p<.0001) 
- Age (OR=1.007, p=0.0001, but R2=0.0002)  
- In cancer registry (OR=1.01, NS)

Denied stem question (N=24,467, 77.91%) 
Missing data (N=368, 1.17%)

Fatigue
(N=6,571, 20.92%)

Prolonged fatigue 

(N=3,826, 12.33%)

CF-A (add ¡Ã6 months) 
(N=2,564, 8.26%)
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(N=1,823, 5.87%)

CF-C (add ≥4 symptoms)  
(N=732, 2.36%)
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Fig. 1. Flowchart depicting the defi nitions of fatigue-related variables. As data were available 
on all twins regardless of participation, we could evaluate the predictors of participation. The 
small pie charts in each box show the proportions of males (light grey) and females (dark grey). 
Details regarding reliability, a symptom histogram, and the numbers of exclusionary conditions 
are also shown. CFS, chronic fatigue syndrome. From Evengard et al 2005 with permission
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change as the defi nition becomes more stringent. CF-A means fatigue with a dura-
tion of more than 6 months, CF-B is the same as CF-A plus impairment, and CF-C 
also adds the presence of more than four of the eight symptoms in the current 
defi nition.

Over one-fi fth of the sample (21%) declared that they had suffered fatigue during 
the last 6 months. When we removed the data on twins who had plausible explana-
tions for their fatigue (which we found by comparisons with registries and with 
medical records), the prevalence was 18%. When we asked about fatigue lasting 
more than 1 month the prevalence sank to 12%, and with the inclusion of a CFS-
like illness (CF-C) the prevalence was 2.4%. This estimate is considerably higher 
than that found in the population interview studies of CFS-like illness in the United 
States (0.007% and 0.23%), but is comparable to population questionnaire surveys 
in the USA and Iceland [7,8] (Table 1).

The prevalence of CFS could not be estimated as no clinical evaluation was 
performed. The two population studies that estimated the prevalence of CFS 
(0.42% and 0.24%) had low participation rates in the clinical examination phase 
(41% and 54%) and could have underestimated the prevalence of CFS. Thus, 
the results of our study suggest that the prevalence of current CFS might be 
considerably higher than has previously been recognized.

Current Defi nition of CFS

In the current internationally accepted defi nition of CFS there are eight symptoms. 
This defi nition implies the presence of a qualitative difference between individuals 
with 0–3 symptoms and those with 4–8 symptoms. However, the lack of disconti-
nuity between three and four symptoms in either men or women, as seen in Fig. 1, 
suggests the arbitrariness of the cut-off point. The ambiguities with this defi nition 
can be resolved by using a different type of study design, i.e., population-based, 
including latent class analysis and cluster analysis of symptoms. The great expense 
and labour involved stress the need for a study with global involvement.

Table 1. Epidemiology of chronic fatigue (CFS-like illness) and chronic fatigue syndrome (CFS) 
studied in population-based samples, showing gender distribution

Year of study Study site

Point 
prevalence 
of CFS-like 
illness

Ratio 
�/�

Point 
prevalence 
of true 
CFS Reference

1995–1997 Chicago, Illinois 1.42% ND 0.42% Jason et al. 1999
1997 Wichita, Kansas 0.98% 2  :  6 0.23% Reyes et al. 2003
1998 Iceland 1.4% 3  :  5 ND Lindal et al. 2002
1998–2002 Sweden 2.36% 4  :  2 ND Evengard et al. 2005
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Demographic Data

Demographic data from our study are presented in Table 2.

Gender. As shown in Table 2, the preponderance of females increased (to nearly 
four times more than males) and the total prevalence decreased with increasingly 
restrictive defi nitions of the illness. The nature and source of the profound impact 
of gender on the risk of fatigue is unknown, but it is likely to be highly complex 
as it could be the result of factors that operate from the genetic to the sociological 
level. Future studies should benefi t from the inclusion of this perspective in an all-
time integrated manner [35].

Education. Sweden is a country with equal access to medical care and basic educa-
tion for both sexes. Thus, it is not surprising that there were no differences in edu-
cational attainment between fatigued and nonfatigued subjects. Two community-based 
studies and one nation-wide study from the USA all demonstrated that CFS patients 
had lower educational levels than nonfatigued individuals. Our study, which also 
represents full coverage of an entire country, demonstrates no such differences in 
risk, despite known inequalities in health status as a function of socioeconomic 
status. Therefore, there is little evidence to support the supposition that fatigue is 
a malady of the educated as previously thought.

Occupation. Much of the attention to societal costs related to sick leave involving 
fatigue and CFS has focused on the infl uence of the working environment. Poorly 
structured working environments, unemployment, and insecure jobs have been put 
forward as an explanation for the large-scale deterioration of psychological well-
being in the population in Sweden. In our data, there was a strong relationship 
between occupation and CFS-like illness (when the analysis was not substantially 
confounded by the infl uence of gender). Our fi ndings underscore the need to evalu-
ate risk factors separately by gender. Despite the fact that 79% of Swedish women 
and 84% of Swedish men are in the work force, 44% of women work in areas 
which are dominated (>60%) by women, such as service-related professions. The 
clear female preponderance with increasingly restrictive criteria for CFS-like illness 
could well refl ect specifi c working-life inequalities, but not occupational categories 
per se. In Sweden, parts of the work force dominated by women (with the public 
as the employer) were the target for thorough structural changes and cut-downs 
before the onset of the ongoing epidemic of high rates of sick leave. It is plausible 
that this has had an impact of the poorer level of health in the country. Thus, despite 
the uneven distribution of occupation by gender, fatigue is not predicted by occupa-
tion. Other environmental factors, and the biological consequences of the female 
gender in this context, should be further explored.

Health Status. As expected, in this study fatiguing illness was strongly associated 
with a greater likelihood of poorer health status and greater health-related impair-
ment (Table 2). The debilitating effects of CFS-like illness are notable, as refl ected 
by clear increases in reports of poorer health, and increasing number of days of 



Fatigue: Epidemiology and Social/Industrial Aspects 23

T
ab

le
 2

. 
T

he
 r

el
at

io
ns

hi
ps

 b
et

w
ee

n 
in

cr
ea

si
ng

ly
 s

tr
in

ge
nt

 d
efi

 n
iti

on
s 

of
 f

at
ig

ui
ng

 i
lln

es
s,

 a
nd

 d
em

og
ra

ph
y 

an
d 

he
al

th
 s

ta
tu

sa

V
ar

ia
bl

e
E

nt
ir

e 
sa

m
pl

e 
(N

 =
 3

1 
40

6)
C

F-
A

 
(N

 =
 2

56
4)

C
F-

B
 

(N
 =

 1
82

3)
C

F-
C

 
(N

 =
 7

32
)

C
F-

A
St

at
is

tic
al

 
co

m
pa

ri
so

ns
 C

F-
B

C
F-

C

Fe
m

al
es

47
.5

1%
66

.8
9%

71
.9

7%
80

.8
7%

1.
92

 (
1.

76
–2

.0
9)

2.
43

 (
2.

19
–2

.7
0)

*
3.

92
 (

3.
24

–4
.7

2)
*

A
ge

 a
t 

in
te

rv
ie

w
 (

ye
ar

s,
 m

ea
n 

(S
D

))
53

.7
 (

5.
8)

53
.2

 (
5.

5)
53

.0
 (

5.
5)

52
.7

 (
5.

3)
0.

99
 (

0.
98

–0
.9

9)
0.

99
 (

0.
98

–0
.9

9)
*

0.
99

 (
0.

99
–1

.0
0)

*

Y
ea

rs
 o

f 
ed

uc
at

io
n 

(m
ea

n 
(S

D
))

11
.1

 (
3.

1)
11

.1
 (

3.
0)

11
.3

 (
3.

0)
11

.1
 (

2.
9)

1.
00

 (
1.

00
–1

.0
0)

, 
N

S
1.

00
 (

1.
00

–1
.0

0)
, 

N
S

1.
00

 (
1.

00
–1

.0
0)

, 
N

S
O

cc
up

at
io

n 
(%

)
L

eg
is

la
to

rs
, s

en
io

r 
of

fi c
ia

ls
, 

m
an

ag
er

s
Pr

of
es

si
on

al
s

T
ec

hn
ic

ia
ns

, a
ss

oc
ia

te
d 

pr
of

es
si

on
al

s
C

le
rk

s
Se

rv
ic

e 
w

or
ke

rs
, s

ho
p 

sa
le

s 
w

or
ke

rs
Sk

ill
ed

 a
gr

ic
ul

tu
ra

l 
or

 fi
 s

he
ry

 
w

or
ke

rs
C

ra
ft

, r
el

at
ed

 t
ra

de
 w

or
ke

rs
M

ac
hi

ne
 o

pe
ra

to
rs

, a
ss

em
bl

er
s

E
le

m
en

ta
ry

 o
cc

up
at

io
ns

 

7.
00

15
.7

2
18

.4
1

10
.9

7
18

.6
6

2.
98

11
.3

3
10

.1
6

4.
76

4.
96

14
.6

3
18

.8
7

11
.8

6
23

.3
5

2.
54

9.
32

8.
88

5.
59

4.
52

15
.9

7
19

.9
3

12
.3

4
24

.2
3

2.
01

7.
93

7.
59

5.
47

4.
34

12
.7

5
17

.0
9

12
.6

1
29

.6
9

1.
82

7.
00

8.
40

6.
30

T
ot

al
, χ

2  =
 7

3.
0*

M
al

e,
 χ

2  =
 1

5.
2,

 
N

S
Fe

m
al

e,
 χ

2  =
 1

1.
2,

 
N

S

T
ot

al
, χ

2  =
 9

3.
0*

M
al

e,
 χ

2  =
 1

3.
2,

 
N

S
Fe

m
al

e,
 χ

2  =
 1

3.
9,

 
N

S

T
ot

al
, χ

2  =
 3

3.
0*

M
al

e,
 χ

2  =
 1

6.
3,

 
0.

03
Fe

m
al

e,
 χ

2  =
 

10
.1

, N
S

H
ea

lth
 s

ta
tu

s 
(%

)
G

en
er

al
 h

ea
lth

 e
xc

el
le

nt
/g

oo
d

B
et

te
r/

sa
m

e 
he

al
th

 a
s 

5 
ye

ar
s 

ea
rl

ie
r

H
ea

lth
 d

oe
s 

no
t 

lim
it 

ac
tiv

iti
es

D
ay

s 
w

he
n 

he
al

th
 l

im
ite

d 
ac

tiv
iti

es
 (

0–
7)

53
.9

8
76

.6
8

73
.3

1
87

.8
1

57
.6

6
47

.4
5

40
.7

0
69

.1
1

52
.3

1
41

.7
1

30
.8

2
61

.8
8

45
.2

1
35

.7
6

17
.8

1
53

.6
9

1.
17

 (
1.

08
–1

.2
7)

*
0.

24
 (

0.
22

–0
.2

6)
*

0.
22

 (
0.

20
–0

.2
4)

*
0.

27
 (

0.
24

–0
.2

9)
*

0.
92

 (
0.

84
–1

.0
1)

, 
N

S
0.

19
 (

0.
18

–0
.2

1)
*

0.
14

 (
0.

13
–0

.1
6)

*
0.

20
 (

0.
18

–0
.2

2)
*

0.
69

 (
0.

60
–0

.8
0)

*
0.

16
 (

0.
14

–0
.1

9)
*

0.
08

 (
0.

06
–0

.0
9)

*
0.

15
 (

0.
13

–0
.1

8)
*

a   S
ee

 t
ex

t 
fo

r 
de

fi n
iti

on
s 

of
 C

F-
A

, C
F-

B
, a

nd
 C

F-
C

. F
or

 a
ge

, t
he

 o
dd

s 
ra

tio
s 

ar
e 

pe
r 

de
ca

de
. F

or
 o

cc
up

at
io

n,
 t

he
 χ

2  s
ta

tis
tic

s 
ha

ve
 8

  d
f.

 T
he

 s
ta

tis
tic

al
 c

om
-

pa
ri

so
ns

 f
or

 th
e 

fo
ur

 h
ea

lth
 s

ta
tu

s 
va

ri
ab

le
s 

sh
ow

 th
e 

od
ds

 r
at

io
s 

an
d 

95
%

 c
on

fi d
en

ce
 in

te
rv

al
s 

(v
ia

 g
en

er
al

iz
ed

 e
st

im
at

in
g 

eq
ua

tio
ns

) 
fo

r 
he

al
th

 s
ta

tu
s 

as
 th

e 
de

pe
nd

en
t 

va
ri

ab
le

 a
nd

 f
at

ig
ue

 a
s 

th
e 

in
de

pe
nd

en
t 

va
ri

ab
le

. (
Fr

om
 E

ve
ng

ar
d 

et
 a

l 
20

05
 w

ith
 p

er
m

is
si

on
)

* 
 P

 <
 0

.0
00

1



24 B. Evengård

health-related impairment in normal activities. As shown in Table 2, the most 
severely fatigued subjects (CF-C) report signifi cant impairment in perceived health 
status. Moreover, these effects are generally evident for less severe defi nitions of 
fatiguing illness (CF-A and CF-B). The impact of the symptom of chronic fatigue 
from the subject’s perspective is of great signifi cance. In contrast, the medical 
records rarely mentioned fatigue (data not shown). Thus, there is a discrepancy 
between the subject’s experience of the impact of chronic fatigue and its salience 
in the medical sphere. Medical education in the Western world does not include 
these aspects, and thus the medical profession is, in general, not attentive to the 
symptom of fatigue.

Heterogeneity of Patients According to the Current Defi nition

During the last decade, all research has been based on the criteria set up by the 
international consensus meeting in 1994 [16]; the symptoms included represent a 
consensus derived from several older criteria. This historical fact illustrates the 
heterogeneity of the clinical cases of CFS, ranging from obviously more postinfec-
tious, acute cases, to prolonged suffering with psychosocial hallmarks. In order to 
address this debate, we have performed a latent class analysis of all symptoms 
reported by Swedish twins recognizing prolonged fatigue [36]. The results are 
summarized in Table 3. The fi ve distinguishable subtypes obtained show that the 
distribution of symptoms between groups is skewed, as well as the impact on 
gender proportion. It is very interesting that 14% of this population has been clas-
sifi ed in this context to be “CFS-like.” This class most probably includes patients 
with ME = myalgic encephalopothy; a diagnosis put forward by patients organisa-
tions. Experienced clinicians know that there are patients who fi t no other classifi ca-
tion. However, the use of the current defi nition, which results from studies focusing 
on causalities, will be blurred by the heterogeneity of the subjects studied. The 
other classes were dominated by men (residual) or by women (rheumatic, depres-
sive, and acute physical syndrome). Of course the criteria in the defi nition have 
importance both from a clinical point of view and for research and development of 
treatment schemes. The need for a defi nition based on results from designed studies 
is illustrated by articles highlighting ambiguities in the current defi nition and stress-
ing the need for subtypes [37].

Genetics in Twins

When symptoms were compared between female and male monozygotic and 
dizygotic twins, no trait of heritability could be found [38]. When using twin sta-
tistics, and looking into additive genetic effects, shared environmental effects, and 
individual-specifi c environmental effects, no difference was found between women 
and men.
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We found that despite substantial differences in prevalence, the relative impor-
tance of genes and environment was similar in both genders. However, there are 
modest genetic effects for most defi nitions of fatigue in females and for the fi rst 
three in males. Otherwise individual-specifi c effects were the predominant source 
of variation. In addition, a small but conceptually important contribution of shared 
environmental effects was found. In theory, genetic variation can also be a host 
factor of importance in the causality behind CFS. The results indicate that it should 
be relevant to search for genes that confer vulnerability to CFS-like illness. Interest-
ingly, the results from a population-based study in the USA designed by the Center 
for Disease Control (CDC) included the fi nding that the patterns of expression of 
about two dozen genes are different in CFS patients [39]. These results are dis-
cussed in more detail below.

Stress and Personality

In a case-controlled study assessing the prospective association of premorbid self-
reported stress and personality using the data from the investigation of twins, and 
comparing these with data collected 25 years earlier, it was found that elevated 
premorbid stress is a signifi cant risk factor for CFS-like illness, the effect of which 
may be buffered by genetic infl uences [40].

Emotional instability assessed 25 years earlier is associated with chronic fatigue 
through genetic mechanisms, which contribute to both personality style and expres-
sion of the disorder. These are plausible mechanisms for chronic fatiguing illness. 
To date, these data have not been analyzed in a sex-disaggregated manner.

Other gender differences have been found, not in the twin population but in a 
cohort of CFS patients at a tertiary clinic. Comparisons were made with healthy 
controls and patients with diabetes mellitus (unpublished data). Patients with CFS 
reported more negative life events than healthy controls, and women with CFS 
reported more negative life events than men. Women with CFS differed from 
healthy women in that they had experienced signifi cantly more negative life events 
(in clusters of loss, work, and bullying). When a symptom check list refl ecting the 
psychopathology (the internationally validated SCL-90) was used, it was found that 
both females and males with CFS had signifi cantly more symptoms of somatiza-
tion, obsessive–compulsive disorder, depression, and anxiety than the healthy 
women and men. There was also a strong correlation between negative life events 
and symptoms in the SCL-90 for both sexes when patients with CFS were compared 
with healthy controls.

Clearly it is unlikely that analyzing one or just a few variables will explain such 
a complex illness as CFS. To be able to analyze large amounts of data in an inte-
grative manner should be a way to move forward in this fi eld of science.

“High-throughput ‘omic’ technology is increasingly used in clinical and epide-
miological studies but our ability to analyze and interpret high-content and com-
plex databases has not kept pace. This is not because the mathematical and 
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computational means do not exist. Rather, it is because optimal understanding of 
complex diseases requires an integrated perspective of several disciplines.” This 
quote is from an article by Vernon & Reeves [39], and it really emphasizes that 
complex illnesses represent alterations in homeostatic systems arising from the 
combined action of several factors, such as genes, behavior and environment. Now 
we are starting to use molecular methods to analyze these factors, and considerable 
amounts of data are being generated [31,32]. However, we also need to develop 
the tools to analyze this data.

It really seems as if we are at a moment when huge transitions can take place 
in the realm of research. Today, biological and psychological data can be co-
analyzed with social data and environmental factors of potential infl uence for the 
pathology.

To talk about a shift of paradigm might be a little premature but a movement 
toward an integrative approach to research into the complex conditions of unhealthy 
people is certainly a change for many researchers educated in the old-fashioned 
academic way.

Recently, data on a genetic linkage to chronic fatigue have come from several 
research groups [31,34]. As mentioned above, at CDC, CFS has been linked to fi ve 
mutations in three genes that are related to the body’s ability to handle stress. Also, 
people with the syndrome have differences in genetic activity levels that affect the 
way they respond to stress accumulated over a lifetime. CDC Director Julie Ger-
berding said, this research “is really the fi rst credible evidence of the biological 
basis for chronic fatigue syndrome”.

These fi ndings arose from a longitudinal population-based study in Wichita, 
from 1997 to 2000. The data gathered from the 227 participants, at a cost of about 
US $2 million, included a full clinical evaluation, electrophysiological measure-
ments of sleep physiology, cognitive function, and autonomic nervous system 
function, and detailed blood work that included DNA and gene activity analysis. 
About 50 genes were targeted, as well as 500 polymorphisms in genes that are 
active in the hypothalamus–pituitary–adrenal (HPA) axis [39].

Of importance were fi ve single nucleotide polymorphisms (SNPs) in three genes: 
those coding for the glucocorticoid receptor, for serotonin, and for tryptophan 
hydroxylase. These are of importance in the function of the HPA, which is the 
body’s stress response system. The effect of the variations appears to be that people 
with these polymorphisms are less able to cope with stress.

In one of the many reports coming out of this study, three distinct fatigued 
groups were identifi ed: those with extreme fatigue, those with symptoms such as 
heart-rate variability and cortisol disturbances, and a group that was primarily 
menopausal women. Again, the importance of sex-disaggregated data is 
highlighted.

The growing body of evidence that patients with CFS have abnormalities in gene 
expression was reinforced by the fi ndings of Kerr et al [11]. Immune activation and 
mitochondrial dysfunction was confi rmed when more than 9000 genes were ana-
lyzed in 25 patients and 25 controls. In 16 genes, reproducible alterations in gene 
regulation were detected.
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Gräns et al. (2005) reported from the patient cohort in Stockholm that three 
genes (CD83, NRK1, BOLA1) were activated in women who had a noninfectious 
and slow onset of the illness [31]. Again, this points to the importance of the sub-
grouping of patients when analyzing data.

However, all of these fi ndings in small cohorts should be interpreted with care, 
and more studies including a higher number of patients need to be done before 
these fi ndings are established.

Estrogen and Estrogen Receptors—A Recent Field of Research

The sex difference observed for CFS indicates a role for estrogen and estrogen 
receptors (ERs) in disease development. Estrogen is a steroid hormone that plays 
important roles in various physiological processes, including sexual development 
and the reproductive cycle.

Furthermore, an immunomediated pathogenesis has been suggested for CFS 
which provides an additional connection to estrogen, a hormone which displays 
immunomodular functions. Several autoimmune diseases such as rheumatoid 
arthritis (RA) and multiple sclerosis (MS) affl ict more women than men. Also, MS 
and RA usually improve during pregnancy, suggesting that estrogen could play an 
immunosuppressive role in these contexts. Estrogen exerts its effects by binding to 
the estrogen receptors (ERs). Both CFS and estrogen have been linked to a Th2-
type response of the immune system. Frequency differences between patients and 
control groups in naturally occurring base-pair changes, referred to as single nucle-
otide polymorphisms (SNPs), indicate a linkage of the particular genomic region 
and the disease under study. An association of SNPs in ER-b with disease has been 
reported in, e.g., anorexic and bulimic patients. These diseases also occur predomi-
nantly in women.

We investigated a possible association of ER mRNAs and two ER-b single 
nucleotide polymorphisms (SNPs) with CFS [41]. Messenger RNA levels of ER-a, 
ER-bwt, and ER-bcx were investigated in peripheral blood mononuclear cells 
(PBMCs) from 30 CFS patients and 36 healthy controls by quantitative real-time 
polymerase chain reaction (PCR). Two ER-b SNPs were scored in the same 
material.

The CFS patient group showed signifi cantly lower mRNA expression levels of 
ER-bwt compared with the healthy control group. No differences were observed 
for ER-a or ER-bcx between patients and controls. There were no signifi cant 
differences in frequency of the ER-b SNPs investigated between patients and 
controls.

The reduced ER-bwt expression levels observed in this study are consistent with 
an immune-mediated pathogenesis of CFS. In addition, the observation that ER-bwt 
expression is decreased in CFS could provide an entry point for identifying interest-
ing and potentially disease-causing candidate molecules for further study. A pos-
sible connection between estrogen, ERs, and CFS should be further evaluated.
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Based on the unequal sex distribution for CFS and the reported improvement in 
health status after estrogen treatment, we hypothesized that differential expression 
of ERs could occur in CFS. In this study, we investigate this hypothesis by explor-
ing possible associations between ER mRNA expression levels and/or genetic 
variants and CFS.

Some studies have indicated an association of CFS with de-regulation of immune 
functions and hypothalamic–pituitary–adrenal (HPA) axis activity. In studies 
reported from CDC [42,43], the association of sequence variations in the glucocor-
ticoid receptor gene (NR3C1) with CFS was examined, since NR3C1 is a major 
effector of the HPA axis. There were 137 participants in the study. Nine single 
nucleotide polymorphisms (SNPs) in NR3C1 were tested for an association of 
polymorphisms and haplotypes with CFS. An association of multiple SNPs with 
chronic fatigue was observed compared with nonfatigued (NF) subjects (P < 0.05), 
and similar associations were found with quantitative assessments of functional 
impairment (by the SF-36), with fatigue (by the multidimensional fatigue inven-
tory), and with symptoms (assessed by the Center for Disease Control Symptom 
Inventory). Subjects homozygous for the major allele of all associated SNPs were 
at increased risk of CFS, with odds ratios ranging from 2.61 (Cl 1.05–6.45) to 3.00 
(Cl 1.12–8.05). These results demonstrate that NR3C1 is a potential mediator of 
chronic fatigue, and implicate variations in the 5′ region of NR3C1 as a possible 
mechanism through which the alterations in HPA axis regulation and the behavioral 
characteristics of CFS may be manifest. Existing treatment schemes [44,45] will 
possibly be modifi ed by, or exchanged for biological manipulations.

Obviously, with new techniques which are capable of detecting pathology in the 
genome in patients suffering from disease and complex illnesses, CFS science has 
moved forward toward an increased understanding of the mechanisms involved in 
the pathology. The evaluation of huge data sets evolving from molecular epidemio-
logical studies, which successfully integrate sets of data from other studies covering 
many dimensions of human life, has the potential to provide better health care and 
promote the prevention of illness.

The need to include social dimensions such as gender, e.g., the social constructs 
of the roles and behavior of women and men, girls and boys, and also other groups 
with less infl uence in a particular society, e.g., immigrants, refugees, the handi-
capped, and other groups characterized by some sort of stigma, when working 
towards improved health is today widely understood and possible in practise. The 
main issue remains whether or not the politics of the day will let it happen, whether 
appropriate policy documents will be published, and above all whether money for 
research and development will be distributed.
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Development of a Method of Evaluation of 
Fatigue and Its Economic Impacts

Osami Kajimoto

Summary

If a method for the qualitative and quantitative evaluation of fatigue can be devel-
oped, it will be useful not only as a means of self-monitoring by individuals and 
improving occupational health, but also for facilitating the development and com-
mercialization of antifatigue medications and food supplements. Although it is diffi -
cult to determine with precision the economic loss caused by fatigue, there is no 
question that the successful suppression of chronic fatigue (which is one factor 
responsible for the onset or exacerbation of lifestyle-related chronic diseases) will 
greatly contribute to decreasing medical expenditure. It is known that major signs of 
fatigue, which appear in the form of compromised physical and mental function, are 
closely related to the function of the frontal lobes (which may be the center for fatigue 
recognition) and of the autonomic nervous system. For this reason, the quantifi cation 
of fatigue requires the development of biomarkers capable of objectively and sensi-
tively evaluating changes in frontal lobe function (working memory, etc.) and auto-
nomic nervous system function (pulse waves, etc.). Qualitative and quantitative 
evaluations of fatigue will be possible by meta-analyses of changes in biochemical, 
immunological, and physiological markers in blood, saliva, and urine, as well as 
changes in brain function imaging in the presence of mental or physical stress.

Quantifi cation of Fatigue

Signifi cance of the Quantifi cation of Fatigue

According to the defi nition proposed by Kitani [1], fatigue is a state of compro-
mised physical and mental function, accompanied by unique pathological discom-
fort and the desire for rest, and arising from excessive physical and/or mental 
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activity. This defi nition suggests that the quantifi cation of fatigue will require the 
development of biomarkers capable of objectively assessing discomfort and the 
desire for rest, as well as the degree to which physical and mental functions are 
compromised.

As noted in the defi nition provided above, “discomfort and the desire for rest” 
occur in “fatigue.” During hard exercise, the muscles, bones, and tendons are used 
excessively, and the resultant fatigue is perceived by the brain. The perception of 
fatigue by the brain involves the transmission of fatigue-related information from 
peripheral tissue (muscle, etc.) to the brain, and the transduction of such informa-
tion within the brain by various substances and signals. These substances and 
signals can thus be expected to serve as biomarkers for the quantifi cation of 
fatigue.

The objective quantifi cation of the degree of fatigue using biomarkers is of great 
importance. It is known that an accumulation of fatigue or stress can increase 
adrenocortical hormone releasing factor (CRF) and reduce splenic NK cell activity 
(through the activation of noradrenaline), resulting in compromise of the immune 
function [2]. It is also known that fatigue increases the risk of lifestyle-related dis-
eases by reducing oxygen radical scavenging activity [3]. Therefore, if biomarkers 
of fatigue can be developed and a method of quantifi cation of fatigue established, 
they will facilitate the prevention of fatigue due to excessive training or work, and 
thus contribute to the preservation and promotion of health, and control of medical 
expenditure. They will also allow the development of effective antifatigue medica-
tions, foods, etc., and the means to verify their effi cacy, and will greatly contribute 
to improving the comfort of living environments (housing, etc.).

Quantifi cation of Fatigue and Frontal Lobe Function

Previous studies of patients with chronic fatigue syndrome (CFS) revealed that the 
sites of the brain perceiving fatigue are probably the prefrontal area (Brodmann 
9/46d) and the anterior cingulate gyrus, where reduced biosynthesis of glutamic 
acid (a neurotransmitter) has been noted in patients with CFS. In a study of healthy 
individuals exposed to mental stress, analyses of changes in brain activity using 
positron emission tomography (PET) following extended performance of the 
advanced trail-making test (ATMT) (described below) revealed the appearance of 
a signifi cant increase in signals in the orbitofrontal area (Brodmann 11), the medial 
prefrontal area (Brodmann 10), and the anterior cingulate cortex (Brodmann 24) 
[4]. In a study of rats with fatigue induced by rearing them for 5 days in a cage 
placed in water at a depth of 1.5  cm and a water temperature of 23°C, Mizokawa 
et al. [5] reported reduced uptake of [18F] FDG by the frontal lobe and anterior 
cingulate gyrus.

The prefrontal area (Brodmann 9/46d) has also been called the “superfunction-
ing area,” and serves as the “command center” controlling volition and behavioral 
planning by individuals. It can also be viewed as the “center of strategy” for 
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improving the effi ciency of information processing in the brain. The anterior cin-
gulate gyrus is known to be involved in the regulation of the sense of pain, con-
centration, and the autonomic nervous system. The compromised physical and 
mental function observed during fatigue is often identical to the symptoms observed 
during dysfunction of the prefrontal area or the anterior cingulate gyrus, suggesting 
that the prefrontal area and anterior cingulate gyrus play important roles in the 
mechanism of the expression of fatigue. A reduction in work effi ciency, a reduction 
in volitional activity, a disturbance of circadian rhythms, and slow adaptation to 
the environment are examples of this condition.

It has been reported that injury of the prefrontal area can lead to serious impair-
ment of the working memory, i.e., the short-term memory needed for effi cient 
behavior and judgment [6]. Studies using PET and fMRI demonstrated that imple-
menting tasks involving the working memory increased the activity in the prefrontal 
areas (area 46, among others). These fi ndings suggest that the degree of mental 
fatigue, in the form of reduced work effi ciency, can be quantifi ed using working 
memory, which refl ects prefrontal function.

Based on this hypothesis, we have developed the advanced trail-making test 
(ATMT), which is capable of objectively assessing changes in working memory 
function. The ATMT is a test to measure fatigue, and was jointly developed by 
Osaka University (Laboratory of Psychophysiology, Department of Psychiatrics, 
Osaka University School of Medicine) and Soiken. It features a visual task involv-
ing connecting the numbers 1 through 25, in order, as presented on a touch panel 
display. The task was developed by modifying the conventional trail-making test 
(which has been used in departments of neurology since the 1950s) to allow it to 
be used on personal computers. In the conventional trail-making test, the task is to 
connect the targets with a single stroke of a brush on an A4 size sheet of paper. 
With our modifi ed version of the test, this task is implemented on a computer 
display, allowing the time required for each reaction to be measured. With the 
ATMT, it is also possible to present new targets by erasing targets that have been 
touched, and also to randomly change the location of targets. In this fashion, the 
ATMT allows subjects to be exposed to continuous mental stress under identical 
conditions, and makes it possible to measure fatigue during the task. If the results 
are compared between tasks which involve a change in the target arrangement each 
time and those which keep the target arrangement constant, it is possible to assess 
the extent to which a subject utilizes their memory of the arrangement during the 
test and, based on the results of this assessment, to evaluate their working 
memory.

The ATMT is composed of two tasks (F and R) with different target arrangement 
patterns (Fig. 1). In task F, pushing the fi rst target (1) results in the disappearance 
of that target and the appearance of a new target (26), in a random location, without 
changing the arrangement of the other targets. In task R, pushing the fi rst target 
results in the disappearance of that target and the appearance of a new target (26), 
in a random location, accompanied by a change in the arrangement of the other 
targets (2–25). During task F, the subject can decrease their reaction time by memo-
rizing the arrangement of the other targets. During task R, on the other hand, the 
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subject cannot memorize the target arrangement. Thus, the functioning level of the 
working memory can be assessed by comparing the reaction time in task F (which 
allows effi cient information processing via the use of working memory) with that 
in task R (which does not permit the use of working memory).

Figure 2 shows the reaction time for each target in tasks F and R. During task 
F the target arrangement is fi xed, allowing the subject to memorize the target posi-
tions and to gradually decrease their reaction time. During task R the target arrange-
ment is changed each time a target is reached, requiring the subject to locate the 
next target from among a new arrangement of 25 numbers after each target number 
is reached. During this task, all targets (1–25) are of identical design, making it 

Target 1 
Random presentation of numbers 
(1) through (20) 

Task R 
Target 2

Number (1) disappears, and number (26) 
appears, with the arrangement of the 
other numbers randomized. 

Number (1) disappears, and number (26) 
appears, with the arrangement of the other 
numbers remaining unchanged. 

Task F 
Target 2

Fig. 1. Differences between tasks F and R in the advanced trail-making test (ATMT)
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impossible for the subject to utilize their working memory. Therefore, during task 
R, the reaction time from target to target will not decrease, and instead tends 
to become longer during the latter half of the test. A comparison of reaction 
times between these two tasks allows an evaluation of the level of functioning of 
the subject’s prefrontal area on the basis of the extent of the use of working 
memory.

Unlike the difference in reaction time between task F and task R, the prolonga-
tion of reaction time during the latter half of task R seems to refl ect a narrowing 
of the fi eld of fi xation due to fatigue. This is because the amount of information 
processed by the visual system is quite large in humans, and considerable degrees 
of attention and neural resources are required for processing visual information. 
Once fatigue has developed, the fi eld of fi xation will probably be narrowed protec-
tively and unintentionally in order to reduce the amount of visual information sup-
plied, causing delays in reaction during task R. The prolongation of the reaction 
time during task R can thus serve as a physiological marker of fatigue.

At present, the ATMT is being used in clinical studies of fatigue at several 
medical facilities such as the Outpatient Fatigue Clinic of Osaka City University 
Hospital. Because the ATMT does not involve an assessment of knowledge, its 
results are not related to the level of education of the subject. Very little learning 
takes place with respect to the outcome of this test, making it possible to repeat it 
many times. Therefore the ATMT has been applied to the self-monitoring of 
fatigue, and the evaluation of the effi cacy of antifatigue medications and food 
supplements.
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Fig. 2. Patterns of reaction times in the ATMT for healthy individuals
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Quantifi cation of Fatigue and Autonomic Nervous 
System Function

A number of experiments have been reported concerning the effects of mental 
fatigue (including emotional stress), physical fatigue, and compound fatigue (e.g., 
driving automobiles) on the function of the autonomic nervous system of healthy 
individuals. Previous studies of chronic fatigue syndrome demonstrated distur-
bances of functions associated with the autonomic nervous system, such as heart 
rate, pulse waves, blood pressure, autonomic refl exes, homeostasis, immune func-
tion, and hormone regulation [7,8]. Many studies have determined the coeffi cients 
of variance of changes in heart rate R–R interval, power spectral analysis, pulse 
wave frequency analysis, etc., which are associated with the autonomic nervous 
system, for an evaluation of fatigue not only in patients with CFS, but also in 
healthy individuals [9–11].

Yamaguchi et al. [12] analyzed the accelerated pulse waves and found that the 
amplitude of the pulse waves was signifi cantly different during mental stress from 
the amplitude before and after the period of stress, and that the amplitude of the pulse 
waves decreased in the presence of fatigue. Yamaguchi et al. [12] also conducted a 
cross-over controlled study on mental stress in humans using the fragrance of some 
green leaves which had been shown to have marked antifatigue effects in a previous 
study in monkeys exposed to a sustained task. These leaves were composed of trans-
2-hexenal, cis-hexenol, etc. That study revealed that after mental stress, the degree 
of fatigue, rated on the visual analog scale (VAS), rose in both the fragrance-treated 
group and the control group, with no signifi cant intergroup difference, but that the 
reaction time in the ATMT and the DPG (Derivative of plethysmogram) amplitude 
differed signifi cantly between the two groups. This fi nding is important because it 
refl ects success in detecting a difference in degree of fatigue, which is not detectable 
with the VAS with use of a physiological indicator. The development of biomarkers 
based on chaotic analysis of accelerated pulse waves is ongoing. It is expected that 
a more sophisticated method of quantifi cation of fatigue will be established in the 
near future.

Quantifi cation of Fatigue and Biomarkers

In previous studies of changes in physiological functions associated with fatigue, 
the delayed recovery of heart rate and respiratory rate, elevation of the stimulatory 
threshold for tendon refl exes, a reduction in the blood pressure-adjusting function 
following postural change, a dilation of the distance between two points on the 
skin, a reduction in the ability to discern fl ashing lights, and other changes have 
been found. In hematological testing, elevations in blood lactic acid and pyruvic 
acid levels and reductions in pH have been demonstrated. In addition, reduced sali-
vary pH and increased urinary protein level have been reported, among other 
changes.
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Possible biomarkers of fatigue caused by physical exercise include a reduction 
of ATP, an elevation of lactic acid level, and accompanying acidosis, among others. 
Lactic acid is formed by the glial cells around the neurons in the brain, and is uti-
lized effectively as a source of energy by neurons when their supply of glucose is 
insuffi cient. It therefore seems unlikely that an elevation of the blood lactic acid 
level by exercise affects neuronal activity in the brain. Furthermore, fatigue has not 
been found to be induced by treatment with lactic acid. Together, these and other 
fi ndings suggest that lactic acid is not useful as a biomarker of fatigue.

A comprehensive analysis of changes in biomarkers of fatigue in blood and 
saliva following a period of mental or physical stress is now ongoing, primarily at 
Soiken, Ltd (Table 1). It is empirically known that herpes zoster and herpes labialis 
tend to appear during fatigue, and an immunological study designed to evaluate the 
degree of fatigue on the basis of an analysis of virus reactivation factors is now 
ongoing. A close involvement of fatigue with the immune function is already 
evident in view of the fi ndings that fatigue alters the levels of cytokines such as 
TGF-b, IL-6, and IFN-a.

Apart from studies involving the induction of fatigue, attempts at identifying 
fatigue-related factors in patients with CFS have also been made by Kuratsune 
et al. [13] and other study groups. For example, the blood level of acylcarnitine, 
which is known to be involved in mitochondrial energy production and to play a 

Table 1. Immunological and biochemical markers of fatigue

(1) Blood gas and electrolytes
 Blood gas analysis (BE), pH, electrolytes, Fe, Cu, Mg
(2) Metabolism
 Glucose, lactic acid, pyruvic acid, uric acid, amino acids, plasma protein fraction, albumin, 

ketone bodies, free fatty acids, T-Ch, TG, LDL, HDL, creatinine, acylcarnitine, carnitine, 
ATP/ADP/AMP

(3) Growth factors
 TGF-b, BDNF (brain-derived neurotropic factor), NT-4, FGF, EGF
(4) Oxidative stress
 Glutathione (oxidized, reduced), SH group-containing substances, ascorbic acid turnover, 

oxidized bilirubin, NO metabolites, lipid peroxide
(5) Vitamins
 Vitamin B (B1, B6, B12), vitamin C, vitamin E, folic acid
(6) Neuroendocrine peptides
 Cortisol, ACTH, DHEAS, DHEA, TSH, T3, T4, insulin, IGF, secretin, renin-angiotensin 

system, ACE, vanylmandelic acid (VMA), catecholamines, manserin
(7) Neurotransmitters
 Monoamine metabolites, tetrahydrobiopterin (BH4), taurine, GABA, choline turnover
(8) Enzymes
 2-5-olligoadenylaye synthetase, RNase-L, muscle enzymes (CPK, LDH, aldolase)
(9) Immunity, cytokines, and viral markers
 IFN-a, IL-1b, IL-6, TNF-a, viral markers, NK cell activity, virus reactivation factor, 

lymphocyte subsets (CD4, CD8, CD19, etc.), IgE
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signifi cant role in brain nerve activities, was shown to be persistently low in patients 
with CFS [13], and a reduced uptake of acylcarnitine in specifi c areas of the brain 
has been reported [14]. Fatigue appears to be closely related to changes in hypo-
thalamic–pituitary–adrenal axis (HPA axis) activity. It has been reported that 
patients with CFS exhibited decreased blood levels of dehydroepiandrosterone 
sulfate (DHEAS), an adrenocortical hormone [15]. Furthermore, European inves-
tigators have reported that the treatment of healthy individuals with adrenocortico-
tropic hormone (ACTH) reduced the ratio of dehydroepiandrosterone (DHEA) to 
cortisol, while the treatment of CFS patients with ACTH did not alter this ratio 
[16]. These fi ndings suggest that the measurement of blood levels of ACTH, DHES, 
and DHEAS may be useful for evaluating the degree of fatigue. Tetrahydrobiop-
terin (BH4), a coenzyme involved in the biosynthesis of various neurotransmitters, 
has been shown to stimulate the release of the neurotransmitters dopamine, sero-
tonin, and noradrenaline [17]. Following the administration of 5,7-dihydroxytrip-
tamine (DHT) into the cerebral ventricle, the administration of BH4 stimulated the 
recovery of spontaneous activity in rats [18].

In the Soiken Project for Fatigue Quantifi cation, 18 leading pharmaceutical and 
food companies in Japan, the Osaka City Government, and 7 Japanese universities 
are working together to develop a method of quantifying fatigue by making use of 
physiological, biochemical, and immunological markers. It is expected that a 
method of self-monitoring of fatigue by a simple measurement of saliva or another 
type of sample will be established in the near future, and this will contribute to the 
preservation and promotion of the health of individuals.

Economic Losses Due to Fatigue in Japan, and Economic 
Impacts of Quantifi cation of Fatigue

According to an epidemiological survey conducted in Japan in 1999 by the Ministry 
of Health, Labour, and Welfare (MHLW) Study Group on Fatigue, about 60% of 
working individuals experienced fatigue (4.72 million people), and more than 50% 
of these individuals (2.96 million people) had suffered from chronic fatigue lasting 
for at least 6 months [19]. In these circumstances, the annual sales of tonic bever-
ages that are intended to replenish nutrition for the purpose of reducing fatigue 
have amounted to about 260 billion yen [20]. However, none of these beverages 
have been shown in scientifi c clinical studies to be useful for reducing or preventing 
fatigue. If biomarkers of fatigue can be developed and a method of quantitative 
evaluation of fatigue established, they will facilitate the scientifi cally valid develop-
ment of antifatigue medications and food supplements. If medications and food 
supplements with reliable effi cacy can be marketed, they will contribute to reducing 
the economic losses due to fatigue in workers in various industrial sectors, and also 
to enlarging the market for these products. They will also facilitate self-medication 
by individuals suffering from fatigue. Large economic impacts can thus be antici-
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pated, including decreases in national medical expenditure, which is currently about 
30 trillion yen per year [21], and increased control of Japan’s fi nancial defi cits 
caused by over-expenditure on the national health insurance system.

Current Status of Fatigue in Society

As the Japanese social structure becomes increasingly more complex, health hazards 
(fatigue, stress, etc.) are also increasing. This change is closely related to the recent 
changes in the industrial structure and work style in Japan. According to a report 
from the Labor Health Research and Strategy Council for the 21st Century [22], 
the total number of individuals working in Japan increased from 50.94 million in 
1970 to 64.62 million in 1999. A comparison of the number of individuals working 
in each industrial sector between 1970 and 1999 shows that the ratio is 0.36 for 
agriculture and forestry (a marked decrease), but 2.25 for the service sector (a large 
increase). In an analysis of work style, diverse changes were noted during this 
period, e.g., the adoption of new working time systems (laying emphasis on the 
discretion of individual workers, the adoption of fl exible working hours, etc.), a 
diversifi cation of night work and work shifts, changes in the types of employment 
(increases in part timers, contract-based workers, etc.), increases in new forms of 
business (24-h stores, daily care assistance businesses, etc.), increased globalization 
of enterprises, intensifi ed information systems in the work place, and so on. These 
changes have resulted in increased levels of physical and mental fatigue in various 
sectors, including those in which workers have less access to labor health services. 
Regarding working hours, a stress factor common to all these sectors, 5.77 million 
people worked 60  h or more per week in sectors other than agriculture and forestry 
in 1999, and 6.70 million people worked night shifts (2200 hours to 0500 hours). 
In these circumstances, the number of individuals who are unable to continue work 
due to illness caused by mental or occupational stress, and also the number of 
people who commit suicide, have been increasing. According to a survey on 
workers’ health in 2002 [23], about 62% of all workers suffered intense anxiety, 
problems, or stress related to their work or occupation. This percentage is approxi-
mately equal to that (ca. 63%) found in the same survey in 1997, but about 1.2 
times greater than that found in 1982, indicating that the percentage of these 
workers has not decreased after the marked increase found previously. The percent-
age of workers taking time off work because of injury or sickness due to stress (as 
a cause or precipitating factor) was as high as 45.6%. Psychological disorders were 
the reason for taking time off for about 15% of all workers who took holidays of 
1 month or longer. About 13  000 workers committed suicide in 1998. According 
to one estimate, depression is responsible for about 70% of all suicides committed 
by workers. It has also been reported that stress in the workplace has increased the 
percentage of workers visiting psychiatric clinics by 1.4–2.4-fold, and increased 
the incidence of depression by 5–14-fold. Industrial stress and the illnesses associ-
ated with it have thus become serious social issues.
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Economic Losses Due to Fatigue

Psychological disorders and industrial stress can cause personal, social, and eco-
nomic losses in businesses because they reduce productivity, increase the incidence 
of labor accidents, reduce worker satisfaction, and reduce the quality of products 
and services. The loss in the labor force due to these factors is reported to account 
for at least 10%–20% of the total labor cost (about 60 billion yen per year in Japan). 
Furthermore, exposure to industrial stress increasingly causes long-term absence 
in workers, psychological problems in workers, and labor accidents. This type of 
stress is thus becoming a signifi cant problem in company management. According 
to the Assurance Section of the Labor Accident Compensation Division of MHLW, 
the numbers of applications for, and certifi cations of, labor accidents were only 2 
and 0, respectively, in 1991, but were 341 and 100, respectively, in 2002. Therefore, 
the prevention of industrial stress is now an important concern in company manage-
ment. In 2000, the Ministry of Labor (later renamed the MHLW) published Guide-
lines for Promotion of Mental Health of Workers in Workshops (“Mental Health 
Guidelines”). Efforts have since been made to improve the welfare of workers 
(e.g., establishing mental health care facilities) at individual enterprises, primarily 
via health insurance unions and labor unions. However, in the survey of workers’ 
health in 2002 cited above, 65.1% of workers reported that they were aware of 
some problems related to health management and antistress measures which should 
be improved in their company. This percentage indicates that the efforts of busi-
nesses to cope with industrial stress have not been adequate, possibly because of 
the investment costs required.

Markets for Antifatigue Medications and Food Supplements 
Among Health Promotion Products

Because workplace environments have not been adequately improved to cope with 
industrial stress, the workers themselves have recently begun to pay close attention 
to health care, and in many cases have actively committed themselves to self-
medication and the use of alternative medicines for the purpose of recovering from 
physical or mental fatigue caused by such stress. Recent trends in these markets 
include those described below. In the market for health-promoting products (food 
supplements, health-promoting apparatus, etc.), products which were designed pri-
marily for business use in the past, have recently been distributed as home-use 
products, and products targeted to narrow segments of the community have recently 
begun to be sold to consumers in general. The size of this market has been increas-
ing steadily despite the unfavorable economic status of consumers in the Japanese 
economic slump. According to a questionnaire survey published in the Govern-
ment’s Monthly Economic Report in April 2003 [24], more than 70% of consumers 
were interested in health promotion products, and 43.9% of all households reported 
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that their purchase of products of this kind had increased from 5 years previously. 
Thus, the strong interest of consumers in health promotion products has been 
accompanied by increased purchasing of such products. When the future intentions 
of consumers were investigated, 29.0% of households indicated that they planned 
to increase their expenditure on health-promoting products. This markedly exceeded 
the percentage of households planning to decrease such expenditures (4.9%), and 
suggests that this market will continue to grow in the future. When the increases 
in the purchase of health-promoting products were investigated, the category con-
sisting of food supplements, herbal medicines, tonic beverages, and related prod-
ucts was found to account for the highest percentage (62.6%). This fi nding probably 
refl ects the fact that new distribution routes (supermarkets and convenience shops 
where consumers can buy products after checking them visually, in addition to the 
conventional mail-order distribution system) have become available, and that these 
products are now easier to ingest than before. These fi ndings also suggest that the 
market for health-promoting products will continue to grow steadily. In these cir-
cumstances, tonic beverages (including products classifi ed as medicines or quasi-
medicines, in addition to nonmedical products) advertised as being useful for 
reducing fatigue have formed a large section of the market, with total annual sales 
amounting to about 260 billion yen since 1999, when restrictions on this type of 
product were relaxed. If new distribution routes, which may be diffi cult to develop 
for tonic beverages, are developed for antifatigue medications and food supple-
ments, and if these medications and supplements are offered in formulations which 
are easier to ingest, the market for antifatigue medication and food supplements 
should continue to grow.

Antifatigue Food Supplements as Food for Specifi ed Health 
Use (FOSHU)

The Government’s Monthly Economic Report in April 2003 [6] presented data on 
the expectations of consumers regarding health-promoting foods. The most fre-
quent requests were “easy-to-understand labeling regarding quality and effi cacy” 
(62.4%) and “inspection and evaluation by public institutions” (53.3%). These 
results indicate that consumers are demanding an evaluation of the effi cacy and 
safety of foods based on scientifi c evidence, and clear labeling to convey that 
information. In 1991, the Specifi c Health Promotion Foods System was started in 
Japan. This system pertains to governmental permits and approval of health-
promoting foods and their labeling pursuant to the Ministerial Ordinance on 
Amendment of the Rules for Enforcement of the Nutrition Improvement Act (Min-
istry of Health and Welfare Ordinance No. 41). In 2001, the System on Foods with 
Health Promoting Functions came into effect. Under this system, foods meeting 
certain criteria related to vitamins and minerals can be labeled as foods with health-
promoting functions, while labeling as food for specifi ed health use (FOSHU) is 
permitted for foods which have passed the MHLW’s inspection and evaluation of 
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a scientifi c demonstration of effi cacy (related to physiological functions and health 
promotion) and safety (pursuant to Article 26 of the Health Promotion Act). Thus, 
consumers in Japan can now select health-promoting foods using known criteria 
for effi cacy and safety thanks to the System on Foods with Health Promoting Func-
tions. This trend in administration appears to be useful, since it satisfi es the expecta-
tions of consumers.

The Biotechnology Strategy Conference (chairman T. Kishimoto, ex-president 
of Osaka University) has set the goal of increasing the market for food for specifi ed 
health use (FOSHU) to 3 trillion yen by 2010. The Economic and Financial Advi-
sory Council (chairman J. Koizumi, Prime Minister), organized in 2003, made clear 
its policy of lifting the ban on mixed use of insurance-based health care and non-
insurance-based health care services. It is very likely that foods with specifi c func-
tions, such as food for specifi ed health use (FOSHU), will increasingly be utilized 
clinically, sometimes in place of ethical medicines. A high demand is expected for 
the development of specifi c health-promoting foods that can stimulate recovery 
from fatigue or alleviate fatigue. The MHLW has also provided examples of label-
ing for food for specifi ed health use (FOSHU), e.g., “This food is suitable (useful) 
for people experiencing physical fatigue,” suggesting that antifatigue effects can 
be referred to in labeling which emphasizes the health effects of food for specifi ed 
health use (FOSHU). However, no such foods have yet been approved. Consumers 
have strong needs and high expectations regarding food for specifi ed health use 
(FOSHU) which is effective against fatigue, and it is desirable that such foods be 
commercialized as soon as possible.

Development of Antifatigue Medications and Food Supplements

At present, no foods for specifi ed health use (FOSHU) which are effective against 
fatigue are available on the market, because no method for the quantifi cation of 
fatigue has been established. Although many tonic beverages are advertised as 
being effective against fatigue (including those classifi ed as medications or quasi-
medications), none have demonstrated their effi cacy scientifi cally. In these circum-
stances, the Study Group on Fatigue, organized under MEXT (Ministry of Education, 
Culture, Sports, Science and Education) using the budget for the promotion of 
science and technology, conducted a “Study on the molecular and neuronal mecha-
nism of fatigue and the sensation of fatigue—a study tailored to the needs of citi-
zens” in 1999. In that study, the results of previous noncomprehensive studies on 
the molecular and neuronal mechanisms of fatigue were combined, and new 
methods (e.g., brain function imaging, gene analysis, etc.) were used to further 
research into fatigue and the recovery from, and prevention of, fatigue. Further-
more, in November 2003, the Project for Fatigue Quantifi cation and the Develop-
ment of Antifatigue Medications and Food Supplements was organized as a joint 
industrial–governmental–academic project, with Soiken Ltd. serving as a core 
member. This project is planned to continue for 3 years (October 2003 to September 
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2006). During the fi rst phase (November 2003 to September 2005), a technique for 
fatigue quantifi cation based on biomarkers will be developed, and indicators of 
fatigue will be explored. During the second phase (October 2005 to September 
2006), the effi cacy of antifatigue products will be tested. It is expected that the 
results of these studies will be further verifi ed in clinical studies designed to develop 
antifatigue medications and food supplements with scientifi cally demonstrated 
effi cacy.

Economic Impacts of Antifatigue Medications and 
Food Supplements

Antifatigue medicines and food supplements are expected to have various economic 
impacts. Industrially, these products will reduce economic losses arising from 
fatigue-related problems (reduced productivity, increased accidents and illnesses, 
deterioration of human relationships, etc.). If workers practice self-medication 
using antifatigue treatments and food supplements, national medical expenditure, 
which is currently 30 trillion yen per year (229  000 yen per head) [3] will be 
reduced, and control of the fi nancial defi cits resulting from national health insur-
ance may be possible. It has also been reported that fatigue is closely related to the 
regulation of the endocrine and immune systems. For example, it is known that 
stress due to fatigue activates cytokines involved in immune regulation, causing 
Th2 bias in the Th1/Th2 balance [25]. If the relationship between this alteration 
and immune diseases can be clarifi ed, it will be possible to use antifatigue medica-
tion and food supplements to prevent and treat immune diseases. It seems likely 
that the market size for antifatigue medicines and food supplements will be com-
parable to, or larger than, the current market for tonic beverages (260 billion yen) 
if products with scientifi cally demonstrated effi cacy are commercialized. It has 
been estimated that the market for food for specifi ed health use (FOSHU) will grow 
to about 34.5 billion yen in 2003 from 24 billion yen in 2002, following govern-
mental approval of new products in this category. The antifatigue effect is a com-
pletely new concept in the health-promoting food industry. If foods for specifi ed 
health use (FOSHU) with this effect are approved, their market size may well 
surpass expectations. In conclusion, the development of antifatigue medications 
and food supplements can be expected to have economic impacts on diverse aspects 
of society (industry, national health care policy, and the creation of new markets), 
and it is desirable that the fi rst such products be commercially available in 3–5 
years.
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Utility of an Advanced Trail Making Test as 
a Neuropsychological Tool for an Objective 
Evaluation of Work Effi ciency During 
Mental Fatigue

Kei Mizuno and Yasuyoshi Watanabe

Summary

Mental fatigue caused by prolonged mental work induces not only an increase in 
the sensation of fatigue, but also a decrease in work effi ciency. However, there 
have been few studies measuring the extent of the decrease in work effi ciency due 
to mental fatigue, because previously there had been no established mental task 
that could measure the extent of work effi ciency. In this study, we used a recently 
developed test to investigate changes in task performance over a 4-h period by 14 
healthy volunteers. The mental tasks which the subjects performed were an advanced 
trail making test (ATMT) and a verbal 2-back task. The ATMT consists of selective 
attention and spatial working memory tests. The verbal 2-back task is a simple 
working memory test. The results of the ATMT showed an increase in the number 
of errors with time spent on the task. In contrast, the performance of the verbal 2-
back test did not deteriorate with time spent on the task. These results suggest that 
mental fatigue induces a decrease in selective attention rather than in working 
memory. Therefore, the ATMT may be useful for measuring the extent of work 
effi ciency during mental fatigue. In order to develop antifatigue medications and 
food supplements, the ATMT may also be useful for an objective evaluation of the 
extent of mental fatigue, as well as a fatigue-inducing task.

Introduction

Fatigue is an everyday experience. However, chronic or accumulated fatigue can 
affect a person’s performance. In addition, long-term accumulated fatigue can lead 
to karoshi (death as a result of overwork). Mental fatigue is clinically defi ned as 
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diffi culty in the initiation of, or the ability to sustain, voluntary activities [1]. Mental 
fatigue, in contrast to neuromuscular or peripheral fatigue, represents a failure to 
complete mental tasks that require self-motivation and internal cues in the absence 
of demonstrable cognitive failure or motor weakness [2]. Therefore, mental fatigue 
induces not only an increase in fatigue sensation, but also a decrease in work 
effi ciency.

When people become fatigued, they usually report diffi culties in concentrating 
and focusing their attention on the tasks that they are required to perform. For 
example, Bartlett [3], in his studies in which pilots were required to fl y a simula-
tor for extended periods of time, reported that lapses in attention happened with 
increasing frequency, and the subjects became progressively more easily dis-
tracted. Similarly, Brown [4] noted that the main effect of mental fatigue during 
time spent on a driving task was a progressive withdrawal of attention from road 
and traffi c demands, which, as expected, had adverse consequences on task per-
formance. These results suggest that attention is affected by mental fatigue. Mental 
fatigue may also be linked to executive functions, which refers to the ability to 
regulate perceptual and motor processes for goal-directed behavior [5, 6]. van 
der Linden et al. [7] reported that fatigued participants showed more performance 
defi cits than nonfatigued ones in tasks that required the fl exible generation and 
testing of hypotheses and planning. Working memory is an important executive 
process used for the temporary storage, active monitoring, updating, and manipu-
lation of information [8]. Thomas [9] reported that mental fatigue induced a 
decrease in the performance of a verbal working memory test in patients with 
sleep disorders. From these reports, it appears that decreased work effi ciency due 
to mental fatigue may be the result of a decrease in the maintenance of attention 
or working memory. However, until quite recently, no mental task has been 
available that could objectively measure the extent of the decreased work effi -
ciency caused by mental fatigue.

The advanced trail making test (ATMT) is a mental function test which was 
developed for the purpose of evaluating the level of selective attention and spatial 
working memory regardless of the subject’s intelligence quotient or experience 
[10]. The ATMT consists of a visual search task in which the subject touches the 
fi gures 1 to 25 in sequential order as quickly as possible on a computer display. In 
patients with chronic fatigue syndrome, which is characterized by profound dis-
abling fatigue that persists for at least 6 months without relief and is not lessened 
by ordinary rest, the reaction time in the ATMT was slower than that for healthy 
volunteers [10]. This result suggests that it is possible to use the ATMT as a neu-
ropsychological tool to measure the extent of work effi ciency during chronic 
fatigue. However, to date there has been no investigation into whether a decrease 
in task performance in the ATMT is induced by acute mental fatigue in healthy 
volunteers. The aim of our study was to evaluate the utility of ATMT as a neuro-
psychological tool for measuring the extent of decreased work effi ciency due to 
acute mental fatigue.
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Materials and Methods

Subjects

Fourteen healthy male volunteers, 22.0 ± 1.1 years of age (mean ± SD), were 
enrolled in the study. None of the subjects had a history of medical illness. The 
protocol was approved by the Ethics Committee of Osaka City University, and all 
subjects gave their written informed consent for the study.

Experimental Design

As their fatigue-inducing mental tasks, the subjects performed the ATMT for 
30  min and the 2-back test for 30  min. Each task session was repeated four times. 
The mental tasks began at 1000 hours. The subjects had lunch at 1200 hours, just 
after the end of the second task session. The subjects started the third session after 
lunch at 1240 hours.

Fatigue-Inducing Tasks

For the ATMT, subjects performed visual search trials. In this test, circles num-
bered from 1 to 25 were randomly located on the display of a personal computer, 
and subjects were required to use a computer mouse to touch these circles in 
sequence, starting with circle number 1. When the subjects touched the 25th target, 
the task was fi nished. In task A of the ATMT, when the subjects touched a target 
circle it remained at the same position and its color changed from black to yellow. 
The positions of the other circles remained the same. In task B, when the subjects 
touched the fi rst target circle it disappeared and a circle number 26 appeared on 
the screen. The positions of the other circles remained the same. Then touching 
circles 2, 3, and 4 sequentially, for example, resulted in their disappearance and 
the addition of circles 27, 28, and 29 to the screen. The number of circles seen on 
the screen always remained at 25. In task C of the test, the procedure was the same 
as in task B except that the positions of the other circles changed at random after 
each target circle had been touched. The subjects performed tasks A, B, and C 
consecutively in this order. They were instructed to perform them as quickly and 
correctly as possible.

The subjects also performed verbal 2-back tasks [11]. A series of letters was 
presented on successive screens, and the subject had to judge whether each letter 
was “different from” or “identical to” the one presented 2 screens earlier. The 
subjects responded by pressing the right or left button with their right middle or 
index fi nger if the target letter was identical to or different from the cue letter, 
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respectively. The time-interval between trials was 3  s. The subjects were instructed 
to perform this task as quickly and correctly as possible.

Statistical Analyses

Values were presented as mean ± standard error (SE). Comparisons among four 
sessions of the fatigue-inducing mental tasks were performed using 1-way analysis 
of variance (ANOVA) for repeated measures. When statistically signifi cant effects 
were found, inter-group differences among the four sessions were compared using 
the paired t-test with the Bonferroni correction. Statistical analyses were performed 
by using the SPSS 11.0 software package (SPSS Inc., Chicago, IL, USA).

Results

The results of the task performances in the ATMT are shown in Fig. 1. Although 
1-way repeated ANOVA did not show any signifi cant main effects of session 
number on the total reaction time for task A (P = 0.406) or task B (P = 0.221), it 
did reveal a signifi cant main effect of session number for task C (P = 0.043). In 
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task C, the total reaction time of the fourth session was signifi cantly longer than 
that of the fi rst session (Fig. 1a). One-way repeated ANOVA also showed signifi -
cant main effects of session number on the number of errors per trial in task A (P 
= 0.005), task B (P = 0.007), and task C (P = 0.025). In all the tasks, the number 
of errors per trial in the fourth session was signifi cantly greater than that in the fi rst 
session (Fig. 1b).

The results of the task performances in the 2-back task are shown in Fig. 2. 
One-way repeated ANOVA of the reaction time showed a signifi cant main effect 
of session number (P = 0.007). The reaction times in the second and fourth sessions 
were signifi cantly shorter than that in the fi rst session (Fig. 2a). One-way repeated 
ANOVA of accuracy did not show any signifi cant main effect of session number 
(P = 0.804).

Discussion

In ATMT tasks A and B, subjects could memorize the locations of the other circles 
while searching for the target circle, and thus shorten their reaction time for circle 
touching, suggesting that the performance of these tasks required selective attention 
and spatial working memory. In contrast, in ATMT task C, since the locations of 
the circles changed every time a subject touched the target circle, and therefore 
every target circle had to be found within a new arrangement, this task required no 
memorization, suggesting that the performance of this task required only selective 
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attention. Therefore, in tasks A and B, the reaction time for circle touching could 
be shortened by using the spatial working memory, whereas the spatial working 
memory had no effect on the performance of task C. The total reaction time in the 
fourth session in tasks A and B was no longer than that in the fi rst session, but it 
was longer in the case of task C. The performances of the verbal 2-back test did 
not deteriorate with time spent on the task. These results suggest that mental fatigue 
induced a decrease in selective attention but not in working memory. In all the 
ATMT tasks, the number of errors increased with time spent on the task, suggesting 
that work effi ciency was decreased by mental fatigue. Since the performance of the 
working memory did not deteriorate with time spent on ATMT tasks A and B or 
on the verbal 2-back task, the increased number of errors might have been caused 
by a decrease in the ability to maintain selective attention.

Madden et al. [12] reported that the anterior cingulate cortex was associated 
with selective attention, as judged from results obtained by using positron emission 
tomography. In addition, neuroimaging studies and event-related potentials research 
have established that the anterior cingulate cortex is central to performance moni-
toring [13–16]. The anterior cingulate cortex is thought to detect the activation of 
erroneous or confl icting responses and to signal the need to activate adaptive 
control processes, thus serving to instigate remedial performance adjustments that 
minimize the risk of subsequent error [17–19]. Neural activity in the anterior cin-
gulate cortex has been found to change with time spent on a task [20, 21], suggest-
ing that functional changes in the anterior cingulate cortex are a possible mechanism 
underlying mental fatigue. The monitoring function of the anterior cingulate cortex 
relies on the mesencephalic dopaminergic system [22, 23], which projects diffusely 
to the cortex and the striatum [23]. Disturbances in the striatal system have also 
been related to mental fatigue, supporting the theory of dopaminergic involvement 
in mental fatigue [2]. Therefore, the increased number of errors with time spent on 
the ATMTs might have resulted from the decline in function of error-monitoring 
and the dopaminergic system in the anterior cingulate cortex.

In the verbal 2-back task, the reaction time in the second and fourth sessions 
was signifi cantly shorter than that in the fi rst session, indicating that the improved 
reaction time with time spent on the task may have been an effect of learning. Thus, 
the verbal 2-back task is not able to measure the extent of work effi ciency in mental 
fatigue.

We conducted this study with a limited number of subjects. In order to generalize 
our results, studies involving larger numbers of subjects are needed.

Conclusions

The results of a previous study showed that the ATMT is useful as a neuropsycho-
logical tool for measuring the extent of decreased work effi ciency in patients with 
chronic fatigue syndrome [10]. However, there had been no investigation into 
whether a decrease in task performance in the ATMT would be induced by acute 
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mental fatigue in healthy volunteers. In the present study, we found that the number 
of errors in all tasks in the ATMT increased with the time spent on the task by 
healthy volunteers, suggesting that this test could be useful for measuring the extent 
of decreased work effi ciency caused by acute mental fatigue. Therefore the ATMT 
may be useful for an objective evaluation of the effects of antifatigue medications 
and food supplements during the development of these substances.
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The Brief Fatigue Syndrome Scale: Validation 
and Utilization in Fatigue Recovery Studies

Bengt B. Arnetz1,2,3, Lena Frenzel3, Torbjörn Åkerstedt4, and Jan Lisspers5

Summary

Medically, nonexplained fatigue is a signifi cant clinical and public health concern. 
However, the construct fatigue is not easily defi ned, and this is refl ected in the large 
number of different scales used to measure fatigue. In this chapter, we defi ne fatigue 
using the sustained stress activation theory. It is proposed that sustained stress, with 
a lack of suffi cient recovery periods, is characterized by a decline in the ability to 
concentrate, be energetic, and sleep. Based on this defi nition, the brief fatigue 
syndrome scale (BFSS) was created using visual analogue scales (VAS) to rate 
self-assessed energy, ability to concentrate, and quality of sleep. The BFSS con-
sisted of one factor, with a Cronbach’s a of >0.70. The validity and sensitivity of 
the scale was assessed by following a group of fatigued patients undergoing a 1-
year lifestyle recovery program. In addition, a reference group of healthy controls 
was followed over the same period. Both groups responded regularly to a survey 
containing the BFSS. Blood samples were also collected during the fi rst 6 months. 
The BFSS scores decreased signifi cantly as the clinical conditions of the fatigued 
participants improved. Furthermore, self-rated mental energy, assessed by a sepa-
rate and validated fi ve-item Likert-type scale, improved with decreasing fatigue. 
Participants scoring above the proposed cut-off point of 8 for depression on the 

55

1,2Section for Social Medicine, Department of Public Health, Uppsala University, Uppsala 
Science Park, SE-751 05 Uppsala, Sweden, and Division of Occupational and 
Environmental Health, Department of Family Medicine and Public Health Sciences, Wayne 
State University, 3800 Woodward Ave, Suite 808, Detroit, MI 48201, USA
3Center for Environmental Health and Stress Disorders (CEOS), Uppsala Academic 
Hospital, SE-751 85 Uppsala, Sweden
4Karolinska Institutet, Department of Public Health Sciences, Division of Psychosocial 
Factors and Health, and Institute for Psychosocial Medicine (IPM), PO Box 220, SE-171 77 
Stockholm, Sweden
5Research Group for Behavioral Medicine and Health Psychology, Department of Social 
Sciences (Psychology Section), Mid-Sweden University at Östersund, SE-83125 Östersund, 
Sweden



56 B.B. Arnetz et al.

hospital depression and anxiety scale had signifi cantly higher BFSS scores. BFSS 
scores were also higher among subjects scoring in the burn-out range on the 
Shirom–Melamed scale. Decreased fatigue over time was related to improved/
increased serum levels of testosterone. It is suggested that the cut-off point for 
fatigue vs. nonfatigue should be set at 40%. The BFSS is suggested as a valid and 
quick instrument to assess fatigue.

Introduction

Fatigue is a common feature of a wide range of somatic and psychiatric diseases 
and disorders. It is also a common problem among patients being treated for malig-
nant conditions. The fatigue experienced is often so intense and severe that it has 
a major impact on the quality of life of the person affected.

An overview of studies on fatigue in primary care reported fatigue prevalence 
rates ranging from 7% to 45% [1]. There is a signifi cant overlap between medically 
unexplained fatigue and specifi c medical conditions, such as depressive disorders, 
in which the patients commonly report fatigue, and lack of energy and motivation, 
both as symptoms of their disorder and as side effects of therapy [1–3].

Fatigue is also common in fi bromialgic and chronic fatigue syndromes [4–6]. 
Furthermore, fatigue has been suggested to be one of the more characteristical 
aspects of syndromes such as vital exhaustion and burn-out [7,8].

Work-related fatigue is another source of concern in a growing number of 
industrialized countries. Excessive workload has been associated with severe forms 
of fatigue, including work-related death from over-work in Japan (Karoshi), burn-
out, exhaustion syndrome, and “stressed-out” conditions [9–12].

Interestingly, even though it appears that chronic or severe stress is associated 
with increased risk of fatiguing illnesses, a study of the prevalence rates of fatiguing 
illnesses in the United States reported decreased rates in the aftermath of the ter-
rorist attacks of September 11, 2001 [13].

Even though fatigue is a basic component in many clinical disorders and medi-
cally unexplained syndromes, such as chronic fatigue, and is commonly a prereq-
uisite for the diagnosis of many psychiatric and somatic disorders, there is no 
universally applicable construct for fatigue. There is also no uniform theory as to 
the mechanisms behind fatigue [14].

Dittner et al. [15, p. 157] state that fatigue “has largely defi ed efforts to concep-
tualize or defi ne it in a way that separates it from normal experiences such as 
tiredness and sleepiness.” Studies from a number of settings, including primary 
health care settings and population-based settings, indicate that fatigue is a common 
and continuously distributed variable [16]. Shapiro [17] also points out the evasive 
and confusing art of fatigue science in an editorial entitled “Chronic fatigue—
chronically confusing but growing information”.

Typically, fatigue is defi ned as extreme and persistent tiredness, weakness or 
exhaustion—mental, physical, or both—in addition to decreased motivation [15].
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Scales Measuring Fatigue

Many of the fatigue scales used today either focus on specifi c diseases, or ask the 
respondent to rate their fatigue in reference to work (workload) or social perfor-
mance. Thus, the participant has to determine their degree of fatigue-related symp-
toms, and also relate them to possible causes or consequences, e.g., excessive 
workload or decreased motivation to participate in social activities. This increases 
the risk of confounding spurious associations between purported risk factors and 
fatigue per se.

Another common characteristic of the current scales is the view that fatigue-
states are viewed as a consequence of over-exertion and a lack of suffi cient periods 
for recovery. The term “burn-out,” for example, was applied around 1940 to 
describe the cessation of operation of a jet or rocket engine [18]. Metaphorically, 
a human being suffering from a severe state of fatigue is viewed, just like a jet 
engine, to have been over-exerted, and lacking the necessary time for recovery and 
repair. This assumption is based mostly on retrospective and cross-sectional data, 
and is a poor defi nition of the possible underlying psychophysiological mechanisms 
contributing to the fatigue state.

The instruments available to assess fatigue in patients are either one-dimensional 
or multidimensional. Examples of one-dimensional scales are the visual analogue 
scale by Krupp et al. [19], Pearson and Byars fatigue feeling checklist [20], the 
Rand index of vitality [21], the tiredness scale [22], and the fatigue severity scale 
[23].

Multidimensional scales range from two-dimensional scales, e.g., assessing 
physical and mental fatigue [24], to multidimensional scales with a range of sub-
scales, including the fatigue symptom checklist [25], the Piper fatigue self-report 
scale [26], and the multidimensional fatigue symptom inventory (MFSI) scale [27]. 
Probably one of the most commonly used fatigue instruments is the “fatigue” and 
“vigor” subscales of the profi le of moods scale (POMS), originally developed for 
the assessment of psychiatric outpatients [28,29]. The checklist of individual 
strength (CIS) was developed for hospital use in chronic fatigue syndrome patients 
[30]. The CIS is a multidimensional measure of the severity and behavioral conse-
quences of fatigue.

Theories Behind Fatigue, and Relevance 
to Scale Development and Validation

As discussed earlier in this chapter, the construct of medically nonexplained fatigue 
is not very well delineated, and neither is the theoretical and psychophysiological 
underpinning which attempts to explain the root causes of fatigue. Dittner et al. 
[15, p. 166] point this out in their review article of instruments used to assess 
fatigue. They write “Fatigue assessment depends on a clear understanding of the 
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phenomenology and aetiology of fatigue within a condition. In developing fatigue 
scales, there is a “catch-22” situation: before a concept can be measured, it must 
be defi ned, and before a defi nition can be agreed, there must exist an instrument 
for assessing phenomenology.” However, even before trying to defi ne what con-
stitutes fatigue, we need to identify the key components of fatigue that we believe 
refl ect the current view of central nervous systems changes that contribute to 
fatigue.

The current criteria of chronic fatigue syndrome, for example, require severe 
disabling fatigue symptoms and a combination of symptoms including impairment 
of concentration and short-term memory, sleep disturbance, and musculoskeletal 
pain [31]. Clearly, the requirement is that the fatigue experienced in chronic fatigue 
syndrome should be disabling. However, this is not only a function of the fatigue 
experienced, but is also infl uenced by factors such as motivation and underlying 
drive or energy, which are also important aspects in diagnosing depressive disor-
ders [1]. An alternative would be to apply the hypothesis that fatigue is the end 
result of: (1) sustained activation or over-exertion/over-reach, and (2) lack of 
recovery. That approach would guide us in the direction of psychophysiological 
stress research. Naturally, it might also be that the infl uence on human performance 
from factors such as diseases and/or drugs might lower the threshold at which 
exertion elicits persistent fatigue.

In this chapter, it is postulated that the sustained activation of psychophysiologi-
cal systems and over-reach will result in changes in the central nervous system 
which are similar to those found in depressive disorders. The changes will be 
characterized by a hyperactive hypothalamic–pituitary axis at the same time as the 
peripheral stress–response system is attenuated, which is predominantly measured 
as decreased stress-related cortisol secretion from the adrenal cortex [32]. More-
over, many of the more depression-like states, such as those found in severe fatigue, 
are also linked to changes in the serotonin system and in 5-hydroxytryptamine 
receptors [33]. Long-term stress has also been linked to sleeping disorders, memory 
impairment, inability to concentrate, and lowered serum testosterone levels 
[12,16].

Based on the stress-related theory described above, it is hypothesized that the 
fatigue construct should include at least the following three dimensions: lack of 
energy, inability to concentrate, and sleep disturbance. Based on this theory and 
concept, we have developed and validated a very brief scale, called the brief fatigue 
syndrome scale (BFSS). This scale is the sum of the aggregate scores for three 
separate items which give a self-rated assessment of:

1. energy;
2. ability to concentrate;
3. sleep.

In what follows, we will demonstrate the psychometric properties of the BFSS, the 
means used to validate the scale, and the effects, as measured by the BFSS, from 
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a prospective, controlled intervention program aimed at counteracting fatigue and 
enhancing the participants’ energy and level of function.

Participants

The reliability and validity of the fatigue syndrome scale was tested using the study 
population described below. The participants consisted of three groups.

1. Group A consisted of 24 people, 18 men and 6 women, who were participat-
ing in a rehabilitation program offered at the Föllinge Rehabilitation Clinic, Sweden. 
Typically, this group was already suffering from lifestyle-related diseases such as 
cardiovascular disorders.

2. Group B consisted of 17 people, 9 men and 8 women, at the Föllinge Reha-
bilitation Clinic who took part in a primary prevention lifestyle modifi cation 
program. The aim was not only to prevent a further deterioration of their health, 
but also to encourage positive behavioral changes.

3. Group C consisted of a reference group of healthy subjects (n = 21, 13 men 
and 8 women) living in the local area where the clinic was situated. They were part 
of the voluntary fi rst-responder organization of the area, in addition to having 
regular jobs.

There were no statistically signifi cant differences between groups A and B at 
baseline with regard to ratings on the BFSS (Group A, mean 60.5 percentage points, 
SD 20.8, SEM 4.4 vs. 51.5 percentage points, SD 21.4, SEM 5.5 for Group B). 
Both groups scored signifi cantly higher on the BFSS than did Group C, the refer-
ence group (33.4 percentage points, SD 13.8, SEM 3.0), using Tukey’s post-hoc 
tests, following a signifi cant one-way ANOVA (F2 24.11, P < 0.01). Groups A and 
B were therefore combined into one group and termed the recovery/treatment 
group. In what follows, the recovery group is compared with the reference group, 
i.e., group C above.

In addition to the reference group described above, and in preparation for this 
chapter, the BFSS’s reliability and validity was assessed in three other study 
groups.

1. Subjects rating their own health using a public web-based system with many 
thousands of responders.

2. Participants who were part of a prospective web-based intervention study (n > 
300 respondents, [34,35]). 

3. Subjects attending an academic stress clinic (>200 respondents).

Data from these three additional study groups are not used in this report, but 
they did support the recommended cut-off points for defi ning healthy vs. fatigued 
subjects as well as the reliability of the proposed BFSS (data available from the 
senior author, BBA, upon request).
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The Fatigue Syndrome Scale

Based on prior research and current theory of stress-related fatigue, we identifi ed 
three basic components of medically unexplained fatigue that we wanted to evalu-
ate in our assessment of fatigue. As described above, the three areas were: self-rated 
sleep, ability to concentrate, and energy.

In order to decrease, as far as possible, confounding or spill-over effects from 
previous experiences of the symptoms we wanted to assess, i.e., sleep, ability to 
concentrate, and energy, we asked each participant to assess their current status. 
We did this by defi ning the time period we were interested in assessing and asking 
the respondents to rate their feelings “right now.” With regard to quality of sleep, 
we asked them to rate how they slept the previous night.

Responses were given on a visual analogue scale (VAS), which was 100  mm in 
length with anchoring statements in both ends. For ability to concentrate and ability 
to sleep, the anchoring statements were “very poor” and “very good,” respectively. 
For energy, the anchoring statements were “no energy” and “full of energy.”

In previous work we used validated scales, based on the aggregate scores on 
scales made up of Likert-type items, to assess the validity of single-item VAS-based 
scales to measure the concept energy and work-related fatigue. We also used the 
same methods to assess the validity of single-item VAS scales to assess quality of 
sleep. We found a substantial and signifi cant correlation between single-item VAS 
and the more extensive and validated Likert-type scales [34,35]. Therefore, we 
believe it is valid to use these single-item VAS scales in this development and 
assessment of a brief fatigue syndrome scale.

Some earlier work also used a prospective controlled stress-intervention program 
to assess the impact on self-rated health and energy and its relationship to biological 
measures of the stress response [36]. In this study, we used a more elaborate scale 
for measuring self-rated mental energy. The mental energy scale consists of fi ve 
Likert-type items that are summarized to an overall score and converted into a 
percentage scale, ranging from a low of 0% to a high of 100% [12]. The mental 
energy scale was also used in this study in validation of the BFSS.

Intervention

The purpose of this study was to assess whether the fatigue syndrome scale was 
sensitive enough to detect clinically relevant improvements from this validated and 
proven intervention program.

The intervention programs offered to groups A and B are described in detail 
elsewhere, and they have been found to decrease risk factors for, and recurrence 
of, cardiovascular disease [37,38]. Briefl y, group A participated in a 1-year program 
focusing on return to work and secondary prevention of cardiovascular disease. 
The program consists of an initial intensive phase of 3 weeks duration during which 
the person lives at the Föllinge Rehabilitation Clinic in the north of Sweden. Fol-
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lowing these 3 weeks, the person goes home and continues with a structured 
program. Later they return to the clinic for an additional week of behavioral and 
lifestyle changes. Following that there is a 10-month sustainability phase while the 
person is living at home. The intervention program consists of a multitude of inter-
ventions, including a review of exercise and nutritional habits, stress management 
training, return-to-work strategies, and, when warranted, smoking cessation train-
ing. The long-term goal of the program is the secondary prevention of cardiovas-
cular disease, or any other form of chronic disease. The other goal is to optimize 
the person’s return to work.

Group B is exposed to a prevention program focusing on stress and lifestyle 
factors. The main purpose is the primary prevention of cardiovascular disease 
among high-risk people. Typically, these people are still working but they are tired 
and stressed, and perceive that they never have enough time. In addition, they 
commonly smoke, are obese, have unhealthy diets, and lack sleep. The intervention 
program runs over a 9-month period and consists of 10 days of on-site, intensive 
lifestyle and stress management interventions at the Föllinge Rehabilitation Clinic. 
The participants continue with their lifestyle modifi cation training back home for 
an additional 2 months, during which time they are part of a sustainability effort 
to ensure that they keep up the benefi cial changes achieved during the initial inten-
sive part of the program. They then return for 3 days of training at the clinic. 
Finally, there is an additional 4 months of domestic training and sustainability 
training, concluding with a fi nal 2 days at the clinic. After these steps, there is a 3-
month follow-up period while the person is back at home in order to ensure, as far 
as possible, that positive lifestyle changes are retained. Both programs combine 
group-based interventions with individual coaching sessions.

The Human Investigative Committees of Uppsala and Umeå Universities, 
respectively, approved the study.

Brief Fatigue Scale Validation: Results

Factor analysis, using principal components analysis and varimax rotation, con-
fi rmed that the three VAS items, measuring ability to concentrate, energy, and 
sleep, formed a single component/factor. This factor was termed the brief fatigue 
syndrome scale (BFSS). Cronbach’s a on the scale was 0.70 or higher. The single 
component solution and the internal consistency were confi rmed in three subse-
quent measurements of the participants over a 1-year period. Figure 1 shows a 
histogram of the distribution of the scores on the BFSS at the initial ratings by all 
participants.

The changes in ratings on the BFSS of the recovery and reference groups are 
shown in Fig. 2. There was a signifi cant group × time interaction (Greenhouse–
Geisser, F2.44 4.37, P = 0.01). Thus, while changes in self-rated fatigue in the refer-
ence group were modest over the 1-year study period, the recovery group exhibited 
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a signifi cant decrease over time in self-rated fatigue as their intervention program 
progressed.

In Fig. 3, a box plot chart shows mean and dispersion measures on the BFSS 
for participants scoring less than 8 points vs. 8 points and above on the depression 
subscale of the hospital anxiety and depression (HAD) scale [39]. Subjects rating 

Fig. 1. Histogram showing a normal curve of the score distribution on the brief fatigue syndrome 
scale (BFSS1) at the fi rst assessment, including all respondents

Fig. 2. Changes in brief fatigue syndrome scores in subjects recovering from fatigue as part of 
a rehabilitation program and healthy controls. The ratings were done at the start of the project, 
and after 3, 6, and 12 months
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above the cut-off point of 8 have been suggested by the developers of the scale to 
be more likely to suffer from depression. The mean (SD, SEM) BFSS score for 
participants scoring less than 8 points on the HAD was 40.23% (16.67, 2.44) vs. 
75.42% (14.29, 3.81) for those scoring 8 points or above (t57 = 7.11, P < 0.001).

Mean BFSS scores for participants scoring less than 2.75 on the Shirom–
Melamed burnout scale were 31.68 (14.86, 3.16), for those scoring between 2.75 
and 4.75 they were 49.71 (17.38, 3.62), and for those scoring above 4.75 they were 
73.30 (12.27, 3.27). The differences between groups were signifi cant: one-way 
ANOVA F2 2 = 31.44, P < 0.001. Tukey post-hoc tests were also signifi cant for 
any contrasting groups. The cut-off point on the Shirom–Melamed scale is based 
on clinical impressions from the stress rehabilitation center affi liated with the Karo-
linska Institutet, Stockholm, Sweden.

Since the construct and theory behind the BFSS were based on the sustained 
stress activation theory, we also studied the possible relationship between changes 
in serum testosterone during the fi rst 6 months of the intervention and changes in 
BFSS scores during the same period. The rationale for doing this is that testosterone 
is supposed to increase as sustained stress activation is decreased. We hypothesized 
that decreasing fatigue scores would be associated with increasing levels of serum 
testosterone over time [12]. Our fi ndings revealed that decreased fatigue scores 
were modestly related to increased serum testosterone levels (r = 0.2, P = 0.01).

We also observed that with decreasing BFSS scores, self-rated energy, using the 
fi ve-item Likert-based mental energy scale, improved, thus adding further statistical 
support that BFSS is a valid and sensitive measure of fatigue.

Fig. 3. A box plot depicting the mean and dispersion measures on the BFSS of participants 
scoring below 8 points, which is suggested to be indicative of nondepression, and 8 points and 
above (which is indicative of depression) on the hospital depression and anxiety scale, the depres-
sion subscale
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Discussions

Medically unexplained fatigue is an important clinical and public health concern. 
There are numerous studies of fatigue, from understanding its conceptualization to 
fi nding a means to measure and treat it. Many of the presently used scales overlap 
substantially with scales assessing depressive conditions. In addition, scales also 
tend to include questions on pain and daily activities [1,3,15]. However, it could 
be argued that by both assessing perceived fatigue and including questions related 
to a person’s motivation to undertake activities based on a set fatigue level, one 
adds a component of motivation [1]. Thus, a person with a set level of fatigue might 
be undertaking activities because of a higher degree of motivation than a person 
scoring the same fatigue level but with less motivation.

We suggest that the measurement of fatigue should focus on symptoms related 
to sustained stress activation. We have proposed a self-rated ability to concentrate, 
a self-rated assessment of energy, and a self-rated quality of sleep as being relevant 
indicators of sustained stress activation without suffi cient recovery. Scores on a 
fatigue scale based on this concept could then be related to activities of daily life, 
motivation, sick leave, biological markers, overall health, and related issues of 
interest. However, we do not believe such subsequent and consequential questions 
should be part of a fatigue scale.

We propose a cut-off level on the brief fatigue syndrome scale (BFSS) for 
medically unexplained fatigue of 40%t or higher on a 100% scale. This proposed 
level for diagnosing medically unexplained fatigue needs to be further refi ned in 
future studies. However, by proposing a cut-off point, it will be easier to use the 
scale in comparative studies as well as examine its feasibility in daily clinical 
practice.

The BFSS is a very brief, three-item scale. Its briefness makes it easy to use in 
studies involving a range of other scales and outcome measures. It might also be 
helpful to clinicians and patients interesting in following fatigue development over 
time, and in assessing the effects of various interventions.

The BFSS needs to be studied further with regard to its reliability and validity, 
as well as its feasibility in daily medical practice. However, this initial study sug-
gests acceptable psychometric properties and predictive validity. The scores on the 
BFSS also relate to weekly changes in serum testosterone. This suggests that there 
are biologically relevant and measurable processes related to fatigue development 
as measured using the BFSS.
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Chronic Fatigue Syndrome

Hirohiko Kuratsune1 and Yasuyoshi Watanabe2

Summary

Chronic fatigue syndrome (CFS) is an operational concept for clarifying the 
unknown etiology of the syndrome characterized by the sensation of abnormally 
prolonged fatigue. The vast majority of patients with CFS are interrupted in their 
daily or social lives by prolonged fatigue, headache, myalgia, arthralgia, sleep dis-
turbance, or brain dysfunctions. However, the pathogenesis of CFS remains unclear, 
and so there are still many medical doctors around the world who are skeptical 
about the disease.

Recently, we organized a study group of Japanese investigators from various 
fi elds, such as virology, immunology, endocrinology, physiology, biochemistry, 
psychiatry, and neuroscience, and as a result of the efforts of this group the mecha-
nism underlying CFS is now becoming a little clearer. We are now able to suggest 
that CFS can be understood to be a special condition based on an abnormality of 
the psycho-neuro-endocrino-immunological system caused by psycho-social stress, 
and which has some genetic components. A reactivation of various types of herpes 
virus infections and/or chronic mycoplasma infection might occur as a result of 
immune dysfunction, causing the abnormal production of several cytokines. A 
distinctive feature of CFS is thought to be a secondary brain dysfunction caused 
by the abnormal production of such cytokines.

In this chapter, we would like to introduce not only the recent fi ndings on the 
pathogenesis of CFS, but also the prevalence, diagnosis, therapy, and prognosis of 
CFS in Japan.
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Introduction

In 1999, a Japanese study group supported by the Ministry of Health and Welfare 
of Japan (group leader Teruo Kitani) investigated the incidence of fatigue in 4000 
Japanese residents (Nagoya area) based on their response to a questionnaire, and 
3015 of these responses (75.4%) were analyzed. From this study, it became clear 
that 59.1% of Japanese people have felt fatigue, and that 35.8% of Japanese people 
had chronic fatigue (lasting more than 6 months). Surprisingly, 5.1% of these felt 
a deterioration in their ability to perform personal daily tasks, and 1.8% of them 
had a loss of daily work-related activity because of chronic fatigue of unknown 
cause. Only 8 of the 3015 (0.26%) fulfi lled the chronic fatigue syndrome (CFS) 
criteria proposed by the CDC [1].

In 2004, a Japanese study group supported by the Japanese Ministry of Educa-
tion, Culture, Sports, Science, and Technology (group leader Yasuyoshi Watanabe) 
again studied the incidence of fatigue by using the same questionnaire in the Osaka 
area, and 2742 questionnaires were analyzed. This survey suggested that the inci-
dence and clinical features of fatigue in Osaka were very similar to those in Nagoya. 
That is, 56.0% of these respondents have felt fatigue and 39.0% had chronic fatigue. 
Of the patients with chronic fatigue, 45% had loss of daily activity, but the cause 
of fatigue was found in only 19.0%.

When we investigated the annual economic impact of fatigue in Japan by using 
the above survey data, we estimated a total loss of $4.0 billion due to CFS and $6.0 
billion due to idiopathic chronic fatigue (ICF). Therefore, chronic fatigue is becom-
ing not only an important medical problem, but also a serious social problem 
because of its large economic impact. Our survey also revealed that even medical 
doctors found the cause of fatigue in only 40% of patients with chronic fatigue, 
and so ICF has become a major problem in clinical practice.

Concerning the pathogenesis of CFS, a variety of theories have been proposed, 
such as virus infections, hypothalamo–pituitary–adrenal (HPA) axis abnormality, 
immune dysfunction, metabolic abnormalities, autonomous nerve unbalance, or 
brain dysfunction, based on each researcher’s own viewpoint. It is true that these 
theories might refl ect some of the features of CFS, but it would seem that they do 
not grasp the whole picture, which is reminiscent of the story of “the blind men 
and the elephant.”

In view of this situation, our proposal for studying the neuronal and molecular 
mechanisms of the sensation of fatigue was adopted in 1999 by the Japanese Min-
istry of Education, Culture, Sports, Science, and Technology (MEXT) as pioneering 
research in the 21st century. More recently, it was also adopted by MEXT as the 
21st century Center of Excellent (COE) Program “Formation of a Scientifi c and 
International Base to Overcome Fatigue” in Osaka City University. The pathogen-
esis of CFS has been investigated by workers from various fi elds such as virology, 
immunology, endocrinology, physiology, biochemistry, psychiatry, and neurosci-
ence, and its mechanism is now becoming a little clearer.

In this chapter, we introduce our recent results and put forward a hypothesis for 
the neuronal and molecular mechanisms resulting in chronic fatigue which account 
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for the relationships among each of the abnormalities found in CFS. We also intro-
duce the Japanese Diagnostic Criteria for CFS, which is a self-check list for evalu-
ating the levels of fatigue, the treatments, and the prognosis of patients with CFS 
in Japan.

Social Stress Events

It is well known that stressful social events frequently become the trigger for acute 
mental fatigue, and occasionally cause chronic fatigue. There are some reports indi-
cating that stressful events are associated with the onset of CFS, but there are others 
giving data showing the opposite. Thus, the role of stress in CFS has been unclear.

Therefore, our co-worker, Tomoko Ueda, studied the social-stress events of 71 
Japanese patients with CFS and 223 aged-matched healthy controls by using a 
questionnaire. Social stress was investigated by counting the events described in 
the Social Readjustment Rating Scale proposed by Holmes and Rahe [2]. In the 
CFS group, the social-stress events were studied at the time of onset of CFS and 
during medical treatment. Most of the CFS patients in this study denied any asso-
ciation between social stress and their complaints. However, the average count of 
stressful life events per year in the CFS group was 8.3 at the time of onset and 6.0 
at the time of medical treatment. These values were signifi cantly higher than the 
values for the healthy control group (4.4, P < 0.01, Mann–Whitney U-test). Fur-
thermore, the relative impact of a variety of stressful events in the CFS group was 
223.0 at the time of onset, which was signifi cantly higher than the value for the 
healthy control group (112.3, P < 0.01, Mann–Whitney U-test).

The stressful events that had a signifi cantly higher frequency in patients with 
CFS than in the controls were: personal injury or illness; marital reconciliation; a 
change in the health of a family member; foreclosure of a mortgage or loan; trouble 
with in-laws; a change in living conditions; a change in residence/school/recreation; 
a change in sleeping/eating habits.

It therefore became clear that most of the Japanese CFS patients were under 
considerable social stress, with or without being aware of it. However, we should 
emphasize that this result does not mean that CFS is a psychological illness. As 
described later, stressful social events are related to an abnormality of the psycho-
neuro-endocrino-immunological system, and a secondary brain dysfunction caused 
by the abnormal production of several cytokines and/or autoantibodies which might 
be a key feature of CFS.

Genetic Background

When evaluating a stress-related disease, we should pay attention not only to the 
absolute magnitude or frequency of stressful events, but also to the patient’s sus-
ceptibility to, and resistance against, stress, since these factors are thought to be 
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related to personal character or disposition. Indeed, when we studied the personality 
of the patients with CFS, most of them had a predisposition toward perfectionism 
and/or over-adaptation, and these tendencies were not related to the existence 
or not of mental illness. We suspect that such a predisposition might be related 
to the genetic polymorphism of transporters and/or receptors of various 
neurotransmitters.

Recently, we examined the polymorphism of the promoter region of the sero-
tonin transporter (5-HTT) gene in 78 CFS patients by performing polymerase chain 
reaction (PCR) amplifi cation of their blood genomic DNA [3]. This promoter 
region affects the transcriptional effi ciency of the 5-HTT gene. A signifi cant 
increase in the frequency of longer (L and XL) allelic variants was found in the 
CFS patients compared with that in the controls by both genotype-wise and allele-
wise analyses (P < 0.05). Effi ciency in the transportation of 5-HTT is known to be 
higher with the L allele than with the S allele. There was no signifi cant difference 
in two other 5-HT-related polymorphisms, i.e., the 5-HT 2A receptor promoter 
polymorphism and the 5-HTT intron 2 VNTR polymorphism, between the CFS 
patient group and the control group. Therefore, we speculate that a polymorphism 
within the 5′ upstream region of the 5-HTT gene is closely linked to CFS, and may 
be a risk factor for this disorder. There is also a possibility of the existence of 
polymorphisms of genes for transporters and/or receptors of other neurotransmit-
ters, and such studies are currently on-going in our laboratory.

Immunological Abnormalities

It is known that the prevalence of a past history of allergy is high in patients with 
CFS. Furthermore, CFS patients were reported to have many immunological abnor-
malities of various types, such as low natural killer cell function, an abnormality 
of the T cell population, elevated levels of several types of cytokines, the presence 
of antinuclear antibody, an increased level of immune complexes, and an abnormal-
ity of the RNase-L pathway [4–9]. Therefore, there is no doubt that immunological 
abnormalities are another of the factors involved in the pathogenesis of CFS.

It is also well known that fl u-like symptoms are a common side-effect of inter-
feron (IFN) therapy, and an elevated activity of 2′,5′-oligoadenylate synthetase, an 
enzyme involved in antiviral infection, is frequently found in peripheral blood 
mononuclear cells from CFS patients [7,8]. Therefore, much attention has been 
paid to the relationship between IFN and the pathogenesis of CFS. The abnormality 
of the RNase-L pathway is located in the downstream part of the IFN pathway.

Recently Katafuchi et al. [10], who are members of our fatigue project, found 
a close association between the changes in the IFN-a mRNA content in the brain 
and immunologically induced fatigue. An intraperitoneal injection of a synthetic 
double-stranded RNA, poly I  :  C 3  mg/kg, was given to rats to produce immuno-
logically induced fatigue. The daily amounts of spontaneous running-wheel activity 
decreased to about 40%–60% of the preinjection level until day 9, with a normal 
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circadian rhythm being maintained. A quantitative analysis of mRNA levels, con-
ducted by using the real-time capillary reverse transcriptase–polymerase chain 
reaction (RT–PCR) method, revealed that IFN-a mRNA contents in the cortex, 
hippocampus, hypothalamic medial preoptic, paraventricular, and ventromedial 
nuclei were higher in the poly I  :  C group than in the saline or heat-exposed groups 
on day 7. These results suggest that brain IFN-a may play a role in the animal 
model for immunologically induced fatigue mimicking that induced by a viral 
infection.

Katafuchi et al. [10] also found that the expression of 5-HTT mRNA in the brain 
was increased in this model, and that treatment with a selective serotonin re-uptake 
inhibitor (SSRI) was effective at blocking the decrease in the daily amount of 
spontaneous running-wheel activity and the loss of appetite. These results suggest 
that our fatigue sensation during a common cold might be related to serotonergic 
dysfunction, and that SSRI might be an effective protection against some of the 
symptoms of the common cold.

Moreover, there is a possibility that abnormalities of transforming growth factor-
b (TGF-b) are also strongly involved in the sensation of fatigue. For example, Inoue 
et al. [11] found that intracranial administration of cerebrospinal fl uid (CSF) from 
exercise-exhausted rats to naïve mice produced a decrease in spontaneous motor 
activity, whereas CSF from sedentary rats had no such effect. This fi nding suggests 
the presence of a substance which suppresses the urge for motion as a response to 
fatigue. Using a bioassay system, they found that the level of TGF-b in the CSF 
from exercise-fatigued rats had increased, but there was no such increase in the 
CSF from the sedentary rats. Furthermore, the injection of recombinant TGF-b into 
the brains of sedentary mice elicited a similar dose-dependent decrease in spontane-
ous motor activity. These results suggest that TGF-b might be involved in the 
fatigue developed after exercise and thus suppress spontaneous motor activity.

An elevated serum level of bioactive TGF-b was also frequently found in 
patients with CFS [5], and we also confi rmed such an increase in the majority of 
our CFS patients. TGF-b was reported to inhibit the production of dehydroepi-
androsterone sulfate (DHEA-S) [12], which is known to regulate positively the 
activity of carnitine acetyltransferase [13], the enzyme that catalyzes the transfer 
of free carnitine to acylcarnitine, and especially to acetylcarnitine. We found that 
most Japanese CFS patients had a defi ciency in DHEA-S [14] as well as in acetyl-
carnitine [15], and so the increase in TGF-b would appear to be related to these 
abnormalities.

In addition, the presence of autoantibodies, including antinuclear antibody, is 
also thought to be an important key immunological abnormality involved in the 
pathogenesis of CFS. It is known that antinuclear antibody is frequently found in 
fatigued patients throughout the world who have various indefi nable complaints. 
However, the role of these autoantibodies in such patients is unclear.

Recently, using a sensitive radio-ligand assay, we examined the sera of CFS 
patients (n = 60), patients with autoimmune disease (n = 33), and healthy controls 
(n = 30) for autoantibodies against various neurotransmitter receptors, i.e., 
recombinant human muscarinic cholinergic receptor 1 (CHRM1), m-opioid receptor 
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(OPRM1), 5-hydroxytryptamine receptor 1A (HTR1A), and dopamine receptor D2 
(DRD2) [16]. The mean anti-CHRM1 antibody index was signifi cantly higher in 
patients with CFS (P < 0.0001) and autoimmune disease (P < 0.05) than in healthy 
controls, and over a half of the patients with CFS (53.3%, 32/60) had anti-CHRM1 
antibody. Antinuclear antibodies were also found in 56.7% (34/60) of the CFS 
patients, but their titers did not correlate with the activities of the four autoanti-
bodies listed above.

The CFS patients who were positive for autoantibodies against CHRM1 had a 
signifi cantly higher mean score (1.81) of “feeling of muscle weakness” than those 
who were negative for these autoantibodies (1.18, P < 0.01). Higher scores on 
“painful lymph nodes,” “forgetfulness,” and “diffi culty in thinking” were also 
found in CFS patients with anti-CHRM1 antibodies than in those without them, 
but no statistical signifi cance was reached. Anti-OPRM1 antibodies, anti-HTR1A 
antibodies, and anti-DRD2 antibodies were also found in 15.2, 1.7, and 5.0%, 
respectively, of patients with CFS, but no signifi cant relationship was found between 
the symptoms and the existence of these antibodies. Since anti-CHRM1 antibody 
is also frequently found in patients with schizophrenic disorders, mood disorders, 
and other psychiatric disorders, it is clearly not specifi c to CFS, but autoimmune-
induced abnormalities in neurotransmitter receptors might cause secondary brain 
dysfunction, including CFS.

Infections

At the onset of CFS, patients frequently complain of fl u-like symptoms such as 
headache, sore throat, fever, painful lymph nodes, myalgia, and arthralgia. Mass 
outbreaks of CFS have also been reported to occur sometimes throughout the world. 
Therefore, many investigators have tried to fi nd pathogens or pathogenic organisms 
which might be suspect candidates for causing CFS, and many viruses and micro-
organisms have been reported to be involved in the pathogenesis of CFS. Examples 
include various herpes viruses (Epstein–Barr (EB) virus, human herpes virus-6, 
Herpes simplex virus, Varicella zoster virus, and cytomegalovirus), infl uenza virus, 
retroviruses, coxsackie B virus, Borna disease virus, hepatitis C virus, parvovirus, 
mycoplasma infection, and chronic rickettsial infections. Indeed, we have found 
that some patients acquire CFS after developing an acute infection such as mono-
nucleosis caused by EB virus infection.

However, the vast majority of pathogens or pathogenic organisms found in 
patients with CFS do not represent an initial acute infection, but rather a reactiva-
tion of various kinds of herpes viruses and/or chronic mycoplasma infections 
[17–19]. These infections might be related to a deterioration of immune function, 
but the infections themselves seem not to be a serious danger to health. The impor-
tant point is that most complaints reported by these patients stem from cytokines 
produced by the immune response to these pathogens or pathogenic organisms, and 
these cytokines cause secondary brain dysfunction.
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Regarding a specifi c viral infection related to CFS, we should consider a Borna 
disease virus (BDV) infection. Recently, Ikuta et al. [20] reported that antibodies 
against BDV in plasma and BDV RNA in peripheral blood mononuclear cells 
(PBMCs) were found in several patients with CFS. They also reported that anti-
BDV antibodies and BDV transcripts in PBMCs were found in Japanese family 
clusters of patients with CFS [21]. After their reports, they followed-up these family 
clusters and found that most of these antibodies and transcripts disappeared after 
the patient had recovered from CFS. There is one report indicating that there is no 
relationship between CFS and BDV infection [22], but we think that at least some 
cases of CFS are closely associated with BDV infection.

Hypothalamo–Pituitary–Adrenal (HPA) Dysfunction

In 1991, Demitrack et al. [23] reported the impaired activation of the HPA axis in 
patients with CFS, and thereafter several investigators addressed HPA dysfunction 
in patients with CFS, including lower basal plasma cortisol levels, reduced saliv-
ary cortisol levels, lower adrenocorticotropic hormone (ACTH) response in an 
insulin-tolerance test and a psycho-social stress test, reduced ACTH responses to 
corticotropin-releasing hormone (CRH) and prolonged suppression of salivary free 
cortisol in the low-dose dexamethasone suppression test [24–26]. We also found 
that the majority of Japanese patients with CFS had a defi ciency in serum DHEA-S 
[14]. Serum DHEA-S is one of the most abundantly produced hormones secreted 
from the adrenal glands, and its physiological role is thought to be that of a 
precursor of sex steroids. However, DHEA-S itself was recently shown to have 
physiological properties, such as acting as a neurosteroid associated with such 
psychophysiological phenomena as memory, stress, anxiety, sleep, and depression. 
Therefore, the defi ciency in DHEA-S might be related to the neuropsychiatric 
symptoms in patients with CFS. As described above, there is also a possibility that 
the DHEA-S defi ciency is associated with the increased serum level of TGF-b.

Acylcarnitine Metabolism

Carnitine has important roles not only in the transport of long-chain fatty acids into 
the mitochondria as the long-chain fatty acid carnitine, but also in the modulation 
of the intramitochondrial CoA/acyl-CoA ratio [27]. A defi ciency in carnitine results 
in abnormal energy metabolism and/or the accumulation of toxic acyl-CoA com-
pounds in the mitochondria. Therefore, we investigated whether CSF patients had 
carnitine abnormalities or not, and found an acylcarnitine defi ciency in serum from 
these patients [15].

Since the physiological and biological roles of serum acylcarnitine were unclear 
at that time, we also studied the dynamics of acylcarnitine in several tissues in the 
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Rhesus monkey and in humans by using positron emission tomography (PET), and 
found an important feedback system in the acylcarnitine metabolism [28]. This is 
that the mammalian liver can supply a large amount of acylcarnitine for energy 
metabolism at a time of danger, and immediately salvage and conserve the unused 
acylcarnitine to provide for subsequent energy crises when the state of the energy 
metabolism has improved. A high brain uptake of [2–11C]acetyl-L-carnitine was 
also found. These results suggest that endogenous serum acylcarnitine might be an 
important substance in mammals, and that it has some role in conveying an acetyl 
moiety into the brain, especially in an energy crisis.

It was also found that the acetyl moiety taken up into the brain through 
acetylcarnitine is mainly utilized for the biosynthesis of glutamate, and that this 
uptake was signifi cantly lower in patients with CFS than that in controls in several 
brain regions, namely, in the prefrontal (Brodmann’s area 9/46d) and temporal 
(BA21 and 41) cortices, anterior cingulum (BA24 and 33), and cerebellum [29]. 
Thus, the levels of biosynthesis of neurotransmitters through acetylcarnitine might 
be reduced in some brain regions of chronic fatigue patients, and this abnormality 
might be one of the keys to unveiling the mechanisms of the chronic fatigue 
sensation.

However, there have been some confl icting reports of the levels of serum car-
nitine and acylcarnitine in patients with CFS. After our fi rst report, Plioplys and 
Plioplys [30] also found lower than normal levels of acylcarnitine in their patients 
with CFS in the USA, but their CFS patients also had low levels of free carnitine. 
Conversely, Soetekouw et al. [31] reported no signifi cant difference in the levels 
of carnitine and acylcarnitine in patients in The Netherlands with or without CFS, 
and Jones et al. [32] also reported no difference in carnitine and acylcarnitine levels 
between British patients with CFS and controls.

There are several explanations for this discrepancy. The fi rst is the possibility 
that there was a difference in the time of the blood samples. As mentioned above, 
we found that the level of acylcarnitine quickly drops after eating [28]. Therefore, 
if there is any difference in the time at which the blood samples were taken, the 
levels of acylcarnitine would obviously be expected to vary. For this reason, we 
collected all blood samples from CFS patients and controls in the morning after an 
overnight fast. The second reason is the possibility that there are different subsets 
of patients with CFS. Recently, Ruud et al. [33] reported that the levels of plasma 
acetylcarnitine in 58 CFS patients who had a good response to azithromycin were 
lower than those in their patients with CFS who had no response to this drug. The 
last possibility is that there are species differences. The levels of free carnitine and 
acylcarnitine are well known to vary among different species due to differences in 
food habits and/or constitutional size.

Recently, Vermeulen et al. [34] reported that acetylcarnitine had a benefi cial 
effect on fatigue and attention (mental concentration) in an open-label, randomized 
study on CFS patients. We also found benefi cial effects in several Japanese patients 
with CFS [35], and so acylcarnitine dysmetabolism is thought to be another com-
ponent involved in the pathogenesis of CFS.
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Brain Dysfunction

Regarding the brain dysfunction in patients with CFS, the details are described in 
chapter by K. Mizuno of this book. However, we now provide some brief 
abstracts.

Brain Magnetic Resonance Imaging (MRI)

In 1993, Natelson et al. [36] reported that patients with CFS had signifi cantly more 
abnormal MRI scans than controls. The abnormalities seen were foci of increased 
white-matter T2 signals. However, in 1997 Costa et al. [37] gave an opposing 
opinion. They reported that patients with CFS had several punctate hyperintense 
foci in the brain, but these abnormalities were reported not to be specifi c to CFS. 
In response to this fi nding, Natelson et al. [38] again reported that CFS patients 
without a psychiatric diagnosis showed a signifi cantly larger number of brain 
abnormalities on T2-weighted images than CFS patients with a psychiatric diagno-
sis or than healthy control (HC) groups, and that no signifi cant difference was found 
when both CFS groups were combined and compared with the HC group. More-
over, they also reported in 2001 [39] that the presence of brain abnormalities in 
CFS was signifi cantly related to subjective reports of physical function, and that 
CFS subjects with MRI brain abnormalities were more physically impaired than 
those patients without brain abnormalities.

We also found that patients with CFS had a signifi cant reduction in gray-matter 
volume in their bilateral prefrontal areas, and that there was a signifi cant negative 
correlation between the gray-matter volume of the right prefrontal cortex and the 
performance status of the CFS group [40]. de Lange et al. [41] also reported a sig-
nifi cant reduction in global gray-matter volume in CFS patients as compared with 
the volume for controls, and showed that the decline in gray-matter volume was 
linked to the reduction in physical activity. Therefore, these data suggest that CFS 
is not only a functional disorder, but also an organic disorder in an advanced 
phase.

Single-Photon Emission Computed Tomography (SPECT)

Recent single-photon emission computed tomography (SPECT) studies using 
99mTc-hexamethyl–propylene–amine oxime revealed that most CFS patients 
showed cerebral hypoperfusion in a variety of brain regions such as the frontal, 
temporal, parietal, and occipital cortices, and the anterior cingulum, basal ganglia, 
and brainstem, and suggested that the central nerve system (CNS) dysfunction 
might be related to the neuropsychiatric symptoms of CFS patients [42–44].
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Positron Emission Tomography (PET)

Regional cerebral blood fl ow (rCBF) using 15O-labeled water (H2
15O)

Recently, we showed that rCBF was lower in the CFS patient group than in the 
control group in several brain regions, including the frontal, temporal, and occipital 
cortices, anterior cingulum, basal ganglia, and brainstem [29]. Our results from the 
fi rst quantitative rCBF study on CFS patients done with PET are in good agreement 
with the data from the above-mentioned SPECT studies [42–44]. Brain regions 
showing the decrease in rCBF in CFS patients correspond to those involved in 
various neuropsychiatric complaints, including autonomic imbalance, sleep distur-
bance, many types of pain, and the loss of concentration, thinking, motivation, and 
short-term memory. Therefore, various neuropsychiatric complaints in CFS patients 
might be related to dysfunction in these regions of the CNS.

[18F]fl uorine-Deoxyglucose (18FDG) Study

Regional cerebral glucose metabolism (rCMRglu) measured with 2-[18F]fl uoro-2-
deoxyglucose (FDG) and PET somehow refl ects neural activity. Using [18F]FDG 
and PET, Tirelli et al. [45] reported that their CFS patient group had a signifi cant 
hypometabolism in the right mediofrontal cortex and brainstem in comparison with 
the healthy controls, and that the brainstem hypometabolism seemed to be a marker 
for the in vivo diagnosis of CFS. However, Siessmeier et al. [46] reported that 
abnormalities in FDG–PET were only detectable in approximately half the CFS 
patients examined, and that no specifi c pattern for CFS could be identifi ed. In these 
two reports, most of the CFS patients had an abnormality of neural activity, but the 
discrepancy between them might have come from the different subsets of CFS 
patients studied by the two groups. As in the case of the MRI studies, stratifi ed 
analysis will be needed to clarify brain dysfunction in CFS.

Acetyl-L-Carnitine Uptake

As mentioned in the section on acylcarnitine metabolism, when we studied the 
uptake in eight CFS patients and eight age- and sex-matched normal controls 
by using PET [29], a signifi cant decrease was found in the cerebral uptake of 
[2-11C]acetyl-L-carnitine in several brain regions of the CFS patient group, namely, 
the prefrontal (Brodmann’s area 9/46d) and temporal (BA21 and 41) cortices, 
anterior cingulum (BA24 and 33), and cerebellum.

The subdivision of BA9, BA9/46d, is responsible for executive function, such 
as motivation and planning for new things, and BA24 is strongly related to con-
centration, attention, and some autonomic functions. BA21 is a part of the TE area, 
which is responsible for the integration of visual information, visual attention/
memory, and the association of stimulus and reward, and the dentate nucleus area 
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of the cerebellum is related to the vestibular function. Thus, the dysfunction of 
these regions may explain some of the characteristics of the fatigue state.

5-HT Transporter (5-HTT)

When we studied 5-HT transporter (5-HTT) density in 10 patients with CFS and 
10 age-matched normal controls by using PET with the radiotracer [11C](+)McN5652, 
the density of 5-HTT in the rostral subdivision of the anterior cingulum was sig-
nifi cantly reduced in the CFS patients [47]. In addition, the density of 5-HTT in 
the dorsal anterior cingulum was negatively correlated with the pain score. These 
loci are spatially different from the locus of the rostral subdivision of the anterior 
cingulum. Therefore, the reduction in the density of serotonin transporters in the 
rostral subdivision of the anterior cingulum might be related to the chronic fatigue 
itself, and not to the nonspecifi c symptom of pain. Thus, an alteration in the sero-
toninergic neurons in the anterior cingulum may play a key role in the pathophysi-
ology of CFS.

Hypothesis: Neuronal and Molecular Mechanisms Leading to 
Chronic Fatigue

It is becoming clear that various abnormalities found in CFS patients might not 
exist independently, but might be related to each other. That is, CFS can be under-
stood to be a special condition based on the abnormality of the psycho-neuro-
endocrino- immunological system caused by psycho-social stress together with 
some genetic components (Fig. 1). Under these conditions, a reactivation of various 
types of herpes virus infections and/or chronic mycoplasma infection might occur 
as a result of immune dysfunction, causing the abnormal production of several 
cytokines. A distinctive feature of CFS is thought to be the secondary brain dys-
function caused by the abnormal production of such cytokines.

As described above, the increase in TGF-b might inhibit the production of 
DHEA-S, which in turn might be related to the dysmetabolism of acetyl-L-carnitine 
through the modulation of carnitine acetyltransferase activity. Indeed, when we 
administered DHEA-S to CFS patients in a double-blind study, an apparent increase 
in serum acetylcarnitine was found in the patients treated with DHEA-S. Therefore, 
one of the pathways leading to CFS may be described as follows: “increase 
in TGF-b” → “decrease in DHEA-S” → “acetylcarnitine dysmetabolism” → 
“deterioration of biosynthesis of glutamate in the anterior cingulum” → “autonomic 
imbalance and prolonged fatigue.”

As mentioned in the section on immunological abnormalities, the abnormal 
production of IFN is another important pathway whose activation results in CFS. 
That is, “reactivation of various types of herpes virus infections or chronic myco-
plasma infection” → “abnormal production of IFN in the brain” → “elevation of 
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5-HTT mRNA content in the brain” → “5-HT defi ciency in the synapse” → 
“depression, chronic pain disorder, and prolonged fatigue.” The abnormal produc-
tion of IFN is thought to trigger yet another pathway leading to CFS, that is, 
“abnormal production of IFN” → “elevation of 2′,5′-oligoadenylate synthetase 
activity” → “abnormality of RNase-L pathway” → “CNS dysfunction” →” various 
neuropsychiatric complaints.” Recently, an abnormal RNase-L pathway has been 
considered to be a good candidate biomarker of CFS [48], and we also found an 
abnormality of the RNase-L pathway in several Japanese CFS patients.

In this review, we have focused on TGF-b and IFN, but tumor necrosis factor 
(TNF) might also be involved in fatigue sensation, since it is known that TNF is 
associated with the symptoms found in cachexic patients with advanced cancer 
[49]. Also, an increased TNF-a level has been reported in CFS patients [6]. There 
is a possibility that other types of cytokines, such as IL-2, IL-4, IL-6, and IL-10, 
might also be involved in the secondary brain dysfunction in CFS. Furthermore, 
recent PET studies by our group have revealed that the brain dysfunction found 
in CFS involves not only abnormal serotonergic and glutaminergic metabolism, 
but also abnormal dopaminergic metabolism. There is a possibility that the 
muscarinic–cholinergic system might also be defective in patients with CFS. There-
fore, even if a distinctive feature of CFS is summarized as secondary brain dysfunc-
tion caused by abnormal production of cytokines, its pathogenesis would obviously 
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be heterogeneous. In addition, autoantibodies against neurotransmitter receptors 
might also be involved in the pathogenesis of CFS in some cases.

Japanese Diagnostic Criteria for CFS

In 1990, we reported the fi rst patients with CFS in Japan to the Japanese Society 
of Internal Medicine (Kinki Branch), and this event prompted the Japanese Ministry 
of Health and Welfare to establish a Japanese study group for CFS (group leader 
Teruo Kitani, Osaka University). In 1991, this study group agreed on the Japanese 
Diagnostic Criteria for CFS based on the Holmes Center for Disease Control (CDC) 
criteria [1] with two modifi cations. The fi rst was that CFS should be classifi ed into 
two groups, one being the “defi nitive CFS,” which meets the Holmes CDC criteria, 
and the other, “suspected CFS,” which meets the major but not the minor criteria 
of the Holmes CDC criteria. At that time, we thought that Holmes CDC criteria 
were suitable only for searching for the pathogenesis of CFS, and so we introduced 
the concept of “suspected CFS” for practical use in the clinic. This concept is 
refl ected in the Fukuda CDC criteria (1994) as idiopathic chronic fatigue [50].

The second modifi cation was that the Japanese criteria should adopt an objective 
measure as the performance status for evaluating the fatigue state. In the Holmes 
CDC criteria, the level of fatigue in CFS must be severe enough to reduce or impair 
the average daily activity below 50% of the patient’s premorbid activity level for 
a period of at least 6 months. However, when Japanese medical doctors used this 
criterion to evaluate patients with chronic fatigue, we found that the levels of 
fatigue for diagnosing CFS varied considerably from doctor to doctor. Therefore, 
we adopted the concept of performance status (PS) for evaluating the fatigue state 
(Table 1). In CFS, PS is classifi ed from PS 0 to PS 9 (on a 0–9 scale), and the level 
of fatigue for a diagnosis of CFS must be PS level 3 or above. Except for these 
two modifi cations, the remainder of the Japanese CFS criteria are identical to the 
Holmes CDC criteria, and so we will not give any further details here.

Recently, the committee for revision of the CFS diagnostic criteria in Japanese 
Association of Fatigue Science (President; H. Kuratsune) made a new guideline for 
diagnosis of CFS, and reported it at the conference of Japanese Association of 
Fatigue Science (June 30–July 1, 2007). Its detail will be published in the Journal 
of Japanese Association of Fatigue Science in 2008.

Self-Checking List for Evaluating the Level of Fatigue

In the Holmes CDC criteria [1], several somatic and neuropsychiatric symptoms 
are thought to be features of CFS. Therefore, many patients with chronic fatigue 
are coming to our hospital with a self-diagnosis check list obtained from the media 
of mass communication. They usually judge their symptoms by noughts-and-
crosses, and when they fi nd 8 or more of the 11 symptoms of the minor criteria, 
they self-diagnose themselves as having CFS. However, there have never been any 
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previous studies evaluating the levels and incidence of these symptoms in Japanese 
CFS patients and in healthy controls. Therefore, we studied them in 127 patients 
with CFS (35.8 ± 8.6 years old) and 104 healthy controls (39.3 ± 11.0 years old). 
Ninety-seven patients with CFS were in the aggressive phase (above PS level 3), 
and the other 30 were in the recovery phase (below PS level 2). We studied the 
levels and incidence of the following 20 symptoms, divided into two categories.

1. Fatigue symptoms from physical diseases (10 symptoms): 1, feeling of 
exhaustion; 2, mild fever; 3, sore throat; 4, painful lymph nodes; 5, unexplained 
generalized muscle weakness; 6, myalgia; 7, prolonged generalized fatigue after 
levels of exercise that would have easily been tolerated in the patient’s premorbid 
state; 8, generalized headaches; 9, migratory arthralgia without joint swelling; 10, 
debilitating fatigue that does not resolve with bed-rest.

2. Fatigue symptoms from mental diseases (10 symptoms): 1, depression; 2, 
anxiety; 3, fl agging interest; 4, forgetfulness; 5, photophobia; 6, confusion; 7, dif-
fi culty in thinking; 8, hypersomnia; 9, insomnia; 10, inability to concentrate.

All of the above symptoms were evaluated on an ascending risk scale of 0–4 
(5-level rating system). Symptoms (1) and (2) were both judged from 0 to 40, and 
the total fatigue score (1 + 2) was thus judged from 0 to 80.

Judging from the scores of the healthy controls, there was no difference in either 
physical or mental fatigue scores between males and females (Table 2). There was 
also no difference by age bracket (data not shown). On the contrary, both the physi-
cal and mental fatigue scores of CFS patients in the recovery phase (PS < 3) were 
signifi cantly higher than those of healthy controls (P < 0.001). Moreover, both 
physical and mental fatigue scores of patients with CFS in the aggressive phase 
(PS = 3) were signifi cantly higher than those of healthy controls or of patients with 

Table 1. Performance status in CFS for evaluating the severity of the disease

PS 0: Able to carry on normal activity without fatigue
PS 1: Able to carry on normal activity, but sometimes feels fatigue
PS 2: Able to carry on normal activity or to do active work with effort; requires occasional rest
PS 3: Several days a month, unable to carry on normal activity or to do active work; requires 

rest at home without work
PS 4: Several days a week, unable to carry on normal activity or to do active work; requires 

rest at home without work
PS 5: Unable to carry on normal activity or to do active work at all, but able to do light tasks; 

requires rest at home without work several days a week
PS 6: Requires rest without work at home over half a week; able to do light tasks in good 

health
PS 7: Unable to carry on normal activity or to do light tasks at all; able to care for self without 

assistance
PS 8: Stays in bed over half a day; able to care for self to some extent, but requires frequent 

assistance
PS 9: Unable to care for oneself; stays in bed with all-day assistance.

Japanese CFS criteria
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CFS in the recovery phase (PS < 3) (P < 0.001). Therefore this scoring system 
seems to be useful for evaluating the fatigue state.

In Japan, there are many “workaholics,” i.e., people who work more than 260  h 
per month, and it has been suggested that these people fall into a high-risk group 
for sudden death or “Karoushi,” due to overwork. Unfortunately, most of them do 
not appear to notice the abnormality of their health by themselves. Therefore, we 
are now studying their mental and physical fatigue state using several different 
methods, such as heart rate variability, long-term body motion (assessed by use of 
an actigraph), and brain function. Our preliminary study suggests that this self-
check list for evaluating the levels of fatigue is an easy-to-use approach for picking 
up heath problems of which the sufferer is not aware.

Treatment and Prognosis

The pathogenesis of CFS has not yet been entirely clarifi ed, and there is currently 
no “magic bullet” for the treatment of CFS. However, as mentioned above, its 
mechanism is now becoming a little clearer, and some treatments have been reported 
to be effective for the signs and symptoms of patients with CFS. We now turn to 
some of the treatments which are often used for CFS patients in Japanese fatigue 
clinics.

Herbal Medicine

Some classic Chinese herbal medicines are reported to be effective for the signs 
and symptoms of CFS, i.e., low-grade fever, general fatigue, and depression. 
We therefore studied the effects of one herbal medicine (TJ-41, Tsumura, Hochu-
ekki-to, 7.5  g/day) on 29 patients with CFS for 8 or 12 weeks. Judging by the 
change in their performance status (Table 2), an apparent improvement was found 
in 10 of these patients (34.5%). Two showed a slight improvement, and 15 showed 
no change. The remaining 2 showed a slight worsening of their symptoms. The 
numbers (percentages) of patients with symptoms before and after treatment, 
respectively, were as follows: severe fatigue, 16 (55.2%) and 10 (34.5%); moderate 

Table 2. Fatigue check-list score of healthy controls and CFS patients

 A symptoms B symptoms Total fatigue score

Healthy controls   
 Males (n = 50)  4.2 +/− 3.4  6.0 +/− 3.5 10.1 +/− 6.4
 Females (n = 54)  4.5 +/− 4.5  6.6 +/− 4.4 11.0 +/− 8.6
 Total (n = 104)  4.3 +/− 4.0  6.3 +/− 4.0 10.5 +/− 7.5
CFS patients
 Recovery phase (PS < 3, n = 30) 14.2 +/− 6.0* 15.0 +/− 7.0* 29.2 +/− 11.6*
 Aggressive phase (PS ≥ 3, n = 97) 22.0 +/− 7.6** 20.4 +/− 8.1** 42.4 +/− 14.3**

*  P < 0.001 vs. healthy controls; **  P < 0.001 vs. both healthy controls and recovery phase
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fatigue, 12 (41.4%) and 8 (27.6%); mild fatigue, 1 (3.4%) and 11 (37.9%). Unfor-
tunately, none were totally cured of their fatigue symptoms after treatment, but 
Hochu-ekki-to seemed to be an effective drug for treatment of their fatigue state.

Symptoms such as diffi culty in thinking and the inability to concentrate are 
known to be the main factors involved in the loss of social activity. The percentage 
of patients who were frequently unable to concentrate was dramatically reduced 
from 12 (41.4%) to 2 (6.9%). Therefore, Hochu-ekki-to appeared to improve their 
quality of life.

Moreover, 10 of 17 patients studied had low natural killer (NK) activity before 
treatment, but all except one of these 10 patients showed an increase in their NK 
activity after treatment. Low NK activity is frequently found in CFS, and so 
the enhancement of NK activity was one of the important effects of this herbal 
medicine.

High-Dose Administration of Vitamin C

It is well known that vitamin C provides protection against oxidation, and that it 
is benefi cial for a suppressed immune system. Recently, Watanabe and co-workers 
used mice which had been deprived of suffi cient sleep as a mouse model for fatigue. 
When they studied the animals’ fatigue state before and after loading them into a 
weight-loaded forced swimming test, they found that the swimming time was sig-
nifi cantly reduced after loading compared with that before loading. Next, the effect 
of vitamin C on this fatigue model was examined, and the results showed that a 
high-dose administration of vitamin C improved the swimming time after loading. 
A daily vitamin C dose of 50–100  mg (one or two oranges are included) is adequate 
to protect against vitamin C defi ciency in human beings, but the dose needed for 
protection against oxidation is many times higher than this daily dose. Therefore, 
we usually administer 3000–4000  mg vitamin C per day to patients with CFS. 
One-third of our CFS patients who took this high dose of vitamin C reported an 
improvement in several CFS symptoms, such as low-grade fever, fatigue, and 
myalgia.

Vitamin B Complex

It has been reported that vitamin B1 plays an important role in glucose metabolism, 
in particular since it is involved in the change from pyruvic acid to acetyl-CoA. 
When we studied the effect of vitamin B1 on fatigue-model mice using the same 
weight-loaded forced swimming test as in the vitamin C study, we found that 
vitamin B1 administration also improved the swimming time. Vitamin B1 is also 
reported to have an important role in neural function, and so we usually give CFS 
patients 30–100  mg vitamin B1 per day.
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Vitamin B12 also has an important role in neural function. When we adminis-
tered a high dose of vitamin B12 (3000  μg/day) to patients with CFS, some of them 
showed an objective improvement in their sleep disturbance. As there are few 
adverse effects of vitamins B1 and B12, we routinely prescribe both for patients 
with CFS.

Selective Serotonin Re-uptake Inhibitor (SSRI) and Serotonin 
Noradrenaline Re-uptake Inhibitor (SNRI)

As mentioned when considering the pathogenesis of CFS, we speculate that a 
polymorphism within the 5′ upstream region of the 5-HTT gene is closely linked 
to CFS and may be a risk factor for this disorder. When we used fl uvoxamine 
maleate, an SSRI, to treat 39 Japanese patients with CFS, 11 of them withdrew 
from the treatment within 2 weeks because of side-effects such as nausea, increased 
fatigue, and loss of the ability to think. However, the remaining 28 patients were 
given the inhibitor for more than 2 months. As a result, 2 of these patients were 
cured of CFS after the treatment, and 8 of them recovered enough to return to work. 
Therefore, we consider that serotonergic hypofunction is one of the aspects of the 
pathogenesis of CFS.

Paroxetine is also classifi ed as an SSRI, and we found that it was equally as 
effi cacious as fl uvoxamine maleate for the treatment of patients with CFS. However, 
its drug formula is quite different from that of fl uvoxamine maleate. It is interesting 
that patients who have an adverse reaction to fl uvoxamine maleate tolerate parox-
etine well, and vice versa. Recently, milnacipran hydrochloride (an SNRI) was also 
found to have a benefi cial effect similar to that of SSRIs on CFS patients, and so 
we usually use these agents creatively.

We would like to stress that these SSRI and SNRI drugs are not only used for 
the treatment of patients in a depressive state. We found that some CFS patients 
without depression did have serotonergic hypofunction, and that an SSRI or SNRI 
was frequently effective against the fatigue or the pain itself. Furthermore, some 
CFS patients feel a sense of rejection when told that they are being treated with an 
antidepressant. Consequently, we usually take the time to explain the reason for 
the use of these drugs, and this time is well spent if it establishes a good rapport 
with the patient.

Acetylcarnitine

As mentioned in the section on acylcarnitine metabolism, acylcarnitine dysmetabo-
lism is thought to be a part of the pathogenesis of CFS. When we administered 
acetylcarnitine to several CFS patients who had acetylcarnitine defi ciency, some 
of them showed a marked improvement in their daily activities and a reduction in 
their symptoms [35]. However, when the effectiveness of a therapy is estimated by 
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the treatment of a disease, the placebo effect should also be considered. Recently, 
Vermeulen et al. [34] confi rmed that acetylcarnitine had a benefi cial effect on 
fatigue and attention in an open-label, randomized study on CFS. Since few side-
effects are caused by acetyl-L-carnitine, supplementation with acetyl-L-carnitine 
might possibly become a useful new treatment for CFS patients, or at least those 
with an acylcarnitine defi ciency.

Amantadine

Amantadine is well known to be effective for the treatment of Parkinsonism. This 
effect is believed to release brain dopamine from nerve endings, thus making it 
more available to activate dopaminergic receptors. It is also known that amantadine 
has antiviral activity toward infl uenza type A.

Recently, Bode et al. [51] reported the successful inhibition of BDV by aman-
tadine in cultured cells and in an infected human individual. At that time, we had 
two family clusters of patients with CFS. One family consisted of a father, mother, 
two sons, and one daughter, and all members except the elder son had been diag-
nosed with CFS. All members with CFS had antibodies against BDV in their 
plasma and BDV RNA in their peripheral blood mononuclear cells. [21] This father 
is a medical doctor, and when he learned about the report by Bode et al., he decided 
to use amantadine to treat his affected family members. After 12 weeks administra-
tion of amantadine (200  mg per day), all of them showed a good response, which 
included a marked improvement in their daily activities and a reduction in the 
degree of their symptoms. When we tested for BDV RNA in their peripheral blood 
mononuclear cells after a 1-year administration of the drug, we could not detect 
BDV RNA in any of them.

Therefore, we administered amantadine (200  mg per day) to 22 patients with 
CFS. Three of them withdrew from the study because of side-effects such as 
increased fatigue, loss of concentration, and staggering. The other 19 were able to 
take amantadine (200  mg per day) for 8 weeks, and our therapeutic rating revealed 
the following results: 1 patient showed an excellent response, 8 showed a good 
response, 6 showed a poor response, and 4, showed no response. When we evalu-
ated the effect of amantadine on patients with and without antibodies against BDV 
in their plasma, 6 of 11 patients with antibodies against BDV showed a good 
response, whereas only 2 of 6 patients without antibodies showed a good response. 
Therefore, there is a possibility that the effect of amantadine might be different 
depending on the presence or absence of antibodies against BDV. Since the report 
from Bode et al., there have been many confl icting reports indicating that amanta-
dine does not have any antiviral activity against BDV. Therefore, the mechanism 
of the effect of amantadine is now unclear, but we consider amantadine to be one 
of a range of valuable therapies for patients with CFS in the absence of a “magic 
bullet.”
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Supportive Care

Patients with CFS are frequently plagued by a broad range of symptoms such as 
myalgia, arthralgia, sleep disturbance, digestive symptoms, and vegetative symp-
toms. Therefore, we frequently use various kinds of traditional medicine, such as 
acupuncture, massage, aroma therapy, laughter therapy, etc., depending on the 
symptoms.

Prognosis and the Relationship to Psychiatry

When we studied the prognosis of our CFS patients who had been treated by Ori-
ental medicine (a herbal medicine plus a high-dose administration of vitamin C) in 
Osaka University Hospital, none of them died due to the CFS itself. However, only 
9 of 74 patients (12.2%) were cured after 2 years of treatment; and 13 of 46 patients 
(28.3%) were cured after 5 years of treatment. Therefore, CFS does not have a 
good prognosis.

All of these patients had selected the Oriental medicine of their own accord. 
However, half of them had psychiatric symptoms. Therefore, we classifi ed these 
patients into 3 groups by using the Diagnostic and Statistical Manual of Mental 
Disorders, 4th ed. (DSM-IV). One group comprised patients without mental disor-
ders (Group I), the second group comprised those who had developed mental dis-
orders after the onset of CFS (Group II), and the last group comprised those who 
had met the diagnostic criteria for mental disorder at the onset of CFS (Group III). 
This classifi cation was recommended by the psychiatric group in Osaka University 
(Okajima and Shimizu). The improvement after 5 years of treatment was 8/20 for 
Group I, 3/8 for Group II, and 2/18 for Group III. When the patients who did not 
have a concurrent mental disorder at the onset of CFS (Groups I + II) were com-
pared with those who did (Group III), the recovery rates were signifi cantly higher 
in Group I + II (P < 0.05) than in Group III (Okajima et al., submitted for publica-
tion). Therefore, the presence or absence of a concurrent mental disorder at the 
onset of CFS plays a greater role in the outcome of the disease than a mental dis-
order which develops after the onset of CFS. For this reason, we make a point of 
letting our CFS patients meet a psychiatrist before making a differential 
diagnosis.
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Development and Validation of a New Fatigue 
Scale for Fatigued Subjects With and Without 
Chronic Fatigue Syndrome

Sanae Fukuda1, Shoko Takashima3, Masao Iwase2, Kouzi Yamaguti1,3, 
Hirohiko Kuratsune3,4, and Yasuyoshi Watanabe1

Summary

The objective of our study was to develop a new fatigue scale for the assessment of 
patients with chronic fatigue syndrome (CFS) as well as people who feel they are 
chronically fatigued but do not meet the diagnostic criteria for CFS. A new fatigue 
scale was developed by one psychiatrist and two physicians who specialize in CFS. 
This scale consists of various psychosomatic symptoms, psychiatric symptoms, and 
diagnostic criteria for CFS. It was completed by 325 patients with CFS, 311 fatigue 
patients who did not fulfi ll the diagnostic criteria for CFS, 92 healthy workers, and 
80 university students. The Chalder fatigue scale, the profi le of mood states (POMS), 
the performance status (PS), which is included in the Japanese diagnostic criteria for 
CFS, and the visual analogue scale (VAS) for fatigue were also assessed with the 
agreement of patients who consulted our center from December 2004 to April 2006. 
Seventy-two university students also completed the questionnaire, including this 
new scale, the Chalder fatigue scale, and other lifestyle factors, and we reconfi rmed 
the effectiveness of the new scale among fatigue patients with and without CFS and 
normal controls. There was a high degree of internal consistency in the results, and 
principal components analysis supported the notion of an 8-factor solution (42 items 
covering fatigue, anxiety and depression, loss of attention and memory, pain, over-
work, autonomic imbalance, sleep problems, and infection). Only “anxiety and 
depression,” “pain,” and “infection” factors were able to distinguish CFS from not 
CFS. The sensitivity and specifi city of CFS were 67.7 and 64.4, respectively, using 
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a cut-off score of 25 points for this subscore. We concluded that the new fatigue scale 
used in this study was useful for differentiating CFS patients from not CFS patients 
and fatigued people from a healthy sample.

Introduction

According to the US Centers for Disease Control and Prevention (CDC), chronic 
fatigue syndrome (CFS) is defi ned as a sensation of abnormal and unexplained 
mental and physical fatigue of at least 6 months’ duration [1].

The cause of CFS and chronic continuous fatigue is poorly understood, and few 
pharmacological or somatic treatments have been shown to be effective. It is impor-
tant to develop a clear clinical picture, as well as a simple screening questionnaire 
that distinguishes CFS from fatigue symptoms that do not fulfi ll the diagnostic 
criteria of CFS (hereafter referred to as “not CFS”). A few studies have used depres-
sion rating scales or fatigue rating scales to distinguish CFS [2,3] from “not CFS,” 
but these scales have not been shown to be adequate at distinguishing between CFS 
and “not CFS” at our clinical fatigue center, where many people consult us com-
plaining of fatigue. We need to understand not only fatigue itself, but also its related 
symptoms, in order to clarify the clinical picture of CFS.

About 60% of people in Japan report that they feel fatigue [4]. About 40% of 
these complain of continuous fatigue for more than 6 months. In other countries, 
the prevalence of fatigue ranges from 14.3% to 38.0% (United States, 14.3% and 
20.4%; Norway, 22%; Australia, 25.0%; the United Kingdom, 38.0%) [5–8]. In a 
cross-cultural epidemiological study, the prevalence of unexplained fatigue of 1-
month duration ranged from 2.7% to 15.1% [9]. It is important to detect and cope 
with the general symptoms of fatigue as soon as possible after the symptoms 
appear, as fatigue might be related to the presence of various diseases, including 
cancer [10–13], or might induce Karoshi [14] and a decrease in the amount and 
inventiveness of work. In addition, fatigue may be associated with economic 
losses.

The aim of our study was to examine the reliability and validity of a new scale 
for both healthy, pathologically fatigued people (i.e., not CFS) and those with 
CFS.

Methods

A new fatigue scale which included the symptoms of CFS, i.e., sleep diffi culties, 
depression, attention problems, somatic symptoms, loss of motivation, delayed 
recovery from diseases, and overload, was developed by one psychiatrist (M.I.) and 
two physicians (H.K. and K.Y). The questionnaire associated with this scale con-
sisted of 64 questions (see Appendix). All 64 questions were scored using a Likert 
scale (0–4). The questionnaire was completed by 325 patients with CFS (mean age 
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(±SD) 36.9 (±10.0) years, 65.8% of whom were female) and 311 people who con-
sulted the clinical fatigue center but did not fulfi ll the CFS criteria, that is “not 
CFS” (mean age (±SD) 42.9 (±15.3) years, 53.1% of whom were female). It was 
also completed by two groups of subjects with no symptoms of fatigue, including 
92 healthy workers in A company (mean age (±SD) 39.3 (±10.9) years, 48.9% of 
whom were female) and 80 Osaka City University medical students (group 1) 
(mean age (±SD) 20.9 (±2.0) years, 32.5% of whom were female). For test–retest 
reliability, we asked 56 CFS patients (who were not included in the CFS patients 
group above) who consulted our center from September 2006 to February 2007 
(mean age (±SD) 36.6 (±10.4) years, 58.9% of whom were female) to complete 
the new questionnaire twice at an interval of between 14 and 50 days, and we used 
only the results from subjects who completed the questionnaire twice within less 
than 30 days.

The Chalder fatigue scale, the profi le of mood states (POMS), and the perfor-
mance status (PS), which is now included in the diagnostic criteria for CFS in Japan 
(Table 1), as well as a visual analogue scale (VAS) for fatigue [13], were completed 
by people who consulted the center from December 2004 to April 2006. In addition, 
the university students in group 1 also completed the PS, the Chalder fatigue scale, 
and the VAS.

Another 72 university students (group 2) also completed the new questionnaire, 
and we reconfi rmed the effectiveness of the scale with this group.

A translation of the draft scales into English was performed by two different 
editorial companies using an interactive forward–backward translation.

Table 1. Performance status scores for evaluating the daily activity, working status, and severity 
of fatigue in chronic fatigue syndrome (CFS) patients

Scores Content

0 Able to carry on normal daily social activity without fatigue
1 Able to carry on normal daily social activity and work, but often feels fatigue
2 Able to carry on normal daily social activity and work, but often needs a rest 
  because of fatigue
3 Several days a month, unable to carry on normal daily social activity and works 
  with generalized fatigability
4 Several days a week, unable to carry on normal daily social activity and works with 
  generalized fatigability
5 Unable to carry on normal daily social activity and work. Able to work on light 
  duties, but several days a week needs a rest at home
6 Able to work at light duties only on good days, but after more than half a week 
  needs a rest at home
7 Able to take care of oneself without assistance, but unable to carry on normal daily 
  social activities or light work duties
8 Able to take care of oneself with assistance, but must be in bed more than half a 
  day
9 Unable to take care of oneself, needs daily assistance, and must be in bed all day
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The Chalder Fatigue Scale

This scale was developed by Chalder et al. [15] to measure the severity of fatigue. 
It consists of 14 questions, and has been found to be both reliable and valid, with 
a high degree of internal consistency. The principal components of this scale are 
physical and mental fatigue.

Performance Status (PS)

This proprietary scale was described in the Japanese CFS diagnostic criteria to 
evaluate daily activity, working status, and the severity of fatigue (Table 1).

VAS for Rating Fatigue

We asked patients, students, and workers to express the intensity of the fatigue they 
were experiencing at that time on a 100-mm VAS, ranging from not fatigued at all 
to extremely fatigued [13].

Other Psychological Parameters

We also asked the 72 university students (group 2) the following questions in order 
to determine the effectiveness of the scale for mental problems.

“Did you experience not feeling well, or were you unable to go to school without 
any reason and had to stay at home to rest?”

“Did you notice that you were tired or lacking in energy for more than 30 days, 
did not feel better after getting plenty of rest, and missed school because of 
tiredness or weakness?”

“Do you feel stress?”
“Do you continue to get tired easily, and not feel much better after having a 

rest?”

Statistical Analysis

All data were statistically analyzed using SPSS version 13.0J (SPSS Inc., Tokyo, 
Japan). The statistical methods for evaluating the new fatigue scale are shown in 
detail in the results. This scale was developed by factor analysis (principal factor 
method) of the draft items followed by Promax rotation. We used only data from 
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CFS patients for this analysis. Interscale correlations were evaluated by calculating 
Pearson’s correlations among the Chalder fatigue scale, PS, VAS, and POMS. 
Reliability was evaluated by examining Cronbach’s a coeffi cient. The mean dif-
ferences of the new fatigue scale and its subscales were tested by one-way analysis 
of variance among CFS, not CFS, and healthy people [workers and students (group 
1)]. Test–retest reliability was assessed by Pearson’s correlations comparing scores 
reported on two separate occasions, and we used only samples with an interval of 
less than 30 days. We examined the relationships between fatigue or mental health 
factors and the new fatigue scale by the Mann–Whitney nonparametric test or the 
Kruskal–Wallis test, and calculated their sensitivity and specifi city, respectively.

Results

The characteristics of all participants are shown in Table 2. Promax rotation analy-
sis of the principal component method was performed to confi rm the principal axes 
of the questionnaire. Although 12 factors were selected at the fi rst step, we could 
conceptualize only the fi rst 8 factors (Table 3). These 8 factors accounted for 52.5% 
of the total variance. We used 42 questions that did not overlap with these 8 factors 
(load > 0.4) (Table 4). Cronbach’s a for each factor was 0.96, 0.94, 0.92, 0.87, 
0.80, 0.71, 0.79, and 0.69, respectively, and its total score was 0.96. Because each 
factor has a different number of questions, we re-calculated each score to go up to 
20 points, and assigned those scores to subscales (factors 1 through 8, where factor 
1 = fatigue, factor 2 = anxiety and depression, factor 3 = loss of attention and 
memory, factor 4 = pain, factor 5 = overwork, factor 6 = autonomic imbalance, 
factor 7 = sleep problems, and factor 8 = infection) of the new fatigue scale (Table 
4).

Table 5 shows the results of the correlation coeffi cients between the new scale 
and other scales. The short version of the new fatigue scale was highly correlated 
with the Chalder fatigue scale, PS, and VAS (r > 0.4). Factors 1 and 4 were posi-
tively associated with the Chalder fatigue scale, PS, and VAS (r > 0.4). Factor 2 
was highly correlated with the Chalder fatigue scale and POMS (tension–anxiety 
and depression–dejection) (r > 0.4). Factor 3 was correlated with the Chalder 

Table 2. Characteristics of the participants

  Age (years)

Sample n Mean SD Sex (% female)

Workers  92 39.3 10.9 48.9
University students 1 (2006)  80 20.9  2.03 32.5
Fatigued people but not CFS 311 42.9 15.3 53.1
CFS (20042006) 325 36.9 10.0 65.8
CFS (test-retest)  56 36.6 10.4 58.9
University students 2 (2007)  69 20.6  0.94 39.1



94 S. Fukuda et al.

fatigue scale, the POMS confusion scale, and PS (r > 0.4). Factors 6 and 7 were 
correlated with the Chalder fatigue scale (r > 0.4).

Table 6 shows the differences in the means of each factors’ score and total score. 
The scores of all factors except factor 5 and the total score showed signifi cant dif-
ferences between “CFS and workers,” “CFS and students,” “not CFS and workers,” 
and “not CFS and students.” Only factors 2, 4, and 8 showed a signifi cant differ-
ence between CFS and not CFS (P < 0.0001).

Thereafter, we added factor 4, factor 8, and the reciprocal of factor 2, and 
assigned this score into a new category (factor 248). We used the mean area under 
the receiver operating characteristic curves (ROC) of factor 248 to determine the 
cut-off point from the ROC curve to distinguish CFS from controls or “not CFS.” 
The ROC was 0.77, and we set the cut-off points from 22 to 26 for every 1 point 
(Table 7). The most suitable cut-off point for distinguishing CFS from not CFS 
was 25 points, and from healthy controls it was 23 points.

The test–retest correlation coeffi cients of each factor and the total score between 
the fi rst and second sessions were all above 0.56 (P < 0.001) (Table 8).

Table 3. Factor analysis (principal factor method by Promax rotation) of the new fatigue scale

Factor Eigen value Percent of variance Cumulative percent

 1 18.96 29.63 29.63
 2 3.70 5.78 35.40
 3 2.60 4.06 39.46
 4 2.46 3.84 43.29
 5 2.17 3.40 46.69
 6 1.34 2.09 48.78
 7 1.28 1.99 50.77
 8 0.95 1.48 52.25
 9 0.87 1.35 53.60
10 0.69 1.08 54.68
11 0.63 0.98 55.66
12 0.57 0.89 56.55

Table 4. Principal factor analysis with Promax rotation of items in a new fatigue scale

Factor number Factor name Item number

Factor 1 Fatigue 9, 10, 15, 18, 31, 43, 50, 51
Factor 2 Anxiety and depression 2, 11, 20, 21, 26, 27, 29, 33, 34, 38, 52
Factor 3 Loss of attention and memory 6, 17, 30, 47, 53
Factor 4 Pain 7, 22, 23, 58, 62
Factor 5 Overwork 24, 32, 44, 49, 61
Factor 6 Autonomic imbalance 36, 39, 63, 64
Factor 7 Sleep problems 4, 54, 59
Factor 8 Infection 35, 57
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We reconfi rmed the effectiveness of the scale in the other university students, 
because we developed this questionnaire to apply not only to CFS, but also to “not 
CFS.” Only the mean score of factor 2 showed signifi cant differences between 
subjects who did not feel well and those who felt well (Z = −2.25, P = 0.03) (Table 
9). The total score and subscores, except for factor 5, showed signifi cant differences 
between subjects who were tired for more than 30 days and those who were not 
tired for more than 30 days (factor 1, Z = −3.02, P = 0.003; factor 2, Z = −3.69, P 
< 0.0001; factor 3, Z = −3.00, P = 0.003; factor 4, Z = −2.74, P = 0.006; factor 6, 
Z = −3.19, P = 0.001; factor 7, Z = −2.24, P = 0.03; factor 8, Z = −2.03, P = 0.04; 
total, Z = −3.30, P = 0.001). The total score and subscores, except for factors 5, 7, 
and 8, showed signifi cant differences between subjects who tired easily and those 
who did not tire easily (factor 1, c2 = 6.53, P = 0.04; factor 2, c2 = 12.99, P = 
0.002; factor 3, c2 = 12.25, P = 0.002; factor 4, c2 = 11.49, P = 0.003; factor 6, 
c2 = 11.26, P = 0.004; total, c2 = 9.50, P = 0.009). The total score and subscores, 

Table 7. Screening characteristics between CFS and not CFS or healthy controls from a new 
fatigue scale (factors 2, 4, and 8) for different cut-off scores

 Not CFS Healthy 

 Sensitivity Specifi city Sensitivity Specifi city
Threshold score (%) (%) (%) (%)

22 78.8 51.9 78.8 83.4
23 87.0 55.6 87.0 87.0
24 71.4 62.0 71.4 90.5
25 67.7 64.4 67.7 93.5
26 61.8 69.2 61.8 95.3

“not CFS” indicates patients who visited the clinical fatigue center in Osaka City University 
Hospital with complaints of fatigue but who were not diagnosed with chronic fatigue syndrome. 
Bold type fonts mean the most suitable cut-off point, respectively

Table 8. Test-retest reliability of the total scale and each 
subscale

Test-retest reliability (correlation coeffi cient) (n = 56)

Factor 1 0.77***
Factor 2 0.78***
Factor 3 0.81***
Factor 4 0.78***
Factor 5 0.82***
Factor 6 0.72***
Factor 7 0.81***
Factor 8 0.56***
Total 0.81***

***  P < 0.001
The values in the table are correlation coeffi cients
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except for factors 5, 7, and 8, showed signifi cant differences between subjects who 
felt stress and those who did not feel stress (factor 1, c2 = 8.66, P = 0.01; factor 2, 
c2 = 25.67, P < 0.0001; factor 3, c2 = 11.47, P = 0.003; factor 4, c2 = 8.48, P = 
0.01; factor 6, c2 = 10.22, P = 0.006; total, c2 = 11.40, P = 0.003).

Discussion

In this study, we explored a new fatigue scale to see if it could be used to discrimi-
nate between CFS and “not CFS.” The new fatigue scale was conceptualized into 
eight main factors by factor analysis: 1, fatigue; 2, anxiety and depression; 3, loss 
of attention and memory; 4, pain; 5, overwork; 6, autonomic imbalance; 7, sleep 
problems; 8, infection. We reconstructed a new 42-item fatigue scale that showed 
good reliability. This new scale and its subscales were signifi cantly correlated with 
other psychiatric scales. The mean scores of the new scale and its subscales showed 
differences between healthy people and people with CFS. Only three factors showed 
differences between CFS and not CFS. Therefore, we categorized a new subscale 
that included these three factors, and examined the specifi city and sensitivity of 
screening for CFS in a mixed group of not CFS and healthy people. The most suit-
able cut-off point for discriminating between CFS and not CFS was 25 points 
(sensitivity, 65.3; specifi city, 64.1), and between CFS and healthy people it was 23 
points (sensitivity, 81.5; specifi city, 83.4). These values are considered to be high 
bearing in mind the complexity of the clinical picture.

De Vries et al. [16] examined six fatigue questionnaires completed by a working 
population and reported that the fatigue assessment scale [17] represented the most 
promising fatigue measure for the working population [16]. Our new scale has the 
advantage that it can be used for both patients and healthy people.

The limitations of this study include a small sample size (patients and controls) 
and the fact that we did not examine the validity of the scale in different popula-
tions. Further surveys are clearly needed, but this new scale might be useful in 
clinical practice for discriminating between CFS and not CFS. Because 42 ques-
tions are too many for fatigued patients as well as for epidemiological studies, we 
need to develop a shorter version of the scale.

There were relationships between some mental problems and the new fatigue 
scale. In addition, the sensitivity and specifi city of this scale for fatigued students 
within a group of university students (group 2) were 60.0 and 74.1, respectively, 
using a cut-off score of 33 points. However, the fi tness of this cut-off score was 
not good, and further research is needed to clarify this point (data not shown).

Each psychosocial variable of depression, anxiety, optimism, internal health, 
locus of control, amount of social support, satisfaction with social support, and 
sleep quality is partially mediated by emotional intelligence and fatigue [18–20]. 
Siegrist [21] presented an effort and reward imbalance model in the working popu-
lation. Some studies show that higher levels of exposure for the effort and reward 
imbalance component over-commitment are associated with an increasing 
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prevalence of sleep disturbance and fatigue [22,23]. Kato et al. [24] reported that 
elevated premorbid stress is a signifi cant risk factor for chronic fatigue-like illness. 
In order to develop a higher-accuracy scale for various populations, we need to 
include fatigue variables from multiple dimensions, including the recovery phase 
from fatigue, motivation, personality, social support, environment, and lifestyle.

In conclusion, the new fatigue scale used in this study was useful for differentiat-
ing CFS patients from “not CFS” patients, and fatigued people from healthy 
controls.
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Appendix

 1 Feeling shaky on my feet 
 2 Feeling restless due to anxiety
 3 Getting a low backache
 4 Dozing off frequently
 5 Having a mild fever
 6 Feeling less able to think
 7 My legs feel heavy lately
 8 Having diffi culty breathing
 9 Feeling so tired that I want to lie down at times
10 Feeling tired and without energy
11 Being reluctant to socialize with people
12 Being unable to sleep well
13 My eyes easily become tired
14 Not feeling energetic lately
15 Becoming very tired with just a small amount of exercise or work
16 Catching a cold often, and it is diffi cult to get better
17 Forgetting things at times
18 Feeling sluggish lately 
19 My eyelids and muscles twitch
20 Cannot help feeling disgusted with myself

(continued)
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21 Feeling depressed
22 Feeling muscle pain recently 
23 My arms feel heavy lately
24 Having no time to rest and relax
25 A hoarse voice
26 Unable to get enthusiastic about things
27 Unable to have fun no matter what I do
28 Feeling anxious about the condition of my own body 
29 Having no desire to work
30 Unable to remember small things
31 A recent lack of physical energy
32 Being busy and unable to get enough sleep
33 Having thoughts of being better off dead
34 Not wanting to read or write anything
35 Getting swollen lymph nodes
36 A portion of what is in front of my eyes disappears at times
37 Thinking about leaving my current job at times
38 Becoming irritated and touchy
39 Becoming dizzy when there is bright light
40 Feeling sluggish
41 Getting headaches and feeling heavy-headed
42 Having an upset stomach
43 Thinking that the way I get tired recently is abnormal
44 Having work and things to do until late at night
45 Getting caught in a daze
46 Getting stiff shoulders easily
47 Making many careless mistakes
48 Feeling nauseous and sick to my stomach
49 Having a heavy workload and it is burdensome
50 Feeling sluggish all over lately
51 Even after a night’s sleep, do not feel refreshed
52 Not having self-confi dence in the things I do
53 A decline in my ability to concentrate
54 Cannot help but feel sleepy lately
55 Going to work every day is very diffi cult 
56 Having no desire to eat lately
57 Getting a sore throat
58 My back feels heavy lately 
59 No matter what, I sleep too much
60 Dropping things I am holding in my hand
61 Even after returning home, being unable to get work off my mind
62 Having sore joints
63 Breaking out into a cold sweat at times
64 Getting shaky hands and/or legs
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Summary

Chronic fatigue syndrome (CFS) is an intractable pathological state characterized 
by chronic fatigue for 6 months or more with unknown cause. For its diagnosis, it 
is necessary to exclude any physical or psychiatric conditions which could cause 
chronic fatigue. Psychiatric co-morbidity is commonly observed in cases diagnosed 
as CFS, and we propose a classifi cation of the therapeutic role of physicians and 
psychiatrists according to the psychiatric classifi cation of the chronic fatigue 
episode. Recently, a series of studies proved the effectiveness of cognitive behav-
ioral therapy (CBT) for CFS. In CBT for CFS, it is considered to be important not 
to seek physical causes, to accept the pathological state as it is, to monitor and 
record the patient’s daily activity and recognize the cognitive and behavioral pat-
terns which might prolong fatigue, to maintain a constant activity level, and to make 
planned increases in daily activity. In CFS, our data showed that the rate of com-
plete recovery was about 20% at the 2-year follow-up, and 40% at the 5-year 
follow-up, and that the prognosis of patients with psychiatric co-morbidity from 
the onset of a fatigue episode was far poorer than that of patients with no psychiatric 
co-morbidity or with psychiatric co-morbidity subsequent to a fatigue episode. We 
conclude that the psychiatric classifi cation of the course of chronic fatigue is impor-
tant for planning a therapeutic strategy and predicting the outcome of this state.

History and Background of the Disease Entity Called “Chronic 
Fatigue Syndrome”

The disease that has come to be called “chronic fatigue syndrome” (CFS) was fi rst 
noted in 1984 in Nevada in the United States, after a massive outbreak of fl u-like 
symptoms (fatigue, pharyngalgia, myalgia, arthralgia, low-grade fever, etc.). The 
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American Center for Disease Control (CDC) prepared a case defi nition for a diag-
nosis of CFS in 1988, among its steps to identify the cause of this condition [1]. 
Initially, the involvement of viruses was suspected on the basis of the clinical 
symptoms. To date, however, no particular virus has proved to be a causal agent 
in this condition. Typical patients with CFS suddenly develop fl u-like symptoms 
after leading healthy lives. Unexplained fatigue is accompanied by a variety of 
persistent physical symptoms (low-grade fever, among others) and neuropsychiat-
ric symptoms. Since this disease exhibits diverse neuropsychiatric symptoms, it 
tends to be confused with mental illness. In fact, CFS is often complicated by 
mental problems. The case defi nition of CFS resembles that of neurasthenia pro-
posed in 1869 by Beard, a name which continues to be used in the ICD-10. It is 
plausible to suppose that patients with CFS symptoms have been observable in the 
population throughout history. In recent years, the association and similarities of 
neurasthenia with panic disorder and depression have been reported [2]. Patients 
with CFS are often depressed or suffer from panic disorder. Furthermore, it is 
known that both neurasthenia and CFS sometimes develop shortly after an infec-
tion. We therefore consider that the terms neurasthenia and CFS have been used 
historically to refer to the same condition, although in different eras. Because CFS 
was initially viewed as a physical disease, it did not attract close attention in psy-
chiatric practice. However, like the concept of “neurasthenia,” which spread explo-
sively after it began to be used, the concept of CFS is now spreading, primarily 
among lay people, and this condition is gradually becoming one that psychiatric 
practice cannot ignore. It is in these circumstances that this chapter will discuss 
how the relationship between CFS and mental illness should be considered during 
the diagnosis and treatment of patients with CFS. We will describe how cognitive 
behavioral therapy (the only valid means of treatment available for CFS at present) 
should be performed. This material is based primarily on our experience at the 
Outpatient Fatigue Clinic of the Department of Internal Medicine and at the Depart-
ment of Psychiatry, Osaka University Hospital.

Criteria for the Diagnosis of Chronic Fatigue Syndrome

In Japan, the criteria for a diagnosis of CFS were made public by the Ministry of 
Health and Welfare (later renamed the Ministry of Health, Labour and Welfare), 
and were partially amended in March 1995. The criteria are divided into major and 
minor items. Among the major criteria, fatigue intense enough to markedly interfere 
with daily living is seen as a major symptom. This symptom needs to continue for 
6 months or longer, or to show repeated cycles of remission and relapse (covering 
50% or more of a given period) in order to fulfi ll the criteria for a diagnosis of 
CFS. The intensity of fatigue needed to support a diagnosis of CFS is equivalent 
to Performance Status 3 (the state in which general malaise makes it impossible 
for the patient to work or conduct other social activities, and obliges them to rest 
at home for several days each month) or higher [3]. The overall effects of fatigue 
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on daily life are evaluated case by case when evaluating whether or not each case 
satisfi es the major criteria. The minor criteria are divided among symptom criteria 
and physical criteria. There are 11 symptoms, i.e., low-grade fever or chill, pha-
ryngalgia, swollen lymph nodes, muscular weakness, myalgia, fatigue after exer-
tion, headache, migrating arthralgia, neuropsychiatric symptoms (one or more from 
among: photophobia, temporary scotoma, amnesia, irritability, confusion, reduced 
ability to think, reduced concentration, and depression), sleep disorders (both sleep-
lessness and drowsiness), and the sudden onset of illness. The physical criteria 
include the requirement that low-grade fever, nonexudative pharyngitis, and swollen 
lymph nodes must be noted twice or more frequently within 1 month. A diagnosis 
of CFS is made in cases where unexplained chronic fatigue satisfying the major 
criteria is present, with either at least 6 items from among the symptom criteria and 
2 items among the physical criteria, or at least 8 items among the symptom criteria 
alone, and none of the exclusion criteria listed below are present. The prevalence 
of CFS is estimated to be about 0.3% [4].

The medical and psychiatric exclusion criteria are included in the diagnostic 
criteria for CFS. Psychiatric illnesses which serve as exclusion criteria are schizo-
phrenia, drug addiction, manic-depressive psychosis, psychotic depression, and 
organic mental diseases. Cases where depression or neurosis developed before any 
episodes of fatigue are excluded from a diagnosis of CFS, while cases where 
depression or neurosis developed simultaneously with fatigue episodes are not 
excluded. The following medical screening tests are recommended to identify cases 
of somatic diseases which can cause fatigue, and fatigue experienced by patients 
with such diseases is not viewed as being caused by CFS: hematological tests 
(blood appearance, erythrocyte sedimentation rate, C-reactive protein (CRP), gly-
coprotein, cholesterol, creatinine, blood urea nitrogen (BUN), Na, K, Ca, aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), lactic dehydrogenase 
(LDH), alkaline leukocyte phosphatase (ALP), total bilirubin, creatine phosphoki-
nase (CPK), aldorase, uric acid, thyroid-stimulating hormone (TSH) as an indicator 
of thyroid function, T3, T4, antinuclear antibody), tests of urine and feces (urinary 
protein, urinary glucose, urobilinogen, urinary sediment, occult fecal blood), simple 
chest X-ray, and ECG.

Psychiatric Classifi cation of the Course of Chronic 
Fatigue Episodes

We classify episodes of chronic fatigue (CF) which satisfy the major criteria of 
CFS into four groups on the basis of the relationship between the time of the fi rst 
onset of a CF episode and the time when the diagnostic criteria for mental illness 
were satisfi ed (Fig. 1) [3]. Group I contains cases where the diagnostic criteria for 
mental illness have not been satisfi ed to date since the fi rst onset of the CF episode. 
Group II contains cases where the diagnostic criteria for mental illness were not 
satisfi ed at the fi rst onset of a CF episode but were satisfi ed later. Group III contains 
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cases where the criteria were satisfi ed at the fi rst onset of a CF episode. The 
excluded group, which contains cases where the CF episodes developed before 
complete remission of the preceding mental illness, or where mental illness which 
falls under the exclusion criteria for the diagnosis of CFS is the case at present or 
was the case in the past. Because the psychiatric classifi cation of the course of 
chronic fatigue episodes is made at the time of the patient’s fi rst visit to the psy-
chiatric clinic, it is possible for group I cases (cases later complicated by mental 
illness) to fall into the group II category. Group III may be interpreted not only as 
cases where both CFS and mental illness have developed at the same time, but also 
as cases where the symptoms of the mental illness accidentally satisfy the diagnos-
tic criteria for CFS as well. The latter interpretation is probably more rational, 
according to common sense. The “excluded group” may include cases where CF 
episodes seem to be the remaining symptoms of mental illness, and cases where 
CF episodes have developed independently of mental illness. None of these cases 
is rated as being CFS. When diagnosing and treating CFS, we attach greater impor-
tance to the psychiatric classifi cation of the course of the CF episodes than to the 
diagnosis of the condition made by the psychiatrist. This is because the classifi ca-
tion of CF episodes is related to the therapeutic strategy used and the prognosis for 
the patient. Previously after the introduction of the case defi nition for CFS, the 
distribution of cases did not differ markedly between groups I, II, and III, and the 
number of cases in the excluded group was very small. However, as CFS was 
identifi ed more extensively, the number of group III cases and of excluded-group 
cases increased, accounting for more than 50% of all cases.

Group I

CF episode

CF episode

Group II

Mental disorders

CF episode

Mental disorders

CF episode

Mental disorders

CF episode

Past and present history of mental disorders 
included in exclusion criteria

Group III

Excluded group

Excluded group

Fig. 1. Psychiatric classifi cation of the course of a chronic fatigue episode
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Psychiatric Screening to Identify Chronic Fatigue Episodes

At the Osaka University Hospital, patients with a chief complaint of chronic fatigue 
who were suspected of having CFS were fi rst examined in the Outpatient Fatigue 
Clinic of the Department of Hematology and Oncology. These patients then received 
psychiatric screening in the Department of Psychiatry. Later, they visited the Out-
patient Fatigue Clinic again, where a therapeutic strategy was worked out on the 
basis of a general assessment of the medical screening results and the psychiatric 
fi ndings.

At the beginning of the screening, the patient answers questions contained in 
several different questionnaires. The questionnaires used in the Department of 
Psychiatrics, Osaka University, include the draft Japanese version of Chalder’s 
fatigue assessment scale [5], SDS, which is the Japanese version of SSAS (the 
somatosensory amplifi cation scale) [6], JIBT-20 (the Japanese version, called the 
irrational belief test) [7], MOS-SF36 (the medical outcome study/short form 36) 
[8], and the Japanese version of the PDQ-R (personality diagnostic questionnaire, 
revised version) [9]. The Jikaku Sho Shirabe and Chalder’s fatigue assessment 
scale are useful for evaluating the degree of fatigue. The SDS is useful as a 
means of simplifying the evaluation of the degree of depressive symptoms. The 
SSAS is a test designed to evaluate the patient’s sensitivity to physical symptoms. 
The JIBT-20 is useful for checking for cognitive biases. The MOS-SF36 is suit-
able for evaluating the effects of fatigue on daily life, and has frequently been 
used in studies of CFS in many countries. The PDQ-R is a test for screening for 
personality disorders, but care must be taken because there is a high false-positive 
rate with this test.

During a face-to-face interview, the patient is asked about their developmental, 
educational, and occupational history and pre-onset adaptation. The patient is then 
asked about how the CF episode developed, in order to determine whether or not 
the CF episode can be viewed as representing a mental illness. The patient’s history 
after the onset of the CF episode is analyzed to check for any psychiatric episodes 
occurring after the onset. Finally, the patient’s current condition is judged psychi-
atrically. Through these steps, a psychiatric classifi cation of the course of the illness 
is made, as well as a psychiatric diagnosis of the patient’s condition. For group II, 
group III, and the excluded-group cases, the psychiatric fi ndings and the necessity 
for treatment are explained to the patient. In cases where a great deal of time has 
elapsed since the onset of the CF episode, the diagnosis tends to be less accurate, 
due to the paucity of information and the ambiguities of the condition. However, 
we think it is important from a therapeutic point of view that the psychiatrist dealing 
with such cases reaches a decision about the patient’s condition while taking these 
limitations into account.
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Chronic Fatigue Syndrome Complicated by Mental Illness

The percentage of patients with CFS complicated by mental illness is as high as 
60%–70% [10]. The mental illness which most frequently complicates CFS is a 
major depressive disorder. According to many reports, major depressive disorder 
accompanies CFS in 15%–44% of all patients, and about 60%–70% of CFS patients 
had experience of suffering from a major depressive disorder in their past history 
[11–16]. CFS was accompanied by anxiety disorders in about 20% of patients, and 
this had also been the case in the past in about 30% of patients according to many 
reports [11–16]. Among somatoform disorders, somatization disorder is estimated 
to be present in 5%–15% of all patients with CFS [11–16].

Co-morbidity with Major Depressive Disorder

Major depressive disorder is a mental illness which has many similarities to 
CFS. Symptoms common to CFS and major depressive disorder are depressive 
mood, sleep disorder, a tendency to fatigue or loss of vigor, reduced thinking ability 
or concentration, myalgia, headache, and so on. Patients with CFS are more likely 
to show loss of interest and joy, changes in body weight, inappropriate self-
reproachful mood, and suicidal ideation. They tend to attribute their illness to 
physical factors. Since most patients with CFS satisfy the diagnostic criteria for 
dysthymic disorder, our screening does not regard compliance with the criteria for 
dysthymic disorder as indicating a complication by mental disease.

Co-morbidity with Anxiety Disorders

Panic disorder and generalized anxiety disorder are frequent types of anxiety dis-
order seen in patients with CFS. Co-morbidity with panic disorder is often seen 
after the onset of CFS, and close attention to this problem is needed during the 
management of CFS. Generalized anxiety disorder is occasionally seen in patients 
with CFS. Although patients with CFS often show a tendency toward an obsessive 
personality, it is rare that a diagnosis of obsessive–compulsive disorder can be 
made. In cases where co-morbidity with anxiety disorder has been detected, it is 
necessary to judge whether the anxiety disorder developed secondarily to the onset 
of the CF episode, or simultaneously with or before the onset of the CFS (group 
III or the excluded group).
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Co-morbidity with Somatoform Disorders

Somatoform disorders have many similarities to CFS. If the diagnostic criteria are 
applied directly, all cases of CFS may be diagnosed as having undifferentiated 
somatoform disorder. For this reason, we refrain from making a diagnosis of co-
morbidity with mental illness even if the patient was diagnosed as having undif-
ferentiated somatoform disorder during screening. When we encounter a symptom 
which is included among the case defi nitions during screening, it is almost impos-
sible to determine whether the symptom is an organic physical symptom or a 
somatized mental symptom. We make it a rule to avoid making a diagnosis of pain 
disorder or conversion disorder unless the association between a given symptom 
and psychological factors is evident. We make a diagnosis of hypochondriasis only 
if the patient complains of symptoms other than those listed as physical symptoms 
in the case-defi nition for CFS, and we take care to avoid making a hasty diagnosis 
of somatoform disorder.

Co-morbidity with Adjustment Disorders

We make a diagnosis of adjustment disorder if the fatigue can be attributed to some 
particular stress factors. We often encounter cases where we notice adjustment 
disorders only after the fatigue was alleviated in response to the elimination of 
stress factors. The diagnosis of adjustment disorder seems to be rational in many 
cases of CF episodes caused by overwork. However, it is not uncommon that we 
encounter cases where CF episodes caused by overwork do not subside despite 
more than 6 months of rest. In such cases, no appropriate diagnosis other than 
dysthymic disorder is available in the DSM-IV. According to the ICD-10, “pro-
longed depressive reaction” corresponds to such cases, but the duration of this 
condition is usually considered to be 2 years or less. In practice, it is not rare that 
CF episodes caused by overwork last for 2 years or longer.

Co-morbidity with Personality Disorders

It is said that patients with CFS often show a tendency to obsessive–compulsive 
personality, or a tendency to avoidant personality characterized by fear of aggra-
vated fatigue. Few patients with CFS satisfy the diagnostic criteria for personality 
disorders according to DSM-IV, and acting out “diffi cult to control” is also rare 
among patients with CFS. According to one report, patients with CFS have high 
scores on histrionic, avoidant, obsessive–compulsive, and borderline personality 
disorders when rated using the PDQ-R [17], suggesting a relationship of fatigue to 
some particular personality tendencies.
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Treatment

Therapeutic Strategy on the Basis of the Psychiatric Classifi cation 
of the Course of the Disease

We treat cases of CFS using the following strategies, depending on the classifi ca-
tion of the CF episodes. Group I is primarily treated medically. Medical treatments 
for this type include Kampo (traditional Chinese) therapy using herbal preparations 
such as Hochu-Ekki-To, as well as vitamin B12 and C therapy. For group II, we 
administer psychiatric therapy in parallel with the medical therapy. For group II 
cases, if the mental illness is in remission, we sometimes forgo the immediate 
application of psychiatric therapy. For group III and the excluded group, psychiatric 
therapy is emphasized. Patients complaining of chronic fatigue tend to attribute 
their sickness to physical factors and are reluctant to receive psychiatric therapy. 
Psychiatric therapy is sometimes diffi cult to administer in this situation. When 
dealing with cases of CFS, we think it necessary that the roles of physicians and 
psychiatrists be clearly distinguished, i.e., physicians assume the duties of diagnos-
ing CFS and managing the physical problems of the patients, while psychiatrics 
conduct cognitive behavioral therapy or drug therapy to deal with the psychological 
symptoms.

Drug Therapy

Herbal preparations and vitamin preparations are prescribed, irrespective of the 
psychiatric classifi cation of the disease course. Psychotropic agents such as selec-
tive serotonin re-uptake inhibitors (SSRIs), anxiolytics, hypnotics, etc., are used as 
needed. According to a randomized study involving patients with CFS, SSRI was 
effective against the accompanying depression, but was ineffective against fatigue 
[18]. We have the impression that SSRI is effective in some cases, and needs to be 
discontinued earlier than the usual complete course owing to adverse reactions in 
other cases. No clinical study results about the effects of central nervous system 
(CNS) stimulants such as methylphenidate upon cases of CFS have been reported, 
and unpublished data from small-scale studies do not suggest that they are effective 
in cases of CFS. Because drug therapy for CFS tends to be applied for long periods 
of time, we think it advisable to avoid the use of CNS stimulants, since this group 
of drugs is likely to cause addiction. Furthermore, CNS stimulants may induce the 
following adverse reactions: aggravation of insomnia (a symptom of CFS), hyper-
tension (due to methylphenidate), and drug-induced hepatitis (due to pemoline) 
[19]. Because CFS patients often drop out of treatment owing to an intolerance of 
the drugs, it is advisable to adopt one of the following two strategies. One strategy 
is to start psychotropic drug therapy at low dose levels and increase the dose care-
fully. The other strategy is to start at effective dose levels, but to review the dose 
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levels immediately if adverse reactions appear. In any event, we respect the patient’s 
discretion to some degree when selecting drug therapy. For groups II and III, drug 
therapy is tailored to the mental illness.

Our Stance on Alternative Therapies

Alternative therapies of massage, relaxation, acupuncture and moxibustion, bathing, 
food supplement therapy, aroma-therapy, forest therapy, humor–laughter therapy, 
etc., have been proposed, but none of them has been adequately documented as 
being effective. We do not actively recommend these therapies, but if a patient 
consults us about such therapies, we support them if the patient can continue the 
chosen therapy for a long period of time without sustaining a large economic 
burden. This is because, when dealing with CFS, which has a main symptom of 
long-term loss of vigor, it is desirable for patients to have some activities that they 
can engage in and take satisfaction from.

Cognitive Behavioral Therapy

In recent years, reports of randomized studies demonstrating the effectiveness of 
cognitive behavioral therapy (CBT) and graded exercise (GE) have been published 
[20]. In earlier reports, CBT was shown to be ineffective. Later reports, however, 
showed that the response rate to CBT or GE was 35%–75%, and that the daily 
activity level of patients and their recovery from fatigue were signifi cantly better 
after CBT or GE than among patients who had relaxation therapy [21–27]. Basi-
cally, CBT seems to be indicated for all cases of CFS. However, in cases where 
the fatigue is too severe to allow the smooth performance of graded exercise, par-
ticular care will be needed when using a behavioral therapy approach.

The following important information needs to be conveyed by the therapist to 
the patient when CBT is used for the treatment of CFS. CFS is an unexplained 
condition and no radical means of treatment is available. Unfortunately, it is 
unlikely that the CFS will subside immediately. The percentage of patients who 
completely recover from CFS is 20% within 2 years and about 40% within 5 years. 
However, some degree of alleviation can be expected for most patients with CFS. 
It is useless and inadvisable to make excessive efforts to identify the cause of the 
fatigue. CBT is not intended to cure fatigue, but is designed to help the patient 
coexist better with the fatigue. They are simply told not to overstrain themselves 
or overindulge themselves.

At fi rst glance the reader may think that it would be diffi cult to give this infor-
mation to a patient during their fi rst visit to the clinic. However, most patients will 
accept these warnings relatively calmly. This is because patients visiting the clinic 
with a suspicion of CFS have often heard these pieces of information already. The 
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validity of these precautions is evident from overseas studies as well as our studies. 
It is necessary and important to give accurate precautions and information to each 
patient at the beginning of treatment. If this information is shared by the therapist 
and the patient, it will be possible for the therapist to avoid becoming excessively 
impatient or feeling a sense of blame even if the patient does not respond to the 
therapy immediately after the start of treatment. It is often diffi cult for patients to 
keep appointments because of their physical discomfort. It seems better for the 
therapist to accept these irregularities on the part of the patient, unless the irregu-
larities are unacceptably marked.

The next step is to inquire into the conduct of the patient’s daily life. To this 
end, the practice of taking activity records is useful. When you read the term 
“CBT,” you may call to mind columns of dysfunctional thought records. However, 
we believe that behavioral techniques are more effective than cognitive techniques 
in the early stages of CBT for CFS. This is because the fatigue is not directly linked 
to some particular negative and automatic thinking habits (thoughts or images that 
appear unintentionally and habitually when triggered by some events), as is the 
case with depression. Rather, activities during a single day or over several days 
will affect the person’s activity for several subsequent days. Even when the patients 
record their thoughts while experiencing strong fatigue, they often cannot under-
stand why they are so tired. Although automatic negative thoughts can appear sec-
ondarily to fatigue or physical symptoms, how to deal with these thoughts is a task 
we have to resolve after the patient’s fatigue has come under some degree of 
control. The daily activity record is designed to allow the entry of daily activities 
for every hour. Each activity, and the degree of fatigue caused by it, is scored on 
a 10-point scale, and a slash is drawn through the hours of sleep. Using this record, 
the basic activity level, patterns of fatigue aggravation, and sleep–awake rhythms 
can be checked. Disturbed sleep–awake rhythms are seen relatively frequently. 
Some degree of symptom alleviation can be expected just by correcting these 
rhythms.

Next, the patterns of fatigue aggravation are checked. Two patterns are often 
noted: (1) a pattern characterized by the repetition of cycles of good and poor 
general conditions, and (2) a pattern characterized by there always being a strong 
complaint of fatigue accompanied by a low overall activity level. As a behavioral 
characteristic of patients with CFS, it has been reported that they can be roughly 
divided into the relatively active group and the relatively passive group [28]. Rela-
tively active patients place heavy demands on themselves; they want to do many 
things and cannot accept their present situation. Passive patients think that physical 
activity can aggravate their symptoms, and their activity level is often low. The 
former group can be characterized by obsessive and excessively adaptive tenden-
cies, while the latter group can be characterized by a tendency to anxiety and 
avoidance. If individual patients with CFS are roughly divided into these two 
groups, it will be easier to devise a CBT strategy tailored for each case. Relatively 
active patients often overstrain themselves when their general condition is relatively 
good, resulting in a repetition of cycles of aggravation and remission of fatigue. 
When dealing with such patients, it is advisable for the therapist to guide and 
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support the patient to become aware of their excessive adaptation and the disad-
vantages of that behavior, and to help the person to modify their behavior volun-
tarily. This group of patients often has the belief that they should quickly resume 
the activity level prevailing before the onset of disease. When patients have this 
attitude, the therapist should advise them to accept their current situation. For 
passive patients, the therapist should explain the disadvantages of excessive rest 
and advise a gradual increase in activity level. During this discussion, it is a good 
idea for the therapist to propose a schedule that the patient can actively commit to. 
Through a collaborative therapeutic relationship, the therapist should guide the 
patient to confi rm that a gradual increase in activity level does not always aggravate 
fatigue.

We have proposed nine cognitive and behavioral characteristics of patients with 
CFS. These are: (1) a tendency to excessive adaptation, (2) excessive consideration 
of human relationships, (3) perfectionism, (4) lack of appropriate rest, (5) a ten-
dency to avoid activity, (6) excessive rest, (7) physical attribution of symptoms, 
(8) fear of relapse, and (9) a sense of alienation (the feeling that: “No one under-
stands me”). The fi rst four characteristics are often seen in relatively active patients, 
the fi fth and sixth are often seen in passive patients, and the last three are common 
to all patients with CFS.

Table 1 lists examples of valid means of coping with chronic fatigue, tailored 
to the cognitive and behavioral characteristics of CFS. Because of the great impact 
of fatigue on the daily life of patients with CFS, it is desirable: (1) to guide the 
patient toward understanding that their daily life can be enriched by adopting an 

Table 1. Effective coping for chronic fatigue

1. Work and activity
 Divide a given task into several stages, to make it easier to suspend and resume
 Use memoranda and plan the schedule to compensate for reduced memory
 Prevent overwork:
 (a) Be resistant to the insuffi cient activity level
 (b) Abandon self-esteem based on accomplishment
 (c) Notice the disadvantage of overwork
 (d) Check your activity level with a pedometer, etc., to prevent overwork
 Increase activity level gradually. Cope with transient aggravation of fatigue composedly
2. Rest
 Rest according to a plan. Sleep in a regular pattern
  List recreational activities that you can enjoy without special effort, and pursue these 

 activities
 Master relaxation techniques
3. Physical symptoms
 Understand that excessive focus on physical symptoms aggravates your prognosis
 Promote awareness of the relationship between stress and physical symptoms
4. Others
 Deal with emotions such as anger, discouragement, self-reproach in a constructive manner
  Develop the ability to explain your disease to health-care workers, family, friends, 

 colleagues, etc.
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energy-saving style of behavior throughout the day, and that excessive rest can 
delay recovery from fatigue, and (2) to support the patient in devising a step-wise 
recovery plan which can be implemented without too much effort.

Prognosis of Chronic Fatigue Syndrome

Table 2 summarizes data about the prognosis of CFS [24, 29–33]. Many published 
reports deal with the short-term prognosis for CFS, and few pertain to the long-term 
prognosis (5 years or longer). Because the criteria for a decision about recovery 
varied slightly among different reports, it was not possible to compare these data 
precisely. However, if the data in these reports are summarized, the CFS recovery 
rate is found to be 3%–37%, indicating that the functional prognosis for CFS is not 
good. However, the investigators had the impression that some alleviation was 
observed in most cases. In these reports, alleviation close to complete recovery was 
needed for a judgment of recovery to be made. As a result, the recovery rate tended 
to be underestimated. It is known that advanced age, longer duration of illness, 
co-morbidity with mental disease, and adherence of patients to physical symptoms 
are associated with a poor prognosis for CFS [34].

Also according to our data, the percentage of groups I + II cases showing alle-
viation after 2 years of medical treatment was 23%, while the percentage for group 
III cases was signifi cantly lower (4%) [33]. These results clearly indicate that the 
psychiatric classifi cation of the course of CF episodes is important when devising 
a strategy of treatment for CFS. Prior to the present study, the relatively recent 
study conducted by Tiersky et al. [35] was the only study involving the classifi ca-
tion of CFS patients by the timing of the onset of mental disease. In that study, 
patients with CFS were divided into three groups (a group free of psychiatric co-
morbidity at present, a group currently co-morbid with mental disease which had 
developed before the diagnosis of CFS, and a group complicated by mental disease 
after the diagnosis of CFS). They analyzed the roles played by their psychiatric 

Table 2. Reports on the prognosis of CFS

Ref. Follow-up (years) n Measurements Recovery rate (%)

29  1  78 4-point self-rate  8
30  9 341 VAS 12
31 13  46 (child) 4-point self-rate 37
24  5  25 (CBT) MOS-SF36 etc. 24

 28 (relaxation)  4
32  5  33 Multiple measures  3
33  2  48 (groups I + II) PS 23

 26 (group III)  4

VAS, visual analogue scale; CBT, cognitive behavioral therapy; MOS-SF36, medical outcome 
study short form 36; PS, performance status; groups I, II, III, psychiatric classifi cation of course 
of chronic fatigue episode (see text)
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condition on the health-related quality of life (QOL) of these patients in comparison 
to healthy controls. Their study revealed that physical function did not differ 
between patients with CFS co-morbid with mental disease and patients with CFS 
without mental disease, but that emotional health was lower in the former patients, 
with the decrease in emotional health being most marked in patients where mental 
disease had developed before the diagnosis of CFS. Ciccone et al. [36] also reported 
that CFS was often co-morbid with mental disease or personality disorder, although 
this co-morbidity did not markedly affect the physical function or defects of the 
patients. These earlier reports indicate that when seen in cross section, co-morbidity 
with mental disease or personality disorder does not markedly affect the physical 
function of patients with CFS. However, when our data were analyzed longitudi-
nally from the viewpoint of prognosis, it was evident that a psychiatric evaluation 
of patients with CFS is important when predicting the long-term prognosis or devis-
ing a therapeutic strategy. At the same time, the data suggest that psychiatric treat-
ment is valid and necessary for group-III CFS cases. It is suggested that psychiatric 
treatment is highly likely to provide a valid and indispensable means of dealing 
with group-III CFS cases. An important theme related to the management of 
patients with CFS will be the grouping of patients and establishing a therapeutic 
strategy tailored to individual groups.
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Some Patients with Chronic Fatigue Syndrome 
Have Brain Dysfunction

Benjamin H. Natelson

Chronic fatigue syndrome (CFS) is medically unexplained fatigue lasting at least 
6 months and accompanied by infectious, rheumatological, and neuropsychiatric 
symptoms. CFS is primarily a problem in women’s health because approximately 
75% of patients seeking care for chronic fatigue are women. Because of complaints 
of muscle weakness and achiness, early work focused on peripheral mechanisms 
of fatigue via muscle dysfunction. However, those studies were unable to confi rm 
any consistent anatomical or physiological abnormality. The lack of an obvious 
peripheral mechanism for fatigue led to a change in focus to central mechanisms. 
This change was supported by a set of studies, including those from this laboratory, 
which showed objective evidence of neuropsychological dysfunction.

Early work showed a specifi c problem in complex attentional processing using 
a test called the PASAT (paced auditory serial addition test). In this test, an audio-
tape reads numbers to the subject. The subject is asked to add the last two numbers 
they hear, and to continue doing so as new numbers are read. As the time between 
numbers shortens, even healthy subjects show a decrease in performance. However, 
CFS patients performed signifi cantly slower and with more mistakes than healthy 
controls [1]. Unfortunately, subsequent studies failed to support the use of the 
PASAT as a diagnostic tool for CFS. We reasoned that this failure to replicate had 
to do with the specifi cs of the test itself, and that CFS patients had a subtle problem 
in the neuropsychological processes subsumed by the PASAT. To test this hypoth-
esis, we asked CFS patients and controls to do a thorough neuropsychological 
battery evaluating memory, attention (concentration), speed of information process-
ing, motor speed, and executive functioning [2]. CFS patients failed at least one 
test in each of the following domains: attention, speed of information processing, 
and motor speed. Their performance was worst on motor speed; 61% of patients 
failed tests of motor speed compared with 22% of healthy controls. In contrast, 
patients performed at control levels on tests of memory and executive functioning. 
This set of problems probably explains the common complaint of CFS patients 
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that they are unable to process information quickly. We are currently testing the 
hypothesis that CFS patients will perform as well as healthy controls in untimed 
tests. Importantly, when we separated the patients into groups based on the presence 
(or absence) of fi bromyalgia in addition to CFS, we found that it was the CFS-only 
group that had the documented cognitive problems; those with both CFS and FM 
tested within the normal range [3]. Importantly, however, these results point to the 
brain as the site of the pathology in CFS.

As our subject pool of CFS patients increased, we were able to apply other 
stratifi cation strategies to try to reduce the heterogeneity inherent in the use of a 
clinical case defi nition for diagnosis. We found that stratifying based on the pres-
ence or absence of current depression and/or anxiety was a successful strategy. 
Patients who had no prior history of any psychiatric diagnosis were the ones with 
the subtle problems on neuropsychological testing, while patients with co-morbid 
depression and/or anxiety had similar test results to healthy controls [4]. In addition, 
we found a step-wise decrement in functional status with progressive failures of 
individual neuropsychological tests [5]. This fi nding supported our interpretation 
that cognitive problems impact signifi cantly on a patient’s ability to live a normal 
life. Other work coming from the CDC (Centers for Disease Control) reports sig-
nifi cant correlations between the existence of mental fatigue and impairment on 
cognitive testing [6].

Our fi nding of neuropsychological problems in CFS patients devoid of psychi-
atric illness led us to hypothesize that we would fi nd that the same group had the 
most abnormalities on anatomical magnetic resonance imaging (MRI). We found 
this result in a study where MRIs were read separately by two neuroradiologists. 
Specifi cally, similar rates of abnormalities were found in healthy controls and CFS 
patients with co-morbid psychiatric diagnoses (32% and 22%). In contrast, the 
group with no psychiatric co-morbidity had a signifi cantly higher rate of abnormali-
ties (67%). The largest difference between groups was in subcortical white matter 
hyperintensities, as distinct from the ventricles. These were more frequent and more 
often smaller than 5  mm in diameter for the CFS group who were devoid of psy-
chiatric diagnoses than in the other group. Subjects with these lesions tended to 
show them in frontal lobes. Importantly, we found that patients with MRI abnor-
malities reported poorer functional status than those with normal MRI studies [7]. 
As was the case for neuropsychological dysfunction, this study suggested that these 
lesions, although small in number and size, were impacting on functional status.

The fi nding of an increased rate of MRI abnormalities in the brains of CFS 
patients led us to hypothesize that these lesions were the tip of an encephalitic 
process. To test this hypothesis, we performed cerebral morphometrics to determine 
ventricular size in subjects participating in the MRI study described above. We 
found a trend toward bigger ventricles in the CFS group relative to healthy controls 
[8]. Unfortunately, we were unable to replicate this fi nding in a new data set of 
CFS patients without psychiatric co-morbidity (unpublished data). Nonetheless, 
two other groups mapped structural cerebral morphology and volume in CFS 
patients compared with controls. The fi rst group looked at women only with no 
psychiatric co-morbidity. A global reduction in gray matter volume was found in 
two cohorts of CFS patients relative to controls [9]. A second group found focal 
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reductions in gray matter volume in the bilateral frontal cortex [10]. Considering 
these results, we are not clear why we did not fi nd signifi cant ventricular enlarge-
ment in CFS patients in our follow-up study.

One possible mechanism for the development of lesions is cerebral hypoperfu-
sion. Several methodologies have been used to evaluate brain blood fl ow (BBF), 
but the results have not been consistent. The majority of studies have employed 
single photon emission computed tomography (SPECT) to count the distribution 
of a radioactive marker throughout the brain. Early studies done in nonstratifi ed 
patient samples revealed global decreases in cerebral fl ow [11,12], but later studies 
of twins [13] and of selected CFS patients without co-morbid psychiatric diagnoses 
did not confi rm these generalized reductions in blood fl ow [14–16]. However, two 
of these studies did fi nd changes in more basal brain structures, namely a reduction 
of fl ow in the brain stem [15] and actual increases in the thalamus [16]. These 
increases could refl ect increased metabolism. Of interest were the results of another 
study that reported increased metabolism in basal ganglia of CFS patients without 
depression; the basal ganglia connect directly to the thalamus [17].

Two groups used positron emission tomography (PET) to study cerebral cellular 
metabolism in CFS patients without co-morbid psychiatric disorders. The fi rst 
found normal metabolism in half their subjects, but hypometabolism in cingulate 
and adjacent mesial cortical areas [18]. The second study found reduced metabo-
lism in the brain stem, thus supporting the earlier SPECT study [19]. A third PET 
study, in which the psychiatric status of the patients was not provided, used a novel 
radioactive marker and could not confi rm brain stem hypometabolism, although 
global decreases in brain blood fl ow were noted [20].

One issue about using SPECT or PET to refl ect BBF is that the values obtained 
are relative—either to the whole brain or to the cerebellum. Therefore, any regional 
abnormality found could refl ect a more general underlying problem which would 
not be appreciated. To bypass this issue, we studied absolute brain blood fl ow using 
xenon–CT, a commercially available technique used in assessing stroke [21]. 
Although our results were somewhat limited by the small size of our healthy control 
group, we did fi nd consistent and rather large decreases in BBF over broad regions 
of the brain. Furthermore, the decreases were most marked in patients with no 
psychiatric co-morbidity—again supporting our idea that this group may have an 
underlying encephalopathy.

There are data from other dimensions that also point to the brain as the organ 
involved in some cases of CFS. A number of groups have studied the brain corre-
lates of the delayed reaction time seen in CFS. While early work suggested that 
the P300 cortical response to a cognitive task was abnormal in latency or amplitude 
in some CFS patients [22], later work found that variable to be normal, and instead 
found that the premovement readiness potential was reduced in CFS [23]. In con-
trast, potentials occurring before self-paced movements were normal. In addition, 
brain activity during the performance of a motor task was signifi cantly greater than 
that for controls, and brain activity was even higher when the CFS patients per-
formed fatiguing tasks [24]. The authors concluded that the patients had to work 
harder than the controls to perform the motor tasks. This result was very similar to 
one we found using functional neuroimaging [25]. Although one group of patients 
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we studied had no measurable cognitive defi cit, their brain acted as if the task was 
extremely hard. In other words, the same brain areas were activated as was the case 
in normal people doing a very diffi cult task. In another study, after a fatiguing task, 
areas of the brain outside of those activated by the task showed reduced responsive-
ness for patients compared with controls [26]. This suggests that blood might be 
being diverted to areas of higher need, and more so in patients than in controls.

In addition to “brain fog,” CFS patients sometimes complain of altered balance. 
In fact, in my experience, the only abnormality I see (and permit without making 
a diagnostic exclusion) on neurological examination is some diffi culty in balance. 
I test this by getting patients to try a military Romberg (i.e., with one foot in front 
of the other) as well as a classical Romberg. Approximately 15% of patients have 
problems with the more demanding military Romberg. This patient complaint led 
us to an early study in which we found that patients were found to have subtle dif-
ferences in the dynamics of their gait [27]. Because of data suggesting vestibular 
function abnormalities in CFS [28], we did dynamic postural testing comparing 
CFS patients with age- and sex-matched healthy controls and found substantial 
group differences (unpublished data).

To further test the hypothesis that some CFS patients had an underlying encepha-
lopathy, we did lumbar punctures on 44 patients who fulfi lled the 1994 case defi ni-
tion for CFS and 13 healthy controls. None of the controls had elevations in cell 
counts or spinal fl uid protein levels, but 30% of the patients did. Four patients had 
normal protein levels with elevated numbers of WBCs (6, 7, 9, and 20), one patient 
had an elevated protein level of 67 and 5 WBCs, and 8 patients had elevated pro-
teins alone (range 46–93  mg/dl; median of all 8 with elevations, 51  mg/dl). The 
patient group with abnormal spinal fl uid had increased levels of IL-10, an anti-
infl ammatory cytokine. We do not know if this fi nding relates to the symptoms of 
CFS or simply refl ects the presence of immunologically active cells in the spinal 
fl uid. Of interest was the fact that six subjects—all in the CFS group—developed 
post-spinal-tap headaches; only one of these had an abnormal spinal fl uid result. 
The rates of current major depression were lower in those patients with abnormal 
spinal fl uid than in those with normal spinal fl uid (0% vs. 27%; one-tailed P < 
0.04), but rates of lifetime depression or overall Axis I diagnoses did not differ 
between the groups (46.2% vs. 48.4% and 69.2% vs. 51.6%, respectively).

These accumulated data strongly support our major working hypothesis that 
some patients with CFS have their problem because of an underlying brain dysfunc-
tion. Continued work to support and extend this hypothesis should continue to use 
stratifi cation stratagems to reduce the heterogeneity inherent in using a clinical case 
defi nition to diagnose CFS.
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Neurobiology of Chronic Fatigue Syndrome

Abhijit Chaudhuri1, John W. Gow2, and Peter O. Behan3

Summary

Severe persistent or relapsing fatigue is the most disabling symptom in patients 
with chronic fatigue syndrome (CFS). Clinical and brain imaging studies with 
proton magnetic resonance spectroscopy support the view that fatigue in CFS is 
central, i.e., brain-derived. It seems likely that an interruption of the basal ganglia 
pathways integrating voluntary motor output to the afferent sensory input and 
cognitive processing is the neural basis of fatigue in CFS. A genome-wide micro-
array study in patients with CFS suggests signifi cant changes in gene expression 
of pathways responsible for immune modulation, oxidative stress, and apoptosis. 
Altered neural cell membrane signalling in regional brain areas induced by down-
stream effects of these changes may explain the paroxysmal and fl uctuating nature 
of symptom severity in many CFS patients. It is possible, but not yet proven, that 
CFS is due to a neurological channelopathy.

“When a man begins with certainty, he ends in doubt. When 
someone starts from doubt, he ends in certainty” (Francis 
Bacon, 1606)

Introduction

Chronic fatigue syndrome (CFS) is characterized by otherwise unexplained, over-
whelming persistent or relapsing fatigue of new onset in variable combinations with 
postexertional malaise, unrefreshing sleep, self-reported impairment in short-term 
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memory, headache, and muscle and joint pain. For research purposes, the case 
defi nition of CFS is based on the modifi ed international criteria proposed by the 
Center of Disease Control (CDC), Atlanta, in 1994 [1]. CFS is recognized world-
wide and in all age groups, and usually affects more women than men. Because of 
its chronicity, lack of effective therapy, and consequent disability in adults, a diag-
nosis of CFS has a signifi cant socioeconomic impact.

The precise aetiology of CFS and the mechanism(s) of its symptoms are 
unknown. New-onset fatigue and a limitation in physical endurance are two impor-
tant defi ning characteristics. In the absence of a disease marker, the present case 
defi nition of CFS (modifi ed CDC criteria) selects a heterogeneous population. This 
heterogeneity may explain the variability in research fi ndings in CFS. The limita-
tions and the pitfalls of many of the CFS studies are reminiscent of the well-known 
Indian tale of the six blind men and the elephant, where each observer’s description 
of the elephant was as incomplete as any other.

Approach to Fatigue

A possible approach to conceptualizing the neurobiology of CFS is to apply exist-
ing knowledge of the mechanisms of fatigue in known neurological diseases. 
Fatigue may be peripheral, central, or both. In disorders of peripheral fatigue, as 
in myasthenia gravis, the inability to sustain a specifi ed force or work rate is related 
to exercise or physical activity. However, patients with central fatigue experience 
diffi culty in sustaining normal physical as well as mental activities. The failure to 
endure sustained mental tasks (e.g., a sequential digit span or mental arithmetic) is 
an important symptom in central fatigue. Many patients also experience diffi culty 
in exerting or sustaining mental effort in tasks that require directed attention. Most 
CFS patients experience impairment in short-term memory or concentration, which 
has been verifi ed in objective psychological assessments. As with multiple sclero-
sis, patients with CFS experience not only physical but also mental fatigue, and 
show impaired function in tests of verbal memory, attention, verbal fl uency, and 
spatial reasoning [2].

Central fatigue represents a failure of physical and mental tasks that require 
self-motivation and internal cues in the absence of demonstrable cognitive failure 
or motor weakness. Patients with central fatigue have less diffi culty in performing 
when stimulated externally or cued in advance, although they need a much higher 
perceived effort for the tasks executed. These patients may also fail to complete 
the execution of incremental or serial tasks that require sustained motivation and 
attention. This failure of focused attention, that normally provides the unconscious 
(“automatic”) link between the self-guided voluntary effort, the performance of 
sequential motor or cognitive tasks, and sensory input, is a characteristic feature of 
central fatigue. It has been proposed that central fatigue, as defi ned above, is due 
to a failure of the nonmotor function of the basal ganglia [3].
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Proton Magnetic Resonance Spectroscopy of Basal Ganglia 
in CFS

Proton magnetic resonance spectroscopy (1H MRS) is a relatively new tool for 
imaging metabolic brain functions. Typically, 1H MRS measures regional brain 
metabolite levels of N-acetyl aspartate (NAA), choline-containing compounds 
(Cho), and creatine-containing compounds (Cr). While NAA levels broadly corre-
late with the functional neuronal mass, Cr is generally considered to be an unvary-
ing metabolic marker of brain function in 1H MRS. In contrast, the Cho peak is 
considered to be largely derived from the cell membrane lipids. 1H MRS of brain 
tumors shows high peaks of Cho, refl ecting mobile brain lipids due to tissue deg-
radation and necrosis. Cho is acutely elevated in relapsing multiple sclerosis, where 
lipid breakdown follows myelin injury. However, elevated [Cho] is also observed 
in the areas of reactive or reparative gliosis, probably as a result of increased mem-
brane turnover [4].

In our study of regional 1H MRS of basal ganglia [5], cases (n = 8) were selected 
carefully in order to identify neurologically defi ned CFS patients. While there was 
no evidence of signifi cant loss of functional neuronal mass (refl ected by reduced 
levels of NAA and low NAA/Cr ratio) in the basal ganglia of our CFS patients, the 
Cho peaks were uniformly increased in all CFS patients, irrespective of their age 
or the duration of illness, when compared with matched healthy controls (Fig. 1). 
The statistical strength of this association was extremely high (P < 0.001). In the 
only other 1H MRS study of the basal ganglia in three children with CFS (ages 11, 
12, and 13 years), a remarkable elevation of the Cho/Cr ratio was also observed 
[6]. None of these patients (ours and the three paediatric cases) had focal structural 
abnormalities of the basal ganglia on MRI.

Fig. 1. Regional 1H-MRS of basal ganglia in healthy subjects (top panel) compared with those 
in CFS patients (bottom panel). The fi rst peak comes from choline (Cho) and the second from 
creatine (Cr)-containing compounds of largely glial cell membranes
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In general, Cho peaks in 1H MRS are infl uenced by specifi c structural changes 
(tumor or demyelination), certain viral infections (e.g., hepatitis C or HIV), and 
higher rates of cell turnover (as in reparative gliosis). From the results of this study 
[5], it appears that choline-containing compounds are elevated in the basal ganglia 
of CFS patients irrespective of the age of the patient or the duration of the symp-
toms. Glial cell membrane turnover due to reparative gliosis appears to be the most 
likely explanation for this observation, although the precise stimulus for this process 
could not be identifi ed in the 1H MRS study.

Neural Substrate of Central Fatigue: Role of Basal Ganglia

The proton magnetic spectroscopic signature of altered glial cell membrane metab-
olism in the basal ganglia suggested that fatigue is a centrally derived in CFS. In 
addition, this research supported a possible role of basal ganglia pathways in CFS 
in a way that is comparable to other disorders of central fatigue [3]. Under normal 
circumstances, the initiation and sequential performance of a task requires an inter-
nally driven mechanism integrated at the level of basal ganglia to prepare the 
emotive, motor, and sensory apparatus (“cues”) responsible for next and the sub-
sequent set of responses. Disruption of the normal basal-ganglia-derived algorithm 
of the sequential task-processing mechanism would not only delay the initiation, 
but also prevent the smooth execution of the intended task, a feature that is typical 
of patients with central fatigue. Observations have repeatedly confi rmed that parts 
of the basal ganglia circuitry functionally involved in the nonmotor and emotional 
processes are linked to the frontal lobes. The caudate–dorsolateral prefrontal circuit 
and the ventral striatopallidal system, especially nucleus accumbens, are implicated 
in the cognitive and behavioral syndromes associated with basal ganglia diseases. 
The ventral striopallidal system has a more complex relationship involving the shell 
of nucleus accumbens (the ventral striatum) and the extended amygdala, incorporat-
ing connections with the olfactory tubercles, hypothalamus, and brain stem. Loss 
of the motivational infl uence of the striato-thalamic input to the frontal lobe 
(prefrontal, orbitofrontal, and cingulate region) is integral to the genesis of central 
fatigue.

Cell Membrane Changes After Infection

Changes in the property and function of host cell membranes are well known in 
the course of viral infections. What is not known is whether membrane changes 
may be sustained as a consequence of viral infection, but without ongoing, persis-
tent infection or viral reactivation in the central nervous system. There is some 
evidence from in vivo studies that this may, indeed, be a possibility. The infl uenza 
virus is one of the well-studied models of membrane fusion. The protein responsible 
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for infl uenza virus fusion is its well-characterized membrane hemagglutinin. Trans-
membrane domains of hemagglutinin are responsible for the merger of the lipid 
bilayers of the viral and host cells. Like the hemagglutinin of the infl uenza virus, 
a number of other viral fusion proteins promote mixing of the lipid components 
from two apposed bilayers. This fusion event is highly localized to the cell mem-
brane, and fusion “pores” develop during viral and intracellular membrane fusion 
events. It appears from the experimental data that during membrane fusion, there 
is a “free mingling” of the lipids from the two bilayers (virus and host cells). 

Since Cho resonance peaks in 1H MRS primarily arise from phosphocholine 
and glycerophosphocholine, both of which are metabolites of membrane lipid 
(phosphatidylcholine), changes in neuronal membrane signalling in CFS is possibly 
related to localized cell membrane lipid breakdown. One could assume that changes 
in the surviving host cell membranes as a result of persistent membrane fusion 
proteins may persist long after symptomatic recovery in some cases. Indeed, if cell 
membrane lipid constituents are unstable, membrane-associated cell signalling 
functions will change. Glial cells inwardly rectifying potassium (Kir) channels are 
susceptible to changes, which may affect the excitability of the nervous system, 
depending on regional metabolic demands and functions.

Paroxysmal Symptoms in Neurological Channelopathies

Idiopathic epilepsy and common migraine are common, multifactorial episodic 
disorders of the central nervous system that are currently considered to be chan-
nelopathies. In epilepsy and migraine, paroxysmal neurological dysfunctions occur 
due the neuronal dysfunction affecting cortical and brain stem electrochemical 
activities. Complex changes in neurotransmitter release, cerebral blood fl ow, and 
the autonomic nervous system characterize the paroxysms of epilepsy and migraine, 
and cortical electrical activity may be suppressed for a considerable time after a 
typical attack. This neuronal depression is believed to be due to a shift in the elec-
trochemical gradient of extracellular potassium ions. A rising level of extracellular 
potassium accompanied by increased intracellular calcium accounts for spreading 
depression [7].

Migraine-like symptoms are common in CFS, and conversely, fatigue similar to 
CFS can antedate, accompany, or follow an attack of migraine. CFS shares many 
features of migraine, such as headache, sensitization to foods and chemicals, 
photophobia, transient confusion, and serotonin sensitivity. Both recurrent and 
relapsing fatigue are common in migraineurs, who frequently report mood swings 
(irritability, tenseness, depression) during the attacks. Typically, migraine attacks 
in women are worst during a menstrual period, which is the same as fatigue symp-
toms in women with CFS. Stress, alcohol, and caffeine worsen fatigue in CFS and 
precipitate headache in migraineurs. Prodromes of muscle pain, tingling, numbness, 
dysequilibrium, sweating, fl ushes, and headache are common in both [8].
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A genetic mutation affecting the voltage-gated calcium channel in the cell mem-
branes has recently been identifi ed in familial hemiplegic migraine (FHM), where 
attacks of headache and focal neurological abnormality can be triggered by stress or 
exercise, or following viral infections, and these are the same precipitants as for CFS. 
The same, or a closely related, genetic locus is postulated to have a role in nonhemi-
plegic migraine without aura. About 50% of patients with type 2 episodic ataxia, a 
calcium channelopathy, also suffer from migraine [9]. Indeed, 31P NMR spectros-
copy in the skeletal muscle of FHM has shown a reduced rate of phosphocreatinine 
recovery after exercise, and a similar abnormality is characteristic of CFS [8].

Neurotransmitters and neurohormones activate second messengers and ion 
channels (ionophores) located on cell membranes. In all cases, once neurotransmit-
ters are released into the synapse, they bind to specifi c receptors on the postsynaptic 
target cell. There they exert a brief and decisive action, communicating as either 
an inhibitory or an excitatory message. This signal is usually transmitted across the 
membrane as an “electrical message” in the form of a membrane potential change, 
occurring as a result of the activation of selective ion gates or channels which exist 
in close physical association with these specifi c receptors. Clearly, cell membrane 
integrity is critical for neuronal excitation, which in turn can be infl uenced by 
modifi cations of receptors, ion channels, or membrane protein genes.

Gene Signature for Chronic Fatigue Syndrome

DNA chip microarray technology provides a method for examining the differential 
expression of mRNA from a large number of genes. We used whole-genome 
microarray technology to obtain a complete gene expression signature from patients 
with CFS, with the dual aims of identifying biochemical changes in patients with 
CFS compared with healthy controls, and also identifying potential biomarkers for 
the condition. Whole human genome-wide Affymetrix GeneChip arrays (39  000 
transcripts derived from 33  000 gene sequences) were used to compare the levels 
of gene expression in the peripheral blood mononuclear cells of patients with 
postviral chronic fatigue (n = 8) and healthy control subjects (n = 7). Potential 
biomarkers identifi ed by microarray data were subsequently verifi ed by reverse 
transcriptase–polymerase chain reaction (RT–PCR)/Western blot/enzyme-linked 
immunosorbent assay (ELISA) assays in 20 consecutive adult, nonpsychiatric 
patients with chronic fatigue syndrome.

In this study, we aimed to obtain a complete “gene signature” for nonpsychiatric 
patients with persistent symptoms due to CFS. By using an Affymetrix GeneChip 
Human Genome U133 double-chip set that contains nearly 45  000 probe sets rep-
resenting 39  000 transcripts derived from 33  000 human gene sequences, the entire 
human genome was encompassed in this work. Patients and healthy subjects dif-
fered signifi cantly in the level of expression of 770 genes which showed a greater 
than two-fold change, and of 39 genes which showed a greater than three-fold 
change. Analysis of the differentially expressed genes indicated functional implica-



Neurobiology of Chronic Fatigue Syndrome 131

tions in immune modulation, oxidative stress, and apoptosis. Prototype markers 
were identifi ed on the basis of the differential level of gene expression and possible 
biological signifi cance. Defensin a-1 mRNA expression, b-tubulin, thrombospon-
din 1, and arginase protein levels were selectively increased in patients, and reliably 
distinguished patients from healthy control subjects by RT–PCR, Western blot, and 
ELISA assays. A number of the top-ranked up-regulated genes are listed in Table 
1. In Table 2, up- or down-regulated genes are collated from the microarray data 

Table 1. Up-regulated gene expression in CFS

NCBI accession number Gene symbol

NM_002343 Defensin a-1 DEFA 1
AI 133353 Hemoglobin b HBG2
L 01639 Chemokine (c-x-c) receptor 4 CXCR4
NM_002343 Lactotransferrin LTF
NM_004226 Serine/threonine kinase 17B STK17B
BC005312 Major histocompatibility complex 

Class II DR B4
HLA-DRB4

NM_030773 Tubulin b-1 TUBB1
NM_000558 Hemoglobin a-1 HBA1
NM_001925 Defensin a-4 DEFA 4
U13699 Caspase 1 CASP 1
NM_000419 Integrin a-2B, CD41B ITGA2B
NM35999 Integrin b-3 CD61 ITGB3
NM_005764 Membrane-associated protein 17 MAP 17
NM_001828 Charcot Leyden crystal protein CLC
S36219 Prostaglandin–endoperoxide 

Synthase 1
PTGS1

NM_000963 Prostaglandin–endoperoxide 
Synthase 2

PTGS2

M16276 Major histocompatibility complex 
Class II DQb-1

HLA-DQB1

NM 87789 Immunoglobulin heavy constant g-3 IGG3
NM_012062 Dynamin 1-like DNM1L
NM_004657 Phosphatidyl serine-binding protein 

Serum deprivation response
SDPR

NM_000045 Arginase 1 ARG1
U75667 Arginase 2 ARG2
AI812030 Thrombospondin 1 THBS1
D32039 Chondroitin sulphate 

Proteoglycan 2 (versican)
CSPG2

NM_001693 ATPase H+ transporting 
Protein (vATPase)

ATP6V1B2

AI 133353 Hemoglobin g HBG1
M63310 Annexin A3ANXA3
NM_00422 Serine/threonine kinase 17b STK17B
AI 679555 Decay-accelerating factor CD55 DAF
U19970 Cathelicidin antimicrobial peptide CAMP
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to demonstrate that three main biological systems appear to be dysregulated in 
patients with CFS. In Table 3, a functional summary of the microarray data is 
presented.

The microarray data generated a genome-wide gene expression signature for 
CFS for the fi rst time. Iterative group analyses of the genes suggest that the three 
pathways that are altered in fatigue patients relate to immune modulation after viral 

Table 2. Three altered biosystems in CFS identifi ed in a genome-wide microarray search

(a) Immune dysfunction genes (including markers of viral immunomodulation/evasion)
Up-regulated: DAF (CD55) & CD46
 Antigen processing via MHC class II (MHC II DP a1 and DR a)
 IL-12, IL-13, and IL-6 biosynthesis
Down-regulated: The MHC-1 system, including:
 Natural killer cell receptors (Kir)
 TCR complex (T-cell receptors a,b,d,g)
 NO production (up-regulation of arginase I and II)
 Flavohemoprotein B5
 Leukocyte-derived arginine aminopeptidase (L-rap)
(b) Oxidative stress genes
Up-regulated: Prostaglandin synthase: Cox 1 and 2
 Hemoglobin a,b,d,g
Down-regulated: Glutathion-s-transferase
(c) Apoptosis genes
Up-regulated: Annexin -A3, -A5
 Serine/threonine kinase 17b
 Histones 1 and 2
 Protein S-a
 Serum deprivation response (phosphatidylserine-binding protein)
 Caspase 1
 TGF b
 Death effector fi lament-forming CED-4-like apoptosis protein
 Complement 3a receptor 1
 Early growth response 1
 TNF-A1P3, -RSF17, -SF4

Table 3. Functional summary of the differentially expressed gene iterative group analyses

A shift of immune response with preferential antigen presentation to MHC class II receptors
Down-regulation of the MHC class I system
Suppression of natural killer inhibitory cell receptors
Suppression of the TCR (T-cell receptors)
Increased cell membrane prostaglandin–endoperoxide synthase activity with downstream 

changes in oxygen transport
Superoxide production
Macrophage activation
Suppression of nitric oxide synthesis
Evidence of apoptosis
Up-regulation of cytoskeletal proteins
Viral assembly and maturation genes up-regulated
Defensin and related genes up-regulated
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infection and viral immunosurveillance, oxidative stress, and apoptosis. Many of 
the higher expressed genes belong to the macrophage, monocyte, eosinophil, or 
basophil groups within the innate immune system. Within the top 100 up-regulated 
genes, there is a majority of innate immune proteins; one of the highest is a-
defensin, an antiviral/bacterial protein, as well as the charcot leyden protein 
(expressed in eosinophils and basophils). Other up-regulated genes are involved in 
oxygen transport, apoptosis, platelet activation, prostaglandin–endoperoxide syn-
thase activity, macrophage activation, viral assembly maturation, and release.

Altered Immune Surveillance

Highly up-regulated immune-related genes in patients were lactotransferrin, 
defensin-a-1, and integrin. Lactotransferrin is an iron-binding protein responsible 
for immunological reactions, while defensins are a family of microbicidal and 
cytotoxic peptides made by neutrophilic granules and released in response to viral 
and bacterial infections. The protein encoded by this gene is found in the microbi-
cidal granules of neutrophils, and probably plays a role in phagocyte-mediated host 
defence. Defensins are also involved in the antimicrobial defence of the epithelial 
surfaces (respiratory tract, urinary tract, and vagina). Patients with CFS are known 
to have increased proneness to infections, and women with CFS frequently report 
vaginal candidiasis.

Integrins are extracellular matrix proteins involved in cell adhesion, and they 
also activate cytosolic signal cascades for cell growth and regulation. Arginase is 
a key enzyme considered to be active in immune modulation; arginase is also 
involved in NK cell function. Other notable up-regulated genes involved hemoglo-
bin, and especially fetal hemoglobin, and this may suggest response to increased 
oxidative stress. Another family of up-regulated genes relate to cellular apopotosis, 
and serine–theronine kinase is a member of the brain kinase family of proteins 
implicated in neural apoptosis and the formation of corpora amylacea. Of the down-
regulated genes, ribosomal protein genes and zinc fi nger protein genes are involved 
in cell cycle and cellular growth. The overall picture emerging from these results 
points to a signifi cant perturbation of function in relation to microbial defence, viral 
immunosurveillance, and cell growth among patients with postviral chronic 
fatigue.

Oxidative Stress

Cell membrane oxidative stress may be important, and may contribute to the free 
Cho peaks observed in the 1H MRS study of CFS patients [5]. The gene array 
confi rms evidence of oxidative stress, with the highest changes (100%) in the genes 
for prostaglandin–endoperoxide synthase 1 and 2 (Table 2, b). These enzymes are 
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responsible for the regulation of prostaglandin synthesis. The inducible form 
COX 2 leads to the release of prostanoids, which sensitize peripheral nociceptor 
terminals and produce localized pain hypersensitivity. More indirect evidence of 
oxidative stress comes from the up-regulation of fetal hemoglobin (Hb F), which 
is normally expressed in the fetus. Other up-regulated genes involved in oxidative 
stress on the array are leukotriene B4, cytochrome P 450, and superoxide 
dysmutase.

Apoptosis

Within the top up-regulated genes there was a large number of apoptosis-associated 
genes (Table 2, c). Many factors trigger apoptosis: cellular damage, infection with 
a virus, and homeostasis. The signal for apoptosis can be from within the cell, from 
surrounding tissue, or from a cell belonging to the immune system. Apoptotic cells 
and their nuclei shrink and often fragment, and are then effi ciently phagocytosed 
by macrophages or neighboring cells. Tubulin b-1 is the major constituent of 
microtubules. Up-regulation of this gene supports the theory of increased cell 
breakdown and replacement in patients with CFS.

In summary, the microarray data illustrated important differences in gene expres-
sion between CFS patients and healthy subjects. While these differences in gene 
signatures may offer a rational explanation for the symptoms at the cellular level, 
the data do not imply that CFS is a genetic disorder, or that the differentially 
expressed genes are predisposing for the illness. We believe the data presented 
here is a fi rst step forward toward the goal of identifying putative biomarkers 
to support a clinical diagnosis of CFS. However, a larger patient cohort, together 
with a wide range of control disease populations, including patients with clinical 
depression, is necessary to confi rm the utility of the markers identifi ed in this 
study.

Conclusions

“Life is the art of drawing suffi cient conclusions from 
insuffi cient premises” (Samuel Butler, 1912)

It is only in the past few years that neurological diseases caused by acquired 
modifi cations of ion channel functions have become recognized. Ciguatera fi sh 
poisoning and anti-VGKC antibody-associated disorders are some of the best 
examples. Despite the increasing numbers of “new” ion channel genes being 
discovered, more still remain to be uncovered. For many more, their precise 
physiological roles in health and disease remain unexplored and unanswered. We 
are only beginning to understand the rich variety of isoforms that are expressed 
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with individual ion channels, but we still do not fully understand how tissue-
specifi c expressions will act if these isoforms are controlled. We know very little 
about how ion channel numbers are up-regulated or down-regulated in response 
to stimuli. Yet we are aware that a large variety of physiological functions in the 
cells and cellular traffi cking are regulated by ion channels, and any dysfunction 
of these channels produces signifi cant disturbances in neurological function 
without demonstrable loss of structure. The list of ion channelopathies in neuro-
logical diseases is still growing, and at present we are only able to identify a 
minority of cases with known gene mutations with confi dence.

Data from regional brain 1H MRS clearly point to a role of central fatigue due 
to basal ganglia cell membrane changes in CFS. These changes could be secondary 
to altered gene signatures affecting immune surveillance, oxidative stress, and 
apoptosis. The differential expression of key genes identifi ed in the genome-wide 
microarray study offers an insight into the possible cellular mechanism of chronic 
fatigue affecting the neural network, which in turn affects basal ganglia and the 
transbasal ganglionic connections of the limbic system and frontal cortex.

Based on our current understanding, we propose the following steps as possible 
pathogenic mechanisms of CFS.

Step 1.  Selection of susceptible individuals. Genetically predisposed individuals 
are exposed to an initial, single precipitant and become “primed” or 
“conditioned.”

Step 2.  Changes in cell membrane function follow, due to a combination of 
increased oxidative stress and altered immune surveillance.

Step 3.  “Primed” or susceptible persons are now hit by a second trigger: 
stress or a second infection. The second trigger operates by increasing 
metabolic demands. Cell membrane potassium channels (Kir) de-compen-
sate in response to the humoral factors released. Neural excitability in the 
basal ganglia circuitry is altered as a consequence, leading to persistent 
fatigue symptoms.

As with idiopathic epilepsy and common migraine, CFS may be a channelopathy 
affecting a specifi c neural network in the brain. The growing number of transgenic 
studies, the rapid identifi cation of missense mutations of ion channel genes, and in 
vivo experiments of ion channel disturbance in response to viral infections are 
expected to create a whole new world of knowledge about ion channels and their 
functions. Until then, the story of ion channelopathy in CFS will remain far from 
complete.
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Chronic Fatigue Syndrome and 
Herpesvirus Infection

Kazuhiro Kondo

Summary

Chronic fatigue syndrome (CFS) is a disease of unknown etiology which is accom-
panied by severe fatigue as a main complaint. The prominence of the acute onset 
of illness, the persistent symptoms consistent with a viral infection, and the increased 
titers of viral antibodies and enhanced activity of the interferon-induced enzyme 
suggest the role of viruses in CFS. In other words, in CFS patients, it is suggested 
that there may be some kind of “postinfectious fatigue syndrome” following any 
infection by a virus. Among the variety of viruses evaluated to date are enterovi-
ruses, retroviruses, and human herpesviruses.

CFS is a disease which lasts far longer than postinfectious fatigue. It is consid-
ered, accordingly, that the infection causing CFS is a latent infection with some 
herpesvirus. Human herpesvirus 6 (HHV-6) has exhibited the most promise as a 
candidate for a CFS-associated virus. As there may be an unusual latent infection 
with HHV-6, which may be an etiology of CFS in CFS patients, a study of latent 
infection is considered to be important in understanding CFS.

Introduction

Fatigue is caused by many different factors, of which infection is one of the most 
important. Fatigue, which not only lessens work effi ciency but also constitutes the 
cause of various diseases as well as death from overwork, poses a serious health 
problem for sufferers. In spite of this importance, however, the mechanisms of 
fatigue, by which fatigue is caused and felt, are barely known.

In the spectrum of fatigue, chronic fatigue syndrome (CFS) is the most compli-
cated disorder, characterized by extreme fatigue that does not improve with bed 
rest, and may worsen with physical or mental activity. Of all chronic illnesses, 
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chronic fatigue syndrome is one of the most mysterious because, unlike infections, 
it has no clear cause.

It is easy to identify the presence of fatigue which is caused by bacterial or viral 
infection, because the time and cause of fatigue are known. Therefore, postinfec-
tious fatigue attracts attention as an important subject in studies of the mechanism 
of fatigue. Also, in view of the fact that many cases of CFS, in which severe fatigue 
of unknown etiology continues for long time, occur following an infectious disease, 
the relationship between infection and CFS is considered to be very important.

Mechanism of Fatigue

In general, “fatigue” is defi ned as decreased physical functions attributable to pro-
longed physical and/or mental stresses, while “tiredness” indicates the condition in 
which the brain recognizes decreased physical functions. Tiredness is an important 
biological signal, as are pain and drowsiness, in the need to maintain 
biofunctions.

Becoming fatigued or feeling tired might indicate the presence of substances 
which increase or accumulate through fatigue, and/or a fatigue-transmitting sub-
stance which transmits fatigue to the brain. Lactic acid has long been considered 
as a major fatigue-causing substance. However, it was reported recently that lactic 
acid is not a fatigue-causing but a fatigue-preventing substance [1]. At present, 
therefore, there is no proven fatigue-causing substance or fatigue-transmitting 
substance.

However, the most probable candidates for such fatigue-inducing or fatigue-
transmitting substances are cytokines, including interferon. This is shown by the 
fact that patients undergoing treatment for hepatitis virus using interferon or other 
cytokines feel severe tiredness [2–4]. It has also been reported that TGF-b is associ-
ated with the occurrence of fatigue [5, 6]. However, because the mutual interaction 
and association of multiple cytokines are involved in the production and activation 
of cytokines, it is not yet known which cytokine plays a central role in causing or 
transmitting fatigue.

On the other hand, it is well known that a viral infection such as fl u often leads 
to the intense expression of cytokines and then to severe fatigue. These facts 
suggest that infection and immunity are closely related to fatigue, and are important 
for the investigation into CFS.

Chronic Fatigue

Fatigue is usually cured with rest, although sometimes fatigue without recovery 
may accumulate. The latter is defi ned as chronic fatigue, and is divided roughly 
into two categories. One is the accumulation of physiological fatigue because of 
continuous labor without rest, and the other is the continuation of morbid fatigue 
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accompanying disease. At worst, accumulated physical fatigue may result in the 
tragic outcome known as “death from overwork” so it should not be neglected, 
although it is only the extension of the physical phenomena.

Major morbid fatigue includes postinfectious fatigue and CFS. Although the 
etiology of CFS is unknown, the involvement of infection with some patho-
genic organism is suspected. Therefore, postinfectious fatigue and CFS are not 
unconnected.

Diagnostic criteria to defi ne CFS can be simplifi ed as follows.

1. A condition with serious tiredness which forces absence from school or work 
for several days per month, and continues for over 6 months or recurs many 
times.

2. No other disease is identifi ed.

Patients with eight or more of the following symptoms, which are often observed 
in CFS, are defi nitively diagnosed as having CFS: (1) slight fever or chill, (2) throat 
pain, (3) swollen lymph nodes, (4) feeling of exhaustion of unknown etiology, (5) 
muscle pain, (6) general weariness, (7) headache, (8) joint pain, (9) psychoneurotic 
symptoms (memory impairment, confusion, impaired concentration, depression), 
(10) sleep disorders (insomnia, hypersomnia), and (11) sudden onset of symptoms 
(within several hours to a few days).

Of these symptoms, 1, 2, 3, 5, 8, and 11 are often observed in virus infections. 
The clinical features of some cases of CFS, such as abrupt onset with fever, ade-
nopathy, and infl uenza-like symptoms, in combination with epidemiologic studies 
consistent with outbreaks [7,8], have suggested that CFS may be the result of a 
virus infection or immune dysfunction and/or activation.

The reasons why such symptoms are included in the diagnostic criteria are that 
patients suspected of having CFS very frequently display symptoms which are 
similar to those of infectious diseases, and that CFS is considered to be caused by 
continuous fatigue following infection with some infecting factor. As a result, the 
study of postinfectious fatigue is also important for identifying the unestablished 
etiology of CFS.

Examples of Postinfectious Fatigue

There have been many reports of cases of postinfectious fatigue and, as shown in 
Table 1, the pathogenic organisms or infecting factors associated with the fatigue 
are wide-ranging. This chapter identifi es some cases which have an important 
meaning for subsequent studies and the understanding of postinfectious fatigue.

Acquired Immunodefi ciency Syndrome (AIDS)

Postinfectious fatigue is caused by various pathogenic organisms, and a mass out-
break of postinfectious fatigue suggests an epidemic of some pathogenic infection. 
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This is often an epidemic of a known pathogenic organism, such as infl uenza, but 
an unknown or unreported pathogen in the area can sometimes be discovered and 
identifi ed as a cause of postinfectious fatigue. For example, until human immuno-
defi ciency virus (HIV) was established as a cause, acquired immunodefi ciency 
syndrome (AIDS) had attracted attention as a disease accompanied by fatigue of 
unknown etiology [9].

Post-Rickettsia Infectious Fatigue

Coxiella burnetii is an organism which causes Q-fever, belongs to the family Rick-
ettsiaceae, and infects humans via cattle and pet animals. Many patients with Q-
fever complain of symptoms such as fever, headache, muscle pain, respiratory 
symptoms, and strong systemic weariness. Infection with Coxiella burnetti often 
ends as an acute infectious disease, whilst in about 5% of the patients Coxiella 
burnetti remains in the body long after the acute infection, and progresses to chronic 
Q fever.

Chronic Q fever accompanied by Coxiella burnetii infection for over 6 months 
is often more severe than acute Q fever. Chronic Q fever occurs in acute Q-fever 
patients from 1 year to 20 years after the fi rst infection, and is often accompanied 
by infectious endocarditis [10,11]. Chronic Q-fever patients complain of symptoms 
such as weariness, insomnia, and joint pain. As these symptoms can continue for 
a few years to over 10 years, they may be diagnosed as CFS.

Table 1. Pathogens reported to be causing postinfectious fatigue. Organisms which have been 
reported to be the causes of postinfectious fatigue are listed

Organisms causing persistent or 
latent infection 

Virus Epstein–Barr virus, human herpesvirus 
6, human herpesvirus 7, herpes 
simplex virus, human 
immunodefi ciency virus, hepatitis C 
virus, parvovirus B19, infl uenza 
virus

Bacteria, etc. Coxiella burnetii, Helicobacter pylori
Organisms causing no persistent or 

latent infection 
Virus Polio virus, Coxsackie B virus, West 

Nile virus, smallpox vaccine, 
hemorrhagic fever with renal 
syndrome viruses

Bacteria, etc. Borrelia burgdorferi, Streptococcus 
pneumoniae, Trichinella spiralis, 
Trichinella pseudospiralis, 
Staphylococcus, Legionnaires
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Chronic Active Epstein–Barr Virus (EBV) Infection

It has been reported that some patients suffering from infectious mononucleosis 
remained ill for up to 28 months, and persistently manifested the presence of anti-
bodies to EA-R and elevated levels of IgG anti-VCA antibody titres, suggesting 
continued Epstein–Barr virus (EBV) activity [12]. Since some patients with severe 
persistent fatigue have high antibody titers to EBV, EBV has been considered to 
be one of the causes of CFS-like disease. However, most patients suffering from 
EBV infection and showing CFS-like symptoms are now recognized as having 
chronic active EBV infection (CAEBV) [13,14], and EBV infectious diseases other 
than CAEBV are considered to be unrelated to CFS [15,16]. CAEBV is a disease 
in which the symptoms of infectious mononucleosis (IM), such as fever, pharyn-
gitis, swollen lymph nodes, and hepatosplenomegaly, appear with the fi rst EBV 
infection and continue for over 3 months, and CAEBV patients complain of severe 
fatigue. IM is a disease which is often observed in acute EBV infection, and which 
subsides with the disappearance of symptoms in 1–3 months. One of the reasons 
why IM-like symptoms continue for a long time in CAEBV is the different pattern 
of EBV latent infection. EBV latently infects B cells in general, and this latent 
infection progresses asymptomatically in many cases, but it may cause various 
diseases depending on the pattern of latent infection (Table 2). In the case of 
CAEBV, EBV latently infects NK cells and T cells, and induces active virus gene 
expression [17]. It is believed that this produces abnormal immunoreactions and 
causes fever and intense weariness.

Of the three cases mentioned above, chronic Q fever and CAEBV in particular 
show CFS-like symptoms, and can be said to be the cause of CFS. However, 
according to the present diagnostic criteria, diseases of known etiology are not CFS 

Table 2. Various latent infection forms of Epstein–Barr virus (EBV)

Type of latent 
infected cell

Form of latent 
infection Manifested latent infected gene Associated morbidity

B cell Latency 0 EBER1, EBER 2, BARTs Latent infection in 
healthy people

Latency I EBER1, EBER2, BARTs, 
EBNA 1 

Burkitt’s lymphoma, 
etc.

Latency II EBER1, EBER2, BARTs, 
EBNA 1, LMP-1, LMP-2A, 
LMP-2B 

Nasopharyngeal 
carcinoma, etc.

Latency III EBER1, EBER2, BARTs, 
EBNA 1, EBNA2, EBNA 
3A, EBNA 3B, EBNA 3C, 
EBNA-LP, LMP-1, LMP-
2A, LMP-2B 

In vitro immortalization 
or reactivation (?)

NK cell/T cell Latency II EBER1, LMP-1, LMP-2A CAEBV
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and so they are not categorized as such. This means that the identifi cation of a 
pathogenic organism such as chronic Q fever or chronic active EBV infection is 
most important for identifying the etiology of the CFS that occurs following 
infection. Also, the example of CAEBV suggests that infection with the same EBV 
may present completely different symptoms depending on the pattern of the EBV 
presence, particularly the pattern of latent EBV infection, and lead to persistent 
fatigue.

Causes of Chronic Fatigue Syndrome

As previously mentioned, the fact that infection with various organisms 
causes postinfectious fatigue has been known for decades. However, it appears 
that morbidities such as “postinfectious fatigue” and “postviral infectious 
fatigue” came to the attention of the public following an outbreak known as the 
“Lake Tahoe mystery,” in which CFS-like symptoms affected a large number 
of people in the geographical area around Lake Tahoe in Nevada, USA. At this 
time, the concept of a “fatigue epidemic” was proposed [18]. This condition posed 
a serious social problem, and many infection specialists launched investigations 
into its etiology. The concept of CFS was also proposed for this Lake Tahoe 
incident.

The morbidity named “Gulf War syndrome” made the public aware of the 
importance of postinfectious fatigue. Gulf War syndrome is a disorder which has 
been observed in many veterans who have been discharged from military service 
in the Gulf War, which started in 1991. Their main symptoms are muscle pain, 
night sweats, skin rashes, headache, and diarrhea, and central nervous symptoms 
such as impairment in memory or concentration [19,20]. Many researchers consider 
that Gulf War syndrome is caused by infection from some factors which are 
included in biological weaponry [21]. Gulf War syndrome is considered to be a 
type of CFS, which supports the argument that an identifi cation of the infectious 
factor is most important in examining the etiology of CFS.

In fact, the observation of an abnormal production of 2-5A synthetase and RNase 
L, indicators of interferon production in CFS patients, suggests that tiredness, a 
symptom seen in CFS, is associated with the abnormal production of interferon 
[22]. This is one of the reasons why CFS is considered to be a type of postinfec-
tious fatigue.

The diagnostic criteria for defi ning CFS include those which are known as the 
symptoms of infectious disease, such as slight fever or chill, sore throat, swollen 
lymph nodes, and the sudden onset of disease. In other words, it cannot be denied 
that these criteria were established on the assumption that the most probable cause 
of CFS was postinfectious fatigue.
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Herpesvirus and Chronic Fatigue Syndrome

The prominence of the acute onset of illness, the persistent symptoms consistent 
with a viral infection, and early reports of increased titers of viral antibodies and 
enhanced activity of the interferon-induced enzyme 2′5′-oligoadenylate synthetase 
[23,24] has led to an examination of the role of viruses in CFS.

Moreover, CFS is a disease which lasts far longer than postinfectious fatigue. 
Accordingly, it is considered that the infection causing CFS is a persistent or latent 
infection with some virus. It is known that once infecting herpesvirus establishes 
latent infection, it then produces some symptoms by frequent reactivation. Since 
these properties of herpesvirus can explain why the symptoms of CFS patients show 
cycles of remission and exacerbation, the theory that herpesvirus is a cause of CFS 
is supported by many people. The viruses which have been the object of the most 
intensive scientifi c inquiry are the herpes viruses, including EBV [24–26] and 
HHV-6 [7,27], the entero-viruses [28–33] particularly Coxsackie B, and a putative 
novel retrovirus [34].

HHV-6 was isolated in 1986 from patients with AIDS and malignant lymphoma. 
This was at the time when many patients who were presenting with CFS-like 
symptoms were found in the area near Lake Tahoe (USA), leading to the recogni-
tion of CFS as a disease. Since this newly discovered virus was detected in patients 
with the “fatigue epidemic,” HHV-6 was considered to be the most probable can-
didate for the causative virus of CFS [18]. As EBV was frequently detected in 
patients presenting with CFS symptoms, an association of EBV with CFS was also 
strongly suspected. However, in many cases, CFS-like diseases associated with 
EBV were categorized as “chronic active EBV infection,” and this was defi ned as 
a different disease from CFS of unknown etiology.

An initial infection with HHV-6 in early childhood, causing exanthem subitum, 
is followed a by life-long latent infection in peripheral blood. As the rate of infec-
tion of this virus is almost 100% in almost all countries, the antibody-positive rate 
in adults is also almost 100%. Whether or not a virus is associated with a particular 
disease is generally examined by checking whether a patient has been infected with 
the virus, based on the presence of serum antibody, and whether the patient’s past 
history is correlated with the occurrence of the disease. However, this examination 
cannot be applied to HHV-6, since the HHV-6 incidence rate is 100% (Fig. 1B).

However, if HHV-6 infection follows a special pattern which is similar to that 
of CAEBV infection, it may possibly present CFS-like symptoms. To examine such 
a special-pattern latent infection, it is important to identify an HHV-6 gene specifi c 
to the latent EBV infection and its encoded protein, which appears specifi cally in 
the latent EBV infection and plays an important role in the diagnosis and research 
of latent infection, such as a gene corresponding to Epstein–Barr nuclear antigen 
(EBNA).
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Latent Infection of HHV-6

HHV-6 belongs to the Roseolovirus genus of the β-herpesviruses subfamily that 
consists of human cytomegalovirus (HCMV), HHV-6, and HHV-7. HHV-6 species 
are divided into two variants: HHV-6A and HHV-6B. In almost all studies, HHV-
6B has emerged as the predominant strain, and is found in both normal and immu-
nocompromised hosts. In this section, HHV-6B is called HHV-6. HHV-6 is capable 
of establishing a life-long latent infection in its host, is reactivated frequently, and 
the reactivated virus is shed into the saliva [35,36].

As for the sites of latency, viral DNA is detected predominantly in the peripheral 
blood monocytes/macrophages of seropositive healthy adults [37]. Furthermore, 
primary cultured macrophages support HHV-6 latent infection, and viral reactiva-
tion is induced in them by treatment with 12-0-tetradecanoylphorbol-13-acetate 
(TPA) [37]. It has also been reported that HHV-6 establishes latency in myeloid 
cell lines [38], and that HHV-6 is detectable in CD34 (+) peripheral blood progeni-
tor cells [39]. Therefore, HHV-6 might establish latency in hematopoietic progeni-
tor cells.
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Fig. 1. Antibody titers to HHV-6 latent infection protein and structural protein. A Antibody 
against latent infection. B Antibody against productive infection. Antibody (A) to latency-
associated proteins, which specifi cally appears in the latent HHV-6 infection, and the antibody 
titers (B) to virus structural protein, which mainly appear in the productive infection, were exam-
ined in CFS patients and healthy adults. The antibody to structural protein often used in regular 
examinations shows no signifi cant difference between CFS patients and healthy adults, but that 
to latency-associated protein shows substantial differences
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Several lines of evidence suggest that latent HHV-6 infection in the brain may 
be involved in the pathology of some neurological diseases, such as recurrent 
febrile convulsion [40–42], multiple sclerosis (MS) [43,44], and encephalitis [45]. 
The site of HHV-6 latency in the brain is assumed to be glia cells.

Latency-Associated Transcripts of HHV-6

The investigation of latency-associated transcripts is important for understanding 
the molecular basis of herpesvirus persistence. Two types of HHV-6 latency-associ-
ated transcripts (H6LTs) have been identifi ed in the gene locus of the immediate 
early (IE) 1/2 genes [46]. They are detected only in latently infected cells in vitro 
and in vivo. Although they are encoded in the same direction as the immediate 
early (IE) 1/2 genes and share their protein-coding region with IE1/2, their tran-
scription start sites and exon(s) are different from those of the productive-phase 
transcripts [47,48] (Fig. 2). Type I H6LTs originate at the latent start site (LSS) 1, 
which is located 9.7 kilobases upstream of the IE1/2 start site, and Type II H6LTs 
originate at LSS2, which is located between exons 2 and 3 of IE1/2 (Fig. 2). In 

Productive IE1/IE2

H6LTs

0 day 3 days reactivation5 days

4.3 %

(79)

27.3 %

(228)

20.7 %

(191)

1.9 %

(43)

ND ND 0.07 % 6.5 %

(159)IE1

IE1

IE2

IE2

Latent macrophage

TPA treatment 
reactivation

7 days
HHV-6 DNA

Fig. 2. mRNA and protein expression in latently infected macrophages. Latently infected 
macrophages were treated with 12-0-tetradecanoylphorbol-13-acetate (TPA) for 3, 5, and 7 days 
(reactivation). Cells were then stained with a monospecifi c antibody against IE1. Percentage of 
H6LT-expressing cells during viral latency and reactivation: the percentages of H6LT-positive 
cells during viral reactivation were estimated. The copy number of each type of transcript in one 
H6LT-positive cell is shown in parentheses. The percentage of cells that showed the productive 
IE1/IE2 is also shown
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addition, novel short ORFs with latency-associated exons are encoded at the 5′ 
proximal region of the H6LTs (Fig. 2) [46].

The structures of the H6LTs are similar to those of HCMV latency-specifi c 
transcripts [49,50]; the latter encode IE1/IE2 ORFs, and short ORFs appear in the 
latency-specifi c exon. Furthermore, in the case of the HCMV latent transcripts, the 
translation of the IE1/IE2 protein is probably prevented by the existence of latency-
specifi c ORFs upstream of the IE1/IE2 ORFs. Similarly, the HHV-6 IE1/IE2 
protein is not detectable in latently infected macrophages. These fi ndings suggest 
that viral replication of HCMV and HHV-6 may be suppressed at the point of the 
translation of major immediate early proteins during latency. The function of these 
upstream ORFs is discussed below.

Consistent with these fi ndings, HHV-6 and HCMV exhibit similarities in their 
latent infections: (i) both viruses can establish latency in cells of the monocyte/
macrophage lineage [37,51–53]; (ii) both viruses tend to persist in the latent state 
but are reactivated frequently, and the reactivated viruses are shed into the saliva 
[35,36]; (iii) HCMV as well as HHV-6 is a possible candidate for the causative 
agent of CFS [54].

Intermediate Phase of HHV-6 Latency

In order to identify the fi rst molecular event of HHV-6 reactivation, the latent 
infection system of HHV-6 was used. In this system, macrophages are infected 
with HHV-6 and cultured for 4 weeks. At 4 weeks postinfection, no macrophage 
shows any signs of viral replication, such as viral protein expression or infectious 
virus production. Viral reactivation is induced by treatment with TPA (20  ng/ml) 
for 7 days [37].

At the early stage of the induction (3 and 5 days after the treatment with TPA), 
the proportion of cells that express the type I H6LTs signifi cantly increases; 
however, transcription of productive-phase IE1/IE2 is not detected at days 0, 3, and 
5 (Fig. 2). In this phase, IE1 protein is detectable in the cells without the production 
of infectious virus. Because productive-phase IE1 mRNAs are not detectable, the 
H6LTs, which contain the IE1 ORF (Fig. 3) are thought to be translated into IE1 
protein at the fi rst stage of viral reactivation. A similar molecular event has been 
observed in transplant patients: approximately two-thirds of reactivation-positive 
patients express the type I H6LTs 1–3 weeks before the onset of HHV-6 reactiva-
tion [55]. This intermediate phase of viral reactivation is different from the com-
plete reactivation phase that is characterized by the expression of productive-phase 
IE1/IE2 transcripts [56,57], and this intermediate phase seems to be relatively 
stable [55].

Transfection of an IE1-expression vector into latent macrophages stimulates the 
viral reactivation. As described above, H6LTs have latency-associated small ORFs 
upstream of the IE1/IE2 ORFs (Fig. 3). For certain other mRNAs that have small 
upstream ORFs (uORFs) that restrict the translation of the downstream ORFs, 
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Fig. 3. Structures of the HHV-6 and human cytomegalovirus (HCMV) latency-associated tran-
scripts. Schematic drawings of the H6LT structures are shown. Productive-phase transcripts are 
also shown. The drawings of the mRNAs are in the same orientation relative to the viral genome. 
Thin lines represent introns; thick arrows represent exons. All exons and introns are drawn to 
scale. Latency-associated exons starting from latent start site 1 (LSS1) and LSS2 are depicted. The 
position of the productive start site (PSS) is also shown. In HHV-6, exon 1 of the type I latent 
transcript is 138-bp longer than that of IE1/2. Two additional exons of the type I latent transcripts 
are located approximately 7.8  kb and 9.7  kb upstream from the PSS. ORFs of IE1, IE2, and puta-
tive latency-associated proteins ORF99, ORF142, and ORF145 are depicted. In HCMV, exon 1 
of the cytomegalovirus latency-associated transcript (CLT) is longer than that of IE1/2. Latency-
associated exons starting from LSS1 and LSS2 are depicted. ORFs of IE1, IE2, and putative 
latency-associated proteins ORF94 are depicted
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regulation at the translational and mRNA levels is important for release from the 
uORF control [58,59]. An alteration in the regulation of translation as well as the 
increase in H6LTs might contribute to the increased IE1 protein expression and 
viral reactivation [55].

Latent HHV-6 Infection and Chronic Fatigue Syndrome

HHV-6 establishes latent infection in macrophages and in the brain, and manifests 
latency-associated gene mRNA specifi c to latent infection. In order to understand 
the mechanism by which CFS is contracted, we attempted to identify a special latent 
HHV-6 infection state named “intermediate phase,” as described above. In this 
phase, a few types of HHV-6 latency-associated protein corresponding to EBNAs 
might be expressed. This intermediate phase is observed in the fi rst phase where 
HHV-6 commences reactivation, but is completely different from the reactivation 
because no virus is produced (Fig. 4).

In order to examine the relationship between latent infection protein, whose 
manifestation is promoted in the intermediate phase, and disease, CFS patients’ 
serum antibody titers to the cells in which latent infection protein is well manifested 
were examined. This examination revealed that about 40% of the CFS patients 
showed antibody reaction to intermediate phase HHV-6 latent infection, as shown 
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Latency associated proteins (++)

Viral replication (–)

Viral replication (–)

Viral replication(+)

Stable for 1 to 2 weeks

Fig. 4. Intermediate phase of HHV-6. HHV-6 shows the expression of mRNA from the gene 
s(latency-associated genes) which appear specifi cally in a stable latent infection phase. However, 
the mRNA does not produce protein, because its translation to protein is inhibited. However, the 
enhancement of transcription of latency-associated genes and the removal of the inhibition of the 
translation in the intermediate phase leads to an active manifestation of the latency-associated 
virus protein, but no virus production (reactivation). It is thought that this phase lasts from a few 
days to a few weeks, followed by virus production in those progressing to reactivation. It is esti-
mated that the intermediate phase is important for the virus to prepare effi cient reactivation, and 
to the reproduction and maintenance of virus genes. In view of the fact that CFS patients show 
abnormal immunoreaction to the latency-associated proteins, which appear in this phase, it is 
considered that the presence of a large number of cells in this intermediate phase for a long period 
of time is associated with the onset of CFS
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in Fig. 4, whereas healthy subjects showed virtually no reaction (Fig. 1). It is pos-
sible that what is reacting with the infection is a virus protein which appears spe-
cifi cally in the latent HHV-6 infection, and has EBNA-like functions and diagnostic 
signifi cance that is important in the diagnosis of latent infection and reactivation 
of EBV. We considered that such immunoreaction, which is clearly different 
between CFS patients and healthy subjects, is undoubtedly associated with CFS 
morbidities. On the other hand, what is examined usually by using serum antibody 
titers against HHV-6 is the antibody that appears when HHV-6 proliferates, par-
ticularly the antibody to structural protein required in virus formation. As shown 
in Fig. 1B, the antibody titers to the protein involved in the HHV-6 productive 
infection show no signifi cant difference between CFS patients and healthy subjects. 
This explains why no difference in HHV-6 infection between CFS patients and 
healthy subjects is observed in a regular examination.

It is considered that the higher antibody titers to the protein that appears and 
increases in the intermediary phase in latent HHV-6 infection in CFS patients 
suggest the presence of cells in this intermediate phase in the body of CFS patients. 
The cells constituting latent HHV-6 infection and the intermediate phase are 
macrophage and glia cells. This is consistent with the fact that CFS presents immu-
nological and psychiatric symptoms.

Conclusions

Since the demonstration that elevated antibody titers and other evidence of viral 
infection has been inconsistent, the abnormalities observed have typically been 
modest, and results have not been stratifi ed by patient subgroups most likely to 
have viral involvement, the usefulness of viral serologies in CFS has yet to be fully 
resolved. It is considered that the issue of persistent and latent virus infection is 
critical for investigating the etiology of CFS. However, knowledge about persistent 
and latent infection with a pathogenic organism is indispensable for the investiga-
tion, and further progress in the investigation is required.
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Chronic Fatigue Syndrome in Childhood 
and Adolescence

Teruhisa Miike1 and David S. Bell2

Summary

Chronic fatigue syndrome (CFS) in children and adolescents is a complex clinical 
condition with severe morbidity. It is common, with up to 8% of children and 
adolescents experiencing fatigue for more than 1 month, and nearly 2% having a 
CFS-like illness. The hallmark of the condition is activity limitation due to fatigue/
exhaustion, and a pattern of somatic symptoms, including headache, sore throat, 
lymph node tenderness, cognitive diffi culties, abdominal pain, and muscle and joint 
pain. While this pattern may be similar to adult CFS, the expression of these symp-
toms may differ because of developmental factors and identity formation. A physi-
cal examination typically demonstrates minor abnormalities only despite the 
sometimes marked activity limitation. Routine laboratory studies are similar to 
those carried out for adult CFS. New research demonstrating abnormalities with 
cerebral blood fl ow and tilt-table testing link pediatric CFS with pediatric ortho-
static intolerance.

Treatment begins with extensive support in nutrition, education, and social and 
psychosocial domains, along with symptom reduction, particularly in the areas of 
pain and sleep. Overall the prognosis is favorable for the majority of children and 
adolescents with CFS, but complete recovery is rare. It is probable that 20% of 
pediatric CFS cases evolve into a chronic, lifelong disability.

Research areas include the relation of infection to the development of the syn-
drome, the differences in symptom patterns in younger children, immunological 
abnormalities, and blood fl ow abnormalities, particularly cerebral blood fl ow. 
Increased medical-provider education is essential for early recognition and treat-
ment of the condition.

153

1Faculty of Medical and Pharmaceutical Sciences, Kumamoto University Graduate School, 
1-1-1 Honjyo, Kumamoto 860-8556, Japan
2State University of New York at Buffalo, 77 South Main Street, Lyndonville, New York 
14098, USA



154 T. Miike, D.S. Bell

Introduction

Chronic fatigue syndrome (CFS) in children and adolescents is a complex illness 
characterized by fatigue and/or exhaustion that signifi cantly limit daily activities, 
along with numerous somatic symptoms. It has been described in clusters or “out-
breaks” as well as in isolated cases. Recent research has made considerable progress 
in understanding the pathophysiology, and this progress is described throughout 
this text. While the majority of studies on CFS have been in adults, pediatric 
reviews have also been published [1–8].

As with chronic fatigue syndrome in adults, CFS in children has been embroiled 
in controversy. Arguments have ranged over the possibilities that CFS is an organic 
illness, a psychiatric illness, an “illness behavior,” or even a factitious illness. The 
simple paradox which generates this controversy is that the child or adolescent with 
CFS looks well, and a physical examination and routine laboratory fi ndings are 
relatively normal. Medical providers, who are used to severe fatigue in patients 
with a terminal illness, may not believe that a patient who looks well could have 
such a severe debility. This diffi culty is particularly pronounced in pediatrics, as 
children and adolescents may not be able to express the complex pattern of symp-
toms, and lack an activity reference point to describe changes.

The symptom pattern of pediatric CFS is broad and overlaps with other condi-
tions. The reduction in levels of activity, such as the inability to go to school, is 
attributed primarily to severe fatigue. The accompanying somatic symptoms may 
also limit activity, and fatigue is not always the most severe symptom. While it is 
invariably present, it was the most severe symptom in only 49 of 100 adolescents 
with chronic fatigue for which alternative explanations could not be found (D.S.B., 
unpublished observation).

CFS is also closely related to conditions such as fi bromyalgia, chemical sensi-
tivities, and orthostatic intolerance. It is possible that these conditions represent the 
same underlying pathophysiology, but they are described differently because of 
reporter bias or interest. Conversely, it is also possible that they may represent 
separate illnesses. However, it is unlikely that this debate will be decided until 
appropriate markers and/or diagnostic criteria for children are established.

An example of this is primary juvenile fi bromyalgia syndrome (PJFS). In prac-
tice, an adolescent evaluated because of activity-limiting fatigue and widespread 
musculoskeletal symptoms would receive a diagnosis of CFS if the activity-limiting 
fatigue was the most severe symptom. On the other hand, if the musculoskeletal 
pain was the most severe symptom, a diagnosis of PJFS would probably be made. 
PJFS is a common illness, with up to 6% of school children having tender points 
on examination [9], but both CFS and PVFS show a common pattern of presenting 
symptoms [10]. In one study of adolescents with CFS, 75% met criteria for PJFS 
[11].

Of critical concern for future studies of CFS and related illnesses is the develop-
ment of specifi c pediatric diagnostic criteria. Adult criteria are most commonly 
used in pediatric settings [12–15], but these criteria may not be appropriate for 
children and adolescents. A case defi nition was proposed in the Netherlands, which 
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was designed to help defi ne CFS in the pediatric population [16]. In all CFS case 
defi nitions, no alternative condition can explain the activity limitation and/or 
symptom pattern. However, variations exist in the different adult criteria as to the 
length and severity of the activity limitation, the severity of the symptoms, the rela-
tive importance of different aspects of the symptom pattern, and whether the 
symptoms began suddenly or insidiously.

A case defi nition which is specifi cally for children and adolescents is essential 
in order to further research into these conditions. A lack of ability to diagnose young 
people with CFS or other forms of unexplained fatigue has caused medical practi-
tioners to doubt the presence or importance of the symptoms. An inability to make 
a diagnosis may suggest to the pediatric patient and their family that the symptoms 
are trivial, unimportant, or even imaginary. This social attitude, which is prevalent 
at the current time, erodes the self-confi dence and health identity of the pediatric 
patient at a critical time of identity formation.

In clinical pediatric practice, we have evaluated adolescents with the referral 
diagnosis of chronic fatigue syndrome, primary juvenile fi bromyalgia syndrome, 
chronic Lyme disease, postural tachycardia syndrome, delayed orthostatic hypoten-
sion, somatization disorder, and Munchausen’s syndrome by proxy, all of whom 
appear to have the same illness. A laboratory evaluation was not helpful in estab-
lishing diagnostic lines, and in these adolescents, the referral diagnosis seemed 
almost arbitrary. No diagnostic opinion expressed by even an experienced clinician 
will be acceptable as long as there are no agreed pediatric diagnostic criteria.

Historical Review

Modern descriptions of chronic fatigue syndrome-like illnesses have extended back 
over the past century. Because of the complexity of the symptom pattern, wide-
spread recognition did not occur until somewhat later, when similarities with 
poliomyelitis led to the term “atypical poliomyelitis” [17]. Among the symptoms 
which accompanied fatigue were headache, cognitive diffi culties, muscle weak-
ness, autonomic symptoms, and paresthesiae. However, the muscle weakness did 
not evolve into paralysis, and with the more widespread use of virological testing, 
poliovirus types one through three were not found in those affected.

From the 1950s until the mid-1980s, medical providers commonly called the 
illness “chronic mononucleosis” because of the clinical similarities with Epstein–
Barr virus infection. This term was clinically appropriate, as CFS often followed 
mononucleosis or appeared to be a “glandular fever” which did not resolve appro-
priately. As mononucleosis was, and still is, a common occurrence in the pediatric 
population, extension into a chronic phase was a reasonable explanation. In addi-
tion, it served the practical purpose of explaining an apparent viral illness which 
could persist for years.

In the 1950s, however, the concept of mass hysteria was proposed, and with the 
inability to isolate Epstein–Barr virus in the form of chronic-active infection, the 
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concepts of somatization, variant depression, hysteria, and malingering became the 
prominent view. Even in the 21st century there are medical providers and educators 
who doubt the validity of CFS as a specifi c illness. The diffi culty has been more 
acute for adolescents than for adults because of developmental issues and the often-
smoldering clinical course. The history of CFS has been reviewed [18].

Nearly fi fty outbreaks or epidemics of CFS-like illnesses have been described 
over the past fi fty years [19]. Because of symptom complexity and reporter bias, 
it has not been clear whether these illnesses were the same as that which is currently 
defi ned as CFS. However, these outbreaks have prominently involved children and 
adolescents, and have had similar symptom patterns and prevalence rates as the 
descriptions of current isolated cases of CFS. In community-wide epidemics, it was 
rare to note the illness in children under the age of fi ve [20], but the attack rates 
for adolescents were often the highest of any 10-year age group.

A CFS-like outbreak of illness on the north coast of Iceland in 1950 involved 
more than 1200 people, 194 of whom were children. These patients developed 
severe fatigue, widespread musculoskeletal pain, and other symptoms which were 
similar to CFS [17]. Because of the concern about poliomyelitis that was prevalent 
at that time, an emphasis was placed on the evaluation of neurological symptoms, 
and autonomic symptoms were noted to be prominent.

In 1985, a community-wide outbreak occurred in Lyndonville, New York, 
affecting 137 adults (67%) and 65 children (33%) under the age of 18 [21]. The 
illness was assumed to have an infectious onset, although the specifi c organism 
was never ascertained. Studies done at the time implied that Epstein–Barr virus 
was not responsible [22]. As this study was done prior to the publication of the 
current diagnostic criteria, specifi c criteria were employed [23]. In following these 
children clinically for the past 20 years, it is possible to say that the illness they 
experienced was clinically indistinguishable from what would be considered spo-
radic CFS (D.S.B., personal observation).

There have been many lessons to be learned from the historical view of 
CFS. Because it may occur in clusters or outbreaks, either an infectious agent or a 
shared environmental factor is likely to be involved. Because of our inability to 
discover a simple infectious agent causing CFS, the role of an infectious agent has 
been questioned. However, with the emergence of the concept of CFS being a 
post-infectious phenomenon [24], it would be appropriate to re-examine previous 
clusters.

Incidence/Prevalence

The epidemiology of CFS in childhood and adolescence has been hampered by the 
lack of diagnostic criteria which are specifi c for children. Which symptoms to 
assess, how to measure fatigue severity, and the length of time the fatigue persists 
are all critical factors for epidemiological study. Prevalence estimates of simple 
chronic fatigue in the pediatric population range from 0.2% to 8% [25,26].
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In a 1990 Australian study, an overall prevalence of 37 cases of CFS per 100  000 
children was estimated, with the highest incidence being in the fourth decade. The 
prevalence in children under the age of 10 was 5.5 per 100  000, and the incidence 
in years 10–19 was 47.9 per 100  000 [27]. A surveillance study from the Centers 
for Disease Control found a chronic fatigue prevalence of 8.7 per 100  000 for 
children between the ages of 12 and 17, and a prevalence of CFS-like illness of 2.7 
per 100  000. However, this study required physician participation, and thus may 
have been seriously fl awed [28]. A UK study estimated the prevalence of adolescent 
CFS-like illness at 70 per 100  000 [29], and a rural New York state study estimated 
23 per 100  000 [21]. A more recent CDC telephone survey in San Francisco sug-
gested that for children aged 2 through 11, 71.9 per 100  000 experienced chronic 
fatigue and none had CFS-like illnesses. However, for older adolescents, 465.7 per 
10  000 had chronic fatigue and 116.4 per 100  000 had a CFS-like illness [30]. In 
a recent UK study, the prevalence of fatigue lasting more than 3 months was 2.34% 
and the presence of a CFS-like illness was 1.29% [31].

Perhaps the most comprehensive fatigue prevalence study was a telephone survey 
of 28  673 American households. Adult household members were asked about 
fatigue and other symptoms present in the children of the households. In children 
aged from 5 to 17, 4.4% were reported to experience persistent fatigue, and 2.05% 
experienced a CFS-like illness, i.e., fatigue and somatic symptoms suggestive of 
CFS. Further analysis showed that 2.91% (2910 per 100  000) of adolescents had a 
CFS-like illness, and 1.96% (1960 per 100  000) of children under the age of 13. 
These fi gures are considerably higher than others which have been reported, particu-
larly in regards to younger children with chronic fatigue. The sex distribution for the 
entire pediatric group was 47.5% male and 52.5% female [25].

There are numerous possible explanations for the wide variation in prevalence 
fi gures for CFS in the pediatric population. Most pediatricians who are familiar 
with CFS would agree that the illness is less common in children under the age of 
ten. However, chronic fatigue, as defi ned by parental reports of decreased activity, 
is much more frequent, and it is in these children that the entire symptom complex 
of CFS may not become manifest until adolescence, frequently following a fl u-like 
or mononucleosis-like infection (T.M., D.S.B., personal observations). These chil-
dren would be assumed to have had an adolescent onset, when in fact they would 
have had a gradual onset beginning in childhood. While this hypothesis has never 
been studied, if it is correct it would help explain the wide disparity in prevalence 
fi gures.

Moreover, there are many children seen in clinical practice who have what 
appears to be lifelong fatigue, because caregivers report excessive sleepiness and 
rest requirements extending back to young childhood. These children do not com-
plain of fatigue, perhaps because they are so used to experiencing the symptom. 
Currently, children who cannot date the onset of their chronic fatigue are specifi -
cally excluded from a diagnosis of CFS.

In summary, both chronic fatigue and chronic fatigue-like illnesses are common 
in pediatric practice. Children and adolescents meeting the adult CFS criteria 
appear to be about half as common as those with unexplained chronic fatigue, and 
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the incidence and prevalence of both increases at puberty. This observation suggests 
that pubertal hormones may play a role in the genesis of symptoms.

Clinical Presentation

The clinical presentation of CFS has been extensively described [12,13,32,33; and 
other chapters in this volume], but clinical reviews are rare in the pediatric literature 
[1,2,4,6,8,34]. Because of the lack of pediatric criteria, even two experienced 
pediatricians may disagree over the diagnosis in a child or adolescent with chronic 
fatigue.

Onset

The onset of CFS is usually acute, such as an abrupt onset following an upper 
respiratory or gastrointestinal infection. Clinicians who evaluate children and ado-
lescents at the time of this acute onset are not usually overly concerned about this 
initiating infection, suggesting that it does not differ markedly from “normal” day-
to-day illnesses in pediatric practice. In our experience, children with CFS began 
their illness with an upper respiratory infection that was experienced by other 
family members, an infection that resolved normally in the family members but 
not in the CFS patient. The initiating infection could be marked by an unusual 
severity of exhaustion (D.S.B., T.M., personal observations). The role of pre-illness 
stresses such as chronic sleep deprivation may increase the child’s vulnerability 
(T.M., personal observation).

Acute onset is estimated to occur in three-quarters of pediatric CFS cases, but 
ranges from 58% to 100% [2,4,35–37]. However, the assessment of acute or 
gradual onset is subject to many potential errors. Many young persons will have a 
gradual onset of symptoms, including fatigue noted by parents, but “remember” 
the onset as following a fl u-like illness. Secondly, children, unlike adults, are not 
aware of baseline activity levels and may not articulate perceived changes in energy 
status. Furthermore, children may be more adaptable to these changes in functional 
status. Lastly, the reporting of an acute onset may be biased by the social stigma 
associated with tiredness and fatigue. There is a wide range of estimates of sex 
distribution, but it appears to be nearly equal in children before puberty, and is 
more common in adolescents [1,2,6,7,33,38].

Symptoms

The symptoms of pediatric CFS in children fall into two broad categories: activity 
limitation (fatigue and post-exertional malaise) and somatic symptoms (headache, 
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sore throat, lymph node pain, muscle pain, joint pain, sleep disturbance, cognitive 
diffi culties, and abdominal pain).

The fi rst category, activity limitation, is the more diffi cult to describe, but is 
responsible for most of the morbidity of the illness [2,33]. It is nearly impossible 
for the younger child to describe or articulate the symptom of fatigue. Instead they 
say that they feel “sick” and are noticed to reduce their activity. Adolescents are 
more likely to describe the activity limitation in the same manner as adults. They 
use the words “fatigue,” “exhaustion,” and “weakness,” not referring to specifi c 
muscle weakness but to an overwhelming sensation. Observations from family 
members indicate reduced activities, including enjoyable activities, social events, 
and school. Frequent yawning and a nearly constant desire to rest or lie down are 
noted by family members.

However, closer questioning of the adolescent about the nature of their tiredness 
may point out differences between the fatigue of CFS and “normal” fatigue. This 
is particularly true of articulate adolescents who have been athletes. The fatigue or 
activity limitation of CFS is often combined with a fl u-like malaise or dysphoria, 
in contrast to the more positive sensation experienced with fatigue following strenu-
ous exercise. In addition, a post-exertional malaise is described, where the young 
person feels particularly sick for days following a previously tolerated exertion. 
This post-exertional malaise may be the most important marker of the illness, but 
unfortunately, the language is not suffi ciently subtle to express this symptom 
correctly.

Direct inquiry involves asking an adolescent about their favorite activities, such 
as walking in an amusement park or being with friends in the mall. If they say it 
would make them “sick,” we would inquire how long they would feel ill following 
an 8-hour day of activity. Mild CFS would cause a single day of feeling ill, while 
more severe CFS would cause the adolescent to be in bed for a week or more. The 
longer the post-exertional malaise persists following a previously tolerated activity, 
the more severe the illness and the worse the prognosis (T.M., D.S.B., personal 
observations).

The somatic symptoms of CFS in children are, in general, similar to the pattern 
in adults. Headache, recurrent sore throat, lymph node tenderness, and muscle and 
joint pain are very similar to the symptoms described in adults. In one report [2], 
the three most common complaints, besides fatigue, were headache, sleep distur-
bance, and cognitive diffi culties. However, there may be differences in the symptom 
pattern, with more prominent abdominal pain, pallor, and fl ushing [21,39]. Pediatric 
patients with fatigue may display more irritability, and in younger patients may 
cause confusion with behavior disorders [40].

Disturbed learning, memorizing, and maintenance of attention may be primary 
manifestations of CFS in children [41], and is more diffi cult to elucidate in their 
history because of confusion with attention defi cit disorder. In one recent study 
of event-related potentials, children and adolescents with CFS could be separated 
into three distinct patterns suggesting abnormal cognitive function (T.M., submit-
ted for publication). Single photon emission computed tomography (SPECT) and 
magnetic resonance studies (MRS) have shown lower cerebral blood fl ow and 
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elevated choline concentrations, again implying abnormal cognitive functions 
[42,43].

In adults with an established fund of knowledge and learning style, the symp-
toms of cognitive diffi culty can be elicited because of the abrupt changes experi-
enced. Adults complain of diffi culties with short-term memory, maintaining 
attention, double-tasking, and word-fi nding (see review in this volume). There are 
now several adult studies showing abnormal verbal memory processing in fMRI 
studies [44,45]. In children, however, clinical symptoms are more diffi cult to elicit 
due to changing learning patterns and a changing fund of knowledge.

A proportion of children with an acute onset of chronic fatigue in adolescence 
have a history suggestive of attention defi cit disorder in early childhood. Because 
many of the same problems exist in defi ning attention defi cit as in defi ning chronic 
fatigue, this subject has not been defi nitively studied.

Another striking feature of chronic fatigue syndrome in children and adolescents 
is the individuality of symptom patterns and the fl uctuations in symptom severity. 
These variations in severity are diffi cult for the young person because they may 
consider themselves to be improving and make plans for activities only to fi nd 
themselves unsuccessful in accomplishing them. The pattern of feeling well enough 
to go to school one day followed by feeling very ill (post-exertional malaise) is 
stressful for both patient and family. Friends, family, and classmates may see them 
on “good days,” and thus become confused or skeptical about the seriousness and 
debilitating effects of the illness.

The skepticism of medical and educational providers may lead to social service 
referrals because of excessive school absence without a medical diagnosis. 
Munchausen’s-by-proxy syndrome has been inappropriately diagnosed with an 
assumption that the child’s symptoms refl ect the parents’ unconscious desire that 
the child should stay at home (T.M., D.S.B., personal observations). It should be 
noted, however, that the diagnosis of Munchausen’s-by-proxy cannot be made 
without proof of the proxy’s intent to harm the child. The diagnosis should not be 
made if the parent is “over-protective.” However, all too often the parent appears 
to be excessively over-protective because they see an illness in their child when 
the medical providers do not. It is an irony that they are accused of child neglect 
by not sending their child to school when they may, in fact, be being excessively 
harsh if they do.

Physical Examination

Children and adolescents experiencing activity-limiting fatigue should be given a 
thorough physical examination with attention to small details. Any abnormality that 
could imply an alternative diagnosis should be followed with appropriate laboratory 
evaluations. In pediatric CFS, with its signifi cant morbidity, cursory physical exam-
inations are not only medically inappropriate, but they undermine the pediatric 
patient’s confi dence that their symptoms will be taken seriously.



Chronic Fatigue Syndrome in Childhood and Adolescence 161

Because of the lack of pediatric diagnostic criteria, formal studies on physical 
examination fi ndings are rare. The most important fi nding on examination is the 
appearance of good health. Children and adolescents with debilitating CFS look 
well, and can even look “robust” if they have facial fl ushing causing “rosy cheeks.” 
This healthy appearance is important, as it represents the principal paradox of the 
illness; it should not generate the assumption that the symptoms are fabricated. In 
a pediatric patient who appears to be chronically ill, the examination should be 
directed at fi nding signs of organ failure that would suggest an alternative 
diagnosis.

Minor abnormalities that may be found on examination include red throat, pho-
tophobia on fundoscopic examination, lymph node tenderness (but not enlarge-
ment), muscle tenderness in the fi bromyalgia distribution, fl ushing and/or pallor, 
tachycardia at rest, dermatographism, and occasional hyper-refl exia. In more severe 
cases, calf muscle atrophy and a change in muscle contour verify the marked activ-
ity limitation and correspond to the length of time the activity limitation has been 
present. Joint laxity may be present, and this has suggested abnormal connective 
tissue as a predisposing condition [46–48].

Careful attention should be paid to an assessment of the patient’s psychosocial 
state as well as to the assessment of family dynamics [4]. In the older patient a full 
expression of emotions is usual, but this may not occur until a bond of trust has 
been established with the medical provider. Adolescent autonomy should be 
explored, with attention to the relationship between autonomy and activity limita-
tion. In families struggling with CFS for a prolonged period of time, and particu-
larly with skeptical physicians, parents may get into the habit of relating the history 
in order to include details and to emphasize severity. This should not automatically 
be interpreted as enmeshment causing symptom magnifi cation. A separate session 
so that the pediatric patient can relate their symptoms and how they are coping with 
these symptoms is helpful. Pediatricians are, in general, well suited to family 
assessment and can usually distinguish between appropriate, normal parental 
concern and the artifi cial concern that could encourage activity limitation. This 
family assessment is no different from that which is done on each visit for a pedi-
atric patient with any chronic condition.

Another area of the physical examination that should be assessed is the response 
to simple standing, or orthostatic stress. While research studies use the tilt-table to 
conduct formal tests, the following simple test may have value. The subject lies 
recumbent for 15  min while their blood pressure is measured and their pulse 
recorded, along with a symptom assessment. Then the subject stands at the bedside 
without moving and continuous or frequent pulse and blood pressure readings are 
taken. During this “simple standing,” symptom progression can be noted, along 
with observations of pallor or dependent cyanosis [49]. Of particular value has been 
the observation of how the patient copes with increasing orthostatic stress. Many 
pediatric CFS patients will be remarkably stoic as the symptoms progress to pre-
syncope and even syncope, presumably because they are quite accustomed to these 
symptoms. This information can be correlated to the activity limitation, and is 
useful in activity planning and educational management.
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Roughly one-third of normal adolescents have light-headedness or dizziness on 
simple standing [50]. Children with CFS may have measurable neurally mediated 
hypotension (NMH) [51], postural orthostatic tachycardia (POTS) [52], delayed 
hypotension [52], or immediate hypotension [53]. The combination of increasing 
pulse and narrowing of the pulse pressure as the symptoms progress has been fre-
quent (D.S.B., personal observation).

Laboratory Evaluation

Routine laboratory evaluations are generally normal, and are of value to exclude 
alternative causes of fatigue. Glucose pathways may be abnormal [54], antinuclear 
antibodies may be elevated [55] and serum pyruvate levels may also be elevated 
(T.M., unpublished observations).

Research evaluations, described in other chapters in this volume, have not been 
systematically applied in pediatric CFS, except in the area of orthostatic intoler-
ance, which will be described in the next section.

Orthostatic Intolerance

One of the many advances in understanding CFS in recent years has been the 
increasing awareness of the relationship between CFS and orthostatic intolerance. 
The term “orthostatic intolerance” refers to the inability to tolerate orthostasis, the 
upright position. The term may signify a general symptom, or a specifi c type of 
intolerance such as NMH. Much of the new literature on this subject relates to the 
pediatric population, and it may be that orthostatic intolerance plays a greater role 
in pediatric CFS than in the adult condition. On careful questioning of a patient 
with pediatric CFS, a discrepancy between the term fatigue and orthostatic intoler-
ance becomes apparent. Some young persons will defi ne the disabling symptom of 
CFS as “having to lie down.”

Orthostatic intolerance is assumed to be related to reduced blood fl ow to the 
brain, and a recent adult study has addressed this directly [56]. In milder forms of 
pediatric CFS, participation in sports will actually make the subject feel better, 
possibly because of improved circulation secondary to muscle contraction. Other 
details characteristic of the concept of orthostatic intolerance are the drug sensitivi-
ties to vasodilating medications, sensitivity to heat, and increased exhaustion fol-
lowing a hot shower. Patients with CFS read lying down, while healthy persons 
usually read sitting up, so the cognitive dysfunction of the illness may have an 
orthostatic component (D.S.B., personal observation).

Knowledge of the relationship between CFS and orthostatic intolerance dates to 
1994, when investigators studying NMH noted an association with CFS. They also 
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noted that treatment with plasma expanders improved the symptoms [51,57]. More 
recent studies have looked at the role of the autonomic nervous system in general, 
as well as specifi c studies on heart rate variability [52,58]. An overlap exists 
between pediatric CFS and POTS [59], as well as immediate orthostatic hypoten-
sion [53] and delayed orthostatic hypotension. In reviews of adolescent POTS, the 
pattern of disabling fatigue is described in terms similar to descriptions of CFS 
[60].

The common end factor in these studies is hypoperfusion of the brain in the 
upright position. Pediatric syncope and presyncope is associated with reduced 
cerebral blood fl ow velocity, presumably due to increases in cerebral vascular 
resistance. The sustained reduction in cerebral blood fl ow velocity can occur in the 
absence of hypotension [61]. The increased cerebral resistance combined with 
reduced circulating blood volume [62] may account for the increase in orthostatic 
symptoms. Regional cerebral blood fl ow has been evaluated in children with CFS 
by SPECT [42] combined with magnetic resonance spectroscopy, and has demon-
strated reduced cerebral blood fl ow [1,43]. One intriguing developmental detail is 
that adolescents have orthostatic symptoms far more frequently than younger chil-
dren [50], which correlates to data on the age of onset of CFS.

Differential Diagnosis

Many fatigue-causing illnesses are readily apparent on physical examination com-
bined with basic laboratory screening. Examples of this would include anemia, 
hypothyroidism, and subclinical hepatitis. Disease entities that should be consid-
ered in the differential diagnosis of a child or adolescent with debilitating fatigue 
would include malignancies, HIV infection, lupus erythematosis, rheumatoid 
arthritis, infl ammatory bowel disease, drug abuse, and pregnancy, and appropriate 
laboratory testing can confi rm these diagnoses. Other illnesses that are more diffi -
cult to exclude by simple history and laboratory testing would include those 
described below.

Depressive Illness

Some symptoms seen in both CFS and adolescent depression include sleepiness, 
mood changes, and sleep disturbance. However CFS patients were more likely to 
report somatic complaints such as headache, arthralgia, sore throat, myalgia, diz-
ziness, concentration diffi culties, and autonomic symptoms. As expected, affective 
symptoms were more severe in adolescents with primary depression than in those 
with CFS [63]. The presence of post-exertional malaise also distinguishes the two 
illnesses [6].
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School Phobia

School avoidance because of psychosocial stressors at school or separation anxiety 
is characterized by symptoms that culminate with the avoidance of school in the 
morning, and are usually resolved in the evenings or at weekends. Observation of 
the overall activity levels of children with true school phobia do not usually show 
reduced activity, although they may express somatic complaints. Inquiring about 
leisure and social activities is important in distinguishing school (social) phobia 
and CFS. The former will maintain their hobbies and social activities, while the 
latter will have a marked reduction in social activities [4,35]. Moreover, there is 
usually a history of a precipitating event at school [64]. Evaluation during the 
history for “secondary gain” is an essential part of the evaluation of fatigue in 
children. Children and adolescents with CFS are eager to return to school, and 
may eagerly accept partial days when offered and when this is within their 
capabilities [6].

Anorexia Nervosa

In some pediatric patients, continuous nausea and abdominal symptoms may be so 
prominent as to cause weight loss and suggest anorexia. The decreased appetite 
persists for years in some of the more severely affected patients with CFS [36]. 
However, a careful diet history and observations during discussions of eating and 
body image readily distinguish the two conditions.

Somatoform Disorders

The criteria for somatization disorder do not include the symptom of fatigue [65]. 
Also, the colorful and sensational description of symptoms is different from that 
in CFS. The diffi culty with the diagnosis of somatization disorder is that judgments 
as to symptom validity are subjective and arbitrary. In one adult review, the rate 
of somatization disorder in adult patients with CFS without a history of psychiatric 
disease ranged from 0% to 98% [66].

Sleep Phase Disorders

Virtually all patients with CFS have abnormal sleep patterns, and sleep phase 
abnormalities are common. Adolescents frequently say that they feel better in the 
late evening and may be unable to sleep until daybreak. There has been some 
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concern that this may represent an alternative diagnosis. However, with medication 
and appropriate sleep hygiene this may be reversed while not signifi cantly improv-
ing the activity limitation. Increased melatonin has been noted in the fi rst part of 
the night in adolescents with CFS [67]. In general, it is our view that the sleep 
abnormalities of CFS are secondary to the underlying pathophysiology, and are not 
the cause of the illness.

Treatment, Education, and Socialization

Treatment for the child or adolescent with CFS should be aggressive, and include 
both symptom alleviation and extensive support. Appropriate treatment is rarely 
possible without a correct diagnosis. In adults, it has been estimated that 80% of 
persons with CFS have never received a diagnosis, and this is likely to be higher 
for children. Early recognition and diagnosis should be a priority for those involved 
in pediatric medical education [1,2,68].

Treatment in pediatric CFS also requires a strong bond between provider and 
patient regardless of whether the provider views CFS as an organic or psychiatric 
illness. As with any chronic illness, components of both may exist. It is not appro-
priate to assume a benign course or to suggest hypochondriasis, with the implication 
of the symptoms being unimportant. A long-term approach to the pediatric CFS 
patient can be a rewarding experience for the pediatrician and other providers, but 
requires a sustained effort. Cognitive behavioral therapy, which may be of value 
[69], and specifi c symptomatic treatments follow the pattern for adults, and will 
not be discussed in this chapter.

Widespread agreement exists for the need for aggressive educational support 
[1,2,6]. Arguments that home tutoring will reinforce the sick role or illness behavior 
[70] must be weighed against the loss of educational opportunities and the critical 
need for education should the illness persist and prevent future full-time activity. 
In one study, CFS was the leading cause of long-term school sickness absence [29]. 
Education plans should be individualized to the specifi c limiting symptoms, and 
should encourage independent study with fl exible time available for rest. Special 
services or accommodation from the school are important to maximize the amount 
of time the pediatric patient will be able to stay in the classroom setting.

One of the important considerations in educational planning is preparing for the 
possibility of poor functional return. Should the symptoms, particularly activity 
limitation, resolve, future occupational considerations would not be affected. 
However, should activity limitation persist, a future occupation with fl exibility, 
limited continuous orthostatic stresses, and a minimum of sustained physical labor 
will be necessary for self-suffi ciency.

The role of exercise and rest has been debated extensively, yet simple prescribed 
regimens are impossible because of the wide range of illness severity. In general, 
a gradual increase of activity is appropriate, but the medical provider must watch 
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for signs of post-exertional malaise. If this increased activity is tolerated, it may be 
combined with increased attendance at school and social functions. However, it is 
important to remember that CFS is a relapsing/remitting illness, and common sense 
and fl exibility are essential in assessing activity goals. If exercise, or the increase 
in simple activity, directly limits education, then the amount of physical upright 
activity should be reduced.

Coping skills are also of importance in the long-term management of children 
and adolescents with CFS. The most important coping skill learned by the pediatric 
patient is not to exceed the level of activity which precipitates post-exertional 
malaise. Most adolescents begin to employ this skill within the fi rst 2 years of 
illness. Because of the success of management through coping, it is often diffi cult 
to distinguish improvement due to a reduced degree of illness from improvement 
due to coping.

In terms of emotional adjustment, depression is a constant threat and should be 
treated aggressively whenever noted. Anxiety may also be frequent, due to both 
emotional and physiological factors. Blood testing for elevated catecholamines 
during orthostatic stress may show elevation in a pattern suggestive of hyperadren-
ergic orthostatic intolerance (D.S.B., unpublished observations). This mechanism 
is presumably an attempt at improving cerebral circulation during the dependent 
pooling which occurs during orthostasis.

Frequent diagnostic re-evaluation is important, as in any chronic illness, but the 
appearance of other illnesses is rare. Symptomatic management of pain and sleep 
disorder happens to be my preference in symptomatic treatment, but no data are 
available. Restructuring the sleep/wake cycle is a priority [6,68].

Prognosis

As in adults, an understanding of the prognosis of childhood and adolescent CFS 
has suffered because of the lack of pediatric criteria. However, some of the more 
recent studies have made progress in defi ning both recovery and stages of recov-
ery, which is a critical issue in understanding prognosis. Complete recovery would 
be defi ned as the absence of both daily activity limitations and post-exertional 
malaise, so that the young adult could participate in vigorous activities and sports 
without the re-appearance of the symptom pattern of CFS. Fatigue which follows 
stress and exercise should not be associated with malaise or fl u-like symptoms. 
Partial recovery is defi ned by the degree of improvement in activity limitation 
(fatigue) and the severity of post-exertional malaise, as well as the somatic 
symptoms.

It has become clear that complete recovery from childhood or adolescent CFS 
is rare, despite early assumptions to the contrary [71]. The majority of young people 
with CFS do improve after several years, often to the degree that they can return 
to normal or near normal activity [6,72]. In a telephone survey 1–3 years after the 
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initial evaluation, 4 of 15 subjects were well, 4 had improved, and 7 were unim-
proved or worse [4]. In another study, improvement or resolution occurred in over 
90% of pediatric subjects [73]. In a study that underlines the diffi culty in defi ning 
recovery, Marshall reported that 76% of subjects reported improvement or recov-
ery, although 38% of these had periods of fatigue that interfered with daily activities 
[74]. In a 1998 pediatric CFS prognosis study, 58 patients were evaluated several 
years after onset. Forty-three percent were considered to be cured, 52% had 
improved, and 5% were worse [75]. In another study, 31 pediatric patients with 
“persistent unexplained fatigue” were followed for 17 months. Seventy-seven 
percent had either “returned to normal or improved with occasional relapses” [36]. 
In a more recent study, 44% were unimproved or worse, and only 25% were com-
pletely or nearly completely recovered [72].

In a recent article, twenty-eight pediatric patients who were between the 
ages of 7 and 17 at illness onset were diagnosed by the Oxford Criteria and 
followed for a mean of 3 years. All symptoms had a trend toward improvement, 
but recovery was variable. Seventy-nine percent returned to full-time education or 
employment, but the majority required 3 months or more out of school. Sixty-eight 
percent stated that their illness signifi cantly affected their education and/or future 
plans [68].

In an unpublished study of one hundred pediatric CFS patients followed for 5–10 
years, 70% were functioning well, although half of these continued to have symp-
toms, and 30% were withdrawn from society and had more severe symptoms (T.M., 
unpublished observations). In the longest published pediatric follow-up study, 35 
children and adolescents were followed for an average of 13 years from illness 
onset. Twenty-two percent missed at least 2 years of school. At follow-up, 80% 
were functioning well. Of this 80%, half appeared to have complete illness resolu-
tion, and the other half had persistence of both mild symptoms and mild activity 
limitation which could be managed by coping skills [76].

This same group of children was restudied in 2005, representing a follow-up of 
nearly twenty years. While the overall positive response remained high, severe 
disability persisted in the 20% identifi ed earlier. There was also a suggestion that 
some of those previously doing well experienced increased activity limitation. If 
true, this would imply a slowly progressive illness for some. This topic has been 
only incompletely studied, and much more research is needed (study presented at 
the International Conference on Fatigue Science, Karuizawa, Japan, 2005). Fur-
thermore, until adequate markers for the illness are identifi ed, this subject will 
remain diffi cult to explore.

It is clear from the literature that pediatric and adolescent CFS is an illness that 
may be benign with a short course (2 years or less), but in the majority of cases it 
is a long-term illness with severe morbidity. Even when it resolves either com-
pletely or partially, it occurs at a vulnerable time of identity formation and educa-
tional accomplishment, thus disrupting both. It should be noted that children with 
lifelong fatigue or an inability to date the onset of their fatigue clearly are usually 
not included in the prognosis studies, thus underestimating the morbidity experi-
enced from chronic fatigue.
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Conclusions

CFS in children and adolescents is an illness that causes great morbidity that can 
be life-long. While the focus in evaluating the illness has often been the question 
of whether it is organic or psychosomatic, the harm done in underestimating the 
diffi culties posed can be enormous. Regardless of whether the etiology turns out 
to be infectious, immunological, autoimmune, psychosomatic, or some combina-
tion of all these, it is an illness that requires all the skill and training of the pediatri-
cian. It is not an illness that can be dismissed. Oversimplifi cation is perceived by 
the pediatric patient as rejection, and is poor pediatric practice.
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Physical or Mental Fatigue and 
Immunodepression

Linda M. Castell

Summary

Fatigue is an integral component of illness and sickness behavior. This chapter 
reviews possible links between fatigue, mood states, immunodepression, and the 
incidence of illness, particularly upper respiratory tract infections. In terms of 
fatigue, our work has focused mainly on the biochemical markers (tryptophan, 
branched chain amino acids) involved in central fatigue in endurance athletes 
(with/without unexplained underperformance syndrome) in chronic fatigue syn-
drome, and in postoperative fatigue. We have also looked at tryptophan from a 
different perspective by undertaking a functional magnetic resonance imaging 
(fMRI) study on the brain in healthy humans, with/without tryptophan supplemen-
tation, undertaking a cognition function task. The availability of tryptophan has 
consequences for immune function. In prolonged exercise, mucosal protection may 
be impaired as a consequence of oronasal breathing. Individuals involved in our 
studies have often had a high incidence of minor illnesses, particularly upper respi-
ratory tract infections (URTI), after prolonged, exhaustive exercise such as a mara-
thon race, or intensive training. A concomitant decrease in plasma glutamine has 
been a frequent feature of these studies. Mood profi les and other parameters 
were assessed in military personnel undertaking intensive training in harsh 
environments: fatigue and other negative mood states were increased at the same 
time as the highest incidence of URTI. Sleep deprivation was a factor in this study, 
and a subsequent investigation of one night’s sleep loss demonstrated changes in 
some parameters involved in immune function concomitant with decreased cogni-
tive ability. As well as a variety of metabolites, the cytokines, both pro- and anti-
infl ammatory, clearly have an important role in all the circumstances mentioned 
above.
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Introduction

Central Fatigue

The links between fatigue, immunodepression, and the incidence of illness, particu-
larly upper respiratory tract infections, have long been of interest to our group. The 
biochemical markers involved in central fatigue have been investigated in endur-
ance athletes (with/without unexplained underperformance syndrome) in chronic 
fatigue syndrome patients, and in patients after major surgery.

The central fatigue hypothesis was fi rst proposed in the mid-1980s [1]. It centers 
around the competition between tryptophan and the branched chain amino acids 
(leucine, isoleucine, and valine) for entry across the blood–brain barrier [2]. A 
small amount of tryptophan is converted in the brain to the neurotransmitter 5-
hydroxytryptamine (5-HT), which is involved in fatigue, sleep, and mood. Thus an 
increase in neuronal 5-HT may make it harder mentally to maintain, for example, 
endurance exercise [3].

An increased level of brain tryptophan can increase the rate of formation, and 
hence the level, of 5-HT in some areas of the brain, as observed by [4]. Tryptophan 
is unique among the amino acids in that it is bound to albumin in the blood. Stress, 
such as strenuous exercise, causes fatty acid mobilization via a surge in catechol-
amines. Fatty acids also bind to albumin, and an increase in free fatty acids 
decreases the affi nity for tryptophan, which leads to an increase in plasma free 
tryptophan (p[FT]).

Despite increased rates of mobilization, the p[FA] may be only slightly increased 
in exercise: the rates of fatty acid uptake and oxidation by active muscle are well 
regulated [5]. However, E.A. Newsholme (personal communication) suggests that 
the p[FA], and thus p[FT], may increase markedly in exercise in unfi t subjects, 
when control of fatty acid mobilization may not be precisely regulated in relation 
to the demand and control of oxidation within the muscle.

The branched-chain amino acids (leucine, isoleucine, and valine) are largely 
oxidized by muscle. The plasma concentration ratio of free tryptophan to BCAA 
(p[FT/BCAA]) governs the rate of entry of tryptophan into the brain, the level of 
tryptophan in the brain, and hence that of 5-HT [2]. The p[FT/BCAA] ratio is 
increased in humans after prolonged exhaustive exercise, and in the rat, the brain 
levels of tryptophan and 5-HT are increased [4,6]. Jakeman et al. [7] used prolactin 
release from the hypothalamus as an indirect marker of 5-HT activity. They 
observed that the increase in blood prolactin was much smaller in well-trained 
endurance athletes, compared with controls, in response to d-fenfl uramine, the 
administration of which increased 5-HT levels in the hypothalamus. They sug-
gested that this could be due to decreased numbers of 5-HT receptors as a result 
of chronic elevation of the 5-HT level in this part of the brain. Using a 5-HT2C 
agonist, m-chlorphenylpiperazine, Budgett et al. [8] observed a larger increase in 
the production of prolactin release (as a measure of 5-HT activity) in athletes with 
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unexplained underperformance syndrome (UUPS) as opposed to well-trained, elite 
athletes who were not ill.

In chronic fatigue syndrome (CFS) patients, p[FT], and consequently the p[FT/
BCAA] ratio, was 30% higher than in sedentary controls at rest [9]. However, 
unlike the controls, these parameters did not alter during subsequent exercise, 
despite the perception of the CFS patients that the exercise was extremely hard. 
This might denote an increased sensitivity of 5-HT receptors. An investigation into 
postoperative fatigue demonstrated a close correlation between p[FT/BCAA] and 
fatigue scores after major surgery [10].

In the past few years, supplementary feeding with BCAA has produced some 
results supporting the central fatigue hypothesis and some which showed no effect 
[11]. Many of the reported studies have not attempted to measure mental fatigue. In 
a laboratory-based, cross-over study, seven endurance cyclists were monitored for 
perceived effort and mental fatigue (using the Borg scale), with and without BCAA 
supplementation. In subjects receiving BCAA, compared with a placebo, a lower 
perception of effort was required to sustain the level of exercise required [12].

Calders et al. [13] observed an increase in the time to fatigue, as well as an 
increase in plasma ammonia, in fasting rats injected with 30  mg branched chain 
amino acids 5  min before exercise, compared with those injected with placebo. 
Injection of BCAA not only increased the time to fatigue of exercising rats, but 
also prevented the normal increase in brain tryptophan level caused by exhaustive 
exercise (T. Yamamoto, personal communication). Yamamoto and Azechi [14] 
observed a decreased performance in spatial learning in rats injected with L-
tryptophan. Interestingly, rats injected with tryptophan but subjected to musical 
stimuli increased the time to exhaustion compared with a group subjected to white 
noise! Yamamoto and Azechi [14] extended their work to humans by giving BCAA 
and measuring both their profi le of mood states (POMS) and the multiple mood 
scale after the Uchida–Kraepelin psychodiagnostic test: they observed a signifi cant 
improvement in the group who received BCAA compared with those who received 
placebo. They consider that central fatigue can be diminished by inhibiting the L-
system transporter for uptake of tryptophan. Therefore, they propose a  tryptophan–
serotonin hypothesis to explain the mechanisms of central fatigue, rather than just 
a serotonin hypothesis.

Tryptophan also has a role in immune function. Its degradation is linked with 
immune cell activity via the induction by IFN-g of indolamine (2,3)–dioxygenase 
(IDO, tryptophan catabolism rate-limiting enzyme) [15,16].

In military personnel, plasma free tryptophan (p[FT]) was markedly decreased 
within 24  h of arriving at altitude: this decrease was maintained during 1 month’s 
intensive mountain winter training, and reached above baseline levels upon their 
return to the desert. This decrease in p[FT] observed during winter fi eld training 
may be associated with increased cellular immune activation, inducing the enzyme 
IDO to catabolize tryptophan. IDO also has antioxidant properties owing to its use 
of the superoxide anion (produced in greater quantity at altitude) as an oxygen 
source [17]. The ambient temperature may also have been a factor.
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Tryptophan and Functional Magnetic Resonance Imaging in the Brain

More recently, we studied one of the markers of central fatigue from a different 
perspective by undertaking functional magnetic resonance imaging (MRI) of 
the brain (fMRIB) in healthy humans with/without tryptophan supplementation 
[18]. Participants were given a bolus dose of tryptophan (30  mg/kg body wt) or 
placebo, and subjected to fMRIB while undertaking a cognitive function task 
(modifi ed Stroop counting test). Although reaction times were longer after tryp-
tophan, the Stroop effect was not signifi cantly different between placebo and 
tryptophan. Compared with placebo, L-tryptophan administration was associated 
with decreased activation in some regions of the brain, including the left post-
central, angular, inferior frontal, and the lateral orbital gyri, while increased acti-
vation occurred in the left precuneus and the posterior cingulate gyrus. These 
fi ndings suggest that subcortical changes may have contributed to central fatigue, 
but that changes in neocortical activity were associated with the experience 
itself.

Prolonged, Exhaustive Exercise

Immunodepression in an endurance athlete appears to be fi rmly linked to intensity 
and duration of exercise [19]. Heath et al. [20] and Nieman et al. [21] observed a 
correlation between prolonged strenuous exercise and the frequency of URTI. The 
higher the mileage, the more frequent the incidence (and often severity) of URTI 
[20]. More than twice as many participating marathon runners suffered from a 
URTI in the weeks after a race compared with those who had trained and not par-
ticipated. This bears out the perception of O’Connor et al. [22], who observed that 
the stress of competition more than doubled the risk of a URTI. The exhausted 
athlete is vulnerable to opportunistic infections for 3–4  h after an event such as a 
marathon. There is an increased incidence of illness in athletes undertaking pro-
longed, exhaustive exercise such as an endurance event or intensive training [23,24]. 
The individuals involved in our studies on endurance exercise had a notably high 
incidence of minor illnesses, in particular URTI [25]. Athletes undertaking repeated 
bouts of training without suffi cient recovery time between sessions will show 
cumulative effects of fatigue and thus can become immunodepressed, which is 
likely to lead to an increased incidence of infection.

Lakier Smith [26] reviewed the changes which occur in immune cell function 
after intense, long-duration exercise. These changes include decreased circulating 
numbers of lymphocytes, decreased natural killer (NK) cell activity, and reduced 
secretory IgA levels in the mucosa. She also referred to the importance of the T-
helper lymphocytes, Th1 and Th2, suggesting that tissue trauma leads to the sup-
pression of cell-mediated immunity via the Th2 response. NK cells are particularly 
responsive to prolonged stress such as hypoxia and hyperthermia [27], and to 
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running a marathon. Markedly decreased circulating numbers of NK cells 1  h after 
a race were still 50% below normal the next morning (16  h later) [28]. The propor-
tion of CD4 (helper cells) to CD8 (cytotoxic/suppressor cells) is also decreased 
after prolonged, exhaustive exercise. This ratio has been proposed both as a marker 
and a cause of immunodepression [29]. Decreased lymphocyte and neutrophil func-
tion also occur as a result of strenuous exercise [30]. A marked neutrophilia is 
responsible for the well-known leucocytosis which occurs in response to strenuous 
exercise. There is evidence that the provision of glutamine in both exercise and 
clinical situations effects a decrease in the cytokine IL-8, a major chemoattractant 
for neutrophil recruitment [30]. It has recently been established that human neutro-
phils use glutamine, via the presence of glutaminase on the secondary granules 
[31]. In view of this, the well-documented decrease in plasma glutamine which 
occurs after such stress as major surgery (ca. 35%) and prolonged, exhaustive 
exercise, (ca. 25%) may affect the ability of neutrophils to function fully in their 
role as fi rst-line defenders against an immune challenge.

Intensive training in harsh environments over a prolonged period resulted in 
both immunodepression and fatigue in military personnel [32]. Glutamine, free 
tryptophan, and branched chain amino acids are possible markers of immuno-
depression and/or fatigue. The plasma concentration of these amino acids, linked 
with immune function, was found to be decreased after intensive training at altitude 
in winter. This coincided with increased URTI. In addition, the plasma concentra-
tions of nonesterifi ed fatty acids, leptin, and total antioxidant capacity were 
decreased at the end of the sojourn at altitude. Plasma antioxidant capacity was 
signifi cantly increased 1 month after return to the desert [33]. It is thought this was 
due to residual infections following on from the high incidence observed at the end 
of mountain winter training.

The most striking fi nding was that plasma glutamine decreased by 14%–21% in 
these individuals after an overnight fast. This decrease is comparable to several 
studies which have shown a relatively transient decrease (20%–25%, maintained 
for 5–6  h) 1–2  h after a bout of prolonged exercise. However, the importance of 
this observation relates to the fact that these particular samples were taken at rest, 
early in the morning. This clearly suggests a cumulative effect of exhaustive exer-
cise on plasma glutamine levels, which is potentially more serious in terms of pro-
viding fuel for the successful function of those immune cells that require circulating 
glutamine to be readily available in response to local demand at times of an immune 
challenge [34]. Interestingly, individuals with the highest illness scores also had 
the greatest decrease in plasma glutamine concentration. This fi nding was similar 
to that found in a study on elite athletes in an altitude training camp [35].

These military personnel also completed the profi le of mood states (POMS) at 
multiple time points before and after the sojourn at high altitude. Signifi cant 
increases in POMS scores were reported after the sojourn. Their anger and fatigue 
scores were comparable to adult male psychiatric outpatient norms, and lasted well 
beyond the completion of mountain winter training [36]. It was suggested that the 
negative moods observed in these circumstances and environments approached 
levels of clinical signifi cance, and that they may affect the individual’s ability to 



178 L.M. Castell

perform critical tasks. In a study on elite triathletes toward the end of a competitive 
season, our fi ndings revealed a high incidence of both fatigue and URTI: there was 
a concomitant increase in anger and depression [37].

A study of army recruits looked at samples and questionnaires from the time 
the recruits arrived in camp, through mid-training, to the end of training 12 weeks 
later. By week 6 (mid-training), recruits had a high increase and duration of URTI 
[38]. They also had changes in mood states in an adverse direction, and in particular 
they had very high fatigue in week 6.

In another longitudinal study, elite female university rowers were studied over 
8 weeks of winter training [39]. Changes were observed in the incidence of illness 
and mood state, as well as plasma glutamine and glutamate concentrations (p[Gln], 
p[Glu]), and rate of perceived exertion (RPE). There was a signifi cant increase in 
the incidence and duration of gastrointestinal disturbances in open-weight rowers 
halfway through the training period. Although this was not assessed clinically, it 
is highly likely that this was some kind of communal infection of normal virulence 
(R. Baskerville, personal communication 2006).

The p[Glu] increased signifi cantly over 8 weeks [39]. This fi nding is similar to 
those of Halson et al. [40] and Smith and Norris [41]. Parry-Billings et al. [42] 
observed that elevated [Glu] had no effect on the rate of T-lymphocyte proliferation 
in vitro. This suggests that p[Glu] neither plays a role in the mechanism nor is it a 
potential marker of the immunodepression seen in exercise, unlike p[Gln]. Smith 
and Norris [41] observed p[Gln/Glu] to be 25% lower in athletes classifi ed as over-
trained compared with those who were not. In rowers, the p[Gln/Glu] decreased 
signifi cantly by 29% over 8 weeks (weeks 1–8 [39]). A negative correlation, which 
was close to signifi cance, was observed between URTI and p[Gln/Glu], suggesting 
that p[Gln/Glu] ratio may be a possible marker of immune status.

RPE correlated signifi cantly with the incidence/duration of URTI, fatigue, stress, 
motivation, and depression [39]. This suggests that RPE could be a potential marker 
of both immunodepression and mood state in athletes, and thus of over-reaching/
over-training. This confi rms the fi ndings of Rietjens et al. [43], who postulated that 
RPE could be a sensitive parameter of over-reaching.

Mucosal Protection

Several observations in the 1970s and 1980s suggested that those who undertook 
a good deal of strenuous exercise appeared to be more vulnerable to opportunistic 
infections, such as polio, hepatitis B, and echoviral meningitis, than the general 
population [19]. In a comprehensive review, Maree Gleeson [54] examined more 
than 40 studies on a wide variety of sports. In the majority of these, salivary IgA 
was decreased as a result of intense exercise. Mackinnon and Hooper [55] observed 
a consistent decrease in salivary IgA in endurance athletes with UUPS. One of the 
symptoms of athletes with UUPS is a high incidence of URTI. With regard to 
moderate exercise, Klentrou et al. [56] showed an increase in resting salivary IgA 
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in subjects exercising moderately for 12 weeks; this coincided with a decrease in 
URTI symptoms and days of sickness.

Salivary IgA in mucosal surfaces is the fi rst line of defence against infections 
via bacterial and viral agents. The trapped organisms are cleared by mucociliary 
transport. As well as enabling cell mobility, cilia cover the cell surface with mucous 
[57]. In strenuous exercise, mucosal secretions dry up, particularly when mouth-
breathing takes over from nasal breathing [58]. This is clearly more of a problem 
in endurance events, where a large majority of athletes (96%) were observed to 
breathe oronasally rather than nasally [59], and it may be that it is at this point that 
athletes become most vulnerable to opportunistic infections. Oronasal breathing 
may very well dry up mucosal secretions. This should result in an increased con-
centration of secretory IgA, provided that it does not result in a greater loss of 
measurable IgA due to binding to mucin (P. Brandtzaeg, personal communication). 
Muns et al. [60] observed a reduction in nasal mucociliary clearance in marathon 
runners for several days after a race, and suggested that ciliated cells with abnormal 
function were partly to blame.

Sleep Deprivation and Immunodepression

The role of sleep in immunocompetence is diffi cult to assess. However, both acute 
and chronic sleep loss have been found to be associated with decreased antibody 
response to vaccinations and increased levels of infections [44–46]. Other than the 
possible detrimental effects of sleep deprivation on performance, the risk of 
increased susceptibility to illness is also of importance to the athlete. Decreased 
IL-6 and IL-8 production by T lymphocytes in response to Con A [47] may repre-
sent an inability to respond to infectious stimuli, or in the case of IL-6, impaired 
humoral immunity. The observed decrease in IL-6 production the morning after 
sleep deprivation confl icts with the study by Robson [48], in which over-production 
of IL-6 is named as a causal factor in UUPS. However, the cell type responsible 
for over-production was not specifi ed. Decreased IL-6 production by T lympho-
cytes may have implications of its own. It may represent the dominance of a Th1 
response, meaning that although cellular immunity is not impaired, humoral immu-
nity might be. Thus, in circumstances requiring antibody production, the infection 
may be prolonged and re-occurring if sleep deprivation occurs, as is typical in ath-
letes suffering from UPS. Although IL-8 has not previously been implicated in 
UPS, a decrease in T lymphocyte production of IL-8 after sleep deprivation might 
increase the chance of contracting an opportunistic infection. Frequent minor infec-
tions are common in UPS and CFS.

Data from Brown and Castell [39] appears to support the suggestion that sleep 
plays a role in immune status. In particular, one individual reported regular sleep 
duration of at least 8  h per night during the 8-week study. Her incidence of illness 
appeared to be signifi cantly less than the other subjects, and her mood states 
appeared much more stable. The restorative properties of sleep on the immune 
system remain elusive.
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Leptin (the obesity hormone related to appetite control) has a role in UUPS [49] 
and in sleep. Gough et al. [47] observed that in some individuals, acute sleep 
deprivation can result in decreased p[Lep] the morning after. This agrees with 
observations made in a pilot study on sleep deprivation, where 8 out of 12 subjects 
had a mean decrease of 24% in plasma leptin the morning after the loss of one 
night’s sleep (L.M. Castell, unpublished observations 2001). Mullington et al. [50] 
observed that the normal, nocturnal, appetite-suppressant rise in circulating leptin 
was reduced during one night of sleep deprivation. Given that sleep is perceived 
as a restorative process, then maybe there is more to the nocturnal enhancement of 
leptin than simply to suppress appetite during the night. Coupled with recent dem-
onstrations of the effect of leptin on some immune parameters [51,52], the fre-
quently reported sleep disturbances in UPS, and the consequences of a negative 
energy balance, it is possible that decreased concentrations of leptin during the 
night may contribute to the frequent infections reported by these athletes and their 
continuing fatigue [47].

Individual differences in the capacity to tolerate sleep loss in athletes, particu-
larly endurance athletes, might compromise their immune function. The additive 
effect of sleep loss and already present immunodepression may be different from 
that observed in healthy individuals. It has long been considered that there is a 
high incidence of minor infections in obesity. This was investigated in a pilot 
study by Taylor and Castell [53] and looked at the incidence and duration of URTI 
in a different range of bodyweights over several weeks. There was an increased 
incidence of URTI, which appeared to be concomitant with increased body mass 
index (BMI). The incidence of URTI correlated with BMI; in turn, BMI correlated 
with p[Lep] (the obesity hormone related to appetite control, and which also has 
a role in immune function). It would be tempting to extrapolate, and speculate 
that an increased URTI incidence is thus related to increased plasma leptin con-
centration. However, this would be somewhat premature. It is interesting to note 
that obese individuals have a high incidence of sleep disturbance, which is to do 
with an enlargement of the soft palate; they tend to snore because they sleep with 
their mouths open. This has similarities with endurance athletes switching to oro-
nasal breathing and the drying of the mucosa-producing cilia, as discussed 
above.

Role of Some Cytokines

Fatigue is an integral part of sickness behavior, which is mediated in the brain by 
pro- and anti-infl ammatory cytokines [61] (see also Laye et al., this volume); they 
also enhance cortisol production. Uhlig and Kallus [62] state that in patients with 
infl ammation, elevated cytokines, and fatigue, it is impossible to distinguish which 
is causing the other. In terms of exercise studies, IL-6 may well be an important 
player since, as proposed by Pedersen and Febbraio [63], it is primarily released 
by muscle. Nybo et al. [64] have proposed that IL-6 is also released from the brain 
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during prolonged exercise, and that this is affected mainly by the duration of the 
exercise. However, they observed that IL-6 does not appear to have a role in central 
fatigue.

Cannon and Kluger [65] obtained plasma from humans immediately after pro-
longed exercise and injected it into rats: this produced symptoms compatible with 
pyrexia, i.e., substantially raised rectal temperature. Interestingly, injecting plasma 
obtained 3  h after the exercise produced even greater temperature elevations. This 
suggests that higher circulating levels of a cytokine or chemokine, such as one of 
the pro-infl ammatory cytokines, may be stimulating the thermal increase. However, 
plasma IL-6 in humans is returning to normal by 1  h after an endurance event [28], 
its marked increase being more noticeable immediately after the cessation of exer-
cise. Plasma IL-1b (pro-infl ammatory) and IL-4 (anti-infl ammatory) are elevated 
at 2  h after exercise [66]. A recent paper by Carmichael et al. [67] has emphasized 
the importance of brain IL-1b in fatigue after exercise-induced muscle damage. 
The injection of IL-1b signifi cantly decreased the run-time to fatigue in male mice 
as opposed to IL-1ra, which increased the run-time. Plasma IL-8, the chemoattrac-
tant for neutrophils (also regarded as pro-infl ammatory), is increased about 2-fold 
after 2  h in female rowers after an ergotest lasting about 12  min, and in marathon 
runners after a race (L. M. Castell, unpublished observations 1996).

Concluding Remarks

In contrast to the extremely positive effects that moderate exercise appears to have 
on psychological well being [68–70], intense training periods show a negative 
effect on mood states [40,36,71,72]. Stress is known to be a powerful modulator 
of immune function [73,74]. The relations between the immune, endocrine, and 
nervous systems, cytokines, and sleep are complex: they interact, affect, and are 
affected by one another. The high incidence of URTI and other illnesses resulting 
from stressful conditions is a clear indicator of immunodepression. Many factors 
are involved. A healthy lifestyle can best be promoted by good and varied nutrition, 
and by moderation in all things, including physical activity.
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Exercise Fatigue

Kazuo Inoue and Tohru Fushiki

Summary

The mechanisms of the manifestation of central fatigue were studied. In the cere-
brospinal fl uid (CSF) from exercise-fatigued rats there was a factor that depressed 
the spontaneous motor activity (SMA) of the animals and caused the kind of behav-
ior that is observed in exhausted animals. A bioassay which utilized hydra, a 
freshwater coelenterate, strongly suggested the existence of transforming growth 
factor-b (TGF-b) in the CSF. Because the immunoneutralizing treatment of the 
CSF from fatigued rats with anti-TGF-b antibody eliminated the factor that depresses 
the SMA of animals, the identity of this factor was shown to be TGF-b. The fi nd-
ings that the intracisternal administration of purifi ed TGF-b depressed the SMA in 
a dose-dependent manner, and that the concentration of TGF-b in the CSF increased 
with an increase in the intensity of the exercise which was being used to cause 
fatigue, supported the speculation that this factor was responsible for the manifesta-
tion of central fatigue. In addition, we also demonstrated that TGF-b acted on the 
brain and modulated the activities of neurons, and that this changed the whole body 
metabolism to utilize more fat and enhanced the oxidation of fatty acid.

Introduction

In the study of exercise fatigue, some mechanisms, such as the decrease in the 
contractile force of skeletal muscles and the decline in performance with the reduc-
tion of the energy substrate store, are relatively well understood. In comparison, 
the mechanisms of the manifestation of the central component of exercise fatigue, 
in other words, a feeling of fatigue during exercise, has not yet been elucidated. 
Because feelings of fatigue during exercise are usually manifest long before the 
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body’s physical limit is reached, the central component of exercise fatigue is 
thought to be the type of signal that alerts the body to the possibility of physical 
impairment by continuing that exercise. It would be very interesting if this kind of 
feeling of fatigue is generated by the same mechanism which produces similar 
sensations after suffering from lack of exercise or strong psychological stress. This 
section describes the involvement of transforming growth factor-b (TGF-b) (one 
of the cytokines) in the brain, with the manifestation of a feeling of fatigue.

Hypotheses of the Generation Mechanisms of Central Fatigue

Some hypotheses have already been proposed concerning the generation mecha-
nisms of central fatigue. The most well known of these is the serotonin hypothesis 
[1]. Serotonin (5-hydroxy tryptamine) is abundant in the digestive system. In addi-
tion, this substance functions as a neurotransmitter in the central nervous system. 
The serotonergic nervous system is known to have many important roles in the 
brain. The precursor of serotonin is tryptophan, a type of amino acid. The rate-limit-
ing step of serotonin synthesis in the brain is a supply of tryptophan into the brain. 
Serum albumin is a carrier of hydrophobic substances in the blood. Tryptophan is 
associated with, and transported by, serum albumin. Nonesterifi ed fatty acids are 
also carried by serum albumin. With endurance exercise, fatty acids are recruited 
from fat tissues, their concentrations increase, and more fatty acids bind to serum 
albumin. Consequently, tryptophan molecules are excluded from the albumin, and 
the concentrations of “free” tryptophan in the blood increase. During similar exer-
cise, branched-chain amino acids are utilized as energy sources and their concentra-
tions decrease. The uptake of branched-chain amino acids into the brain is mediated 
by the L-system, one of the amino acid transporter systems. The uptake system for 
serotonin is the same L-system, and therefore the incorporations of these amino 
acids are in competition with one another. The increase in the concentration of free 
tryptophan and decrease in branched-chain amino acids will facilitate the synthesis 
rate of serotonin in the brain. The serotonin hypothesis ascribes the manifestation 
of a feeling of fatigue to the increase in serotonin synthesis and consequent elevation 
of the activities of serotonergic neurons [2,3]. Another hypothesis is based on 
ammonia. During an endurance exercise, which causes depletion of the energy store 
in the body, proteins in the body will be degraded and utilized as energy sources in 
the form of amino acids. Ammonia produced by the deamination of amino acids is 
toxic to neurons [4,5], and this will cause a feeling of fatigue. These two hypotheses 
are based on the substances derived from peripheral tissues. However, exercise 
which causes an increase in the concentrations of free fatty acids and ammonia 
would be long and strenuous. Therefore, this hypothesis may not be adequate to 
explain the mechanism of a manifestation of a feeling of fatigue in normal people 
who are not engaged in such strenuous exercise.

Many cytokines, e.g., interferon and interleukin, are used in cancer therapy. 
Serious tiredness is known to be a side effect caused by the administration of these 
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cytokines. These cytokines are members of the defense system of the body, and 
are thought to be involved with fatigue during a cold or during an infl uenza virus 
infection. Because some cytokines are reported to be released during exercise [6], 
further elucidation is necessary about the contribution of cytokines to the manifesta-
tion of fatigue during exercise. The relation between proinfl ammatory cytokines 
and a feeling of fatigue is described in the chapter by T. Katafuchi in this 
volume.

Manifestation of Central Fatigue and TGF-b in the Brain

The mechanisms of the generation of a feeling of fatigue described above are based 
on an extended period of exercise or an infection. Therefore, a different mechanism 
could be assumed in the feeling of “ordinary” fatigue which is felt in daily life 
without intense exercise or infection.

The Presence of a Factor that Generates Central Fatigue

An experiment for the detection of a factor which causes central fatigue was con-
ducted according to the working hypothesis described below.

1. The factor is produced in the brain, acts on the brain, and generates a feeling 
of fatigue.

2. The chemical activity in the brain is refl ected to a certain extent in the cere-
brospinal fl uid (CSF). Therefore, the factor which generates a feeling of fatigue 
might be detected in the CSF.

3. Physical exercise could be used to generate a feeling of fatigue. Physical 
(peripheral) fatigue and central fatigue are inseparable, and both types of fatigue 
occur simultaneously in a certain ratio from any kind of load. When we exercise, 
we usually feel fatigue some time before reaching our physical limitations, and 
then we stop the exercise. This type of sensation is assumed to be a component of 
central fatigue.

4. When we are tired, we are unwilling to do anything voluntarily. A similar 
sensation can be reconstructed in experimental animals, and could be estimated by 
measuring their spontaneous motor activities.

Therefore, CSF was collected from rats which were exhausted by swimming. 
One period of exercise consisted of swimming for 15  min in a continuous-current 
pool and 5  min rest. Eight periods of exercise were recorded. The CSF collected 
was administered to the cisterna magna of a mouse. The spontaneous motor activi-
ties of mice which were given CSF from exercise-fatigued rats gradually decreased, 
and were signifi cantly lower than those of mice given CSF from sedentary rats as 
a control (Fig. 1). This indicates the presence of a factor in the CSF from rats which 
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were fatigued by exercise which depresses the spontaneous motor activity of mice 
[7]. This factor was heat-inactivated and had a relatively high molecular mass, as 
determined from the study using ultrafi ltration. These results indicate that the factor 
we found was not caused by a classical neurotransmitter.

Identifi cation of the Activities Which Cause Central Fatigue

Hydra Bioassay

We tried to identify the factor which depresses the spontaneous motor activity of 
mice. However, a standard identifi cation by the usual protein–chemical methods 
was diffi cult for this sample because CSF is a dilute solution and its volume is 
limited. Therefore, a bioassay system using hydra, a fresh water coelenterate, was 
adopted for the detection and identifi cation of trace amounts of bioactive sub-
stances. This system has been shown to be suitable, especially for the detection of 
bioactive peptides and proteins [8–10]. A hydra catches plankton for food with its 
tentacles, swallows the plankton, and then changes into a ball-like shape designated 
a tentacle ball. Tentacle ball formation is a reaction to food intake by hydra, and 
they take in only live plankton. They discover whether what they catch with their 

Fig. 1. Depression of spontaneous motor activity of mice by intracisternal administration of 
cerebrospinal fl uid (CSF) from exercise-fatigued rats. The changes in spontaneous motor activity 
of mice which were administered CSF from exercise-fatigued rats (Fatigued) and mice adminis-
tered CSF from sedentary control rats (Sedentary) are shown. Signifi cant decreases are seen 
in the Fatigue group. Values are means ± SEM. Number of mice in each group, 11. §, P < 0.05; 
*, P < 0.01
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tentacles is edible or not by detecting a reduced form of glutathione, which is con-
tained only in living cells.

Tentacle-ball formation can be induced by adding the reduced form of glutathi-
one to the medium where hydra are cultured. Interestingly, the simultaneous addi-
tion of bioactive peptides inhibits tentacle-ball formation under these artifi cial 
feeding conditions. Individual bioactive peptides show the strongest inhibition of 
tentacle-ball formation at a specifi c concentration of glutathione. Therefore, deter-
mination of the inhibitory pattern of tentacle-ball formation at 0.1, 0.3, 3.0, 10, and 
50  μM glutathione could detect, and at least partially identify, the presence of a 
certain peptide in an unknown sample by checking the profi le against those which 
have already been determined. In addition, the inhibition usually occurs with trace 
amounts of bioactive peptide, and therefore this assay was suitable for the identifi -
cation of a substance in a dilute sample such as CSF. CSF from exercise-fatigued 
rats showed a characteristic pattern which inhibits tentacle-ball formation at all 
concentrations of glutathione in a hydra bioassay. This reaction was known to be 
caused by transforming growth factor-b (TGF-b). The reaction pattern of the CSF 
from sedentary rats added with purifi ed TGF-b was similar to that of the CSF from 
exercise-fatigued rats. This result suggested that there was an increase in the con-
centration of TGF-b in the CSF from exercise-fatigued rats (Fig. 2) [11–14].

Fig. 2. Response patterns of the hydra bioassay. The patterns of hydra response are shown as 
the concentrations of reduced glutathione indicated. Higher values in the inner concentric circle 
mean a stronger inhibitory effect on the hydra feeding response by a substance in the sample. The 
patterns of C (CSF from fatigued rats) and D (CSF from sedentary rats with added TGF-b) are 
similar
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Transforming Growth Factor-b (TGF-b)

TGF-b was found to be a factor which transforms certain types of cells and pro-
motes their proliferation. Further studies elucidated that this factor not only pro-
motes cell growth but also inhibits cell growth, depending on the type of cell and 
the stage of differentiation, and is a multifunctional factor which has a variety of 
effects. In addition, TGF-b is considered to be a type of cytokine which has a role 
in information transmission among cells. In the course of the biosynthesis of TGF-
b, it is synthesized as a preproprotein, cleaved in the molecule, and secreted in an 
associated form, which is a complex of an N-terminal fragment and a C-terminal 
fragment. The N-terminal fragment masks the bioactive C-terminal fragment, 
which is TGF-b itself, and functions to retain the molecule in an inactive latent 
form. Therefore, the N-terminal part is called a latency-associated protein (LAP).

TGF-b is a homodimer and is covalently bonded by intermolecular disulfi de. In 
addition, it forms a conformation with intramolecular disulfi de, which is called a 
cysteine knot.

The activity of TGF-b is regulated at two steps, i.e., the level of protein expres-
sion and the activation of the latent form. The latent form of TGF-b is activated 
by the elimination of LAP by certain mechanisms. Five isoforms of TGF-b have 
been reported, and TGF-b1, 2, and 3 are present in mammals. The similarity of the 
amino acid sequences of these isoforms is relatively high (70%–80%) and their 
bioactivities are considered to be almost the same. TGF-b has an important role in 
morphogenesis during development, and gene-targeted mice of each isoform each 
show a specifi c characteristic phenotype [15–17].

Measurement of the Concentration of TGF-b in CSF

After the hydra bioassay, the concentrations of TGF-b in the CSF from exercise-
fatigued rats and from sedentary control rats were determined. The determination 
was based on the inhibitory activity of TGF-b on the proliferation of mink lung 
epithelial cells (Mv1Lu), which is measured by the incorporation of tritium-labeled 
thymidine into the DNA. The concentration of the active form of TGF-b in the 
CSF from fatigued rats was signifi cantly higher than that from sedentary rats (Table 
1). However, the concentrations of total TGF-b which is the sum of the active and 
latent forms of TGF-b from both groups, were not signifi cantly different. These 
data suggest that the increase in the concentration of active TGF-b in the CSF from 
fatigued rats was not the result of protein synthesis, but the activation of an existing 
but latent form of TGF-b [11].

Immunoneutralization of TGF-b in CSF

The responsibility of TGF-b for the depression of spontaneous motor activity in 
animals was then investigated. Immunoneutralization was conducted by treating 
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the CSF from fatigued rats with anti-TGF-b antibody. The CSF from fatigued rats 
was pooled and divided into two fractions. One fraction was treated with preim-
mune antibody and the other was treated with anti-TGF-b antibody. This treated 
CSF was intracisternally administered to mice, and the depressive effect on their 
spontaneous motor activity was determined. The CSF treated with preimmune 
antibody retained its depressive effect on spontaneous motor activity, but the spon-
taneous motor activities of mice which were administered the CSF treated with 
anti-TGF-b antibody were signifi cantly higher than those of mice administered 
preimmune antibody. The depressive effect which the CSF originally possessed 
was eliminated by treatment with anti-TGF-b antibody (Fig. 3). This result dem-
onstrates that the substance in the CSF from fatigued rats which is responsible for 

Table 1. Concentration of TGF-b in cerebrospinal fl uid (CSF) from sedentary and exercise-
fatigued rats

Sedentary Fatigued

Active TGF-b (pg/ml) 145.8 ± 11.1 270.5 ± 7.3*
Total TGF-b (pg/ml)  1028 ± 46.1  1123 ± 60.7

The concentration of the active form of TGF-b in the CSF is shown as active TGF-b. The sum 
of the concentrations of active and latent TGF-b was determined after the activation of latent form 
by a temporal acidifi cation of CSF, and is shown as total TGF-b
Fatigued, CSF from exercise-fatigued rats; sedentary, CSF from sedentary control rats
Values are means ± SEM
Number of rats in each group, 12

Fig. 3. Elimination of the inhibitory effect on spontaneous motor activity by treatment with 
anti-TGF-b antibody. A substance which depressed the spontaneous motor activities of mice was 
eliminated by treating CSF from fatigued rats with anti-TGF-b antibody. The depressive effects 
on the spontaneous motor activities of mice were retained when the same procedure was followed 
with preimmune antibody. Values are means ± SEM. Number of mice in each group, 14. §, P < 
0.05; *, P < 0.01
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the depression of spontaneous motor activity is TGF-b [11]. The intracisternal 
administration of purifi ed TGF-b also caused dose-dependent depression of the 
spontaneous motor activities of mice (Fig. 4).

Correlation with Exercise Intensity

The relationship between the intensity of the exercise taken by rats and the con-
centrations of TGF-b in their CSF, and the effects of that CSF on the spontaneous 
motor activities of mice were investigated. Thus the positive correlation between 
exercise intensity and the concentration of active TGF-b in the CSF was demon-
strated. In addition, a similar positive correlation between the concentration of 
TGF-b in the CSF and the depressive effect on the spontaneous motor activities of 
mice was also confi rmed when the mice were intracisternally administered CSF 
(Fig. 5). These results also support the involvement of TGF-b in the CSF in the 
decrease in spontaneous motor activities, probably because TGF-b would generate 
a sensation of fatigue [11].

Involvement with Fatigue Caused by Loads Other than Exercise

The involvement of TGF-b with the manifestation of a feeling of fatigue caused 
by loads other than exercise was then investigated. As described in the section on 
the cytokine hypothesis, central fatigue can also be caused by infection. An admin-
istration of double-stranded RNA (poly I:C) was used for the animal model of 

Fig. 4. Dose-dependent depression of spontaneous motor activity (SMA) by TGF-b. The relation 
between the inhibitory effect on spontaneous motor activity and the dosage of TGF-b was exam-
ined by intracisternal administration of TGF-b to mice. The spontaneous motor activities were 
expressed as a percentage of those in the control group, which was administered with vehicle. 
Spontaneous motor activity was depressed in a dose-dependent manner. Each isoform of TGF-b 
showed a depressive effect on spontaneous motor activity, but latent TGF-b had no such effect
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Fig. 5. Correlation between the intensity of the exercise load and the concentration of TGF-b in 
CSF, and its depressive effect on spontaneous motor activity. A correlation was observed between 
the intensity of the exercise load and the concentration of active TGF-b in the CSF of rats. The 
intracisternal administration of CSF with a high concentration of active TGF-b to mice showed 
a similar relation. The CSF from rats which had carried out intense exercise had a more depressive 
effect on the spontaneous motor activity of mice. Values are means ± SEM. **, P < 0.05; 
*, P < 0.01
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infection. Poly I:C, which is administered intraperitoneally, is recognized as a virus 
and causes a series of defense responses, including fever and a decrease in sponta-
neous motor activity. An administration of poly I:C to a rat caused a decrease in 
its spontaneous motor activity about 2  h later, and a rise in body temperature which 
peaked 2–3  h after that. In this condition, the concentration of TGF-b in the CSF 
had increased signifi cantly 1  h after the administration of poly I:C (data not shown; 
Matsumura et al., in preparation). This indicates the possibility of the involvement 
of TGF-b with the manifestation of a feeling of fatigue with infection. If the body 
is in an infected condition, a decrease in physical activity would be advantageous 
for recovery, and for this reason spontaneous motor activity would be suppressed 
and the appetite would also be inhibited. It is of interest that TGF-b in the brain 
might be related to these physiological responses. In addition, an increase in the 
concentration of TGF-b in the CSF was observed in the constraint stress of rats 
(Ishikawa et al., unpublished results 2004). This suggests that the generation of 
central fatigue by TGF-b in the brain may relate not only to the manifestation of 
a feeling of fatigue during exercise, but also to those feelings caused by loads other 
than physical exercise.

Demonstrations of the Effects of TGF-b on the Activities of 
the Brain

There has been no report that TGF-b modulates the activities of the brain and 
affects the behavior of animals except for our data. After the intracisternal admin-
istration of TGF-b, the effect causing the fatigue-like behavior has a relatively short 
duration. This may not imply that this response is associated with gene expression 
and protein synthesis. A sensation like central fatigue could be generated through 
changes in brain activity. Therefore, the actual effect of TGF-b on the brain was 
investigated neurochemically. When the activity of a neuronal cell (neuron) changes, 
the release of neurotransmitters from that neuron will change. After the release of 
neurotransmitters, most of them will be recycled by their specifi c transporters, but 
some of them will leak from the synaptic cleft into extracellular space. The modula-
tion of neuronal activities can be determined by measuring the changes in the 
extracellular concentrations of neurotransmitters. Microdialysis is a method that 
utilizes a probe equipped with a very small dialysis membrane at its tip. A micro-
dialysis probe is implanted in the location of interest in the brain, and dialysate 
from a free-moving animal is collected and analyzed with respect to changes in the 
concentration of neurotransmitters. Changes in the concentrations of serotonin, 
dopamine, and noradrenaline in some locations in the brain after the intracisternal 
administration of TGF-b were investigated by microdialysis. The intracisternal 
administration of TGF-b was shown to cause an increase in the concentration of 
serotonin in the hippocampus, an increase in the concentrations of serotonin and 
noradrenaline (Fig. 6) in the ventromedial nucleus of the hypothalamus, and a 
decrease in the concentration of serotonin in the lateral hypothalamic area 
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(Fujikawa et al., in preparation). In addition to the data from microdialysis, the 
effects of the intracisternal administration of TGF-b on the changes in the turnover 
rate of neurotransmitters in brain tissues and on an electroencephalogram [18] were 
demonstrated. These results clearly indicate that TGF-b in the brain acts on neurons 
and modulates brain activity.

Effect of TGF-b in the Brain on Energy Metabolism

Central Fatigue and Energy Metabolism

In conditions where central fatigue occurs, the activity of the substance causing it 
cannot always be stopped at will. In the case of a wild animal, when it is being 
chased by a predator, a cessation of escape behavior by reason of a manifestation 
of the feeling of fatigue will lead to a life disaster. When a feeling of fatigue mani-
fests itself, stopping the physical exercise ought to be less hazardous for the body. 
If an animal cannot stop the exercise for any reason, it is natural that its body will 

Fig. 6. An example of the effect of TGF-b on the brain: modulation of noradrenergic neurons 
in the ventromedial nucleus of the hypothalamus (VMH). The extracellular concentration of nor-
adrenaline in the VMH was determined by microdialysis. A signifi cant increase in noradrenaline 
was observed after the intracisternal administration of TGF-b to rats. Values are means ± SEM. 
Number of rats in each group, 10. §, P < 0.05
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respond in a way that will minimize the impairment. If the exercise is expected to 
persist for a long time, it is advantageous to change the body’s metabolism to a 
rate which is suitable for endurance exercise. It is reasonable, and most likely, that 
the factor which causes central fatigue is also a metabolic modulator.

Effect of Intracisternal Administration of TGF-b on 
Energy Metabolism

A determination of the respiratory exchange ratio (RER, also known as the respira-
tory quotient, RQ) was used to estimate the whole body metabolism. RER is the 
ratio of oxygen consumption from inspiration to carbon dioxide production in 
expiration. This value shows what metabolic fuels are being oxidized in the body. 
The intracisternal administration of TGF-b to sedentary rats decreased their RER 
(Fig. 7), and the ratio of fat oxidization was increased (Fig. 8) [19]. There was no 
signifi cant change in the oxygen consumption, which meant no change in the 
energy expenditure. This result indicates that intracisternal administrations of TGF-
b not only depress spontaneous motor activity, but also enhance fat metabolism 
[19].

Fig. 7. The decrease in the respiratory exchange ratio (RER) after the intracisternal administra-
tion of TGF-b to rats. Changes in RER and oxygen consumption were measured after the intra-
cisternal administration of TGF-b to rats. Although the RER gradually decreased in the control 
group because of food deprivation during the measurements, a greater decrease was observed 
shortly after the intracisternal administration of TGF-b. Values are means ± SEM. Number of rats 
in the control group, 10; number of rats in the TGF-b group, 11. *, P < 0.01; §, P < 0.05
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Mechanism of Enhancing Fatty Acid Oxidization

A determination of the concentration of energy substrates in the blood was con-
ducted on rats administered TGF-b. An increase in the concentration of nonesteri-
fi ed fatty acids was observed in the group intracisternally administered TGF-b, but 
there was no signifi cant difference in the concentration of glucose between the 
control group and the TGF-b-administered group. In addition, no changes were 
observed in the concentrations of hormones such as insulin and adrenalin in the 
blood. Therefore, the effects of intracisternal administration of TGF-b were con-
sidered to be caused via the autonomic nervous system [19]. Organs such as skeletal 
muscles and liver are important for the execution of physical exercise. To elucidate 
the mechanism of the enhancement of fat metabolism by the intracisternal admin-
istration of TGF-b, its effect on the concentration of malonyl-CoA, which is a key 
substance for fat metabolism in these organs, was investigated. The intracisternal 
administration of TGF-b to rats caused a decrease in the concentration of malonyl-
CoA in the hind leg muscles and the liver, and this partially explained the mecha-
nism of TGF-b in the brain increasing the fat metabolism in the whole body 
(Shibakusa et al., in preparation).

Fig. 8. The increase in fatty acid oxidization by the intracisternal administration of 
TGF-b to rats. The value of fatty acid oxidization was calculated from measurements of RER 
and oxygen consumption. Signifi cant increases in fatty acid oxidization were observed after 
the intracisternal administration of TGF-b, even in a sedentary condition. Values are means 
± SEM. Number of rats in the control group, 10; number of rats in the TGF-b group, 11. 
*, P < 0.01
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Conclusion

Central fatigue is considered to be a sensation that alarms the body to the possibility 
of impairment as well as a sensation of pain. A manifestation of the feeling of 
fatigue has been considered to be caused by an increase in the concentration of 
serotonin in the brain. We found a mechanism which causes central fatigue by the 
presence of TGF-b in the brain, and which seems to be independent from the 
mechanism causing an increase in brain serotonin. The increase in the concentration 
of TGF-b in the brain was observed not only during physical exercise, but also 
during infection and from stress caused by constraint. In addition, a similar increase 
in TGF-b in CSF from patients with chronic fatigue syndrome has been reported 
[20,21]. These data strongly suggest a relationship between TGF-b in the brain and 
the generation of central fatigue. It is also of interest, and considered to be reason-
able, that a substance which causes central fatigue is simultaneously involved with 
modulation of the energy metabolism of the whole body. This suggests the regula-
tion of the energy metabolism during exercise by the central nervous system, and 
is considered to be part of the integrated regulation of the overall energy 
metabolism.
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Mechanism of Fatigue Studied in a Newly 
Developed Animal Model of Combined 
(Mental and Physical) Fatigue

Masaaki Tanaka and Yasuyoshi Watanabe

Summary

Recently, we established an animal model of combined (mental and physical) 
fatigue. To make this model, we kept rats for 5 days in a cage fi lled with water (23 
± 1°C) to a height of 1.5  cm, and for an evaluation of the extent of fatigue, a 
weight-loaded forced swimming test was used. The fatigued animals showed 
reduced brain energy utilization as compared with the controls. Although acutely 
stressed rats showed increased turnover of serotonin and dopamine in the brain, the 
fatigued rats did not show any change in the levels of these neurotransmitters and 
the metabolites in the brain regions in which the synaptic terminals are abundant. 
Hence, decreased energy utilization induced by prolonged deprivation of rest may 
introduce a vicious cycle of fatigue and lead to insuffi cient activation of the sero-
tonin and dopamine systems in the brain. Since the serotonin and dopamine systems 
are not activated properly under the condition of fatigue, the fatigue sensation and 
physical activity may become insuffi cient, and in the terminal stage, long-term 
deprivation of rest may lead to death (Karoshi). We also found that by using this 
animal model of fatigue, we could screen for candidates for antifatigue substances 
for human use.

Introduction

Recently, much attention has been paid to the phenomenon known as fatigue. 
However, the molecular and neuronal mechanisms of fatigue still remain unclear. 
One of the reasons that it is diffi cult to investigate the mechanisms of fatigue has 
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been the lack of adequate animal models of fatigue except for those of acute-
exercise fatigue. Another was that there have been no proper scales to evaluate the 
fatigue level objectively and quantitatively. Therefore, we sought to establish an 
animal model of fatigue, and a quantitative and objective fatigue scale, and 
use them to reveal the mechanism of fatigue by investigating the energy state, and 
also the monoamine activities in the central nervous system which have been 
assumed to be associated with fatigue. In addition, we tested whether this animal 
model could be used to screen for candidates for antifatigue substances for 
human use.

Establishment of an Animal Model of Fatigue

We used 7-week-old male Sprague–Dawley rats, which were housed in a controlled 
environment (temperature 23 ± 1°C, humidity 50% ± 5%, lights on at 08:00 hours 
and off at 20:00 hours). Food and water were provided ad libitum. This fatigue 
experiment was approved by the Animal Ethics Committee of Osaka City Univer-
sity (approval number 00093), and was carried out in accordance with the guide-
lines laid down by the National Institute of Health (NIH) in the United States 
regarding the care and use of animals for experimental procedures.

It is essential for the establishment of an animal model of fatigue to develop 
an objective and quantitative fatigue scale, and it is also necessary for the estab-
lishment of a fatigue scale to develop an animal model of fatigue. Thus, it might 
be diffi cult to establish both concomitantly. We hypothesized that animals sub-
jected to an environment in which it was impossible to rest mentally and physi-
cally would progressively become fatigued unless they could adapt to that 
situation. Therefore, we previously established a rat model of fatigue in which 
rats were kept for several days in a cage fi lled with water (23 ± 1°C) to a height 
of 1.5  cm [1], because under such conditions they would try to avoid the water, 
and therefore they could not assume a resting position or sleep soundly. In prac-
tice, at best they only took a short sleep with their shoulders pressed against the 
side of the cage.

In order to evaluate the extent of their fatigue, the previously described 
weight-loaded forced swimming test was used [2], with some modifi cations. 
The rats swam with a load of steel rings that weighed approximately 8% of 
their body weight and were attached to their tails. The swimming time was 
measured from the beginning of swimming with the weights until the point at 
which the rats could not again return to the surface of the water 10  s after 
sinking. Then the animals were helped out of the water and returned to their 
home cage for recovery. When kept in water for various periods of time and 
then tested, the animals showed a signifi cantly (except the 1-day group) and 
progressively shorter swimming time (Fig. 1). Thus, the swimming time with 
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a weight load was considered to be an appropriate scale to measure the fatigue 
level objectively and quantitatively. It was hard for the rats that had been 
immersed in water for 7 days to recover. We therefore proceeded with experi-
ments on rats kept in water for 5 days, since these animals showed the shortest 
swimming time (excluding the 7-day group) and could recover. In rats, C-reac-
tive protein is present in normal serum, and its level increases during infection. 
In our experiments, all rats immersed in water for 5 days showed normal values 
of serum C-reactive protein, indicating that no infection was present, and they 
did not exhibit any change in rectal temperature as compared with the corre-
sponding control value. In addition, the 5-day sessions did not produce any 
gastric ulcers. The animals kept in water showed a signifi cant decrease in body 
weight as compared with the control rats. As a control, food-restricted (7.5  g 
per day) rats showed almost the same time-course of change in body weight, 
but showed a signifi cantly lower blood glucose level and almost the same serum 
ketone body level as the water-immersed rats (glucose, 115.5 ± 4.5  mg/dl and 
143.2 ± 8.2  mg/dl (mean ± SD), respectively, P = 0.029; ketone, 969 ± 122  μmol/l 
and 643 ± 177  μmol/l (mean ± SD), respectively, P = 0.195). Although the 
food-restricted rats were at a greater disadvantage than the water-immersed rats, 
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Fig. 1. Swimming time of animals. Rats were kept for 1 (1  d), 2 (2  d), 5 (5  d), or 7 (7  d) days 
or in a cage fi lled with water to a height of 1.5  cm in their home cage (Control). In addition to 
these groups, two other groups of rats were allowed to return to their home cages for 1 (5  d + 
1  d) or 5 (5  d + 5  d) days after a session in water for 5 days. In addition, one group of rats was 
food-restricted (7.5  g/day) in their home cage for 5 days. The swimming time is shown as a per-
centage of the value for the control group. The values are mean and SEM (n = 5–7). **P < 0.01 
indicates signifi cantly different from the control. (From [1], with permission)
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at least in terms of their blood level of energy substrates, they showed almost 
the same swimming time as the control rats. This fact indicates that the water-
immersed rats were not just a model of starved animals. Also, as the rats which 
were immersed in water for 5 days and then returned to their home cages for 
1 or 5 days showed the same swimming time as the control rats, recovery from 
fatigue was demonstrated, indicating that this animal model of fatigue was 
reversible. Hence, we established an animal model of combined (mental and 
physical) fatigue by keeping rats for 5 days in a cage fi lled with water (at 23 
± 1°C) to a height of 1.5  cm.

Brain Energy State

Fatigue can be defi ned physiologically as the inability to maintain power output. 
In order to sustain power output, it seems to be essential to maintain a suffi cient 
energy level. The maintenance of synaptic transmission during recurrent activity 
involves the mobilization and recycling of synaptic vesicles [3]. These processes 
require ATP for their continual operation [4,5], and inhibitors of oxidative ATP 
production promote synaptic fatigue in crayfi sh motor neurons [6], indicating that 
reduced ATP utilization can lead to synaptic fatigue. We hypothesized that reduced 
energy utilization in the brain is a feature of central fatigue.

Brain glucose uptake was dramatically reduced in the fatigued rats (the 
glucose uptake values of the fatigued animals in the frontal cortex, hippocam-
pus, striatum, thalamus, hypothalamus, midbrain, brainstem, and cerebellum 
were approximately 40% of the corresponding control values) (Table 1). Since 
glucose uptake into the brain was reduced, we assumed that the ATP level 

Table 1. 2-[18F]fl uoro-2-deoxy-D-Glucose uptake (PSL/mm2) of the control and fatigued groups 
(From [1], with permission)

Brain region Control Fatigued

Frontal cortex 1335 ± 38 489 ± 29**
Hippocampus 1003 ± 91 355 ± 52**
Striatum 1291 ± 53 492 ± 30**
Thalamus 1249 ± 50 485 ± 33**
Hypothalamus  896 ± 29 340 ± 23**
Midbrain 1063 ± 40 401 ± 24**
Brainstem  833 ± 31 330 ± 23**
Cerebellum  888 ± 46 352 ± 28**

Rats were kept for 5 days in their home cage (control) or in a cage fi lled with water to a height 
of 1.5  cm (fatigued)
Values are the mean ± SEM (n = 5 − 6)
**  P < 0.01, signifi cantly different from the control
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in the brain would also be reduced in the fatigued rats. Surprisingly, however, 
the fatigued rats showed a slight increase in the ATP level in their brain 
(control, 16.9 ± 2.6  nmol/protein; fatigued, 20.0 ± 2.9  nmol/protein (mean ± 
SD), P = 0.031) [7]. In addition, cerebral blood fl ow was not different between 
the fatigued and control rats in any of the brain regions [7]. There are two 
possible explanations for these results. One possibility is that energy produc-
tion is increased, and another is that energy utilization is reduced in the brain 
under the condition of fatigue.

To determine which was the case, we examined the ability of mitochondria in 
the brain of the fatigued rats to produce ATP. We used a novel method, “biora-
diography,” in which the dynamic process could be followed in living slices of the 
brain by use of positron-emitter labeled compounds and imaging plates. We studied 
the incorporation of 2-[18F]fl uoro-2-deoxy-D-glucose (FDG) into rat brain slices 
incubated in oxygenated Krebs–Ringer solution. Respiration within mitochondria 
occurs with 2,4-dinitrophenol (DNP) loading, but ATP is not produced, so glucose 
uptake increases until it compensates for the ATP production in the mitochondria, 
thereby refl ecting the ability of mitochondria to produce ATP [8,9]. The net infl ux 
constant values of FDG were no different at the baseline, but these values were 
increased by DNP loading in the control and fatigued rats, and the increments of 
these values after DNP loading were almost equal in all the brain regions in both 
the fatigued and control groups [7]. These fi ndings suggest that the glucose trans-
porters were not functionally impaired in the fatigued rats, and that the ability of 
mitochondria to produce ATP was no different between the two groups. Taken 
together, these results suggest that energy utilization in the brain was decreased 
under the condition of fatigue.

Brain Monoamine Activities

In addition to the brain energy state, monoamine activities in the central nervous 
system are thought to be associated with central fatigue. An increase in the turnover 
of serotonin and dopamine in the brain has been reported to occur following exer-
cise [10]. Quipazine (a 5-hydroxytryptamine (5-HT) agonist) caused reduced 
endurance performance in rats running on a treadmill, whereas LY-53,857 (a 5-HT 
antagonist) increased it [11]. It was also found that the swimming endurance of rats 
improved following the administration of amphetamine [12], and that their endur-
ance performance was impaired following the destruction of dopaminergic neurons 
by 6-hydroxydopamine [13]. Thus, increased serotonin turnover has been thought 
to be the cause of the fatigue sensation, and endurance performance seems to 
depend on dopaminergic neuronal activity [14].

Although acutely stressed rats showed increased serotonin and dopamine turn-
over in their brain, the fatigued rats did not show any change in the levels of 
these neurotransmitters in the brain regions rich in serotonergic and dopaminergic 
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synaptic terminals (Figs. 2 and 3). However, the fatigued animals did not 
show increased serotonin and dopamine turnover in the midbrain and brainstem, 
which are regions rich in the cell bodies (Figs. 2 and 3). Under the condition of 
fatigue, serotonin and dopamine turnover in the synaptic terminals may not be 
properly activated, and thus the fatigue sensation and physical activity may 
be insuffi cient. Since the maintenance of synaptic transmission requires energy 
[4,5], and stimulation of synaptic release and recycling of synaptic vesicles is 
induced through ATP receptors in the presynaptic aminergic terminals [15], insuf-
fi cient serotonin and dopamine turnover in the synaptic terminals might be a 
consequence of the reduced energy utilization in the brain of the rest-deprived, 
fatigued rats.
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Fig. 2. Effects of fatigue on 5-HIAA and 5-HT concentrations and on the 5-HIAA/5-HT 
ratio in the hippocampus (a), hypothalamus (b), midbrain (c), and brainstem (d). 5-HIAA, 5-
hydroxyindoleacetic acid; 5-HT, 5-hydroxytryptamine. Concentrations of 5-HIAA (open circles), 
5-HT (closed circles), and 5-HIAA/5-HT ratio (open triangles) are shown as a percentage of 
the corresponding values of the control group. The values are mean and SEM (n = 8). *P < 0.05, 
**P < 0.01, signifi cantly different from the control. (From [1], with permission)
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Fig. 3. Effects of fatigue on DOPAC, HVA, and DA concentrations and on the (DOPAC + 
HVA)/DA ratio in the striatum (a), hypothalamus (b), midbrain (c), and brainstem (d). DOPAC, 
3,4-dihydroxyphenylacetic acid; HVA, homovanillic acid; DA, dopamine. Concentrations of 
DOPAC + HVA (open circles), DA (closed circles), and (DOPAC + HVA)/DA ratio (open tri-
angles) are shown as a percentage of the corresponding values of the control group. The values 
are mean and SEM (n = 8). *P < 0.05, **P < 0.01, signifi cantly different from the control. (From 
[1], with permission)

Hypothesis of Central Fatigue

Our hypothesis of the mechanism which is responsible for central fatigue is shown 
in Fig. 4. First, in the acutely stressed stage, the serotonin and dopamine systems 
are activated in the central nervous system. Second, in the late stage of severe 
fatigue, reduced neuronal activities and energy utilization induced by prolonged 
deprivation of rest elicit a vicious cycle of central fatigue and lead to insuffi cient 
activation of the serotonin and dopamine systems in the brain. Since the serotonin 
and dopamine systems are not activated properly, the fatigue sensation and physical 
activity are insuffi cient. Cytokines (e.g., transforming growth factor-b (TGF-b)) 
may also be correlated with central fatigue, since exercise increases active TGF-b 
in the brain and an intracranial injection of active TGF-b suppresses spontaneous 



210 M. Tanaka, Y. Watanabe

motor activity in the mouse [16]. Moreover, since stress causes oxidation in many 
regions of the brain [17], oxidation in the brain can be related to central fatigue. 
Eventually, in the terminal stage, prolonged deprivation of rest leads to death 
(Karoshi).

Antifatigue Substances

Finally, we tested the effects of various substances on fatigue by using our animal 
model of fatigue. Rats were injected with vehicle (saline), ascorbic acid (AsA, 
300  mg/kg), dehydroepiandrosterone sulfate (DHEA-S, 10  mg/kg), or acetyl-L-
carnitine (AcC, 100  mg/kg) intraperitoneally once a day for 5 days at 1000 hours. 
In order to evaluate the extent of fatigue, we used the weight-loaded forced swim-
ming test. Fatigued rats injected with AsA, DHEA-S, or AcC showed longer swim-
ming times as compared with the saline-injected, fatigued animals (Fig. 5). 
Therefore, AsA, DHEA-S, and AcC were useful in attenuating the level of fatigue 
in these animals. It has been reported that AsA [18,19], DHEA-S [20–22], and AcC 
[23] may be useful for the treatment of patients with chronic fatigue syndrome, a 
human model of severe fatigue. Therefore, by using this animal model of fatigue, 
we can screen for other candidates for antifatigue substances for human use.

Insufficient serotonin turnover (synapse)

Insufficient dopamine turnover (synapse)
Central fatigue 

Cytokines

Oxidation

Reduced neuronal activities & energy utilization

Deprivation of rest

Death (Karoshi)

Fig. 4. Hypothesis of central fatigue. Details are given in the text



Mechanism of Fatigue Studied in a Newly Developed Animal Model 211

Conclusions

We established an animal model of combined (mental and physical) fatigue and a 
fatigue scale, and clarifi ed the mechanism (in terms of energy state and monoamine 
systems in the brain) that might be related to central fatigue. In addition, we dem-
onstrated that we can screen for candidates for antifatigue substances for human 
use by using our animal model of fatigue.
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Lactate Is Not a Cause of Fatigue

Masaaki Tanaka and Yasuyoshi Watanabe

Summary

For many years, it has generally been believed that the accumulations of lactate 
(lactic acid) in muscles and in the central nervous system are associated with 
peripheral and central nervous system fatigue, respectively. We conducted an 
overview of the roles of lactate, which have recently been clarifi ed, under the con-
dition of fatigue. First, the intracellular acidifi cation of muscle caused by an accu-
mulation of lactate has protective effects during muscle fatigue. The excitation-induced 
accumulation of extracellular K+ leads action potentials to be a less effective trigger 
of Ca2+ release in working muscles, and acidifi cation by the accumulation of lactate 
reduces this effect by decreasing the contribution of Cl− channels, which act to keep 
the membrane potential near the Cl− reversal potential. Since the Cl− reversal poten-
tial is near the resting membrane potential, the effect of Cl− channel activity is to 
increase the Na+ current necessary to generate an action potential, which triggers 
Ca2+ release. Second, in the central nervous system, lactate generated in astrocytes 
contributes to the activity-dependent fuelling of the neuronal energy demands 
associated with synaptic transmission, and administered lactate can also be utilized 
as energy substrates. Finally, an increased blood lactate level during muscle fatigue 
is not associated with central fatigue. From these results, we can conclude that 
lactate is a favorable substrate rather than the cause of fatigue.

Introduction

For many years, it was generally believed that the accumulations of lactate (lactic 
acid) in muscles and in the central nervous system were associated with peripheral 
and central nervous system fatigue, respectively. However, the protective effects 
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of lactate in muscle fatigue have now been shown. Moreover, in the brain, lactate 
is utilized in order to sustain the neuronal energy metabolism. Therefore, it is nec-
essary for fatigue scientists to dismiss the false charge that lactate is a major cause 
of fatigue. This chapter gives an overview of the roles of lactate, which have 
recently been clarifi ed, under the condition of fatigue.

Roles of Lactate During Muscle Fatigue

Fatigue can be defi ned as the failure to maintain the required or expected power 
output, and intense muscle activity leads to a decline in mechanical performance, 
which is known as muscle fatigue [1–4]. Contraction in a twitch skeletal muscle 
fi ber in response to a nerve impulse is the result of a complex series of events 
known as excitation–contraction coupling [1]. Excitation–contraction coupling 
consists of (1) the initiation and propagation of an action potential along the surface 
membrane and into the T system, (2) activation of the voltage sensors in the tubular 
wall, (3) signal transmission to the sarcoplasmic reticulum from which the activa-
tion by Ca2+ is released, and (4) activation by Ca2+ of the Ca2+ regulatory system 
associated with the contractile apparatus. Therefore, muscle fatigue is caused by a 
decline in excitation–contraction coupling.

Hill and Kupalov [5] suggested that the accumulation of lactate in muscles leads 
to muscle fatigue. They showed that during electrical stimulation of isolated frog 
muscle, mechanical performance gradually declined in parallel with the accumula-
tion of lactate in the muscle cells. When the muscle was moved to a saline solution, 
muscle mechanical performance was improved. These results suggested that an 
accumulation of lactate might be a cause of muscle fatigue.

As reviewed by Fitts [2], since intracellular acidifi cation reduces the sensitivity 
of the contractile apparatus to Ca2+ and the maximum Ca2+-activated force, the 
intracellular acidifi cation of muscle caused by an accumulation of lactate has been 
thought to lead to muscle fatigue. However, the effects of intracellular acidifi cation 
were too small to account for muscle fatigue [6,7]. Another factor in muscle fatigue 
is the reduced ability of the T system to conduct action potentials through excita-
tion-induced accumulation of K+ in the T system [3,4]. The accumulation of K+ in 
the T system causes depolarization, which inactivates the Na+ channels [2,8].

Nielsen et al. [9] argued that the accumulation of K+ is a major cause of muscle 
fatigue. Elevated extracellular K+ was of less importance in fatigue than had been 
indicated by previous studies on isolated muscles. In addition, intracellular acidifi ca-
tion counteracts the depressing effects of elevated extracellular K+ on muscle per-
formance. Since intense exercise is associated with increased extracellular K+, this 
suggests that, in contrast to the generally accepted role of acidifi cation as a cause of 
muscle fatigue, intracellular acidifi cation may protect against fatigue. Moreover, it 
also indicates that when the muscle is rendered acidic, much of the decline in force 
is reversed, and is accompanied by the recovery of action potential generation.

Finally, Pederson et al. [10] demonstrated that lactate has benefi cial effects on 
performance during muscle fatigue. They showed that in a rat muscle fi ber prepara-
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tion, lactate infl uenced the activity of Cl− channels, which sustain the action poten-
tials that are necessary for muscle contractions. This process might be mediated by 
decreased Cl− permeability, which enables action potentials to be propagated along 
the internal network of the T system despite muscle depolarization. These results 
suggest that the intracellular acidifi cation of muscle has protective effects during 
muscle fatigue. A central feature of this new mechanism was reported by Allen and 
Westerblad [11]: the accumulation of extracellular K+ leads action potentials to be 
a less effective trigger of Ca2+ release in working muscles. Acidifi cation by the 
accumulation of lactate reduces this effect by decreasing the contribution of Cl− 
channels, which act to keep the membrane potential near the Cl− reversal potential. 
Since the Cl− reversal potential is near the resting membrane potential, the effect 
of Cl− channel activity is to increase the Na+ current necessary to produce an action 
potential, which triggers Ca2+ release.

Utilization of Lactate in the Central Nervous System

Until the 1960s, it had been believed that the brain was exclusively dependent 
on glucose to fuel its metabolism and support neural function. However, transport 
mechanisms and enzyme systems exist in the brain that allow the potential metabo-
lism of nonglucose fuels. An effi cient and saturable transport mechanism for the 
uptake of lactate has been identifi ed in cultured neurons [12,13]. The function 
of lactate as a nonglucose fuel in neurons is further indicated by the fi ndings 
that lactate maintains synaptic function in the absence of glucose in rat hippo-
campal slices [14], and that synaptic utilization of monocarboxylates sustains 
hypoglycemic synaptic adaptation in guinea pig hippocampal slices [15]. More-
over, we have clarifi ed that exogenous (or administrated) lactate could be a 
substitute for glucose in the energy metabolism in brain slices by using a novel 
method, bioradiography, in which the dynamic process could be followed in 
living slices by the use of positron-emitter labeled compounds and imaging plates 
[16]. In vivo studies of humans support these fi ndings: lactate injection sustained 
cognitive function during hypoglycemia in humans [17], and the addition of 
lactate reduced cerebral glucose utilization in humans with normal blood glucose 
level [18].

Glycogen is stored in glia, and little is present in neurons [19–21], and it has 
been suggested that astrocytic glycogen plays a dynamic role both as an energy 
source supporting basal neuronal function and as an emergency energy reservoir 
[22]. In addition, lactate in astrocytes formed from glycogen or glucose has been 
suggested as the substrate for astrocyte-neuronal energy buffering in the retina and 
the brain [22,23]. Immunohistochemical studies on the human brain revealed that 
astrocytes contain the lactate dehydrogenase 5 (LDH5) isoform, which effi ciently 
favors lactate production, as the LDH5 isoform exhibits a greater maximal velocity 
and a higher Michaelis constant (Km value) than the LDH1 isoform, whereas 
neurons express the LDH1 isoform, which favors lactate utilization [24,25]. 
Although the requirement of oxidative metabolism may be disadvantageous under 
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certain circumstances, such as hypoxia, lactate use, in contrast to glycolysis, does 
not require an initial energy expenditure to drive ATP production, and functions 
when glycolysis is inhibited. While aerobic metabolism yields 17 or 18 ATP mol-
ecules per lactate molecule, anaerobic glycolysis only yields 2 ATP molecules per 
glucose molecule. Moreover, anaerobic glycolysis is time-wasting and needs a lot 
of metabolic processes. Thus, lactate use is more concise, and therefore effective, 
than glucose in the brain energy metabolism under aerobic conditions. Endogenous 
lactate (or lactate generated in astrocytes) maintained synaptic function during 
glucose deprivation in rat brain slices [26]. In addition, we also showed that endog-
enous lactate could be a substitute for glucose in the energy metabolism in living 
brain slices by using the bioradiography method [16]. As reported in the review by 
Magistretti [27], astrocytes play a major role in neurometabolic coupling, and the 
basic mechanism includes glutamate-stimulated aerobic glycolysis. The Na+-
coupled re-uptake of glutamate by astrocytes and the ensuing activation of the 
Na+–K+–ATPase triggers glucose uptake and processing via glycolysis, resulting 
in the release of lactate from astrocytes. Lactate can then contribute to the activity-
dependent fuelling of the neuronal energy demands associated with synaptic trans-
mission. Therefore, lactate produced in astrocytes from anaerobic glycolysis might 
continuously sustain neuronal energy metabolism.

Roles of Lactate During Central Fatigue

Lactate produced in muscles is removed and transferred to other tissues. This is 
not an exception for the central nervous system. Lactate generated from the anaero-
bic breakdown of glycogen in muscles was moved into the brain across the blood–
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Fig. 1. Effects of lactate (50  mg/kg) or citrate (100  mg/kg) on swimming time with a weight 
load (8% of body weight). Rats were injected with saline (Control), lactate (Lactate), or citrate 
(Citrate) into their tail vein. The values are mean and SD (n = 3–5). *P < 0.05, signifi cantly dif-
ferent from the control group; n.s., not signifi cantly different from the control group
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brain barrier. Even now, it is generally believed that lactate produced in the muscle 
during exercise is the cause of central fatigue or of the sensation of fatigue. 
However, a large amount of experimental evidence denies that theory. For example, 
Nakamura et al. [28] reported that after forced swimming for 30  min for 5 days, 
although rats gradually needed a shorter period to recover from fatigue, their blood 
lactate level after swimming did not change during the 5 days, suggesting that blood 
lactate level is not associated with fatigue. In addition, the administration of lactate 
did not affect the endurance performance of rats during weight-loaded forced swim-
ming (Fig. 1). As mentioned in the previous section, lactate is utilized as a precious 
energy substrate and sustains neuronal energy metabolism, and therefore an 
increased blood lactate level is not associated with central fatigue.

Conclusions

Even now, there is a wide misunderstanding that the accumulation of lactate is a 
major cause of muscle fatigue, and that the lactate produced from the anaerobic 
breakdown of glycogen in the muscle is the cause of central fatigue or the sensation 
of fatigue. However, a large amount of experimental evidence has discounted this 
theory; the intracellular acidifi cation of muscle caused by an accumulation of 
lactate actually has protective effects during muscle fatigue. Exogenous and endog-
enous lactate is utilized as an important energy substrate and sustains neuronal 
energy metabolism. Finally, an increased blood lactate level during muscle fatigue 
is not associated with central fatigue. From these results, we can conclude that 
lactate is a favorable substance rather than a cause of fatigue.
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Brain Mechanisms of Poly I:C-Induced Fatigue 
in Rats

Toshihiko Katafuchi

Summary

The clinical symptoms of chronic fatigue syndrome (CFS) have been shown to 
include disorders in the neuroendocrine, autonomic, and immune systems. On the 
other hand, it has been demonstrated that cytokines produced in the brain play sig-
nifi cant roles in neural–immune interactions through their various central actions, 
such as activation of the hypothalamo-pituitary axis and sympathetic nervous 
system. We have recently developed an animal model for fatigue induced by intra-
peritoneal (i.p.) injection of synthetic double-stranded RNAs, polyriboinosinic:
polyribocytidylic acid (poly I:C, 3  mg/kg), in rats, and shown a decrease in the 
daily amounts of spontaneous running-wheel activity to about 60% of the preinjec-
tion level for more than 1 week. Simultaneously, mRNAs for interferon-a (IFN-a) 
and serotonin transporter (5-HTT), which is known to be induced by IFN-a, 
increased for more than a week following poly I:C injection in the same hypotha-
lamic nuclei and cortex. The increased 5-HTT had a functional signifi cance, since 
in vivo brain microdialysis revealed that an i.p. injection of poly I:C induced a 
decrease in the extracellular concentration of 5-HT in the prefrontal cortex, which 
was blocked by a local perfusion with the selective 5-HT re-uptake inhibitor, 
fl uoxetine. Finally the poly I:C-induced fatigue was attenuated by 5-HT1A receptor 
agonist, but not by 5-HT2, 5-HT3, or dopamine D3 agonists. These fi ndings sug-
gested that the decrease in 5-HT actions on 5-HT1A receptors may at least partly 
contribute to the poly I:C-induced fatigue.

Introduction

Chronic fatigue syndrome (CFS) is characterized not only by severe fatigue, but 
also by the impairment of autonomic, neuroendocrine, cognitive, and immune func-
tions, suggesting an involvement of the disorders in the neuronal–endocrine–
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immune interactions [1–5]. It is well known that cytokines produced in the brain 
exert various central actions, including activation of the sympathetic nervous 
system and hypothalamic pituitary axis, impairment of learning memory, and sup-
pression of peripheral cellular immunity [6,7]. Therefore it is possible that brain 
cytokines may play a role in the pathogenesis of the CFS.

It is considered that experimental fatigue can be divided into four categories: 
(1) physical fatigue caused by such things as forced exercise or swimming; (2) 
mental fatigue; (3) environmental fatigue caused by such things as heat exposure; 
(4) immunologically induced fatigue. Among these models, immunologically 
induced fatigue [8] is thought to be most closely associated with the neuronal–endo-
crine–immune interactions [2]. Although the administration of lipopolysaccharide 
(LPS), which is commonly used as a model for bacterial infection, induces sickness 
behavior, including lowered locomotor activity, recovery usually takes place within 
2–3 days in rats as well as in mice [9]. Since it is suggested that an infection and/or 
reactivation of a latent virus may have a contributory role in a subset of CFS cases 
[2], we decided to inject polyriboinosinic:polyribocytidylic acid (poly I:C) (syn-
thetic double-stranded RNAs that are known to mimic viral infection) into rats to 
establish an immunologically induced fatigue model. To investigate the brain 
mechanisms of the fatigue, we measured the expression of mRNAs for cytokines 
and their related molecules in the brain using a real-time capillary reverse tran-
scriptase–polymerase chain reaction (RT–PCR) method such as interferon-a (IFN-
a), interleukin-1b (IL-1b), IL-6, an inhibitor of nuclear factor kB (IkB)-b, and p38 
mitogen-activated protein kinase (p38 MAPK). In addition, the possible involve-
ment of the brain 5-hydroxytryptamine (serotonin, 5-HT) system was also exam-
ined since 5-HT was implicated in the mechanisms of central fatigue after exhaustive 
exercise [10].

Fatigue Induced by Poly I:C

Male Wistar rats (8–10 weeks old) were housed individually in plastic cages with 
free access to food and water. Each cage contained a 30-cm-diameter running 
wheel, and the rats could enter the wheel any time (Fig. 1). Fatigue was assessed 
by the decrease in the total running-wheel activity of each animal after the i.p. 
administration of poly I:C (1.0 or 3.0  mg/ml/kg) or vehicle (saline), given between 
09:00 and 10:00 hours [11].

The average of the total running-wheel activity before treatment was 
about 800–1000 wheel turns/day. The animals that were injected with poly I:C 
(3.0  mg/kg) showed a marked decrease in running-wheel activity to about 40% of 
the baseline levels on day 1 compared with the saline group (Fig. 2). The reduction 
in activity (to 60%–70% of the baseline level) lasted until day 9, and then gradually 
recovered until day 14. In addition to the poly I:C-injected groups, some animals 
were given heat exposure (36°C) for 1  h in the 3 days following this experiment, 
since we thought that heat stress might reduce the running-wheel activity, and 
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Fig. 1. Home cage equipped with running wheel (diameter 30  cm). Rats were housed individu-
ally with a 12-h light/dark cycle and had free access to food and water. They could enter the 
running wheel at any time, and the number of wheel turns per minute was counted continuously 
using an analog/digital interface and computer software

Fig. 2. Changes in total running-wheel activity after a poly I:C injection and heat exposure for 
three consecutive days. Total daily activity was expressed as a percentage of the baseline levels 
(averages from day −3 to day −1 in each group). Open circles, saline group (n = 8); open triangles, 
1.0  mg/kg poly I:C (n = 4); fi lled circles, 3.0  mg/kg poly I:C (n = 9); fi lled squares, heat exposure 
(36°C for 1  h, n = 9). Poly I:C or saline was injected between 09:00 and 10:00 hours on day 1 
(arrow), and heat exposure was given on days 1–3 (fi lled bars). *, P < 0.05 vs. saline group, 
Fisher’s PLSD test. (From [11], with permission)
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possibly serve as a positive control. However, as shown in Fig. 2, the heat-exposure 
group showed a transient but signifi cant increase in total running-wheel activity on 
day 2 following a slight decrease on day 1. These fi ndings suggest that a transient 
rise in body temperature, induced either by heat exposure or by poly I:C injection, 
is not necessarily the cause of a decrease in running-wheel activity. Since animals 
are known to demonstrate increased behavioral activation in response to either 
novelty or mild stress, it is suggested that repeated exposure to a hot environment 
may serve as a stressor that induces an activation of the arousal system, resulting 
in an increase in running-wheel activity.

To further analyze the pattern of running activity, histograms for the number of 
wheel turns in 1  min (w.t./min) were made from data recorded on days −2, 1, and 
7. As shown in Fig. 3A top, there were two peaks of 6 and 1  w.t./min before poly 
I:C on day −2. The raw data indicated that the events of 1  w.t./min occurred mostly 
in the light period, while those of 6  w.t./min occurred in the dark period. Thus the 

Fig. 3. Running-wheel activity histogram (A) and normalized cumulative curve of activity (B) 
in a day. A Activity histogram on day −2 (top), day 1 (middle), and day 7 (bottom). Note the 
absence of a peak of 6 wheel turns per min (w.t./min) on days 1 and 7. B Normalized cumulative 
curves based on the total number of events in a day. Dotted line, on day −2; solid line, on day 1; 
thick broken line, on day 7. Note the absence of a circadian rhythm on day 1 and its reappearance 
on day 7. (From [11], with permission)
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cumulative curve based on the total events in a day showed a very slow increase 
in the light period and a rapid increase in the dark period on day −2 (Fig. 3B). After 
the administration of poly I:C, on days 1 and 7 (the middle and lower panels, 
respectively, of Fig. 3A), the peak of 6  w.t./min did not occur. However, the cir-
cadian rhythm of running-wheel activity was present on day 7, as shown in the 
normalized cumulative curve of the activity (Fig. 3B). The long-term depression 
of voluntary running in the wheel was not directly associated with the acute-phase 
responses, since the rise in body temperature, serum ACTH, and catecholamine 
levels returned to the baseline level 24  h after the injection [11]. Furthermore, an 
open-fi eld test, which can evaluate locomotor activity in a novel situation as well 
as anxiety, showed no differences in total distance moved, number of instances of 
rearing up, and length of time staying in the center of the fi eld between the poly 
I:C and control (saline) groups when performed on day 7. Thus it is strongly sug-
gested that the decrease in running-wheel activity is produced by central fatigue, 
but not by anxiety-induced suppression or peripheral problems such as muscle 
and/or joint pain.

Poly I:C-Induced Expression of mRNAs for 
Cytokines and Related Molecules

Messenger RNAs (mRNAs) for IFN-a, Il-1b, IL-6, and TNF-a in a discrete region 
of hypothalamic nuclei such as the medial preoptic area (MPO), lateral preoptic 
area (LPO), paraventricular hypothalamic nucleus (PVN), and lateral hypothalamic 
area (LHA), cortex, hippocampus, and cerebellum were measured quantitatively 
using a real-time capillary RT–PCR method on days 1 and 8 in poly I:C-injected 
rats [12]. We found that the amount of both IL-1b (Fig. 4A) and IFN-a (Fig. 4B) 
mRNAs increased signifi cantly in the cortex and in some hypothalamic nuclei such 
as MPO and LPO on day 1. Although Il-1b mRNA returned to the baseline level 
on day 8, an increase in IFN-a mRNA in the cortex, cerebellum, MPO, LPO, and 
PVN was still found on day 8. The amounts of TNF-a and IL-6 mRNAs were not 
affected by poly I:C. These fi ndings suggest that the changes in expression of IFN-a 
are more closely associated with the behavioral effects of poly I:C than the changes 
in expression of IL-1b if cytokine production in the brain is involved in the mecha-
nisms of fatigue.

The quantitative measurement of mRNAs for cytokine-related molecules such 
as an inhibitor of nuclear factor kB (IkB)-b and p38 mitogen-activated protein 
kinase (MAPK), which are one of the IL-1b- and IFN-a-activated transcriptional 
factors, respectively, was also performed on days 1 and 8 after poly I:C injection 
[12]. As expected, IkB-b mRNA increased only on day 1, while p38 MAPK mRNA 
increased on both days 1 and 8 in almost the same regions where IL-1b and IFN-a 
mRNAs increased, indicating that the expression patterns of IkB-b and p38 MAPK 
mRNAs are very similar to those of IL-1b and IFN-a, respectively.
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Possible Mechanisms of IFN-a Expression in the Brain

Since we measured the amounts of mRNA in the total RNA from brain tissues, the 
cellular origin of IFN-a is not clear. Previous studies have shown that IFN-a is 
detected in neurons and microglia in human brain tissues from control and neuro-
logical cases [13,14], while astrocytes of rats and mice in vitro produce IFN-a/b 
in response to poly I:C [15]. It is also not known how peripheral poly I:C signals 
the brain to induce IFN-a. Systemic injection of LPS can induce fever, one of the 
central effects of the immune activators, through LPS itself, or through peripherally 
and/or centrally produced cytokines by multiple routes, including (1) cerebral 
endothelial cells and perivascular microglial cells, (2) cells in circumventricular 
organs such as the organum vasculosum of the lamina terminalis and the area pos-
trema, which lack a functional blood–brain barrier, and (3) visceral vagal afferent 
nerves [16]. It has been reported that double-stranded RNAs, including poly I:C, 

Fig. 4. Effects of poly I:C on brain IL-1b (A) and IFN-a (B) mRNA expression. Open bars, S1 
group (n = 5); hatched bars, P1 (n = 5); dotted bars, S8 (n = 5); fi lled bars, P8 (n = 5). Each 
value was normalized to the mRNA levels of glyceraldehydes 3-phosphate dehydrogenase 
(GAPDH), one of the housekeeping genes, obtained by the same method. Co, parietal cortex; Ce, 
cerebellum; Hi, hippocampus; MPO, medial preoptic area; LPO, lateral preoptic area; PVN, 
paraventricular nucleus; LHA, lateral hypothalamic area; VMH, ventromedial nucleus. **, P < 
0.01, P1 vs. S1; §, P < 0.05, and §§, P < 0.01, P8 vs. S8, Bonferroni’s test. No signifi cant differ-
ence was found between the S1 and S8 groups. (From [12], with permission)
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are recognized by Toll-like receptor (TLR) 3, that is present in the periphery and 
brain, to induce IFNs [17]. It is possible that the peripheral poly I:C- and LPS-
induced expression of cytokines in the brain may share common pathways.

Poly I:C-Induced Changes in 5-HTT Expression

We also found that transcription of 5-HT transporter (5-HTT) increased in the 
hypothalamic nuclei and cortex where IFN-a mRNA increased for more than a 
week after poly I:C injection (Fig. 5A). Immunoblot analysis also revealed that 
expression of 5-HTT increased in membrane extracts from prefrontal cortex (Fig. 
5B) [12]. Although in situ hybridization studies of 5-HTT labeled only the seroto-
nergic cell bodies in the rat and human midbrain [18,19], the functional expression 
of 5-HTT mRNA in astrocytes [20] and endothelial cells [21] has been demon-
strated in the rat brain by means of a RT–PCR method. Since IFN-a has been 
shown to up-regulate the transcription of 5-HTT in cultured cells [22], it is sug-
gested that the expression of 5-HTT is enhanced by the poly I:C-induced IFN-a 
through its actions on astrocytes and/or endothelial cells in the respective brain 
regions. It has been reported that the activity of 5-HTT is elevated by p38 MAPK, 
and this activation is abolished by the suppression of p38 MAPK expression [23]. 
These fi ndings are in accordance with the present results, which show a similar 
expression pattern of mRNAs for IFN-a, p38 MAPK, and 5-HTT in the brain.

In order to examine whether the poly I:C-induced 5-HTTs have a functional 
signifi cance, the effects of poly I:C on extracellular 5-HT levels in the prefrontal 
cortex were examined using an in vivo microdialysis technique [12]. Within a few 
hours after the poly I:C injection, 5-HT levels started to decrease in the prefrontal 
cortex. A local administration of imipramine, an inhibitor of monoamine transport-
ers, through a dialysis probe completely blocked the poly I:C-induced decrease in 
the 5-HT level (Fig. 6). We have observed that fl uoxetine, a selective 5-HT re-
uptake inhibitor (SSRI), also has the same effect. It has been reported that 5-HTT 
induced in astrocytes can be a target of antidepressant drugs including SSRI, thus 
contributing to the control of the extracellular 5-HT fraction. Furthermore, 5-HT 
taken-up by glial or endothelial 5-HTTs is not re-used as a neurotransmitter, but 
scavenged into the blood or cerebrospinal fl uid after being metabolized to 5-
hydroxyindoleacetic acid (5-HIAA) [24]. Since poly I:C injection did not affect the 
extracellular concentration of 5-HIAA in the prefrontal cortex (unpublished data), 
the poly I:C-induced decrease in 5-HT levels (Fig. 6) was not due to either an 
enhancement of 5-HT turnover or a reduction of 5-HT release, which might result 
in an increase or decrease in 5-HIAA, respectively. It is thus possible that 5-HT 
released from nerve terminals is taken up by the poly I:C-induced 5-HTTs of glial 
and/or endothelial cells and scavenged immediately, thereby resulting in the 
decrease in 5-HT.

Recently, we have found that microinjection of IFN-a into the prefrontal 
cortex also produced a decrease in 5-HT levels, which was again blocked by SSRI 
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(unpublished data). It has been shown that an intracerebroventricular injection of 
IFN-a decreases 5-HT levels in dissected blocks of the rat frontal cortex 2  h after 
the injection [25]. These fi ndings strongly suggest an involvement of 5-HTT in the 
IFN-a-induced decrease in 5-HT. As mentioned previously, IFN-a can induce 5-
HTT in cultured cells and in the mouse brain in vivo [22], while poly I:C evokes 
an increased expression of 5-HTT in the same brain regions where IFN-a mRNA 
increases (Fig. 5) [12]. These fi ndings suggest that the IFN-a-induced decrease in 
5-HT levels in the prefrontal cortex is mediated by the enhanced expression of 
5-HTT.

Fig. 5. Effects of poly I:C on brain 5-HTT mRNA (A) and 5-HTT protein (B). A Open bar, S1 
group; hatched bar, P1; dotted bar, S8; fi lled bar, P8 (each group, n = 5). Each value was normal-
ized to the corresponding GAPDH mRNA level obtained by the same method. Co, parietal cortex; 
Ce, cerebellum; Hi, hippocampus; MPO, medial preoptic area; LPO, lateral preoptic area; PVN, 
paraventricular nucleus; LHA, lateral hypothalamic area; VMH, ventromedial nucleus. *, P < 0.05, 
**, P < 0.01, P1 vs. S1; §§, P < 0.01, P8 vs. S8, Bonferroni’s test. No signifi cant difference was 
found between the S1 and S8 groups. B 5-HTT protein expression following poly I:C injection. 
B, a, Western blot analysis in the prefrontal cortex (PFC, upper bands) and dorsal raphe nucleus 
(DRN, lower bands) in S1, P1, and P8 rats. Note a marked increase in immunostaining on 
days 1 and 8 in both regions. B, b, summary of the Western blot experiment. Each group, n = 3. 
*, P < 0.05, vs. S1, Bonferroni’s test. (From [12], with permission)
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Brain IFN-a and Fatigue

Since poly I:C is a strong inducer of IFN-a, it is likely that the plasma IFN-a level 
may be elevated at least in the acute phase of poly I:C treatment. In IFN-a-therapy-
associated fatigue that is often the dominant dose-limiting side effect, and one of 
the causes of the fatigue is suggested to be neuromuscular fatigue, similar to that 
observed in patients with postpolio syndrome [26]. Since the reduction of the 
treadmill run time to fatigue following poly I:C injection was signifi cantly attenu-
ated by the peripheral administration of anti-IFN-a/b antibody, early fatigue 
induced by poly I:C may, at least partially, result from an increase in peripheral 
IFNs [27]. However, the persistent fatigue observed until a week after poly I:C 
seems to involve the central mechanisms rather than the peripheral ones for the 
reasons described below.

Fig. 6. Effects of poly I:C with or without local perfusion of imipramine on 5-HT levels in the 
prefrontal cortex measured by in vivo microdialysis. 5-HT levels are expressed as a percentage 
of each basal level measured before the poly I:C (3  mg/kg, i.p.) or saline injection (arrow). The 
poly I:C injection produced a signifi cant decrease in 5-HT levels (fi lled bars, n = 4) from 4 to 8  h 
after the injection compared with the saline group (open bars, n = 4). Local perfusion with imip-
ramine (10  μM) through the dialysis probe blocked the poly I:C-induced decrease in 5-HT levels 
(hatched bars, n = 4). Error bars are omitted. **, P < 0.01, poly I:C vs. saline group; §§, P < 
0.01, poly I:C vs. imipramine + poly I:C group, Bonferroni’s test. (From [12], with permission)
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First, although a decrease in running-wheel activity on day 1 may be due to 
acute sickness following poly I:C, the open-fi eld test performed on day 7 suggests 
that a motivated activity, but not locomotor activity, has been suppressed by poly 
I:C. Second, it has been reported that CFS is often accompanied by low levels of 
natural killer (NK) cell activity [2,3]. We have shown that the central, but not 
peripheral, administration of IFN-a produces a signifi cant suppression of splenic 
NK cell activity through the activation of the splenic sympathetic nerve in rats 
[28,29]. In addition, the action site of IFN-a to induce the suppression of NK activ-
ity was the MPO [30,31], where expression of IFN-a mRNA increased on day 7 
after poly I:C. It has been reported that IFN-a, but not IL-1b and TNF-a, is elevated 
in cerebrospinal fl uid in patients with CFS [32]. Third, brain 5-HT, which is 
suggested to be involved in the central mechanisms of exercise-induced fatigue 
[10], decreased in the prefrontal cortex, probably due to the IFN-a-induced over-
expression of 5-HTT. Finally, the poly I:C-induced fatigue was signifi cantly attenu-
ated by the administration of 5-HT1A agonist, 8-hydroxy-2-(di-n-propylamino) 
tetraline (8-OH DPAT), but not 5-HT2 or 5-HT3 agonist [12]. These fi ndings taken 
together suggest that the immunologically induced fatigue by poly I:C involves 
central mechanisms in which the brain IFN-a and 5-HT system may play an impor-
tant role.

It has recently been reported that in 5-HTT gene promoter polymorphism studies, 
CFS patients had a signifi cant increase in longer (L and XL) alleic variants [33], 
which retain higher transcriptional activity than the short (S) allele. In addition, 
Narita et al. [33] described their preliminary observation that a selective serotonin 
re-uptake inhibitor, fl uvoxamine, was effective enough for about one-third of the 
CFS patients to return to work. These fi ndings suggest that poly I:C-induced fatigue 
is a useful animal model for studying the central mechanisms of fatigue.
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relationship to psychiatry 85
reliability 93
respiratory exchange ratio (RER) 198
respiratory quotient (RQ) 198
reverse transcriptase–polymerase chain 

reaction (RT–PCR) 71
rheumatoid arthritis (RA) 28
Rickettsia 140
RNase L 142
RNase-L pathway 70
rowers 178
running wheel 220

s
school phobia 164
secondary brain dysfunction 67
selective attention 47, 52
selective 5-HT reuptake inhibitor (SSRI) 

225
self-checking list 79
self-medication 40
sensitivity and specifi city 89
serotonin 207–9
serotonin hypothesis 188
serotonin noradrenaline re-uptake inhibitor 

(SNRI) 83
serotonin re-uptake inhibitor (SSRI) 83, 110
serum ketone body 205

short form 36 (SF-36) 6
sickness behavior 180
single nucleotide polymorphism (SNP) 27
single-photon emission computed tomography 

(SPECT) 75, 159, 163
sleep 60, 178–9
sleep phase disorders 164
social stress events in chronic fatigue 

syndrome (CFS) 69
somatic and psychological health report 10
somatization disorder 155
somatoform disorders 109, 164
spatial working memory 52
spinal fl uid 122
stratifi cation 120
stress 25, 55
stress-intervention program 60
stroop 176
structured interview schedules 3
summary in chronic fatigue syndrome (CFS) 

67
supportive care 85
sustained stress activation 64
Swedish Twin Registry 18
syndromes 56

t
task A 50, 51
task B 50, 51
task C 50–1
task performances 50
test–retest reliability 91
transforming growth factor-β (TGF-β) 71, 

77, 138, 191–2, 209
treatment and prognosis 81
triathletes 178
tryptophan 174–6, 188
T system 214
tumor necrosis factor 78
turnover 208

u
unexplained fatigue 64
upper respiratory tract infections (URTI) 177–8
UUPS 179

v
validity 2
valine 174
ventricle 120
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verbal rating scale 7
visual analog scale 7, 38
visual analogue scale (VAS) for rating fatigue 

92
visual search 49
vital exhaustion 56
vitamin B 82
vitamin C 82

w
Wichita 27
work effi ciency 47, 53
working memory 35, 36, 48

x
xenon–CT 121




