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Chronic Fatigue Syndrome: The Need for Subtypes

Leonard A. Jason,l’4 Karina Corradi,1 Susan Torres-Harding,1
Renee R. Taylor,2 and Caroline King3

Chronic fatigue syndrome (CES) is an important condition confronting patients, clinicians, and
researchers. This article provides information concerning the need for appropriate diagnosis of CFS
subtypes. We first review findings suggesting that CFS is best conceptualized as a separate diagnostic
entity rather than as part of a unitary model of functional somatic distress. Next, research involving
the case definitions of CFS is reviewed. Findings suggest that whether a broad or more conservative
case definition is employed, and whether clinic or community samples are recruited, these decisions
will have a major influence in the types of patients selected. Review of further findings suggests
that subtyping individuals with CFS on sociodemographic, functional disability, viral, immune, neu-
roendocrine, neurology, autonomic, and genetic biomarkers can provide clarification for researchers
and clinicians who encounter CFS’ characteristically confusing heterogeneous symptom profiles.
Treatment studies that incorporate subtypes might be particularly helpful in better understanding
the pathophysiology of CFS. This review suggests that there is a need for greater diagnostic clarity,
and this might be accomplished by subgroups that integrate multiple variables including those in

cognitive, emotional, and biological domains.
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Chronic fatigue syndrome (CFES) is an incapacitating
illness affecting approximately 800,000 Americans (Jason
etal., 1999f), and the annual total value of lost productivity
in the United States due to this illness has been estimated
to be $9.1 billion (Reynolds et al., 2004). Individuals with
CFS have been found to differ with respect to charac-
teristics such as the case definition utilized, psychiatric
comorbidity, method of case ascertainment, functional
disability, and viral, immunologic, neuroendocrine, neu-
rology, autonomic, and genetic biomarkers (Jason et al.,
2003a). As a result of this heterogeneity, findings emerg-
ing from studies in a number of areas are, at best, dis-
crepant, and at worst, contradictory. Heterogeneity among
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participant groups can also contribute to a lack of observ-
able abnormalities in some laboratory studies (Friedberg
and Jason, 1998). There probably are different types of
illnesses now contained within the CFS construct, which
makes it even more difficult to identify commonalities
in people with this diagnosis. This article will review
the various demographic and clinical variables associ-
ated with onset, clinical expression, and severity of CFS,
and then provide hypotheses regarding the identifica-
tion of subtypes that emerge from the previously defined
correlates.

It is important to determine which case definition
to use in defining the syndrome. The benefit of classify-
ing patients into diagnostic categories is that it facilitates
communication among clinicians and researchers, selec-
tion of treatment methods, and prediction of response to
treatment (King and Jason, 2004). One of the greatest
sources of diagnostic unreliability is criterion variance,
differences in the formal inclusion and exclusion crite-
ria used by clinicians to classify patients into diagnostic
categories (Spitzer et al., 1975).
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Which Case Definition to Use: Holmes,
Fukuda, Canadian?

Currently, scientists throughout the world use the
Fukuda et al. (1994) CFS case definition, which requires
a person to experience six or more months of chronic
fatigue of new or definite onset, that is not substantially
alleviated by rest, not the result of ongoing exertion, and
that results in substantial reductions in occupational, so-
cial, and personal activities. To be diagnosed with CFS,
individuals also need to have the concurrent occurrence
of four or more symptoms that did not predate the illness
and persisted six or more months since onset (i.e., sore
throat, lymph node pain, muscle pain, joint pain, postex-
ertional malaise, headaches of a new or different type,
memory and concentration difficulties, and unrefreshing
sleep). The article by Fukuda et al. actually called for sub-
grouping within the identified group of individuals with
CFS, thus suggesting an awareness that a heterogeneous
group was being identified. Unlike the first CFS criteria
published by Holmes et al. (1988) (as specified by the
Schluederberg et al., 1992 revision), the presence of anxi-
ety disorders, somatoform disorders, and nonpsychotic or
nonmelancholic depression prior to CFS onset does not
constitute exclusionary conditions under the Fukuda et al.
(1994) definition. In addition, the Fukuda et al. criteria
require the concurrent occurrence of at least four of eight
symptoms (sore throat, muscle pain, etc.), as compared
with eight or more required by the prior Holmes et al.
(1988) CFS criteria. Jason et al. (2001e) compared the
Fukuda and Holmes criteria and found that the Holmes
criteria did select a group of patients with higher symp-
tomatology and functional impairment.

More restrictive or more liberal criteria clearly have
an effect on who is classified as having CFS but these
different definitions also pose difficulties in interpreting
results of related studies. For example, Komaroff and
associates (1996) compared patients meeting the major
criteria of the original U.S. CFS case definition (Holmes
et al., 1988) with healthy controls and groups with mul-
tiple sclerosis and depression (91% of this sample met
the CFS case definition). They concluded that eliminating
muscle weakness, arthralgias, and sleep disturbance, and
adding anorexia and nausea would strengthen the case
definition. In contrast, using the Fukuda et al. (1994) cri-
teria, Jason et al. (2002c) compared individuals with CFS,
melancholic depression, and controls, and in contrast to
the Komaroff study, muscle weakness and arthralgias were
reported in over half of participants with CFS and uniquely
differentiated this group from controls. Jason et al. (2002c)
also found that anorexia and nausea occurred with rela-
tively low frequency and neither symptom uniquely dif-
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ferentiated those with CFS from controls. Further, Jason
et al. (2002¢) found a symptom currently not part of the
Fukuda criteria, shortness of breath, did differentiate the
groups. This symptom might play a role in neurally me-
diated hypotension, which has been connected to CFS
(Poole et al., 2000).

Efforts to develop a case definition can be traced
back even earlier. In 1955, there was an outbreak of a
CFS-like illness at the Royal Free Hospital, and Ramsay
(1981, 1988), the medical consultant in charge, pub-
lished a definition of this disease using the term Myalgic
Encephalomyelitis (ME) (Hyde et al., 1992). The most
prominent of the criteria include: (1) fatigue after mini-
mal exertion (not daily fatigue) or delay of recovery of
muscle power after exertion ends; (2) one or more symp-
toms that indicate circulatory impairment; (3) one or more
symptoms that indicate central nervous system involve-
ment (cerebral problems); (4) and fluctuating symptoms
(Ramsay, 1981, 1988).

Dowsett and associates (1990) operationalized
Ramsey’s definition (ME) into criteria which bear some
similarity to a case definition developed in Australia by
Lloyd et al. (1990). Lloyd et al. stipulate that postex-
ertional malaise, as well as memory and concentration
difficulties, are central for a diagnosis. In contrast, for
the Fukuda et al. (1994) criteria, these symptoms are
optional as they represent only two symptoms among a
group of eight, of which a patient must have four. To
date, there has only been one investigation comparing the
Fukuda et al. (1994) CFS criteria with the ME criteria
(Jason et al., 2003b). Those meeting the ME criteria, in
contrast to those meeting the CFS Fukuda et al. (1994)
criteria, had significantly poorer neurological, neuropsy-
chiatric, fatigue/weakness, and rheumatologic symptoms
than those with chronic fatigue explained by psychiatric
conditions.

Recently, a new clinical case definition for ME/CFS
has been developed in Canada. The Canadian clinical
case definition specifies that the illness needs to persist
for at least 6 months (Carruthers et al., 2003). In ad-
dition, there must be a marked degree of new onset of
unexplained, persistent, or recurrent physical or mental
fatigue that substantially reduces activity level. Postexer-
tional malaise must occur with loss of physical or mental
stamina, rapid muscle or cognitive fatigability, usually
with 24 hr or longer to recover. There also needs to
be unrefreshing sleep or sleep quantity or rhythm dis-
turbance, and a significant degree of arthralgia and/or
myalgia (there are a small number of patients with no
pain or sleep dysfunction and a diagnosis can only be
given when these individuals have a classical case with an
infectious illness onset). In addition, there need to be two
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or more neurocognitive manifestations (e.g., confusion,
impairment of concentration, and short-term memory).
Finally, there needs to be at least one symptom from
two of the following categories: autonomic manifesta-
tions (neurally mediated hypotension, light headedness),
neuroendocrine manifestations (e.g., recurrent feelings of
feverishness and cold extremities), and immune manifes-
tations (e.g., recurrent sore throats). Recently, Jason et al.
(2004) compared persons meeting the Canadian case def-
inition, the Fukuda et al. (1994) criteria, and people expe-
riencing chronic fatigue explained by psychiatric reasons.
The Canadian criteria group, in contrast to the Fukuda
criteria group, had more variables that significantly dif-
ferentiated them from the psychiatric comparison group.
The Canadian criteria selected cases with less psychiatric
comorbidity, more physical functional impairment, and
more fatigue/weakness, neuropsychiatric, and neurology
symptoms.

Research has also been directed at attempting to
better classify symptoms of individuals with chronic
fatigue and CFS. For example, using factor analysis,
Nisenbaum et al. (1998) found three correlated factors
(fatigue-mood-cognition symptoms, flu-type symptoms,
and visual impairment symptoms). In a later study,
Nisenbaum et al. (2004) found three factors among
a sample of 1,391 chronically fatigued subjects; the
factors were musculoskeletal, infection, and cognition-
mood-sleep. Friedberg et al. (2000) also found three
factors (cognitive problems, flu-like symptoms, and
neurological symptoms) in a sample of patients with
CFS. A study by Jason et al. (2002a) used factor analysis
to provide support for the existence of four distinct
components of chronic fatigue. The four were: Lack of
Energy (fatigue intensity), Physical Exertion (fatigue
exacerbated by physical exertion), Cognitive Problems
(difficulties with short-term memory, concentration, and
information processing), and Fatigue and Rest (rest or
sleep is not restorative). Results of the study by Jason
et al. (2002a) were of theoretical importance because two
of the primary dimensions of fatigue that emerged within
the CFS-like group, postexertional fatigue and cognitive
problems, corresponded closely with definitional criteria
for CFS (Lloyd et al., 1990). Postexertional fatigue and
cognitive problems are part of the major criteria for the
Canadian case definition for ME/CFS (Carruthers et al.,
2003). Postexertional fatigue and cognitive problems
appear to represent primary dimensions of CFS.

A cluster analysis of the data mentioned above was
performed to define a typology of chronic fatigue symp-
tomatology (Jason and Taylor, 2002). With respect to CFS,
findings suggested that a majority of individuals with
moderate to severe symptoms can be accurately classi-
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fied into two important subgroups: one distinguished by
severe postexertional fatigue, and fatigue that is allevi-
ated by rest and the other distinguished by severe overall
symptomatology, severe postexertional fatigue, and fa-
tigue that is not alleviated by rest. One key characteristic
that distinguished the two clusters that contained almost
all participants with CFS to another cluster that contained
only one CFS participant, was markedly high severity of
postexertional fatigue.

Results from this investigation highlight the relative
importance of this symptom as a diagnostic marker for
CFS, and point to the potential utility in designating pos-
texertional fatigue as a major criteria for CFS in future
attempts to define the syndrome. A second key character-
istic, fatigue in relation to rest, distinguished individuals
in two clusters that contained individuals with CFS, with
those in one cluster differing most significantly from those
in the second with respect to whether their fatigue was al-
leviated by rest. One of the major criteria for the current
U.S. definition of CFS (Fukuda et al., 1994) requires that
fatigue is not substantially alleviated by rest in order for an
individual to receive a diagnosis. Findings from this inves-
tigation suggest that this criteria may be more accurately
designated as one of the secondary criteria for CFS, so that
it does not artificially exclude those with CFS who may
experience some symptom relief with rest. This recom-
mendation has recently been included into the guidelines
for the CFS case definition (Reeves et al., 2003). A third
result deserving of attention involves the finding for more
severe cognitive problems in the clusters of patients with
CFS versus the cluster with only one CFS patient. This
finding highlights the importance of cognitive problems
to the experience of CFS and supports the designation
of cognitive problems as a major criteria, which it is for
ME (Dowsett et al., 1994), the Canadian case definition
for ME/CFS (Carruthers et al., 2003), and the Australian
(Lloyd et al., 1990) criteria.

Based on the research reviewed in this section, we
would encourage researchers to compare and contrast cat-
egories of patients meeting the Canadian Case definition
and the Fukuda et al. (1994) criteria. In addition, the pro-
vision of standardized measures for assessment and scor-
ing guidelines should reduce clinicians’ difficulty with
the criteria and their need to modify the criteria in clin-
ical practice. In effect, the use of standardized measures
should reduce criterion variance and improve diagnostic
reliability (King and Jason, 2004).

Unitary vs. Separate Diagnostic Entities

Before examining the literature on subtypes, it is first
important to decide whether or not syndromes such as
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CFS, Fibromyalgia (FM), and Irritable Bowel Syndrome
(IBS) are best understood in terms of a unitary model
of functional somatic distress or as separate diagnostic
entities (Barsky and Borus, 1999). As an example of this
type of research, Sullivan et al. (2002) used latent class
analysis with 32 symptoms of patients with CFS, FM
and CFS, and FM, and the findings supported the notion
that CFS and FM have more similarities than differences.
However, these investigators deliberately removed the ma-
jor criteria symptoms (i.e., fatigue, widespread pain) for
both syndromes before conducting the analyses, and the
removal of these critical symptoms probably influenced
the outcomes. In contrast, a study by Taylor et al. (2001b)
evaluated the diagnostic validity of conditions that have
been labeled functional somatic syndromes. Latent vari-
able models of functional somatic distress were estimated
from the responses of 213 community members to a med-
ical questionnaire and the items that closely conformed to
formal diagnostic criteria for the conditions were used in
model estimation. Results of confirmatory factor analysis
supported diagnostic distinctions between five syndromes
(FM, CFS, somatic depression, somatic anxiety, and IBS).
Discrete diagnostic categories of FM and CFS were then
tested using logistic regression analysis, in which the out-
come involved independent diagnosis of these conditions
based upon physician evaluation. The diagnostic validity
of the latent constructs of FM and CFS emerging from
this five-factor model were cross-validated using findings
from an independent physician evaluation.

Linder et al. (2002) used artificial neural networks
to classify patients with chronic fatigue (including CFS
and idiopathic chronic fatigue), lupus erythematosus, and
FM. They were able to achieve a sensitivity of 95% and a
specificity of 85%. Those chronic fatigue symptoms that
had the highest accuracy were “acute onset of symptoms”
and “sore throat,” which supports the hypothesis of an
infectious etiology. In further support of findings for dis-
tinctions among these syndrome constructs, Hickie and
associates (1999b) found that chronic fatigue is a per-
sistent diagnosis over time and that longitudinal patterns
of comorbidity of fatigue with psychological distress did
not suggest a causal relationship or common vulnerability
factor. Similar findings from a study by Van Der Linden
and associates (1999) supported the existence of a pure,
independent fatigue state over time, with this pure fatigue
state not predicting subsequent psychiatric disorder.

THE NEED FOR SUBGROUPS

Many efforts have been undertaken to subgroup pa-
tients with CFS. However, to date, no one method has
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proven to be consistently superior in differentiating sub-
groups or in suggesting treatment approaches more ap-
propriate for individuals with similar disease presenta-
tion. Below we will review some of the more promising
research in the area of subtyping and ultimately designate
several categories and dimensions that might guide future
research.

CFS vs. CFS Plus Psychiatric Comorbidity

In an influential review article, David et al. (1991)
concluded that depression occurs in about 50% of CFS
cases, while anxiety and other disorders (i.e., somatiza-
tion, minor depression, phobia, anxiety disorders) occur
in about 25% of cases. These findings have led some to
conclude that CFS is solely a psychiatric disorder. Clauw
and Chrousos (1997) argue that the inability of science
to identify the precise physiologic basis for CFS should
not lead to labeling an individual with CES as having
a psychiatric disorder, and in fact, this dualistic think-
ing about diseases as being either psychiatric or medical
should probably be abandoned.

The Diagnostic Interview Schedule (DIS) (Robins
et al., 1989), a structured psychiatric instrument designed
for use in community surveys (Robins and Regier, 1991),
has frequently been used to assess psychiatric comorbidity
in CFS samples. However, this instrument was not de-
signed for use with medically ill populations. By contrast,
the Structured Clinical Interview for the DSM-IV (SCID)
(Spitzer et al., 1995) uses open-ended questions and all
potential sources of information to encourage a thorough
description of the problems by the interviewee. Use of
the SCID is also limited to highly trained clinicians more
able to recognize the subtle distinctions between CFS and
psychiatric disorders. A study by Taylor and Jason (1998)
involved the administration of both the DIS and the SCID
to a sample of patients with CFS. Of individuals diagnosed
with CFS, 50% received a current Axis I psychiatric di-
agnosis when using the DIS, but only 22% received a
current diagnosis when using the SCID. These findings
suggest that high or low psychiatric rates in CFS samples
may be a function of whether symptoms are attributed to
psychiatric or nonpsychiatric causation.

The Fukuda et al. (1994) criteria do not explicitly
exclude people who have purely psychosocial, stress, or
psychiatric reasons for their fatigue. However, this broad-
ening of the CFS definition raises questions regarding the
extent to which patients with purely psychiatric expla-
nations are erroneously included within the CFS rubric.
Some individuals with CFS might have had psychiatric
problems before and/or after CFS onset and yet, other
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individuals may only have primary psychiatric disorders
with prominent somatic features. Including the latter type
of patients in the current CFS case definition could con-
found the interpretation of epidemiologic and treatment
studies. Major Depressive Disorder (MDD) is an example
of a primary psychiatric disorder that has some overlap-
ping symptoms with CFS.

Fatigue, sleep disturbances, and poor concentration
occur in both depression and CFS. It is important to dif-
ferentiate those with a principal diagnosis of MDD from
those with CFS only. This is particularly important be-
cause it is possible that some patients with MDD also
have chronic fatigue and four minor symptoms that can
occur with depression (e.g. unrefreshing sleep, joint pain,
muscle pain, impairment in concentration). Fatigue and
these four minor symptoms are also defining criteria for
CFS. Is it possible that some patients with a primary affec-
tive disorder could be misdiagnosed as having CFS? Some
CFS investigators would not see this as a problem because
they believe that high rates of psychiatric comorbidity in-
dicate that CFS is mainly a psychiatric disorder and that
distinctions between the two phenomena are superficial
and merely a matter of nomenclature.

However, several CFS symptoms, including pro-
longed fatigue after physical exertion, night sweats, sore
throats, and swollen lymph nodes, are not commonly
found in depression. In addition, while fatigue is the
principal feature of CFS, fatigue does not assume equal
prominence in depression (Friedberg and Jason, 1998;
Komaroff et al., 1996). Moreover, illness onset with CFS
is often sudden, occurring over a few hours or days,
whereas primary depression generally shows a more grad-
ual onset. Individuals with CFS can also be differentiated
from those with depression by recordings of skin tempera-
ture levels and electrodermal activity (Pazderka-Robinson
et al., 2004). In summary, CFS and depression are two
distinct disorders, although they share a number of com-
mon symptoms. Most importantly, the erroneous inclu-
sion of people with primary psychiatric conditions in CFS
samples will have detrimental consequences for the inter-
pretation of both epidemiologic and treatment efficacy
findings.

Even after taking the above recommendations into
consideration, some individuals with CFS will have a
comorbid psychiatric condition, and it is important to
correctly subclassify such individuals. Some medical ill-
nesses (e.g., multiple sclerosis, hyperthyroidism) have
been shown to elicit psychological disorders; changes in
mood, fatigue, and malaise are commonly associated with
infection (Ray, 1991). In addition, depression can be a
reaction to physical illness. For example, depression and
anxiety are common in patients with cancer and heart dis-
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ease (Ray, 1991). Ray (1991) noted that depression that
accompanies a prolonged illness may be better conceptu-
alized as demoralization rather than as psychiatric illness,
particularly in ambiguous illnesses in which patients have
difficulty gaining recognition of the legitimacy of their
illness.

Lange et al. (1999) found no MRI differences be-
tween those with CFS and healthy controls. However,
when the CFS group was divided into those with and
without a psychiatric disorder occurring since their CFS
diagnosis, 66.7% of those without psychiatric comorbid-
ity had MRI abnormalities vs. only 22.2% with psychi-
atric cormorbidity. The CFS without psychiatric diagnosis
group had the highest frequency of MRI small, punctuate,
subcortical white matter hyperintensities, abnormalities,
which were most often found in the frontal lobes. Several
studies have compared the functional status of patients
with CFS having comorbid psychiatric conditions. In an
important recent article, Tiersky et al. (2003) examined
individuals with CFS with and without psychiatric comor-
bidity and they found that physical functional capacity was
not worse in individuals with CFS and a concurrent psy-
chiatric illness. Morriss and associates (1999) also found
that depression was not associated with the reporting of
pain, FM, IBS, and medically unexplained symptoms in
individuals with CFS. Similarly, Ciccone et al. (2003)
did not find that psychiatric illness, alone or in combina-
tion with a comorbid personality disorder, was associated
with physical impairment. Even though it is unclear what
the functional consequences are of having more lesions
among CFS patients without psychiatric diagnoses, sub-
typing those with and without psychiatric comorbidity
seems warranted.

Neurocognitive Functioning

As mentioned in a recent review chapter by DeLuca
and Tiersky (2003), cognitive dysfunction is an important
symptom of persons with CFS. Most individuals with
CFS typically complain that fatigue affects their phys-
ical and mental functioning, and generally, they report
problems with concentration and absentmindedness, in-
cluding problems with impaired memory, difficulty mak-
ing decisions, poor attention, difficulties taking in written
or spoken material, and executing familiar sequences of
events, such as grocery shopping (Wearden and Appleby,
1997). In addition, many patients with CFS complain that
performing mental work is aversive for them, to the de-
gree that they either stop doing it or start to experience
symptoms (Wood et al., 1994). As a result, many people
with CFS describe their cognitive difficulties as one of the
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more disabling and troubling symptoms of their illness
(Abbey and Garfinkel, 1991).

However, when people with CFS are administered
a standard neuropsychological battery designed to screen
for clinically significant deficits or abnormalities in cogni-
tive functioning, they typically perform within the normal
range on most tests, although overall performance may be
slightly impaired (Wearden and Appleby, 1997). Higher
cognitive functioning such as language, executive pro-
cesses, and perceptual skills have not been found to be
impaired in people with CFS (DeLuca and Tiersky, 2003;
Grafman et al., 1993). No consistent or severe memory
impairment is evident from the performance of people
with CFS on neuropsychological tests (See DeLuca and
Tiersky, 2003). Both verbal and visual free recall is unim-
paired in people with CFS, however, some studies have
found that people with CFS benefit less from cueing or
context on memory tasks than healthy controls do (Moss-
Morris etal., 1996). People with CFS have also been found
to be more sensitive to interference and effort on mem-
ory tasks than would be expected from healthy controls.
These memory impairments have been interpreted as a
reflection of attentional rather than true memory deficits.
Researchers have found that the way in which informa-
tion is attended to and processed has a direct impact on the
quality of the memory trace (Van Zomeren and Brouwer,
1994). Specifically, slowed processing has been found to
limit elaboration of information during encoding. This
finding helps explain why people with CFS have some
trouble on tasks that rely on more complex effort, elabo-
ration, or organization of material such as memorizing
lists of words that are not semantically associated, or
ordering sequences of responses in memory (Moss-Morris
et al., 1996).

A number of explanations for the discrepancy be-
tween subjective reports of cognitive impairment and ob-
jective findings of cognitive impairments in people with
CFS have been proposed. One explanation is that the com-
plaints of people with CFS accurately reflect their every-
day cognitive lapses, and that laboratory tests measure
everyday cognitive functioning poorly. This explanation
raises the question of how these subjective complaints are
reflected in neuropsychological testing. Another explana-
tion for this discrepancy is that when a patient undergoes
cognitive testing in a clinic or a laboratory, motivation
level and arousal level may be quite different from that
in day-to-day life. Neuropsychological testing is critically
dependant upon attention and arousal, and functions such
as memory are closely related to general level alertness
and physiological arousal (Wessely, 1993a,b). Thus, due
to reactivity to the testing situation, people with CFS may
actually perform better in laboratory settings. Finally, it
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has also been suggested that CFS patients may be able
to perform normally but at the cost of extra effort that is
often experienced as feelings of fatigue. A final word of
caution regarding neuropsychological research in CFS is
the tendency in many of these studies to use tasks that lack
sufficient specificity to implicate any specific neuropsy-
chological process such that the results could suggest that
CFS patients were impaired across all tasks administered.
Future studies should be based on a better understand-
ing of the types of deficits that might be associated with
CFS to avoid widespread testing of unrelated or unspecific
constructs.

Despite the various and, at times, conflicting find-
ings of neuropsychological studies examining cognitive
functioning in CFS, some general trends can be extracted
from these studies (Jason et al., 2000c). A consistent find-
ing has been slower reaction times, poorer performances
on complex attentional and memory tasks, and, less con-
sistently, a slowness in acquisition of new information.
Some CFS researchers have suggested that a single deficit,
namely slower information processing may be responsi-
ble for all the impairments noted. However, more recent
research suggests that slowed performance might be due
to impaired motor processes rather than to problems with
complex information processing (De Lange et al., 2004).
Subtyping on whether or not patients have deficits on
specific tasks (e.g., reaction times, motor processes, per-
formance on complex attentional and memory tests) might
help resolve many conflicting studies in this area.’

5The question then remains as how to best assess for symptoms of
cognitive difficulty in patients with possible CFS during a diagnostic
examination. Given that the majority of studies examining cognitive
problems in patients with CFS revealed difficulties in memory and
processing speed, it is recommended that clinicians primarily assess
these two areas of cognitive functioning. For example, for patients
reporting difficulty with memory or concentration, clinicians might ask
the following series of follow-up questions: Do you have difficulty
comprehending information? Does it take you longer to understand
information? Do you have difficulty following information? Do you
have to focus on one thing at a time? Do you frequently lose your train
of thought? Do you have trouble expressing your thoughts? Do you
speak the wrong words or make new words up? Do you have difficulty
retaining information? Do you have difficulty recalling information? Do
you frequently get words or numbers in the wrong order? In addition,
all patients should be administered the 3-item recall measure from the
Mini-Mental State Examination (Folstein et al., 1975) in which patients
are given three words to recall after a brief period of time. Finally, it is
recommended that a numerical rating of symptom intensity be obtained
for reports of impaired memory and concentration (Jason et al., 2000).
Some individuals might have more severe cognitive limitations and
others more moderate and minor limitations, and this might provide
researchers with another useful dimension for subtyping. Categorizing
individuals into those with specific objective neuropsychological indi-
cators versus those without them might also further research subtypes.
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Community vs. Tertiary Care Recruitment

One central, methodological explanation for obser-
vations of discrepant findings across studies involves
issues related to sampling and participant selection.
A majority of investigations have employed nonran-
dom, medically-referred samples. Findings from several
community-based studies are reviewed below to support
the notion that the source of patient recruitment needs to be
considered in CFS research. For example, in Great Britain,
Pawlikowska et al. (1994) sought responses from 15,283
people in the general practice. Based on the Pawlikowska
etal. (1994) sample, Wessely et al. (1995) later ascertained
the presence of CFS in 1,199 people who presented to the
physician with symptoms of infections and 1,167 who
were seen for other reasons. Using health and fatigue
questionnaires (Wessely et al., 1997), it was determined
that 2.6% of the sample had CFS according to the Fukuda
et al. (1994) criteria. It is of interest that these rates are
within the range of prevalence of several mood disorders
(the most prevalent psychiatric illness after anxiety dis-
orders: for major depressive episode, the 1-month preva-
lence is 2.2%, and lifetime prevalence is 5.8%; Regier
etal., 1988). These CFS prevalence rates are considerably
higher than those reported in other CFS epidemiological
studies.

In a subsequent study by Euba et al. (1996), those
individuals with a CFS diagnosis in the community sam-
ple described above were compared with people diag-
nosed in a specialized CFS hospital unit. Whereas 74%
of the community sample had a psychiatric diagnosis
before the onset of their fatigue, only 21% of the hos-
pital sample had a previous diagnosis. The community
sample had significantly worse mental health scores and
was more likely to encounter work-related impairment.
Fifty-nine percent of the sample believed that their illness
might be due to psychological or psychosocial causes
(compared with 7% for the hospital sample). Wessely
et al. (1997) did indicate that the 2.6% rate of CFS in-
cluded both those with and without a psychiatric diag-
nosis, and if only those without a psychiatric diagnosis
were counted, the CFS rate would be only 0.5%. Wessely
et al. (1996) reported that of those 36 individuals who
were diagnosed as having CFS from a cohort of 1,985 pri-
mary care patients, only 64% had sleep disturbances and
63% had postexertional malaise. These percentages are
rather low, given that both symptoms are critical features
of CFS. In addition, a linear relationship was found be-
tween functional impairment and psychological morbidity
(Wessely et al., 1997), results which are different from
the studies reviewed in the section above (Tiersky et al.,
2003).

35

Reyes et al. (2003) reported on a Centers for Disease
Control and Prevention (CDC) population-based preva-
lence study of fatigue-related disorders. The CDC used
telephone calls to contact their sample of 33,997 house-
holds in Sedgewick County (Wichita) Kansas (85.7% of
their sample was White). The rate of CFS was estimated to
be .24%. Nisenbaum et al. (2003) reported that after their
baseline survey, approximately 1,000 fatigued and 3,000
nonfatigued subjects were followed annually for 3 years.
Nisenbaum et al. (2003) provided percentages of symp-
toms for 65 individuals classified as having CFS, and un-
refreshing sleep was 95.4%, unusual fatigue postexertion
was 78.5%, and difficulty thinking/concentrating or mem-
ory problems was 76.9%. Of the sample, 77% described
their onset as gradual, which is in contrast to the sudden
onset found in most tertiary samples. In addition, only 20—
33% of the participants with CFS who were followed for
up to 3 years were classified as having CFS at follow-up,
while only 57% experienced partial or total remission by
the end of the follow-up. A review of prospective outcome
tertiary care studies in CFS patients (Cairns and Hotopf,
2005; Joyce et al., 1997) reveals that substantial recov-
ery occurs in less than 10% of cases. It appears patients
recruited from community-based samples might be very
different from those from tertiary samples, at least in terms
of maintenance of CFS status over time.

From 1995 to 1998, Jason and colleagues (1999f)
attempted to contact a stratified sample of 28,673 house-
holds in Chicago by telephone. Of that sample, 18,675
individuals were screened for CFS symptomatology. Ap-
proximately .4% of the sample was determined to have
CFS, with rates being higher among Latino and African
American respondents when compared to White respon-
dents (Jason et al., 1999f). Rates of critical CFS symp-
toms were 89% for memory and concentration problems,
75% for postexertional malaise, and 88% for nonrestora-
tive sleep. Sixty-three percent reported gradual onset of
symptoms. When patients with and without a premorbid
psychiatric diagnosis were compared, there were no sig-
nificant differences on sociodemographic variables, mea-
sures of fatigue, symptom severity, disability, stress, or
coping (Jason et al., 2001c). Jason et al. (2000f) found
that 65% of those diagnosed with CFS had consulted a
physician regarding their fatigue, but only 9% of them
had been previously diagnosed with CFS. This reveals that
even of those who had been seen by a physician, very few
had been appropriately diagnosed with CFS. Almost all
we know about CFS comes from tertiary care samples that
are primarily White and female, yet this community-based
study suggests that the majority of individuals with CFS
in urban areas might be people of color who have not been
diagnosed and who are more functionally impaired than
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Caucasians (Jason et al., 2000e). Clearly, community-
based samples might be different in many ways from
tertiary care samples, therefore it is important to subgroup
patients on this important case ascertainment method.

Sociodemographic, Psychosocial,
and Illness Subtypes

When grouping individuals diagnosed with CES as
a heterogeneous whole, it is possible that abnormalities
typical of a specific subgroup are not seen, as they are
obscured by the use of the entire group in the analysis.
In addition, the fact that significant findings from one
study are frequently not replicated is a strong indicator
that each sample contains a different mix of subtypes of
CFS, making replication nearly impossible.

Several investigators have suggested that patients
with CFS should be subtyped on several sociodemo-
graphic variables including: gender, age, and socioeco-
nomic status (SES). In regard to gender, CFS and chronic
fatigue are more prevalent among women than men (Jason
et al., 1999¢,f). There is some evidence that there are
gender-related differences in the impact of CFS and
chronic fatigue. Among a sample of individuals with CFS,
women were found to have a higher frequency of FM,
tender/enlarged lymph nodes, and lower scores on the
physical functioning subscale of the MOS (Medical Out-
comes Study), when compared to men (Buchwald et al.,
1994). In the Chicago community-based sample, gender
predicted fatigue severity, with women exhibiting higher
fatigue scores than men (Torres-Harding et al., 2002).
Also, within this sample, women had significantly poorer
physical functioning, more bodily pain, poorer emotional
role functioning, significantly more severe muscle pain,
and significantly greater impairment of work activities
(Jason et al., 2000e). Several have suggested that findings
for increased symptom severity and poorer functional out-
comes among women may involve certain predisposing
vulnerabilities that may be more likely to occur in women
than in men (Glaser and Kiecolt-Glaser, 1998; Harlow
et al., 1998; Richman and Jason, 2001).

In an influential review article, Joyce et al. (1997)
concluded that older age was a risk factor for poor prog-
nosis among individuals with CFS and chronic fatigue.
For example, Clark and associates (1995) found that being
over 38 years old predicted persistent illness in chronic
fatigue patients. Kroenke et al. (1988) found that only a
minority of patients with CFS improved and that older age
was arisk factor for poorer prognosis. Tiersky et al. (2001)
also found prognosis for CFS to be poor, with age being a
significant predictor of outcome. Furthermore, Schmaling
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et al. (2003) found that older age predicted a decline in
physical functioning among individuals with unexplained
chronic fatigue. Finally, in the Chicago community-based
sample, Jason et al. (2003c) found that those patients with
CFS who were older had higher frequencies of symptoms
and were more severely disabled. Conceivably, those who
are older may have had more exposure to other physical
illnesses or stressors, or may have suffered illness pro-
gression from CFS (Friedberg et al., 2000).

In Great Britain, Wessely et al. (1997) found higher
rates of CFS for individuals of lower SES than for those of
higher SES. Reeves (2003) recently reported on a national
U.S. study that involved 2,728 households and found that
lower income and education were the strongest predictors
of fatigue. In a Chicago community-based study, Jason
et al. (1999b) similarly found that individuals with lower
educational and occupational status reported higher levels
of fatigue than those with higher educational and occu-
pational status. Those from the lowest SES group had
significantly higher disability ratings than those from the
highest SES group. Higher prevalence rates and higher
fatigue levels among low income groups might be due to
psychosocial and environmental risk factors. Individuals
of varying socioeconomic backgrounds have been found
to differ with respect to a number of issues, including
health care practices (e.g., nutrition, regular exercise, rou-
tine medical examinations), behavioral risk factors (e.g.,
condom use, use of alcohol, drugs, and tobacco), access to
adequate health care (e.g., health insurance benefits and
adequacy of care provided), level of psychosocial stress
(e.g., racism, discrimination, and unemployment), amount
of negative environmental exposures (e.g., air pollution,
lead, and other toxins), and level of hazard with respect to
occupation (Davis, 1995; Perez-Stable et al., 1994; Ruiz,
1995). Some of these factors have been cited to explain
observations of other medical conditions affecting low-
income groups at differentially higher rates, such as HIV,
hypertension, and heart disease (Friedman et al., 1999;
Richardson and Piepho, 2000; Takahashi, 1997).

Findings from several investigations of CFS suggest
that subtypes of patients can be distinguished with respect
to mode of illness onset, whether gradual (a few hours or
days) or sudden (lasting weeks or months) (DeLuca et al.,
1997; Komaroff, 1988, 1994; Levine, 1997; Reyes et al.,
1999). Reyes and associates (1999) found that those with
sudden CFS onset reported significantly more symptoms
atonset than those with gradual onset, symptoms that were
more likely to be of infectious nature, including fever, sore
throat, chills, and tender lymph nodes. This is consistent
with other research (Komaroff, 1988, 1994), which has
suggested that sudden onset of CFS may be indicative of
viral/infectious illness. In a random community sample,
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Jason et al. (2000f) also found that individuals with sud-
den CFS onset were significantly more likely to experi-
ence more severe sore throat pain. However, controversy
exists as to whether prognosis of individuals with CFS is
affected by the experience of sudden vs. gradual onset.
Levine (1997) found that individuals with sudden onset
have a better prognosis than those with gradual onset. In
contrast, Reyes et al. (1999) found that over time, symp-
tom patterns among individuals in the sample became
more similar for those with sudden and gradual onset and
that probability of recovery was not affected by mode of
onset. Hill et al. (1999) also found that mode of illness
onset was not predictive of positive or negative illness
outcomes. Kennedy et al. (2004) suggested that patients
be separated into precipitating factors surrounding onset
because there are significant differences in clinical symp-
toms among those whose CFS began after military service,
after exposure to organophosphate insecticides, and others
who developed CFS sporadically. Another category worth
considering is after exposure to an infectious disease.
Several investigators have attempted to subgroup pa-
tients on the presence vs. absence of a premorbid psy-
chiatric condition and gradual vs. sudden onset of the
illness (DeLuca et al., 1997). Johnson et al. (1999) sug-
gested that there might be two groups of CFS patients,
one with sudden onset, nonpsychiatric, and serious cog-
nitive impairments, and the other with slow onset, psychi-
atric comorbidity, and mild cognitive impairment. Masuda
et al. (2002a) found the noninfectious onset group to be
more neurotic (the term they used), have more chronic
stressors, and have more family problems than the postin-
fectious onset group, who were more likely to be social
extroverts. Prognosis was also better for the postinfectious
than the noninfectious CFS group (Masuda et al., 2002b).
However, Cukor et al. (2000) did not find onset to be a
predictor of psychiatric disorder, thus failing to replicate
the findings of DeLuca et al. (1997). Furthermore, in a
community-based sample, sudden onset of illness was
associated with more, rather than less, psychiatric comor-
bidity (Jason et al., 2000f). These findings suggest that
while onset of illness might influence the types of symp-
toms manifested during the beginning stages of illness, it
is unclear whether onset of illness is related to prognosis.
The presence of a stressful life event preceding or
precipitating onset of CFS is another factor that has
been investigated and may differentiate subgroups of pa-
tients with CFS (Ray et al., 1995; Salit, 1997; Theorell
et al., 1999). Some evidence indicates that individuals
with CFS have experienced a higher frequency of neg-
ative life events in the time directly preceding the onset
than matched controls (Salit, 1997; Theorell et al., 1999).
In a community-based sample, Jason et al., and associates
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(2000f) found that individuals who were experiencing un-
usually severe stress at the time of CFS onset reported
lower levels of vitality and lower emotional role func-
tioning. Abuse histories have also been studied and these
investigations broaden the types of life stressors that indi-
viduals with CFS might have encountered. For example,
Taylor and Jason (2001) found that prevalence rates of sex-
ual and physical abuse among individuals with CFS were
comparable with those found in individuals with other
conditions involving chronic fatigue, including those that
are medically based. In addition, relative to those with
CFS who report such history, most individuals with CFS
did not report histories of interpersonal abuse. Other re-
searchers (Ray et al., 1995) have found that the presence of
positive life events causing moderate or major life change
are associated with lower fatigue and impairment scores
in individuals with CFS, while negative life events do not
impact these outcomes.

Several investigators have suggested that patient sub-
types can be distinguished in terms of symptom sever-
ity, functional level, and psychiatric status (Friedberg and
Jason, 1998; Hickie et al., 1995; Manu et al., 1988). Hickie
and associates (1995) found two distinctive subtypes:
a) a “somatization-like” group, including those who have
a higher prevalence of CFS symptoms and atypical symp-
toms, greater disability attributed to CFS and psychiatric
symptoms, and a greater percentage unemployed and;
b) a “CFS” group, including those individuals with lower
prevalence of CFS and atypical symptoms, less disabil-
ity attributed to CFS and psychiatric symptoms, and a
greater percentage employed. This study has been repli-
cated in a multisite study (Wilson et al., 2001) but there
were significant intersite differences in subclass distri-
butions. It appears that different research sites generated
variability in patient groups and perhaps more attention
to subtypes might help investigators to study more homo-
geneous groups.

Jason et al. (2003c¢) divided individuals with CFS into
those who experienced a high and low frequency of symp-
toms. Those with high frequency were older, less likely
to be working full-time, more likely to be unemployed,
on disability, or working part-time, and more functionally
disabled. But contrary to Hickie et al. (1995), psychiatric
status did not vary significantly according to subtyping
of individuals based on symptom frequency. Manu and
associates (1988) found a bimodal distribution of symp-
toms among 100 chronic fatigue patients, including 21
patients with 10-15 symptoms and 79 patients with 0-9
symptoms. Hadzi-Pavlovic et al. (2000) used latent class
analysis to classify patients with CFS into three classes,
those with multiple severe symptoms, those with lower
rates of cognitive symptoms and higher rates of pain, and
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those with a less severe form of multiple symptoms (those
in this latter category were younger and had a shorter du-
ration of illness). In two follow-up studies of patients with
CFS, persistent symptoms and disability at the follow-up
were associated with eight or more symptoms at time one
(Bombardier and Buchwald, 1995; Clark et al., 1995).

In Joyce et al.’s (1997) review article of prognostic
studies, fatigue severity was one of the most consistent and
important predictors of a more severe illness and poorer
outcome. As an example of these studies, Laurie et al.
(1997) re-surveyed a sample of individuals with CFS.
This investigation found that premorbid fatigue scores
were a significant predictor for developing chronic fa-
tigue. Pheley et al. (1999) found that while recovery from
CFS was rare, those patients who had less severe illness
and fatigue at the initial clinic visit were more likely to
have a positive prognosis. In the Chicago community-
based study, Taylor et al. (2002) discovered that higher
baseline fatigue scores predicted higher fatigue severity
at a follow-up assessment. Those who are more fatigued
experience a greater number of somatic symptoms and
an increase in functional limitations. These factors might
likely make it more difficult to recover from CFS and
chronic fatigue. Even the construct of fatigue must be bet-
ter differentiated into various dimensions (e.g., postexer-
cise symptoms, flare-up symptoms, remission symptoms,
allergy fatigue; Dechene et al., 1994). Until better differ-
entiated subgroups are developed, it will be exceedingly
difficult to identify characteristics common to all people
with the diagnosis of CFS (Friedberg and Jason, 1998).

Patients diagnosed with both CFS and FM have been
found to be substantially more disabled than patients with
either condition alone (Bombardier and Buchwald, 1996).
Jason et al. (2001c) also found that those with CFS and
comorbid FM compared to those with only CFS had in-
creased symptoms and functional impairment. Jason et al.
(2000d) found in a community sample of individuals with
CFS that 15.6% also had FM, 40.6% had Multiple Chem-
ical Sensitivities (MCS), and 3.1% had FM and MCS,
whereas only 40.6% had pure CFS (without FM or MCS).
Future studies should subclassify patients according to
whether they are pure types or have FM and/or MCS.

It is possible that CFS is experienced differently by
individuals depending upon the patient’s duration of ill-
ness. Recovery rates for individuals in the Reyes et al.
(1999) sample were impacted by duration of illness at
time of enrollment in the study, with individuals endorsing
shorter duration of illness at time of enrollment being more
likely to report recovery. Consistent with the findings of
Reyes et al. (1999), other researchers (Clark et al., 1995;
Ray et al., 1997) determined that persistent illness and
poorer outcomes could be predicted by longer duration of
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CFS symptoms. However, Wilson and associates (1994)
and Hill and associates (1999) did not find duration of ill-
ness to be a predictor of illness outcome. Discrepancies in
these findings may be related to the sampling procedures
employed by the researchers, selecting more severely ill
individuals or those who have been ill for longer periods
of time. Additionally, definitions of long vs. short duration
of illness and sudden vs. gradual onset have neither been
clear nor applied consistently across studies. A different
approach to subtyping the illness experience would in-
volve assessing the phase or stage of an illness (Fennell,
1995; Jason et al. 1999a, 2000a). If a researcher collapses
the responses of patients in different phases, the findings
might be obscured as the patients are experiencing funda-
mentally different processes (Jason et al., 2000b).

Medical Subgroups

The first part of this article was primarily based
on self-report symptoms, and the following sections will
focus on biological findings. There has been a lack of
consistency in CFS laboratory findings, which may be a
function of combining distinctive groups of patients into
a large heterogeneous group rather than analyzing them
within subtypes. In reality, there rarely is a perfect bio-
logical test for an illness, but with CFS there does appear
to be mounting evidence of brain and immune system ab-
normalities (Komaroff, 2000a). Several researchers have
suggested that there might be biomarkers that can differen-
tiate patients with CFS into different subtypes. Below we
will review some promising directions from virology, im-
munology, neuroendocrinology, and also from autonomic,
neurologic, and genetic areas.

Virology

The onset of CFS is often linked with the recent pres-
ence of an infection. CFS has been reported as following
acute mononucleosis (a viral infection), Lyme disease (a
bacterial infection), and Q fever (an infection with a dif-
ferent type of infectious agent) (Komaroff, 2000b). For
example, Lerner et al. (2002) found the presence of IgM
p52 and CM; Human cytomegalovirus serum antibodies
in 16 patients with CFS but not in another group of 18 pa-
tients with CFS. In a later study, Lerner et al. (2004) found
the presence of Epstein Barr Virus VCA IgM in one group
of patients with CFS but not present in other patients with
CFS. These findings suggest that these serum antibodies
might be diagnostic tests for subsets of patients with CFS.
Lane et al. (2003) found that muscle biopsy samples from
20.8% of the CFS patients were positive for enterovirus
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sequences, but all control samples were negative. Nine of
the 10 enterovirus positive cases were among those with
abnormal lactate response to exercise (polymerase chain
reaction products were most closely related to coxsackie
B virus). However, in general, when studies have looked
at an association between CFS and infection, relationships
have either not been found (Wallace et al., 1999) or stud-
ies have been unable to establish any one virus, such as
HHV-6, as the cause of CFS (Ablashi et al., 2000).

There might be various pathways for developing
CFS, with a viral infection representing just one possible
route. This may be the reason that Wessely et al. (1995)
found that some people with CFS had viral infections,
while others had other medical illnesses, before they de-
veloped CFS. Jason et al. (2001b) did find that more pa-
tients reported an onset of CFS during January, a time
when viral infections occur with the greatest frequency.
In addition, it is possible that viral infection can occur
in the absence of inflammation. In these cases, the virus
evades the host immune system and allows the functions
of the cell to continue (e.g., there is evidence of persistent
cytomegalovirus infection in the pancreatic cells of people
with diabetes; Wessely, 1993a,b).

It is possible that the body’s reaction to one or more
bacterial or viral invaders might induce symptoms in pa-
tients with CFS. Activation by macrophages due to virus
or bacteria produces a release of interleukin 1, which
causes an alteration in the electrical activity of the brain.
It also causes a number of behavioral changes (e.g., de-
creases in activity and social interaction, somnolence)
designed to reduce unnecessary energy expenditure, so
that available energy stores can be used to fight the in-
fection (Maier et al., 1994). For example, Sheng et al.
(2001) injected an immunological stimulus that elicited
a sustained upregulation of cytokines in the cerebral cor-
tex and subcortical structures in a mouse; this coincided
with marked reduction in running distance for 2 weeks. In
humans, Vollmer-Conna et al. (2004) have found that the
production of proinflammatory cytokines (IL-1b and IL6)
were correlated with acute sickness behavior (i.e., fever,
malaise, pain, fatigue, and poor concentration). Prolonged
exposure to these cytokines might induce a state of chronic
activation, which leads to a depletion of the stress hormone
axis and to other neuroendocrine features associated with
CFS (Saphier, 1994). Under these circumstances, viruses
and bacteria that had previously been contained and con-
trolled by the immune system might begin to replicate and
ultimately cause symptoms for the patient.

A study by Stewart et al. (2003) compared CFS cases
and controls in two different areas in upstate New York
(in one of the areas, Lyndonville, a cluster of cases ex-
isted). In both areas, among those with CFS, there were
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elevated levels of cytotoxic T-cells. In addition, elevated
levels of these T-cells were found among controls in the
Lyndonville area, but not among controls in the area where
a cluster of CFS cases had not occurred. These findings
suggest that a common etiologic agent might have been
a triggering event for an entire affected area, but that this
etiologic agent might not have been sufficient to cause
CFS.

Immunology

Landay et al. (1991) were the first group of re-
searchers to find that among patients with CFS, the activa-
tion markers (CD38 and HLA-DR) had increased and the
suppressor cell population (CD8 CD11b) was reduced.
This research suggested that decreased suppressor cells
might lead to a hyperimmune response. Several theorists
have proposed that people with CFS appear to have two
basic problems with immune function: a) poor cellular
function, with low natural killer cell cytotoxicity and fre-
quent immunoglobulin deficiencies (most often IgG1 and
1gG3), and b) elevations of activated T lymphocytes, in-
cluding cytotoxic T cells, and elevations of circulating
cytokines (Evengard et al., 1999; Patarca et al., 1993;
Patarca-Montero et al., 2000). Natelson et al. (2005) re-
cently found increases in cytokines (IL-8 in some patients
and IL-10 in others), and these findings support the hy-
pothesis that in some patients with CFS, symptoms may
be due to immune dysfunction within the central nervous
system.

In order to better understand these findings, it is
important to understand that the human body is con-
stantly defending against bacterial, parasitic, and viral
invaders (Perkel, 2001). Segerstrom and Miller (2004)
have provided a useful overview of the immune system,
and distinguished between natural and specific immunity.
Natural immunity involve all-purpose cells that can at-
tack a variety of pathogens. The largest group of these
cells are granulocytes. These cells include neutrophils and
macrophages, which are phagocytic cells that eat their
targets, and the generalized response mounted by these
cells is inflammation. Macrophages release communica-
tion molecules or cytokines and these can induce fever
and inflammation as well as promote wound healing. Nat-
ural killer cells are also involved in natural immunity, and
they are limited to early phases of viral infections (they
recognize the lack of self-tissue molecules on the surface
of cells and attack these cells).

Specific immunity, on the other hand, has greater
specificity and takes up to several days for a full de-
fense to be mounted. Each lymphocyte responds to only
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one invader, as the receptors on their cells fit with only
one molecular shape (i.e., antigen). When activated the
antigen-specific cells divide to create a population of cells.
There are three types of lymphocytes: T-helper cells (they
produce cytokines that direct and amplify the immune
response), T-cytotoxic cells (they kill cells that are in-
fected with viruses or are otherwise compromised), and
B cells (they produce proteins called antibodies that can
neutralize bacterial toxins, bind to free viruses to prevent
them from entering cells, or coat a toxin to increase the
effectiveness of natural immunity).

In addition, the helper T cells can be separated into
two classes, Thl and Th2. Thl cells primarily generate
responses against bacteria and viruses, whereas the Th2
cells produce immune responses against extracellular par-
asites. Thl operates by killing infected human cells and
Th2 operates by making antibodies, which attach to nor-
mal bacteria and other pathogens outside human cells
so they can be marked for killing by special cells (Van
Konynenburg, 2003a). Both modes are necessary to pro-
tect against normal bacteria which stay outside the hu-
man cells, and viruses and intracellular bacteria that enter
human cells. In the Thl response, the T-helper cell pro-
duces cytokines, and they activate T-cytotoxic cells as
well as natural killer cells (Segerstrom and Miller, 2004).
The major proinflammatory cytokines are considered in-
terleuken (IL-2), interferon (INF-y), and TNF-«. The
proinflammatory response clears intracellular pathogens,
however if this occurs in excess it can lead to autoim-
mune diseases and chronic inflammation. In contrast, Th2
involves major antiinflammatory cytokines such as IL-
4 and IL-10 (others include I1-5, I1-6, and I1-13), which
promote humoral immunity by differentiation of B cells
into antibody-secreting B cells and B cell immunoglob-
ulin switching to IgE. These antiinflammatory cytokines
inhibit production of proinflammatory cytokine and T-cell
proliferation. While a highly antiinflammatory response
minimizes inflammation, it can allow existing infections
to linger and excessive antibody production can lead to
diseases like asthma (excessive production of antibody
type IgE). Those who have good health have a proper
balance between pro- and antiinflammatory postures.

Several theorists have proposed that among patients
with CFS, there has been a shift from Thl to Th2 cy-
tokines. Supporting the dominance of Th2 cytokines over
the Th1 cytokines, Antoni et al. (2003) found that patients
with low natural killer cell activity (NKCA) and a state of
overactivation of lymphocyte subsets (e.g., CD2+CD26+
% activation markers) had the greatest fatigue intensity
and greatest fatigue-related impairments in emotional and
mental functioning. Hanson et al. (2001) used neural-
network classifiers to also support this shift in dominance

Jason, Corradi, Torres-Harding, Taylor, and King

of Th2 cytokines over the Th1 cytokines. Recent research
by Skowera et al. (2004) has also confirmed a Th2 bias
among patients with CFS compared to controls. Subtyping
patients on whether or not they have this important profile
would potentially help clarify discrepant findings in the
CFS literature.

Another biologically-based marker involves the 2'-
5'A antiviral pathway, which causes the production of
RNase-L. RNase-L is a pathway in all cells that can be
activated by viral infections or toxins, with activation re-
sulting in the destruction of messenger RNA (both that
produced by the viruses and by the human cells). This is a
desperate action taken by cells to prevent the proliferation
of viruses, but it also interferes with the ability of cells to
make its own protein. In patients with CFS, the increased
levels of RNase-L occur because of a failure of the Thl
immune response to defeat intracellular infections.

Viral infections and interferon increase levels of
RNase-L, which selectively degrades viral RNA. Patients
with CFS have higher elevated levels of RNase-L (an
80 kDa polypeptide) than patients with any other disease,
according to Suhadolnik et al. (1997), who has also found
a novel low-molecular-weight (37 kDa) binding protein
in a subset of individuals with CFS who are severely
disabled by their disease. A European team (De Meirleir
et al., 2000) has also found increased levels of 80 and
37 kDaRNase L in patients with CFS. The ratio of 37 kDa
protein to the normal 80 kDa protein was high in 72% of
patients with CFS, only 1% in healthy controls, and none
in depression and FM control patients. Gow et al. (2001),
however, did not find any evidence of upregulation of
the antiviral pathway in a group with CFS and healthy
controls, but did for a group of patients with infections.
Even though there remains controversy on this possible
biomarker, enough evidence does exist to recommend
subtyping on this dimension.

Borish et al. (1998) found evidence of low level in-
flammation, similar to that of allergies, in a subgroup of
individuals with CFS. Borish et al. suggested that there
might be two subgroups of individuals with CES, those
with immune activation (infectious or inflammatory) and
those devoid of immune activation with other illness pro-
cesses, including psychiatric disorders. Lutgendorf et al.
(1995) found that those patients with immune activation
had the most severe cognitive deficits, while Natelson
et al. (1993) found that those with ongoing inflammatory
processes reported greater cognitive and mental disabili-
ties. Buchwald et al. (1997) found individuals with CFS
and chronic fatigue to have significant abnormalities in
C-reactive protein (an indicator of acute inflammation)
and neopterin (an indicator of immune system activation,
malignant disease, and viral infections) when compared
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to controls. Buchwald et al. stated that groups of in-
dividuals with active low-level inflammatory, infectious
processes could be identified and that this was evidence
of an organic process in these patients with CFS. Cook
et al. (2001) found that individuals with an abnormal MRI
and ongoing inflammatory processes scored significantly
worse on measures of physical disability, suggesting an
organic basis for some individuals with CFS. However,
Brimacombe et al. (2002-03) evaluated both Gulf War
Veterans and civilians with CFS and only for the Veterans
found that lymphocytes were directly related to functional
status (i.e., upregulation of the Th2 cytokines, Il-4 and
I1-6, produced its effects on functional status via changes
in cognitive abilities).

When elevated, eosinophil counts can indicate the
presence of allergic inflammation, some forms of can-
cer, and parasitic disease. Several studies have reported
significant elevations of eosinophil counts in individu-
als with CFS (e.g., Baraniuk et al., 1998; Conti et al.,
1996). Elevated levels of lymphocytes can be indications
of conditions such as viral infection, chronic infection, and
Hodgkin’s disease; elevated lymphocytes have also been
reported for CFS samples (Patarca, 2001). An abnormal
rheumatoid arthritis factor test can indicate inflammatory
processes such as rtheumatoid arthritis, autoimmune dis-
ease, and occasionally, infectious diseases, and the pres-
ence of rheumatoid arthritis factor has been reported in
CFS samples (Kerr et al., 2001). Elevated sedimentation
rates can indicate bacterial infection, pelvic inflamma-
tory disease, systemic lupus erythematosus, and red blood
abnormalities, and further, abnormal sedimentation rates
have been reported in CFS samples (Richards et al., 2000).
Finally, a positive ANA (antinuclear antibodies) test can
indicate the presence of an inflammatory disease (sys-
temic lupus or other rheumatoid disorders) and occasion-
ally the presence of specific types of infections. Elevated
rates of ANA have also been reported with CFS samples
(Nesher et al., 2001).

Using the findings above, Corradi, Jason, and Torres-
Harding (2005) recently classified individuals with CFS
from the Chicago community-based epidemiology sam-
ple into three subgroups according to medical evidence of
possible inflammatory processes (as evidenced by abnor-
mal eosinophils count, antinuclear antibodies, abnormal
rheumatoid arthritis factor, and abnormal sedimentation
rate in the presence of an additional inflammatory marker),
medical evidence of possible current infection (as evi-
denced by abnormal results on sedimentation rate without
the presence of an inflammatory marker, or lymphocytes
count), and an “other” group without evidence of either
of the aforementioned organic processes (cases with more
muscular, autonomic, and neurological abnormalities). In-
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dividuals from the “other” group had significantly more
physical disability than those in the inflammatory group.
However, those in the inflammatory group were signifi-
cantly more likely to have mental difficulties (based on the
mental component summary of the SF-36) and a current
psychiatric diagnosis. Of interest, there were significantly
more minorities than Caucasians in the infectious group.
These are preliminary results but they do suggest that
routine blood tests might provide useful information for
subtyping patients with CFS into infectious, inflamma-
tory, and “other” categories.

Neuroendocrinology

A variety of physical and psychological stressors can
cause corticotropin-releasing hormone (CRH) to be re-
leased from the paraventricular nucleus of the hypotha-
lamus. CRH causes adrenocorticotropin (ACTH) to be
released from the anterior pituitary, and ACTH in turn,
stimulates cortisol release from the adrenal cortex. A fre-
quently cited study by Demitrack (1993) found low levels
of cortisol in CFS patients, which might be due to a deficit
in CRH. Deficits in cortisol have been linked to lethargy
and fatigue and this deficit might be contributing to the
overactive immune system.

In a summary of the literature, Scott and Dinan
(1999) described patients with CFS as having a reduced
adrenal secretory reserve and their adrenal glands are
smaller compared to healthy subjects, whereas in major
depression, enlarged adrenal glands are found. Neuro-
transmitters, including serotonin (SHT), are also involved
in the release of CRH. Serotonin, according to Scott and
Dinan, might play a role in the genesis of CFS, as altered
SHT neurotransmission seen in patients with CFS may
account for disturbed sleep, muscle pain, gastrointestinal
problems, and mood alterations. Scott and Dinan also
mention that vasopressin (VP) also acts in a synergistic
fashion with CRH in stimulating ACTH release. Low VP
levels have been found in subjects with postviral fatigue
syndrome. Gaab et al. (2002b) found that patients with
CFS had reduced baseline ACTH levels and also found
significantly lower ACTH response levels to several stress
tests. However, Gaab et al. (2003) later found no CFS
versus healthy control cortisol differences after adminis-
tration of low-dose or high-dose ACTH, indicating that
primary adrenal insufficiency is unlikely to play a signifi-
cant role in the etiology of CFS. Wessely (1993a,b) states
that it is simplistic to view CFS as only a deficiency in
CRH.

Still, some abnormality in CRH metabolism possi-
bly is associated with CFS. Chaudhuri and Behan (2004)
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speculate that there might be different neuroendocrine
processes in different individuals that ultimately lead to
chronic fatigue. For example, enhanced negative feedback
of the HPA axis could account for alterations in HPA
functioning in patients with CFS (prolonged suppression
of cortisol has been found in patients with CFS after ad-
ministration of .5 mg of dexamethoasone, a steroid that
causes the adrenals to stop producing cortisol) (Gaab et al.,
2002a). Possibly, increased sensitivity of lymphocytes
to glucocorticoids might lead to the Th2 shift (Skowera
et al., 2004). Alternatively, Murphy et al. (2004) state that
progesterone is a key precursor of cortisol and among
patients with CFS there might be a diversion of proges-
terone metabolism away from cortisol pathways and to-
ward production of ring A-reduced metabolites of proges-
terone (particularly isopregnanolone). There is evidence
that some CFS symptoms can be caused by elevated lev-
els of progesterone metabolites. Another possibility is that
chronic cortisol deficiency can cause an overproduction
of interleukin-6 (I1-6), which has been associated with
symptoms of CFS (Arnold et al., 2002). It is possible that
some patients with CFS have a cortisol deficiency and
others do not, but when all patients are combined into
one large CFS category, these important differences are
ignored.

Short-term or acute stress generally has a beneficial
effect on the immune system, as stress raises the output
of glucocorticoids. White blood cell counts in the periph-
eral blood decrease as white blood cells move from the
blood into tissues so that they are ready to fight infections.
However, when stress occurs for weeks or months, and
glucocorticoid levels are maintained at a high level for
longer periods of time, the immune system is suppressed.
Cohen et al. (2002) have found that individuals who show
greater cortisol reactivity to acute stressors had increased
risk for upper respiratory infection when naturalistic lev-
els of stress were high. In addition to inflammation being
suppressed by long-term stress, the Th1 immune response
(which is critical for defending against viral, intracellu-
lar bacterial, and fungal infections) is also suppressed.
The immune response is then shifted to a Th2 immune
response mechanism. Stress also causes the sympathetic
nervous system to activate. The sympathetic system sig-
nals the medullas of the adrenal glands to secrete adrenalin
and noradrenalin, which in turn can induce a Thl to Th2
immune response shift.

Clauw and Chrousos (1997) maintain that stress hor-
mones suppress cellular immune function and leave in-
tact or stimulate humoral immune function. Clauw and
Chrousos summarized studies which indicate that the
changes in the immune system seen in patients with CFS
are common in other chronic stressful conditions such as
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recent widows, spouses of Alzheimer’s patients, and with
animals exposed to inescapable stress. Because clinically
dissimilar stressors lead to the same immune changes,
Clauw and Chrousos feel that hormonal changes in people
with CFS are primary and immune changes secondary.

Clauw and Chrousos (1997) suggest that individuals
who develop CFS might be genetically predisposed to
development of the condition. Endicott (1999), for exam-
ple, has found that patients with CFS have parents with
increased prevalence of cancer and autoimmune disor-
ders when compared to control patients’ families. Torres-
Harding, Jason, and Turkoglu (in press) found that per-
sons with CFS were significantly more likely to report
a family history of metabolic disorders when compared
to a control group. Clauw and Chrousos further posit that
susceptible individuals might evidence a number of organ-
specific illnesses before finally progressing to develop
CFS. Supportive data is also available for this thesis, as
prior to developing CFS, patients have significantly more
upper respiratory tract infections, lethargy, and vertigo
than controls (Hamilton et al., 2001). Lyden et al. (2001)
found that when healthy controls stopped exercising for
a week, those that went on to develop somatic symptoms
had baseline (preexercise cessation) differences in HPA
axis (lower cortisol), autonomic nervous system func-
tion (more heart rate variability), and NK cell number
and function (attenuated response to stress). This study
suggests that lifestyle change following a stressor (e.g.,
trauma or infection) might contribute to CFS symptom
development in some predisposed individuals. Persons
with CFS might have hyperactive premorbid lifestyles and
this high “action-proneness” might also be a predisposing
factor for developing CFS (Van Houdenhove et al., 1995).
Moreover, Clauw and Chrousos suggest that once the indi-
vidual develops CFS, which can occur abruptly or slowly
through viral infections or emotional stressors, there is a
blunting of the human stress response. Symptom hetero-
geneity may be due to different axes of the stress response
acting either independently or concurrently functioning in
an aberrant way. This pattern might typify some patients
with CFES, therefore efforts are needed to better develop
ways to subgroup on this dimension, as some individuals
might be in an early and others in a later phase of the
illness process.

Van Konynenburg (2003b) theorizes that when a per-
son with a certain genetic makeup is subjected to long-
term stressors, the HPA axis and sympathetic nervous
system become upregulated. These raise the secretion of
glucocorticoids and catecholamines (adrenalin and nora-
drenalin), which cause a Thl to Th2 immune response
shift. Because of the shift to Th2, the body does not have
an effective defense against viral or intracellular bacterial



CFS

infections. For example, the Epstein Barr virus can be-
come active and produce infections. The immune system
tries to respond but it cannot do so effectively because of
the suppression of the immune system by the HPA axis
and the sympathetic nervous system. Later, the HPA axis
becomes downregulated but there is still not an effective
Th1 response to attack the viral infection, however, now
the immune system may cause inflammation (explaining
elevated antinuclear antibody levels). The patient with
CFS now has ineffective protection from viruses and intra-
cellular bacteria or from inflammation. However, Cleare
(2004) suggests that neuroendocrine changes occur late
in the history of the illness and are in response to fea-
tures of the illness such as sleep disturbance and physical
deconditioning. Cleare cites two prospective studies that
indicate that being fatigued during 6 months after an acute
precipitant is not associated with HPA axis underactivity.

Autonomic Nervous System

The autonomic nervous system consists of the sym-
pathetic and parasympathetic systems. The sympathetic
system can cause large quantities of epinephrine (known
as adrenaline) and norepinephrine to enter the blood-
stream (when nerves activate the inner portion of the
adrenals). Epinephrine and norepinephrine exert some-
what similar actions on the body, helping the body combat
a stressor by increasing the heart rate, increasing the blood
pressure by constricting blood vessels in extremities, di-
lating coronary arteries to get more blood flow, releasing
glucose into the blood for more energy, increasing mental
alertness, and slowing digestion. In contrast, the parasym-
pathetic system calms down the body by slowing down
the heart rate, reducing blood pressure, decreasing the
breathing rate, and increasing the rate of digestion.

Acetylcholine is a primary neurotransmitter of the
parasympathetic nervous system and is widely distributed
throughout the brain and spinal cord. Chaudhuri et al.
(1997) believe that CFS entails a depletion of this acetyl-
choline and increased sensitivity of the postsynaptic
acetylcholine receptors. In Chaudhuri et al.’s (1997) re-
search, they studied growth hormone levels in patients
with CFS, healthy controls, and those with chronic expo-
sure to organophosphate (workers who are chronically ex-
posed to organophosphates show neurobehavioral symp-
toms similar to those of people with CES). One hour after
these participants were given pyridostigmine, a substance
that increases the amount of acetylcholine and functions
to increase the amount of growth hormone, both patient
groups had a larger amount of growth factor released in
comparison to healthy controls, suggesting that a similar
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mechanism might be at work in patients with CFS and
in those with chronic organophosphate exposure. Acetyl-
choline hypersensitivity at the hypothalamic level is the
most likely explanation of these findings.

The sympathetic system should be dominant during
the day, whereas the parasympathetic system should be
more active during the evening. If the sympathetic system
is too active during the night, it can disturb sleep. If the
sympathetic system is persistently hyperactive, it might
become overworked and have more difficulty responding
to stimuli. When the body is resting, the sympathetic tone
of women is actually higher than that of men, potentially
making women more vulnerable to developing these types
of syndromes.

Individuals who are chronically stressed have a per-
sistent lack of cortisol. Heim et al. (2000), as well as
others, believe that this might also contribute to CFS.
Sympathetic nervous system hyperactivity may decrease
serum cortisol and may be the common denominator for
low levels of DHEAS in both inflammatory and non-
inflammatory diseases (Kizildere et al., 2003). Elenkov
et al. (2000) reviewed evidence that norepinephrine and
epinephrine inhibit the production of type 1/proinflam-
matory cytokines, whereas they stimulate the production
of type 2/antiinflammatory cytokines thereby causing a
selective suppression of Thl responses and cellular im-
munity and a Th2 shift toward dominance of humoral
immunity.

Heart rate variability analysis, which can be obtained
through a noninvasive Holter monitor, can supply data
that reflects the activity of the sympathetic and parasym-
pathetic systems. Martinez-Lavin et al. (1997) studied 19
FM patients, of whom 10 had CFS. The patients were
asked to stand upright after they had been resting in a
supine position and this is meant to represent a stress-
ful challenge to the body. Controls evidenced increases
in the intensity of sympathetic transmission to the heart
whereas patients showed a decrease in the intensity of
the sympathetic transmission to the heart, this being even
more pronounced for the patients with CFS. When laying
down, there was a trend among patients for an elevated
heart rate, whereas when standing up, there was a drop
in sympathetic output. These findings suggest that the
sympathetic system might be exhausted in patients and
might be incapable of responding to a stressful challenge.

There are two forms of orthostatic intolerance using
the tilt table test, one characterized by a sudden drop in
blood pressure, slow heart rate, and leading to fainting
(neurally mediated hypotension) while the other involves
increased heart rate with, or without, fainting (POTS:
postural orthostatic tachycardia syndrome). A group of
researchers (Bou-Holaigah et al., 1995) found that 22 of
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23 patients with CFS had an abnormal response, consis-
tent with neurally mediated hypotension. This condition
occurs when the central nervous system misinterprets the
body’s needs when in an upright position and sends a
message to the heart to slow down and lower the blood
pressure, responses that are directly opposite to the re-
sponses the body needs. Van Konynenburg (2003c) sum-
marized a talk by David Goldstein in which the heart
and circulatory system’s response to standing upright was
explained as under the control of the sympathetic nervous
system. Sympathetic nerves from the spinal cord go di-
rectly to the adrenal medulla, which produces epinephrine
(adrenaline). When healthy individuals are tilted upright,
their plasma norepinephrine and epinephrine levels in-
crease about threefold, however, in patients who suf-
fer from syncope (fainting), the norephinephrine and
epinephrine both rise initially and then the epinephrine
goes much higher as the norepinephrine remains at the
aforementioned heightened level. This imbalance was
more than tenfold; even after being restored to a supine
position, the high epinephrine levels persist for hours to
days and might be the reason why many patients feel so
badly for days after the tilt table test. Kavelaars et al.
(2000) have found among adolescent girls with CFS that
baseline noradrenaline was similar in CFS and age and sex
matched controls, whereas baseline adrenaline levels were
significantly higher in CFS patients. Finally, Yoshiuchi
et al. (2004b) used a method (i.e., ICF: instant center
frequency) to more appropriately reflect shifts in sympa-
thetic and parasympathetic activity during head-up tilt,
and they separated patients with CFS into those with and
without POTS, and they only found differences between
those CFS patients without POTS and controls.

Other investigators have not found neurally medi-
ated hypotension to play a major role in CFS (Poole et al.,
2000). However, a recent study by Naschitz et al. (2003)
did find a particular dysautonomia in CFS that differs sig-
nificantly from dysautonomia in non-CFS fatigue, FM,
syncope, hypertension, and healthy controls, but not in
generalized anxiety disorder. In this study, the researchers
computed blood pressure and heart rate changes during
head-up tilt test and processed the data by image analy-
sis methods, establishing a numerical expression as the
hemodynamic instability score. These findings are partic-
ularly promising and could represent an important way of
subgrouping for future research.

Another line of research has been pursued by
Natelson’s group, who recently found that in response to
postural stress, 81% of patients with CFS and none of con-
trols experienced ejection fraction decreases (suggesting
left ventricular dysfunction in the heart), with those hav-
ing more severe symptoms experiencing greater decreases
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(Peckerman et al., 2003a). Patients with CFS might have
lower cardiac output, with the resulting low flow circula-
tory state possibly making it difficult for patients to meet
the demands of everyday activity and leading to fatigue
or other symptoms (Peckerman et al., 2003b). Peckerman
et al. (2003c) suggest that deficiencies in orthostatic reg-
ulation may involve the baroreceptor reflex. In addition,
Streeten and Bell (2000) found the majority of patients
with CFS had striking decreases in circulating blood vol-
ume. It appears that the blood vessels in patients with
CFS are constricted dramatically, but efforts to restore
normal volume have met with limited success. In addi-
tion, Yoshiuchi et al. (2004a) have found that patients
with CFS have lower cerebral blood flow than sedentary
controls, and neither psychiatric illness nor illness severity
plays a role in this reduced brain blood flow. Subtyping
individuals with CFS for these types of cardiac and blood
circulation problems seems warranted.

Neurology

Several investigators have found abnormalities in the
cerebral white matter, which are regions of the brain that
are largely or entirely composed of nerve fibers and con-
tain few or no neuronal cell bodies or dendrites. Billiot
et al. (1997) found increased microvolt levels in lower
frequencies (5—-7 Hz) among patients with CFS, and they
suggested this could be related to cognitive problems. Ear-
lier, a study was cited by Lange et al. (1999) that found
significantly more cerebral abnormalities in a group de-
void of psychiatric diagnosis than a group with CFS and
a comorbid psychiatric disorder. Cook et al. (2001) com-
pared a group of individuals diagnosed with CFS with
and without brain MRI abnormalities. Individuals in the
abnormal MRI group reported being more physically im-
paired on measures of physical disability, suggesting an
organic basis to some individuals with CFS. Natelson et al.
(2005) found that 30% of patients with CFS undergoing
lumbar puncture had elevations of protein levels and/or
in white blood cell counts relative to laboratory norms,
and the group with abnormalities in the spinal fluid had
a lower rate of current depression than those with nor-
mal spinal fluids. Subgrouping patients into those with
normal and abnormal MRI or spinal fluid would be rec-
ommended for investigators that have access to these types
of tests. Siessmeier et al. (2003) evaluated cerebral glu-
cose metabolism (using 18-fluorodeoxyglucose positron
emission tomography), and abnormalities were detectable
in approximately half the CFS patients, but no specific
pattern could be identified (some had hypometabolism
bilaterally in the cingulate gyrus and the adjacent mesial
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cortical areas, decreased metabolism in the orbitofrontal
cortex, or hypometabolism in the cuneus/praecuneus).
The authors conclude that PET may provide valuable
information in helping to separate CFS patients into sub-
populations with and without apparent alterations in the
central nervous system. Using rapid event-related func-
tional MRI, De Lange et al. (2004) found that the ventral
anterior cingulate cortex was only active when healthy
controls made errors on performance tasks, but not those
with CFS, suggesting that CFS may be associated with
dysfunctional motor planning. Using positron emission
tomography (PET), Yamamoto et al. (2004) found that
the density of the 5-HTT of the rostral subdivision of
the anterior cingulate cortex was significantly reduced in
patients with CFS, suggesting an alteration in the sero-
toninergic neurons in the anterior cingulate cortex might
play a role in the pathophysiology of CFS. Finally, Cleare
et al. (2005) found widespread reduction in S-HT(1A) re-
ceptor binding potential, and this was particularly marked
in the hippocampus bilaterally, where a 23% reduction
was observed.

Zalcman et al. (1999) have found that immunogenic
stimuli can alter brain circuitry, changing its sensitivity
to seemingly unrelated subsequent stimuli. In addition,
stress might be a conditioned stimulus that leads to an
impaired immune response (Cohen et al., 1994; Gupta,
2002). Exposure to most major drugs or stress can induce
long-term potentiation, such that the brain cells react more
strongly (and releases dopamine more abundantly) in re-
sponse to future exposures to the drug or stress (Saal et al.,
2003). Gellhorn (1970) has postulated that under pro-
longed stimulation of the limbic-hypothalamic-pituitary
axis, a lowered threshold for activation can occur. Once
this system is charged, either by high-intensity stimulation
or by chronically repeated low-intensity stimulation, it can
sustain a high level of arousal (Gellhorn, 1968). Girdano
et al. (1990) suggest that the excessive arousal can lead to
an increase in the dendrites of the limbic system, which
can further increase limbic stimulation. The limbic sys-
tem might grow more excitatory postsynaptic receptors
and decrease its inhibitory presynaptic receptors. Subse-
quently, people with CFS may experience excitatory neu-
rotoxicity. Two receptors residing on the cell surface mem-
branes of neurons are GABA (gamma aminobutyric acid),
which inhibits neuronal firing and NMDA (N-methyl-D-
aspartate), which excites neuronal firing. The GABA and
NMDA receptors should be balanced, but after an injury,
NMDA fires more than GABA. Minor and Hunter (2002)
have proposed that prolonged exposure to inescapable
stressors will eventually deplete GABA, thus reducing
an important form of inhibition on excitatory glutamate
transmission. Ultimately, chronic stress sensitizes neural
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and behavioral fear processes; this overactivation leads
to fatigue (stress-induced changes can be reversed in rats
by microinjections of denzodiazepines, which enhance
GABA).® The limbic system plays a regulatory role per-
taining to symptoms of fatigue, pain, memory, and cogni-
tion, and in part, it plays this role with the use of dopamine
to control the NMDA receptors. These NMDA receptors
might not function properly due to low levels of dopamine
(Wood, 2004).

Brouwer and Packer (1994) have conducted research
indicating that people with CFS might have “unstable cor-
tical excitability associated with sustained muscle activ-
ity resulting in varied magnitudes of descending volleys”
(p. 1212). Schillings et al. (2004) found reduced central
activation during maximal sustained contractions of the
biceps brachii muscle in patients with CFS. Davey et al.
(2003) have also found that central motor mechanisms
accompanying motor response preparation are impaired
in patients with CFS, with this impaired function poten-
tially leading to fluctuations in corticospinal excitability.
Rather than searching for cytokine irregularities in pa-
tients with CFS, an alternative approach might involve
subtyping those with and without heightened central ner-
vous system sensitivity to stimuli such as cytokines.

Genetics

Recent twin studies of complex genetic and envi-
ronmental relationships between psychological distress,
fatigue, and immune system functioning, suggest that
these models need to acknowledge the increasing impor-
tance of the individual’s genotype (Buchwald et al., 2001;
Hickie et al., 1999a). In a preliminary study, Vernon et al.
(2002) used blood samples to explore gene expression
profiling to distinguish five individuals with CFS from 17
controls. Eight genes were differentially expressed when
comparing the CFS cases to controls and several of the
expressed genes were associated with immunologic func-
tioning (e.g., CMRF35, IL-8, HD protein), therefore im-
plicating immune dysfunction. However, one of the CFS
cases did not cluster with the other four and this could
point to the occurrence of CFS subgroups. In a more re-
cent study of 4,000 genes, 112 of those were either up or
downregulated in terms of gene expression for those with
CFS relative to healthy controls. Most of these gene codes
for enzymes were involved in intermediary metabolism.

6 Alternatively, Hannestad et al. (2004) found abnormal high amounts of
GABA in the urine of patients with CFS. This suggests that there might
be abnormally high levels of GABA in the central nervous system, and
high levels of GABA could induce side-effects such as fatigue and other
typical CFS-symptoms.
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They also were able to separate those into rapid onset
and delayed onset groups, based on gene expression (the
majority of the genes upregulated in the rapid onset group
were those associated with metabolism) (Van Konynen-
burg, 2003d).

Gow et al. (2005) reported gene expression data on
eight male patients with CFS and matched controls, and
concluded: a) there is a shift of immune response with
preferential antigen presentation to MHC class II recep-
tors and downregulation of the MHC class I system (with
consequential suppression of the Natural Killer cells),
b) increased cell membrane prostaglandin-endoperoxide
synthase activity and downstream changes in oxygen
transport, and ¢) macrophage activation with phagocytosis
of apoptotic neutrophils. This research team suggests that
CFS might involve ion transport and ion channel activity,
and neurons use these channels to generate action poten-
tials and release neurotransmitters at synaptic terminals.
Muscle fatigue and postexertional malaise may relate to
shift of membrane hyperpolarization potential (Chaudhuri
et al., 2005). Sustained changes in cell membrane func-
tion may follow exposure to infections and neurotoxins
as when Ciguatera toxin irreversibly inactivates sodium
channels in an open mode, and these can cause delayed
symptoms of chronic fatigue.

Finally, a null mutation in the globulin gene has
been associated with familial corticosteroid-binding glob-
ulin deficiency and CFS (Torpy et al., 2001), and Torpy
et al. (2004) has recently suggested that homozygosity
for the serine allele of the corticosteroid-binding globulin
gene may predispose some individuals to developing CFS.
Narita et al. (2003) has found an association between long
allelic variants in the serotonin transporter gene promoter
and susceptibility to CFS.

Pharmacological and Alternative Treatments

Treatment ultimately will be based on a better un-
derstanding of this syndrome’s etiology and pathophys-
iology. If there are distinct subgroups, as has been sug-
gested in this article, then treatments might need to be
tailored to the differential needs of patients with CFS.
As mentioned above, one promising theory involves an
imbalance between GABA and NMDA. GABA inhibits
neuronal firing while NMDA excites neuronal firing. The
GABA and NMDA receptors should be balanced, but after
an injury or illness like CFS, NMDA might fire more than
GABA. Several drugs that downregulate NMDA recep-
tor firing (benzodiazepine therapy, magnesium, Nimotop,
melatonin, calcium channel blockers) have been reported
to be helpful for people with CFS (Goldstein, 1990).
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Natelson et al. (1996) found that low-dose treatment with
a monamine oxidase inhibitor produced a significant pat-
tern of improvement in CFS patients, thus providing sup-
port for the hypothesis that CFS might involve increased
neuronal firing in the locus coeruleus.

Because hypocortisolism has been suggested as a
contributing factor to CFS, several pharmacological stud-
ies have attempted to increase cortisol levels. Research by
Snorrason et al. (1996) found that 70% of CFS patients
reported a minimum of 30% improvement when treated
with galanthamine hydrobromide, which increases plasma
levels of cortisol. A study by McKenzie et al. (1998) found
that a dosage of 25-35 mg resulted in only minimal ther-
apeutic improvements while causing substantial adrenal
suppression. In contrast, a study by Cleare et al. (1999),
which used a lower dose (5 or 10 mg daily of hydrocor-
tisone) led to significant reductions in self-rated fatigue
and disability in patients with CFS and there was no com-
pensatory suppression of endogenous cortisol production.
More research clearly needs to be conducted in this area
in order to better understand which subgroups respond
optimally to which treatments. Regardless of the medica-
tion, it is important to note that very few pharmacological
agents have been well-established as effective (Reid et al.,
2000). What may work well for one person may not be
tolerated by, or may be ineffective for, another person,
reemphasizing the need to study CFS subgroups.

Nonpharmacological Interventions

Many nonpharmacological interventions have em-
phasized cognitive and behavioral factors in the etiology
and maintenance of CFS (Vercoulen et al., 1998). How-
ever, the stereotype of patients with CFS being perfection-
istic and having negative attitudes toward psychiatry has
not been supported (Wood and Wessely, 1999). Clearly,
exacerbation of symptoms might trigger maladaptive ap-
praisals and coping strategies, which may further perpet-
uate symptomatic episodes via affective, neuroendocrine,
and immunologic pathways (Antoni et al., 1994).

Turk et al. (1996) classified FM patients into one of
the three profiles: Dysfunctional (DY S: high levels of pain,
functional limitation, and affective distress), Interperson-
ally Distressed (ID: similar to DYS but further character-
ized by low levels of support from their significant other),
and Adaptive Coper (AC: low levels of pain, distress, and
disability). Turk et al. (1998) found that patients within
these subgroups responded differently to a standard reha-
bilitation treatment protocol. Patients in the DYS group
improved in most areas, whereas the ID patients failed
to respond to the treatment. There was little change in
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the AC patients. It would be useful to assess whether pa-
tients with CFS could be similarly subgrouped, and then
assess whether these subgroups differentially respond to
interventions.

Cognitive Behavior Therapy (CBT) interventions
have been described as one of the more promising treat-
ment approaches in a recent review article (Whiting et al.,
2001). Results of short-term studies that have employed
CBT with graded exercise suggest that this form of treat-
ment is more effective in improving physical functioning
than relaxation training (Deale et al., 1997; Sharpe et al.,
1996). In the Sharpe et al. study, 63% of the subjects
in the CBT condition (versus 20% of the control group)
improved significantly in work status and there were sig-
nificant reductions in fatigue severity as well. Similarly,
in the Deale et al. clinical trial, 70% of CBT completers
(versus 19% of the control group) achieved substantial
improvements in physical and role functioning. However,
in Deale et al.’s (2001) 5-year follow-up study, only 23%
of those provided with CBT said they had completely
recovered. While positive short-term results have been
replicated (Powell et al., 2001), other investigators utiliz-
ing therapists with less intensive training have had positive
but fewer successful outcomes (Prins et al., 2001). Van
Hoof (2004) in a critique of Prins et al.’s study maintains
that 28% did not complete the CBT study and that those
patients with passive pattern activity did not show evi-
dence of improvement following CBT. In addition, Van
Hoff mentions that the effects of CBT were no longer
present after 3 years.

While CBT has been applied to several medical prob-
lems, from pain to FM, its application to CFS has been
more controversial. In part, this is due to several of the
components of CBT as it is practiced by some European
investigators, including the notions such as: resting is not
helpful, increasing levels of exercising is critical, and pa-
tients need to be convinced that the disorder does not
have a viral or medical etiology. Because the findings of
the British studies have been widely disseminated, it is not
uncommon for medical practitioners today to encourage
patients with CFS to begin an exercise program (often
without the understanding or knowledge about the need
for slow, graded increases) and to challenge their beliefs
about the medical etiology of their disorder. Many patient
groups have been critical of these cognitive behavioral
studies because they have been used to dispute either the
severity or biological nature of the illness.

Typical of the purely psychogenic explanations for
CFS is a research group from the Netherlands (Vercoulen
et al., 1998), who believe that individuals with CFS at-
tribute their symptoms to physical causes, are overly pre-
occupied by their physical limitations, and do not maintain
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regular activity. According to this model, these factors
cause individuals with CFS to be functionally impaired,
implying that the central problem with patients experi-
encing this condition is a psychosomatic preoccupation
with one’s fatigue. When Song and Jason (in press) tested
this model, it fit only with the chronic fatigue partici-
pants who had psychiatric reasons for their fatigue. The
fact that this model could not be replicated with either
the CFS group or those with medical reasons for their
chronic fatigue suggests that CFS and chronic fatigue due
to psychiatric causes are not the same conditions. Data
from the Netherlands’ investigators who proposed this
psychogenic model have provided contradictory findings.
For example, when 20 ambulant patients with CFS were
compared to controls, there were no differences among
indices of physical fitness (Bazelmans et al., 2001), sug-
gesting that deconditioning is not a perpetuating factor in
CFS. Furthermore, van der Werf et al. (2000) found that
approximately one-fourth of a sample of CFS patients
differed significantly from control patients, in that they
were pervasively passive. It appears that a proportion of
patients with CFS have activity patterns that are compara-
ble to those of controls, whereas only a small percentage
are passively active. Werf et al. suggest that those who
are most active might need to learn to moderate their
activities, whereas those who are passively inactive might
need to become more active. Whether or not one agrees
with their recommendations, it is very likely that different
patients will need very different types of interventions.
As increasing or decreasing levels of activity and exercise
have been a central theme in nonpharmacological inter-
ventions, it is important to understand how activity and
exercise might influence physical functioning.

Scott and Dinan (1999) suggest that exercise is one of
the more potent activators of the HPA axis. The theory pro-
poses that the employment of gradual increases in activity
might activate the HPA axis, which might then increase
cortisol levels and alleviate some symptoms. According
to the Harvard School Medical Publication Boosting Your
Energy (2002), for healthy individuals, moderate exer-
cise increases the body’s fuel-making capacity by helping
the formation of more energy-producing mitochondria in
muscle cells, thereby providing cells with more energy
to burn. In addition, exercise creates more capillaries and
these transport oxygen to cells. Engaging in exercise can
also increase the amount of time a person later spends in
deep sleep, which is the type of sleep that restores energy.

Given the potential promise of interventions involv-
ing exercise, findings from patient questionnaires and
some clinical trials have produced mixed results. A survey
of 3,228 respondents (Preliminary report, 2001) and a sep-
arate survey sponsored by the ME Association (Cooper,
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2001) found that graded exercise was felt to be the type of
treatment that made more people with CFS worse than any
other. Fulcher and White (1997) compared graded aerobic
exercise to flexibility/relaxation training and those in the
exercise group were more likely to rate themselves as im-
proved than those in the flexibility/relaxation group (52%
vs 27%). However, there was a noteworthy high dropout
rate (29%) cited for this study. Wearden et al. (1998) also
found high dropout rates. Edmonds et al. (2004) recently
reviewed nine randomized controlled trials of using exer-
cise, and concluded that some patients might benefit from
these nonpharmacologic interventions, but that these treat-
ments are less acceptable to patients than other approaches
such as rest and pacing.

Several studies do suggest that subgroups of patients
with CFS do react differently to exercise than healthy
controls. For example, while in healthy controls, exercise
increases pain threshold by releasing endogenous opiods
and growth factors, individuals with CFS have reductions
in pain threshold after modest exercise (Whiteside et al.,
2004). Sorensen et al. (2003) found that patients with CFS
evidenced increases in complement protein C4a at 6 hr
after an exercise challenge, and symptom scores at 24 hr
after exercise were significantly correlated with the C4a
increase noted at 6 hr after exercise. This single protein
(C4a) could be a diagnostic marker for CFS after an exer-
cise challenge. In research reviewed earlier by Peckerman
etal. (2003a), these researchers suggested that there might
be left ventricular dysfunction in the heart of some patients
with CFS, and lower cardiac output could make it diffi-
cult for patients to exercise. Finally, Lane et al. (2003) did
find a subset of patients with CFS, who were positive for
enterovirus sequences and had abnormal lactate response
to exercise.

Exercising also increases the stress hormones
epinephrine and norepinephrine, and in modest amounts,
they can make a person feel more energized. As previously
mentioned, when individuals who suffer from syncope are
tilted upright, their plasma epinephrine levels escalate for
hours or days, and this might be the reason why many
individuals feel so badly following the table tilt test. In-
dividuals with CFS are stress sensitive. Minimal exercise
beyond what a person is accustomed to might increase
levels of stress hormones and cause symptoms similar to
what occurs when patients with syncope are tilted. In other
words, for some individuals with low cortisol levels, ac-
tivity such as exercise that increases the stress hormones
epinephrine and norepinephrine, could lead to a further
drop in cortisol levels. Exercise could subsequently lead
to postexercise adrenal insufficiency and such a decrease
could be responsible for the severe postexertional fatigue
that patients with CFS experience. Boas et al. (1996) found
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that trained swimmers had lower resting NK-cell activity
than untrained swimmers, suggesting that severe exercise
might depress the immune system whereas moderate ex-
ercise might enhance the immune system. In a person
with a malfunctioning HPA axis, minimal exercise might
have an effect similar to that which occurs in the over-
trained athlete. A recent study by Cleare (2003) found
that those responders to cognitive behavior therapy (CBT;
43% of the sample at end of treatment) were the ones that
had baseline urine cortisol levels of 100 (close to normal
levels) whereas those who did not respond to the inter-
vention had baseline levels of 70 (below normal levels).
This indicates that those who were most impaired on HPA
functioning might have been the least able to improve with
graded activity interventions. Clearly, there is a need to
better understand subtypes, as this might provide a clue
as to why only certain patients benefit from these types of
interventions.

Bruno (2004) recommends that individuals with
postpolio syndrome and those with CFS not engage in
exercise or activities that further stress metabolically dam-
aged, overworked neurons. He concludes that studies rec-
ommending strengthening exercise for polio survivors ac-
tually increased muscle fatigue more than strength and did
not lead to functional improvements. Too much exercise
results in loss of muscle tone because muscles become
weaker when poliovirus-damaged motor neurons fail. As
with evidence in the CFS literature, Bruno states that de-
conditioning rarely occurs. However, for those who need
to strengthen their hearts, he suggests a carefully moni-
tored program incorporating paced and nonfatiguing ex-
ercise, as such can be used to strengthen and make the
heart muscle work more efficiently.

Other approaches to psychotherapy, including Cog-
nitive Coping Skills Therapy (Friedberg and Krupp,
1994), Envelope Theory (Jason et al., 1999e), pac-
ing (Goudsmit, 1996), and pacing plus graded exercise
(Wallman et al., 2004) do not challenge or question pa-
tients’ beliefs in regards to the cause of CFS. For ex-
ample, Envelope Theory (Jason et al., 1999¢) assumes a
similar perspective and does not challenge patients’ be-
liefs of a medical cause for CFS. Instead, it recommends
that patients with CFS pace their activity according to
their available energy resources. In this approach, the
phrase, “staying within the envelope,” is used to desig-
nate a comfortable range of energy expenditure, in which
an individual avoids both overexertion and underexertion,
maintaining an optimal level of activity over time. The
Envelope Theory would not endorse recommendations
to either unilaterally increase or decrease activity. Some
people with CFS need to be encouraged to increase their
activity, as they have the appropriate amount of perceived
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energy to do so. However, there are also people with CFS
that need to be encouraged to do less in order to decrease
the discrepancy between perceived and expended energy.
This theory emphasizes the need to understand the differ-
ential needs of subtypes of patients with CFS. The key is
to not overexpend their energy supplies or consistently go
outside their “envelope” of available energy. Once this has
been accomplished, it would then be possible to slowly
increase the amount of activity they might engage in (King
etal., 1997; Pesek et al., 2000). Rather than a cure, this ap-
proach focuses on improving the ability of patients to cope
with this illness, and tailored interventions are needed for
the unique needs of different subgroups of patients.

Many of these nonpharmacologic interventions deal
with cognitive restructuring, coping skills, provision of
psychological support, and illness education. While Miller
and Cohen (2001) feel that it is still unclear whether these
types of interventions influence the immune system, they
have proposed an interesting theoretical model that in-
dicates that this influence is possible. Their model be-
gins with patients evaluating a stressful experience as
a significant threat and as exceeding available coping
resources, consequently eliciting negative emotional re-
sponses. They also cited studies suggesting that these neg-
ative emotional responses can cause distressed patients to
engage in behaviors (e.g., altering sleep patterns, alcohol
and tobacco use, decreasing physical activity) which con-
ceivably modify immune responses. In addition, negative
emotional states might activate the sympathetic division,
whose fibers (descending from the brain to lymphoid tis-
sues such as bone marrow, thymus, spleen, etc.) could
release substances that influence immune responses. Dis-
tress also can activate the HPA axis and hormonal products
from these systems can dysregulate the immune system.
Alternatively, it is possible that motivational states or cog-
nitive appraisals will prove to be the critical psycholog-
ical mechanisms linking stress and the immune system
(Segerstrom and Miller, 2004).

Long-term stress can suppress the immune system so
that the host is more vulnerable to opportunistic infection
and reduced control of latent herpes viruses (Miller et al.,
2002). But Miller et al. (2002) additionally state that this
immunosuppression does not offer an explanation for how
stress might influence diseases whose primary feature is
excessive inflammation. If stress suppresses the inflam-
matory process, then it should improve the disease course
for illnesses characterized by excessive inflammation but
this does not usually occur. Miller et al. provide evidence
that stress alters the capacity of glucocorticoid to inhibit
the production of a proinflammatory cytokine (i.e., IL-6).
Segerstrom and Miller (2004) suggest that chronic stress
may elicit prolonged secretion of cortisol, and white blood
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cells might mount a counterregulatory response by down-
regulating their cortisol receptors. This downregulation
could reduce a cell’s capacity to respond to antiinflam-
matory signals and as a consequence cytokine-mediated
inflammatory processes might increase.

Psychological interventions might modify the way
stressful circumstances are appraised and diminish the
way negative emotional responses influence immune dys-
regulation. Relaxation, emotional-regulation training, and
learning more adaptive coping responses might also de-
crease negative emotions. Antoni and Weiss (2003) sug-
gest that these interventions increase a person’s sense of
self-efficacy and control. Further, reductions in distress
can improve immunologic functioning, perhaps, in turn,
reducing virally associated infections. Understanding how
nonpharmacological interventions differentially affect pa-
tient subgroups might provide insights into the pathophys-
iology of this illness.

DISCUSSION

CFS represents a heterogeneous syndrome and the
lack of consistency in related studies might very well be
a function of the failure to routinely classify CFS cases
into subtypes. In other words, CFS samples investigated
in different studies invariably have varying critical symp-
toms, case ascertainment methods, degrees of psychiatric
comorbidity, and sociodemographic and biologic charac-
teristics. Currently, there is a need for investigations to
develop subtypes and ultimately improve sensitivity (i.e.,
ability to identify those who have the subtype) and speci-
ficity (i.e., ability to correctly identify those who do not
have the subtype). Even if some feel that it is premature to
develop such groupings, routine collection of a standard
set of variables might provide investigators with large
pooled data sets to explore some of the more promising
subtypes.

The current U.S. case definition for CFS (Fukuda
et al., 1994) is characterized by vaguely worded crite-
ria that lack operational definitions and guidelines to as-
sist health care professionals in their interpretation and
application of the diagnostic tool (Jason et al., 1999d).
Efforts are currently underway to provide more guide-
lines and specific criteria for this case definition (Reeves
et al., 2003). However, in spite of such efforts, some sam-
ples have included a high or low percentage of patients
with critical CFS symptoms (e.g., postexertional malaise,
memory and concentration problems), further complicat-
ing identification of comparable samples. The Canadian
case definition does include these critical symptoms and
use of such types of case definitions might aid in the
selection of more homogeneous samples.
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Attempts have been made to identify clinically sig-
nificant methods for subgrouping. It is clear that the cur-
rent cohort of individuals diagnosed with CFS is a diverse
group with varying disease course and disability patterns,
offering limited understanding of the etiology or pathol-
ogy of the illness and its components when considered
together. Patterns of illness course and duration are diffi-
cult to decipher when using the current diagnostic criteria
to identify individuals with this illness. Similar to disor-
ders such as cancer, it is highly likely that a number of
distinct types of CFS exist and that the current method
of grouping all individuals who meet diagnostic criteria
together is complicating the identification of biological
markers of the subgroups.

When diagnostic categories lack reliability and ac-
curacy, the quality of treatment and clinical research of
such populations can be significantly compromised. In
other words, the validity (i.e., usefulness) of a diagnostic
category is inherently limited by its reliability. Therefore,
to the extent to which a diagnostic category is unreli-
able, a limit is placed on its validity for any clinical re-
search or administrative use (Spitzer et al., 1975). Most
importantly, if there are many distinct subtypes within
a diagnostic category, samples will not be similar, as
they will have different percentages of critical characteris-
tics, symptoms, and biomarkers. For example, clinically,
if a specific treatment is indicated for a given disorder,
a misdiagnosis may lead to improper treatment and in
cases of severe illness the matter of an incorrect diag-
nosis can have serious consequences. The reliability of
clinical diagnosis is crucial when conducting treatment
studies. If there is limited reliability of the diagnostic
groups studied, because of failure to attend to subtype
differences, the results of any study using such diagnostic
categories are likely to be unreliable and/or invalid. Issues
concerning reliability of clinical diagnosis are there-
fore complex and have important research and practical
implications.

Cantwell (1996) purports that diagnostic criteria
should specify which diagnostic instrument to use, what
informants to use, and how to rate for presence and sever-
ity of the criteria. For example, one needs to specify that
a certain number and type of symptoms should be present
in order to make a particular diagnosis. In addition to the
importance of the number and type of symptoms, future
definitions of CFS should also include specific guidelines
pertaining to the importance of subtypes in the diagnos-
tic procedure. Presently, there are no such guidelines for
physicians to follow when determining whether a subtype
exists. Without such standardization, symptom variabil-
ity will be a function of the assessment procedure and
etiological factors.
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If inappropriate use of a case definition leads to the
inclusion of individuals who have a purely psychiatric
condition, this heterogeneity of patients with CFS and
psychiatric conditions will present difficulties in inter-
preting the results of epidemiologic and treatment studies.
Inevitably, there is some risk that samples of individuals
with chronic fatigue and somatic symptoms include those
with solely psychiatric diagnoses, with solely CFS diag-
noses, and with some CFS and psychiatric comorbidity.
Therefore, these three groups need to be differentiated
and analyzed separately as opposed to being collapsed
into one category.

When the HPA axis and sympathetic nervous system
become upregulated, possibly due to heightened central
nervous system sensitivity to stimuli such as cytokines, se-
cretions of glucocorticoids and catecholamines (adrenalin
and noradrenalin) are raised. This could result in a Thl
to Th2 immune response shift, which could impair the
body’s defense against viral or intracellular bacterial in-
fections. Once adrenal insufficiency stimulates immune
activation, this process can contribute to brain dysfunc-
tion (Komaroff, 2000b). Further, the process might occur
in different intensities and stages for different patients,
thereby necessitating the need to subtype individuals on
this dimension. For some individuals, cortisol levels are
within normal ranges, whereas it is not for others. This
might represent a critical dimension to understand the
pathophysiology of this illness. Although no virus has
been identified as the primary cause of CFS, the immune
system seems to be fighting a virus in some patients, as
evidenced by the RNase-L pathway. Evidence also points
to neurological findings including hyperintense signals on
MRI scans (Lange et al., 1998) and autonomic dysfunc-
tion (primarily neurally mediated hypotension; Schondorf
and Freeman, 1999). In this review, we have only covered
several of the subtypes that have been more extensively
studied. There are other more recent subtypes, for exam-
ple, the finding of chronic phase lipids in the majority
of patients with CFS (Hokama et al., 2003), increased
DNA fragmentation in muscle tissues of patients with FM
(Sprott et al., 2004), or a deficiency in the expression
of STAT1 proteins in about 30% of patients with CFS’
(Knox et al., 2004). Many of the dimensions reviewed
are worthy of efforts at subtyping in future studies. As
stated by Glaser et al. (2005), inconsistent patterns of
immune markers may be due to our present knowledge
base in fields such as virology and immunology, and as
we learn more about the immune system and new types

"These are a family of proteins that play central roles in the responses
of cells to cytokines, which may predispose patients to developing a
variety of infections.
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of immune cells and cytokines are discovered, there may
be other links to CFS that will help us better understand
the etiology of pathophysiology of subtypes.

Finally, in our efforts to differentiate CES subtypes,
researchers have often relied on self-report measures, par-
ticularly when assessing symptoms. For example, ques-
tionnaires have become the preferred instrument in sur-
veys assessing physical activity and fatigue (Paffenbarger
et al., 1993). A practical alternative, or perhaps supple-
ment, to the questionnaire format is use of activity logs
and records. The ACTRE is an example of a daily self-
administered log of physical activity (Gerber and Furst,
1992). 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. King et al.
(2004) used this instrument and found that those with CFS,
in compared to those with major depression or controls,
spent significantly more time resting, significantly more
time in low intensity activities (e.g., activities performed
lying down), and reported significantly more time in ac-
tivity that produced fatigue. Subclassifying those with and
without primarily low intensity activities would represent
a promising direction for future research.

However, we would recommend that self-report mea-
sures be supplemented when possible with other types of
biological and physical functioning data. For example,
Vanness et al. (2003) used cardiopulmonary exercise tests
on patients with CFS, and patients were assigned to one
of four impairment categories (i.e., none, mild, moderate,
and severe). Significant differences were found between
each impairment level for percentage of predicted VO,
and peak heart rate. The authors conclude that stratify-
ing patients by function allows for a more meaningful
interpretation of the responses to exercise and may enable
differential diagnosis between subsets of CFS patients.

Because cardiopulmonary exercise tests are expen-
sive, there are other methods for assessing impairments
in physical activity and functioning (Cartmel and Moon,
1992). Indirect measures of physical activity include di-
etary assessment and body composition measurement.
Another alternative method for measuring activity in-
volves actigraphs, which are small, light-weight, cost-
efficient activity monitors that can continuously collect
data every minute of the day and night for 22 days (Tryon
and Williams, 1996). One important use of the actigraph is
to verify self-reported improvements in physical function.
Unlike most activity monitoring devices, the actigraph
has the capability of recording movement intensity (Jason
et al., 1999c¢). Using these types of monitoring devices,
Ohashi et al. (2004) found patients with CFS had more
abrupt interruptions of voluntary physical activity during
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physical activity than healthy controls, whereas Tryon
et al. (2004) 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 rhythms, follow changes in it
throughout treatment, and potentially subclassify patients.

The identification of clinically significant subgroups
is the logical next step in furthering CFS research. Some
individuals might be at higher risk of developing this
chronic activation due to genetic vulnerabilities or to
constitutional or psychological factors. There might be
multiple pathways leading to the cause and maintenance
of the neurobiologic disregulations and other symptoms
experienced by individuals with CFS. Depending upon the
individual and subtype, these may include unique biolog-
ical, genetic, neurological, psychological, and socioenvi-
ronmental contributions. Subgrouping is the key to under-
standing how CFS begins, how it is maintained, how medi-
cal and psychological variables influence its course, and in
the best case, how it can be prevented, treated, and cured.
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