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Abstract
Background—Considerable controversy has transpired regarding the core features of myalgic
encephalomyelitis (ME) and chronic fatigue syndrome (CFS). Current case definitions differ in the
number and types of symptoms required. This ambiguity impedes the search for biological
markers and effective treatments.

Purpose—This study sought to empirically operationalize symptom criteria and identify which
symptoms best characterize the illness.

Methods—Patients (n=236) and controls (n=86) completed the DePaul Symptom Questionnaire,
rating the frequency and severity of 54 symptoms. Responses were compared to determine the
threshold of frequency/severity ratings that best distinguished patients from controls. A
Classification and Regression Tree (CART) algorithm was used to identify the combination of
symptoms that most accurately classified patients and controls.

Results—A third of controls met the symptom criteria of a common CFS case definition when
just symptom presence was required; however, when frequency/severity requirements were raised,
only 5% met criteria. Employing these higher frequency/severity requirements, the CART
algorithm identified three symptoms that accurately classified 95.4% of participants as patient or
control: fatigue/extreme tiredness, inability to focus on multiple things simultaneously, and
experiencing a dead/heavy feeling after starting to exercise.
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Conclusions—Minimum frequency/severity thresholds should be specified in symptom criteria
to reduce the likelihood of misclassification. Future research should continue to seek empirical
support of the core symptoms of ME and CFS to further progress the search for biological markers
and treatments.
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Introduction
Holmes et al. [1] constructed the first US working case definition of CFS. To meet criteria,
participants were required to report at least eight of eleven minor symptoms (fever or chills,
sore throat, lymph node pain, muscle weakness, muscle pain, post-exertional malaise,
headaches of a new or different type, migratory arthralgia, neuropsychiatric complaints,
sleep disturbance, and a sudden onset of symptoms). However, when these criteria were
utilized in research and practice, it became evident that there were numerous inconsistencies
in interpretation and classification of cases.[2–4] A major concern was that the requirement
of eight or more minor symptoms could inadvertently select for individuals with psychiatric
problems.[4] For example, Katon and Russo [5] noted that chronic fatigue patients with the
highest numbers of unexplained physical symptoms had high rates of psychiatric disorders,
while patients with the lowest numbers of unexplained symptoms displayed rates of
psychiatric disorders that were similar to other clinical populations with chronic medical
illnesses.

These difficulties were influential in the development of a revised US case definition for
CFS by Fukuda and associates [6] (Fukuda CFS). This case definition requires the
concurrence of at least four of eight symptoms (sore throat, lymph node pain, muscle pain,
joint pain, post-exertional malaise, headaches of a new or different type, memory and
concentration difficulties, and unrefreshing sleep), a reduced set of symptoms from the
Holmes et al. criteria.[1] Several investigations have contrasted these two CFS case
definitions. For example, Jason et al. [7] found that the Holmes et al. criteria,[1] compared
to the Fukuda CFS criteria, selected a group of participants with more symptomatology and
functional impairment. Because the Fukuda CFS criteria require only four symptoms of a
possible eight, participants could meet criteria without having prominent CFS symptoms,
such as post-exertional malaise and memory and concentration problems. The Fukuda CFS
case definition has been criticized for not requiring core CFS symptoms [8] and lacking
clear operational definitions and guidelines to assist researchers in its application.[9]

By 2003, the Canadian Clinical case definition had been developed, utilizing the term ME/
CFS, as opposed to CFS, to refer to the illness (Canadian ME/CFS).[10] This case definition
requires the occurrence of seven specific symptoms. Unlike the polythetic approach used in
the Fukuda CFS criteria,[6] the Canadian ME/CFS criteria specify exactly which symptom
domains must be present in a case of ME/CFS, such as post-exertional malaise. Jason et al.
[11] compared persons meeting the Canadian ME/CFS criteria, the Fukuda CFS criteria, and
people experiencing chronic fatigue explained by psychiatric reasons. The Canadian ME/
CFS criteria, in contrast to the Fukuda CFS criteria, selected cases with less psychiatric
comorbidity, more physical, functional impairment, greater fatigue or weakness, and more
neuropsychiatric and neurological symptoms, such as confusion, disorientation, and
difficulty retaining information.

In an effort to better operationalize the Canadian ME/CFS criteria, Jason et al. [12] specified
explicit rules for determining ME/CFS status with this case definition. Using this method,
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Jason et al. [13] compared those meeting the Canadian ME/CFS case definition to those who
did not meet the Canadian ME/CFS criteria but met the Fukuda CFS criteria [6] only.
Findings indicated that the Canadian ME/CFS case definition identified individuals with
more severe symptoms and greater functional disability than those who met the Fukuda CFS
criteria only.

In another study, Jason et al. [14] compared the Canadian ME/CFS criteria [10] to a
different set of empiric CFS criteria developed by Reeves et al [15] through the use of data
mining with decision trees. Participants belonged to one of four groups: CFS (diagnosed by
a physician), Idiopathic Chronic Fatigue (ICF; six months of fatigue, but insufficient
symptoms to meet CFS criteria), Exclusionary (chronic fatigue explained by medical or
psychiatric conditions), and Control (individuals with fewer than 6 months of fatigue). Two
decision tree analyses were conducted: the first used items from the Reeves et al. CFS
criteria to attempt to accurately classify participants as CFS, ICF, Exclusionary, or Control,
and the second analysis used items from the Canadian ME/CFS criteria. When items from
the Reeves et al. CFS criteria were used, the resulting classification correctly identified 79%
of cases. When items from the Canadian ME/CFS criteria were used, 87% of the cases were
classified correctly. In addition, the items that were identified as having the most
discriminatory ability in the Canadian ME/CFS analysis represent core features of the
illness, such as the inability to concentrate, post-exertional malaise, and unrefreshing sleep,
whereas the analysis that used the Reeves et al. CFS criteria did not identify these items.

Prior studies [11,13,14] used a symptom questionnaire that was originally developed to
measure the Fukuda CFS criteria [6], rather than the Canadian ME/CFS criteria[10] to
identify participants for research studies. Jason et al. [16] corrected this limitation by
analyzing three distinct samples, each collected through a different case ascertainment
method, using the DePaul Symptom Questionnaire as the assessment instrument. The
questionnaire was developed to measure the criteria of each case definition. Findings
indicated that fewer individuals met the Canadian ME/CFS criteria than the Fukuda CFS
criteria, and that those who met the Canadian ME/CFS criteria evidenced more severe
symptoms and more physical impairment.

A new case definition, the International Consensus Criteria for myalgic encephalomyelitis
(ME-ICC), was recently published.[17] To meet the ME-ICC, a person must have symptoms
from the following four domains: (1) Post-Exertional Neuroimmune Exhaustion; (2)
Neurological Impairments; (3) Immune, Gastro-intestinal, and Genitourinary Impairments;
and (4) Energy Production/Transportation Impairments. Brown et al. [18] contrasted the
ME-ICC [17] with the Fukuda CFS criteria.[6] Findings indicated that the ME-ICC
identified a subset of patients with more functional impairments and physical, mental, and
cognitive problems than the larger group of patients who met the Fukuda CFS criteria.
However, the patients who met the ME-ICC also had significantly greater rates of
psychiatric comorbidity. Jason et al. [19] also compared the ME-ICC to the Fukuda CFS
criteria. In general, participants who met the ME-ICC were more functionally impaired than
those with Fukuda-defined CFS.

As evidenced by prior studies, patients who met different case definitions displayed
differences in symptomatology and impairment. Studying dissimilar samples hinders the
search for causal factors, biological markers, and effective treatments. In the present study,
we examined individuals who were diagnosed by a physician using the Fukuda CFS [6] or
Canadian ME/CFS [10] criteria and compared this patient group to a control group. We
examined the prevalence of the symptom domains defined by the Fukuda CFS, Canadian
ME/CFS, and ME-ICC [17] case definitions in the patient and control groups. Specifically,
we determined the frequency and severity thresholds necessary to distinguish patients from
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controls and applied these thresholds to identify the most salient, core symptoms of this
illness. For a summary of the participant and case definition terminology used throughout
this article, please refer to Table 1.

Method
Research participants

SolveCFS BioBank Sample—Data from the SolveCFS BioBank were de-identified and
shared with the DePaul Research Team by the CFIDS Association of America. The
SolveCFS BioBank has clinical information and blood samples on a group of individuals
who were diagnosed by a licensed physician using the Fukuda CFS [6] or Canadian ME/
CFS [10] criteria. All individuals included in the present study were over 18 years of age.
Participants were recruited by the CFIDS Association of America from expert physician
clinics. All participants who met eligibility criteria completed a written informed consent
process. Control participants were recruited who were in generally good physical and mental
health and did not have a substance use disorder or any disorder that causes
immunosuppression. Participants completed the study measures electronically or by hard
copy.

Case definitions
Fukuda et al. CFS Case Definition (Fukuda CFS)—Fukuda et al. [6] defined chronic
fatigue syndrome by the presence of the following criteria: (1) clinically evaluated,
unexplained, persistent or relapsing chronic fatigue that is of new or definite onset (has not
been lifelong); is not the result of ongoing exertion; is not substantially alleviated by rest and
results in substantial reduction in previous levels of occupational, educational, social, or
personal activities, and (2) the concurrent occurrence of four or more of the following
symptoms, all of which must have persisted or recurred during six or more consecutive
months of illness and must not have predated the fatigue: memory or concentration
problems, sore throat, tender lymph nodes, muscle pain, joint paint, headaches, unrefreshing
sleep, and post-exertional malaise.[2,p.956]

Canadian Clinical ME/CFS Case Definition (Canadian ME/CFS)—The Canadian
ME/CFS case definition [10] requires that the following symptoms be present: unexplained,
chronic physical or mental fatigue, post-exertional malaise (i.e., a worsening of symptoms
after physical or mental effort) from which at least 24 hours are required to recover,
significant pain (e.g., myalgias, arthralgias), sleep dysfunction (e.g., unrefreshing sleep,
sleep rhythm disturbance), and two neurological or cognitive symptoms (e.g., confusion,
memory impairment, loss of concentration). Additionally, individuals must report symptoms
from two of the following categories: autonomic manifestations (e.g., orthostatic
intolerance, nausea, irritable bowel problems), neuroendocrine manifestations (e.g.,
intolerance of temperature extremes, loss of appetite), and immune manifestations (e.g.,
fever, recurrent sore throats).

International Consensus Criteria for Myalgic Encephalomyelitis (ME-ICC)—The
ME-ICC [17] state that the impact of symptom severity must lead to a 50% or greater
reduction of a patient’s premorbid activity level. Additionally, the criteria require symptoms
from four major symptom groupings. (1) Patients must report Post-Exertional Neuroimmune
Exhaustion (i.e., worsening of symptoms after physical or mental activity). (2) Additionally,
patients must have at least one symptom from three of the following four neurological
impairment domains: neurocognitive impairments (e.g., difficulty processing information,
short-term memory loss), pain; sleep disturbance; and neurosensory, perceptual and motor
disturbances (e.g. inability to focus vision, sensitivity to light, muscle weakness, feeling
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unsteady on feet). (3) Patients also must report at least one symptom from three of the
following five immune, gastro-intestinal and genitourinary impairments: flu-like symptoms;
susceptibility to viral infections with prolonged recovery periods; gastro-intestinal tract
symptoms (e.g., nausea, abdominal pain); genitourinary symptoms (e.g., urinary urgency);
and sensitivities to foods, medications, odors, or chemicals. (4) The final category is Energy
Production/Transportation Impairments. Patients must have at least one symptom from one
of the following four categories: cardiovascular (e.g. orthostatic intolerance), respiratory
(e.g. labored breathing), loss of thermostatic stability (e.g. feeling feverish), and intolerance
of extremes of temperature.

Measures
The DePaul Symptom Questionnaire—All participants completed the DePaul
Symptom Questionnaire (DSQ)[12], a self-report measure of symptomatology,
demographics, and medical, occupational, and social history. The DSQ has items that
measure the dimensions of the Fukuda CFS,[6] Canadian ME/CFS,[10] and ME-ICC [17]
case definitions.[20] Participants were asked to rate each of 54 symptom’s frequency and
severity over the past six months on a 5-point Likert scale. Symptom frequency was rated:
0=none of the time, 1=a little of the time, 2=about half the time, 3=most of the time, and
4=all of the time. Likewise, severity was rated: 0=symptom not present, 1=mild,
2=moderate, 3=severe, and 4=very severe. The DSQ has evidenced good test-retest
reliability among both patient and control groups.[21] The development of the DSQ was
based on the CFS Questionnaire, which was able to sensitively distinguish among
individuals with CFS, individuals with Major Depressive Disorder, and healthy controls.[22]
The CFS Questionnaire also assesses for frequency and severity of symptoms over the past
six months, but the severity rating is on a scale from 0–100 whereas the DSQ utilizes Likert
scales. Additionally, the CFS Questionnaire was not developed to examine the Canadian
ME/CFS criteria and the ME-ICC, whereas the DSQ was specifically developed to assess
these criteria. The DSQ is available at REDCap’s [23] shared library (<Insert Link; Will Be
Available Soon>).

Demographic analysis
The Fukuda CFS [6], Canadian ME/CFS [10], and ME-ICC [17] case definitions were
applied to the patient group based on responses to items in the DSQ. Data were unavailable
in the SolveCFS BioBank database for two symptoms defined in the ME-ICC: susceptibility
to viral infections with prolonged recovery periods (within the Immune, Gastro-Intestinal,
and Genitourinary Impairments category) and intolerance of extremes of temperature
(within the Energy Production/Transportation Impairments category). Thus, these criteria
were adjusted slightly, but 49 of the 51 symptoms used to operationalize these criteria were
still available to classify participants. Newer versions of the DSQ do have questions that
measure these symptoms.

The demographic information of individuals who met each case definition was compared to
the demographic information of the control group. As those individuals meeting the Fukuda
CFS [6] definition also met the Canadian ME/CFS [10] and adjusted ME-ICC [17] case
definitions, we did not examine statistical differences between these groups. However, we
did examine differences between each case definition group and the control group. T-tests
were calculated to statistically compare mean ages, and Fisher’s exact tests were used to
compare gender, race, marital status, work status, and education level.

Threshold analysis
The frequency and severity scores of all patients and controls were analyzed for each of the
54 symptoms in the DSQ (described in Jason et al. [12]). To determine what percentage of
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patients and controls had each symptom, two different frequency/severity requirements were
examined: (1) participants needed to report a frequency and severity score of at least 1
(severity of mild and frequency of at little of the time) to be counted as having the symptom;
and (2) participants had to report a frequency and severity score of at least 2 (severity of
moderate and frequency of half of the time) for the symptom to count. The percentages of
patients and controls who met these requirements were compared for each symptom. Charts
were created that displayed the results of this analysis for the symptoms used in the Fukuda
CFS,[6] Canadian ME/CFS,[10] and adjusted ME-ICC [17] case definitions. This analysis
identified symptoms of high prevalence within the patient group, but low prevalence within
the control group.

Data mining analysis
Data mining with decision trees was used to further analyze symptom data. Data mining
techniques, such as classification using decision trees, provide statistical analyses that
identify which questionnaire items best predict class membership and are useful for
indicating which symptoms should be required in the diagnostic process to ensure the most
accurate classifications. In the current study, decision trees were used to determine which
symptoms were most effective at accurately classifying participants as patient or control.

The 54 symptoms listed in the DSQ were converted into binary variables for use in this
analysis. Each symptom variable specified whether or not the participant reported frequency
and severity levels for that symptom that met a minimum threshold. To meet this threshold,
a symptom’s frequency and severity scores needed to be greater than or equal to 2
(symptoms of at least moderate severity that occur at least half of the time). The resulting 54
binary variables were used as inputs in the decision tree analysis, one associated with each
symptom in the DSQ.

Decision trees consist of a series of successive binary choices (branch points) that will
ideally result in an accurate classification of participants. At each branch point of the tree, all
of the symptom variables are examined to determine which symptom has the most effect on
the entropy of the classifications. Here, entropy indicates the certainty of the diagnosis. The
symptom selected at each branch point is the one that best predicts classifications at that
point in the tree, and is used to split all of the cases into two groups. This process is
repeated, and more symptoms are chosen, until the resulting series of branch points produces
groupings of correctly classified participants.

SPSS Statistics software was used to build our decision tree models. To build the models, a
Classification and Regression Tree (CART) algorithm was applied to a training set
consisting of 66% of the cases, stratified to reflect the distribution of patient and control
groups. The value of the model was measured by evaluating its classification performance
when applied to cases reserved for testing (34% of the data), allowing this technique the
ability to be generalized to new data.

Results
Demographics

Table 2 presents demographic data for patients who met the Fukuda CFS,[6] Canadian ME/
CFS,[10] and adjusted ME-ICC [17] case definitions. Significant differences existed in work
status between the control group and the Fukuda CFS [p < 0.000, two-tailed Fisher’s exact
test], Canadian ME/CFS [p < 0.000, two-tailed Fisher’s exact test], and ME-ICC groups [p <
0.000, two-tailed Fisher’s exact test]. Most of the individuals in the control group were
working, while the majority of the Fukuda CFS, Canadian ME/CFS, and ME-ICC groups

Jason et al. Page 6

Fatigue. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



were on disability. Additionally, a significant difference was found when comparing the
marital status of the Fukuda CFS and control groups [p = 0.03, two-tailed Fisher’s exact
test], as a larger proportion of the Fukuda CFS group was single.

Threshold symptoms
Figure 1 displays the percentage of patient and control participants who met frequency and
severity threshold scores of 1 (symptoms of at least minor severity that occur at least a little
of the time) for symptoms specified by the Fukuda CFS criteria.[6] Figure 2 shows the
percentage of participants who met frequency and severity thresholds of 2 (symptoms of at
least moderate severity that occur at least half of the time) for these symptoms. The bars
denoting patient frequencies are displayed in black, whereas the control frequencies are
grey. It is clear from these figures that a high proportion of controls have these symptoms
when using lower minimum frequency and severity thresholds of 1. In fact, using this
threshold, 33.7% of controls would meet the Fukuda CFS symptom requirement of having
four of the eight specified symptoms, while only 4.7% of controls would meet this
requirement if the frequency and severity threshold were raised to scores of 2 or higher.
Similarly, 20.7% of controls would meet the seven symptom requirements of the Canadian
ME/CFS criteria [10] when using a minimum frequency and severity threshold of 1, while
just 3.7% of controls would meet these symptom requirements if the minimum threshold
were raised to 2. The adjusted ME-ICC [17] result in the same trend: 14.6% of controls
would meet the eight symptom requirements using a minimum threshold of 1, while 3.7% of
controls would meet the requirements when employing the more stringent threshold of 2.

Core symptoms
Figures 3 and 4 present the percentage of patients and controls that experienced core
symptoms of the Canadian ME/CFS [10] and ME-ICC [17] case definitions respectively,
employing a threshold of 2 for frequency and severity scores. As data were unavailable for
the two symptoms of the ME-ICC, described above, these symptoms are not displayed in
Figure 4. These graphs demonstrate that three of the symptom domains (post-exertional
malaise, memory and concentrations problems, and unrefreshing sleep) are more prevalent
among patients in comparison to the other specified domains. This trend is also present in
Figures 1 and 2.

The data mining analysis identified three symptoms from the initial 54 analyzed that
accurately classified 95.4% of participants as patient or control when employing minimum
frequency and severity scores of 2 (moderate; half of the time): fatigue or extreme tiredness,
inability to focus on more than one thing at a time, and experiencing a dead or heavy feeling
after starting to exercise. Using these three symptoms, the resulting classification had a
sensitivity of 96.3% and specificity of 92.9%.

Discussion
The results of this study indicate that identifying minimum frequency and severity
thresholds for symptom criteria is necessary in order to accurately distinguish patients from
controls. While a large proportion of controls met the symptom criteria of the various case
definitions when low frequency and severity thresholds were employed, raising these
thresholds differentiated controls from patients. Among researchers using the different case
definitions, there is considerable variability in how thresholds for symptom criteria are
operationalized. For example, Baraniuk et al. [24] operationalized the Fukuda CFS criteria
[6] by collecting data on fatigue and the eight specified symptoms over the previous six
months, using the following severity ratings: 0 for no symptom, 1 for trivial, 2 for mild, 3
for moderate and 4 for severe. To be diagnosed with CFS, a participant needed to report a
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fatigue score of at least 3 (moderate), but scores had to be just 2 (mild) or higher for four of
the eight Fukuda CFS symptoms. Simply rating severity rather than both frequency and
severity could lead to measurement and classification problems, and allowing only mild
symptoms to meet criteria might allow some individuals without CFS to be classified as
having CFS. Neither the Canadian ME/CFS criteria [10] nor the ME-ICC [17] provided
guidance for rating the severity or frequency of symptoms. Moreover, the ME-ICC [25] did
not specify a time frame over which to rate the symptoms.

In another effort to operationalize the Fukuda CFS criteria [6], Wagner et al. [26] developed
the CDC Symptom Inventory (SI), which assesses information about the presence,
frequency, and intensity of fatigue-related symptoms during the past one month. The
frequency and severity scores are multiplied for each of the eight critical Fukuda CFS
symptoms and are then summed. To meet the Reeves et al. [15] symptom criteria, a person
needs to have four or more symptoms and a total SI score greater than or equal to 25. A few
issues have been noted for the SI.[27] For example, the threshold score of 25 may be low for
patients with classic CFS symptoms. A score of 25 could be met if a patient rated just two
symptoms as occurring all the time, with one of moderate severity and the other severe. In
addition, the SI specifies a time period of the past one month for rating the eight symptoms,
while the Fukuda CFS criteria specifies a time period of the last six months. The use of
varied threshold specifications in ME and CFS studies inhibits researchers’ ability to
replicate results. Furthermore, the use of lower symptom thresholds may inadvertently bring
individuals without ME or CFS into patient samples. Thus, standardized, empirically-based
thresholds should be identified in ME and CFS case definitions. The results of the current
study indicate that defining symptom presence as symptoms of at least moderate severity
that occur at least half of the time accurately distinguishes patients from controls.

Symptom prevalence
Moving from issues of thresholds to prevalence of symptoms, the findings of this study
indicate that patients’ most common symptoms are fatigue, post-exertional malaise,
neurocognitive problems, and unrefreshing sleep. Other symptoms (such as pain, autonomic,
immune, and neuroendocrine symptoms) are not as prevalent. Current case definitions vary
in the symptoms they require. Whereas the original US case definition of CFS required
patients to have eight of eleven specified symptoms,[1] the Fukuda CFS criteria [6] reduced
the number required to four of eight symptoms. However, the polythetic nature of the
Fukuda CFS criteria makes it possible to meet criteria without experiencing core symptoms
of the illness. The Canadian ME/CFS criteria later required seven specific symptoms.[10]
The most recent case definition, the ME-ICC, increased the number of required symptoms to
eight.[17] Requiring larger numbers of symptoms can inadvertently increase the rate of
psychiatric comorbidity of the group that meets criteria.[5]

Future refinement of case definitions may wish to focus on requiring a small set of core
symptoms, such as post-exertional malaise, neurocognitive symptoms, and possibly
unrefreshing sleep. These symptoms were among the most prevalent that patients in this
study’s sample experienced. Furthermore, the data mining analysis identified one symptom
from each of the post-exertional malaise and neurocognitive domains in order to accurately
distinguish patients from controls. The use of a split cohort and the validating of findings
were methodological strengths of this study.

It is clear from Figures 3 and 4 that, at a threshold of 2 for both frequency and severity, the
majority of patients do not experience immune, neuroendocrine, autonomic, and pain
symptoms. Although a moderate percentage of the patient group reported muscle pain, this
symptom is not as prominent as other core symptoms and a relatively large percentage of
controls reported muscle pain as well. Future research could search for commonly co-
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occurring symptoms within the less prevalent symptom domains to develop subtypes of the
illness. Using this approach, the number of symptoms required could remain at four, with
one symptom being from the subtype domain (e.g., immune, neuroendocrine, autonomic,
pain) and with the remaining three requirements being the symptoms of highest prevalence
(post-exertional malaise, neurocognitive symptoms, and unrefreshing sleep). A factor
analysis by Brown and Jason [28] resulted in a three-factor solution that supports such a case
definition structure. The analysis resulted in one factor comprised of post-exertional malaise
items, one factor of neurocognitive items, and one larger factor that encompassed pain,
immune, neuroendocrine, and autonomic items.

Subtypes and symptom factors
Recent pathophysiologic research also supports the existence of subtypes among patients
with CFS.[29] For example, Light et al. [30] found that after moderate exercise, two
subtypes of changes occurred within the study’s CFS group. In 71% of the CFS group, large
gene expression occurred for multiple systems, including sensory receptors (2PX4, 2PX5,
TPRIV1), adrenergic (sympathetic nervous system) receptors (Alpha 2a, Beta-1, Beta-2,
COMT), and cytokine receptors (IL-10). However, for 29% of the CFS group, decreases
after exercise were only found in the Alpha 2a mRNA, indicating that for this group, there
was only dysregulation in the adrenergic sympathetic nervous system (71% of these patients
had orthostatic intolerance, but only 18% had this symptom in the larger CFS subgroup).

Several additional studies have used statistical techniques to determine the factor structure
of symptoms experienced by patients with this illness. For example, Friedberg et al. [31]
found the following three-factor solution: cognitive problems, flu-like symptoms, and
neurologic symptoms. Jason et al. [32] found a six-factor solution, consisting of:
neurocognitive, vascular, inflammation, muscle/joint, infectious, and sleep/post-exertional
malaise symptoms. Arroll and Senior [33] reported a five-factor solution: fibromyalgia
syndrome-like, depression/anxiety, fatigue/post-exertional malaise, cognitive/neurological,
and irritable bowel syndrome-like symptoms. Finally, Hickie et al. [34] found a five-factor
model involving musculoskeletal pain/fatigue, neurocognitive difficulties, inflammation,
sleep disturbance/fatigue, and mood disturbance. It is clear from these studies that the
domains of post-exertional malaise, unrefreshing sleep, and neurocognitive impairments are
most common, whereas fewer studies report autonomic, immune and neuroendocrine
factors.

Different types of fatigue
The symptom of fatigue did emerge in the data mining analysis; however, the disabling
fatigue experienced by individuals with ME and CFS differs from that associated with other
illnesses or everyday activity. Of importance, fatigue at low thresholds was common within
the control group. However, fatigue was infrequent among controls at moderate severity
levels and frequency levels of at least half of the time. Thus, steps must be taken to clarify
and differentiate the unique type of fatigue associated with ME and CFS. Jason et al. [35]
illustrated this difference by using the ME/CFS Fatigue Types Questionnaire (MFTQ) to
capture the various aspects of fatigue frequently described by patients with ME and CFS.
Items were written for the following five hypothesized dimensions of fatigue: Post-
Exertional, Wired, Brain Fog, Energy, and Flu-Like. Jason et al. [35] found a five-factor
structure that was confirmed in the patient sample. In contrast, among the control group,
only one factor emerged. These findings suggest that the symptom of fatigue in this illness is
a multi-dimensional entity that is distinct from the fatigue experienced by the general
population. Case definitions may better capture this distinct type of fatigue through requiring
fatigue of higher frequency and severity.
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Case definitions and their limitations
The Fukuda CFS case definition [6] has been extensively used by researchers for the past
two decades. Unfortunately, it is possible that some individuals who meet these criteria do
not have core symptoms of the illness, such as post-exertional malaise, unrefreshing sleep,
or memory/concentration problems. The Canadian ME/CFS criteria [10] do identify a
smaller subset of patients with more severe functional impairment and post-exertional
malaise symptoms. For example, using the DSQ, Jason et al. [16] found that fewer
individuals met the Canadian ME/CFS criteria (from 72.7% to 77.2% of three distinct
samples) than the Fukuda CFS criteria (from 86.5% to 96.3% of the same three samples),
and those who met the Canadian ME/CFS criteria evidenced more severe symptoms and
physical functioning impairment. These findings were replicated across three samples and
provide evidence supporting the ME construct as originally proposed by earlier researchers.
[36–38]

An additional limitation of current case definitions is that only one symptom within a
symptom domain must be present for a participant to meet criteria for that domain. For
example, while there are many possible symptoms within the neurocognitive domain, some
symptoms are highly prevalent among patients, while others are less prevalent; however, the
occurrence of either a high or low prevalence item will allow a participant to fulfill that
symptom domain requirement. Empirical approaches might help specify which symptoms
within a given domain have both the needed sensitivity and specificity to create a more valid
case definition. The results of this study support the need for well-defined symptom criteria
thresholds and an empirical approach in identifying core symptom domains of the illness;
however, this study had a few limitations. For example, symptoms were not asked about in
relation to activity; as some patients may only experience certain symptoms in response to
activity, the prevalence of these symptoms may be underrepresented in this study’s results.
While this study focused on comparing patients to healthy controls, future research should
also identify thresholds and symptom domains that best distinguish CFS and ME from other
illnesses.

Data mining techniques
In addition, the current study’s analyses used self-report data, so future research may benefit
from using data mining techniques with results of medical testing. For example, using
Neural-Network Classifiers to differentiate CFS and non-CFS control groups, Hanson,
Gause, and Natelson [39] found that only one cytokine, interleukin-4 (IL-4), remained in
their final model, suggesting a shift in the CFS group to a type 2 cytokine pattern. Another
study evaluated various computational tools in predicting CFS through single nucleotide
polymorphisms.[40] They found a significant association of NR3C1 in the CFS group
compared to non-fatigued controls. The NR3C1 gene is involved in a number of
physiological functions, including energy metabolism and immune response. Others have
used machine learning algorithms to show that an inflammatory adipokin leptin could
distinguish, with 78.3% accuracy, high from low fatigue days among a sample of ten women
with ME.[41]

Need for empirical approaches
Over time, there have been a number of terms and criteria used to define this illness,
including CFS (operationalized by using the Fukuda CFS [6] or Reeves et al. CFS [15]
criteria), ME/CFS (operationalized by using the Canadian ME/CFS criteria [10]), or ME
[38] (operationalized by using the ME-ICC [17] or guidelines specified by Jason et al. [20]).
As more researchers begin to use varying case definitions and criteria to select samples, it is
imperative for researchers to specify the criteria used so that findings can be better
compared.[42] Ultimately, researchers should develop more sophisticated and empiric
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approaches, rather than relying on consensus, to identify the core domains of this illness, as
well as the best items to represent those domains. Close inspection of the limitations of past
case definitions should guide the efforts to reduce criterion variance and ultimately develop
more valid diagnostic criteria.
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Figure 1.
The percentage of patients and controls who reported frequency and severity scores of at
least 1 (symptoms of at least mild severity that occur at least a little of the time) for
symptoms specified by the Fukuda et al. criteria [2]
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Figure 2.
The percentage of patients and controls who reported frequency and severity scores of at
least 2 (symptoms of at least moderate severity that occur at least half of the time) for
symptoms specified by the Fukuda et al. criteria [2]
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Figure 3.
The percentage of patients and controls who reported frequency and severity scores of at
least 2 (symptoms of at least moderate severity that occur at least a half of the time) for
symptoms specified by the Canadian ME/CFS criteria [3]
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Figure 4.
The percentage of patients and controls who reported frequency and severity scores of at
least 2 (symptoms of at least moderate severity that occur at least a half of the time) for
symptoms specified by the Myalgic Encephalomyelitis International Consensus Criteria [4].
Data was unavailable for the following two symptoms: susceptibility to viral infections and
intolerance of extremes of temperature; therefore, these symptoms are not displayed.
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