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Abstract
Purpose—All of the major current case definitions for chronic fatigue syndrome (CFS) specify
substantial reductions in previous levels of occupational, educational, social, or personal activities
to meet criteria. Difficulties have been encountered in operationalizing “substantial reductions.”
For example, the Medical Outcomes Study Short Form-36 Health Survey (SF-36) has been used to
determine whether individuals met the CFS disability criterion. However, previous methods of
using the SF-36 have been prone to including people without substantial reductions in key areas of
physical functioning when diagnosing CFS. This study sought to empirically identify the most
appropriate SF-36 subscales for measuring substantial reductions in patients with CFS.

Method—The SF-36 was administered to two samples of patients with CFS: one recruited from
tertiary care and the other a community-based sample; as well as a non-fatigued control group.
Receiver operating characteristics were used to determine optimal cutoff scores for identifying
patients with CFS.

Results—The SF-36 Role-Emotional subscale had the worst sensitivity and specificity, whereas
the Vitality, Role-Physical, and Social Functioning subscales had the best sensitivity and
specificity.

Conclusion—Based on evidence from this study, potential criteria for defining substantial
reductions in functioning and diagnosing CFS is provided.

Introduction
Chronic fatigue syndrome (CFS) is a poorly understood illness lacking a clearly defined
etiology. Current case definitions of CFS are vaguely worded and not operationalized.
Consequently, the reliability of the diagnostic criteria is at risk, potentially leading to
differences in CFS samples across research studies. An important component of CFS
diagnostic criteria that has not been well-defined is level of disability. Specifically, to
diagnose CFS using the Fukuda et al. [1] criteria, it is important to assess substantial
reductions in “previous levels of occupational, educational, social, or personal activities” [1,
p. 956]. Objective measures of activity may be an advantageous approach to assessing this
substantial reductions construct compared to self-report measures. However, for research
purposes, subjective measures may be more desirable for screening this construct due to
ease of administration and lower cost. An instrument that has been frequently used to assess
substantial reductions is the Medical Outcomes Study Short Form-36 Health Survey (SF-36)
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[2]. This instrument is a 36-item, broadly-based, self report measure of functional status
related to physical functioning, role physical functioning, role emotional functioning, social
functioning, bodily pain, general health, vitality, and mental health. Higher scores on this
scale indicate better functioning. The SF-36 has been recommended by several groups,
including Reeves et al. [3] to assess substantial reductions in previous levels of occupational,
educational, social, and personal activities.

Reeves et al.’s [4] empiric CFS case definition attempted to operationalize the substantial
reductions construct using the SF-36. According to this empiric CFS case definition, the
CFS disability criterion would be met by scoring at or below the 25th percentile on any one
of the following four SF-36 subscales: Physical Functioning (less than or equal to 70), Role-
Physical (less than or equal to 50), Social Functioning (less than or equal to 75), or Role-
Emotional (less than or equal to 66.7). Jason et al. [5] have questioned the inclusion of the
Role-Emotional subscale because a person could meet the disability CFS criterion without
any reductions in key areas of physical functioning, and only have impairment in role
emotional areas (e.g., problems with work or other daily activities as a result of emotional
problems). Ware et al. [2] found that the mean for Role-Emotional for a clinical depression
group was 38.9, indicating that almost all those with clinical depression would meet the CFS
disability criterion, as they would be within the lower 25th percentile on this subscale.

Rather than arbitrarily selecting the lower 25% for four SF-36 subscales, as was
recommended in Reeves et al.’s [4] empiric CFS case definition, the present study first
examined the use of the SF-36 in the existing literature to determine which subscales best
differentiated CFS and control groups. We next used Receiver Operating Characteristics
(ROC) to determine which subscales best discriminate between patients with CFS versus
controls who are not ill. Given that substantial reductions in functioning are only one
criterion used to diagnose CFS and can occur in several medical and psychological illnesses,
this measure alone would not suffice in differentiating CFS from other conditions.
Therefore, the objective of this study was to determine the level of reductions necessary to
differentiate patients with CFS from those who are not ill, as well as to examine which
SF-36 subscales are optimal in making this distinction. In order to increase the
generalizability of our findings, we used two CFS samples: a tertiary care sample and a
community-based sample. In addition, we determined cutoff points on the most
discriminating subscales with the best sensitivity and specificity. These cutoff points were
subsequently used in a final ROC to determine how many subscale cutoffs needed to be met
to best differentiate the CFS groups from the controls.

Methods
Literature review

Because of the importance of the SF-36 for CFS diagnostic purposes, it is useful to review
the findings of CFS investigators using this scale. The authors searched for peer-reviewed
articles in the following major online databases: PsycInfo, PubMed, and Google Scholar.
Search terms included: chronic fatigue syndrome, Myalgic Encephalomyelitis, SF-36, MOS
SF-36, Medical Outcome Study Short Form 36 Health Survey, and substantial reductions.
Within this search strategy, articles included in Table 1 reported means, standard deviations,
and/or confidence intervals of SF-36 subscale scores. Further, studies were included if they
used one or more comparison group or subgroups of patients with CFS. Thus, this is not an
exhaustive literature review but rather a representation of literature on SF-36 scores among
patients with CFS. A total of 17 studies were found that included CFS samples and used the
SF-36. Descriptive statistics were obtained for the SF-36 subscales. Nine of the 17 studies
had a CFS and non-ill control group, and these studies were used to compare SF-36 subscale
scores between patients and controls. Across these 9 studies, the SF-36 subscale scores were
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averaged for the CFS groups, and, separately, the control groups. Differences between the
CFS and control group means were computed for each of the subscales.

Community-based sample
The data for the community-based CFS sample and the controls in the present investigation
were derived from a larger community-based study of the prevalence of CFS [6]. This larger
study was carried out in three stages. Stage 1 involved administering an initial telephone
screening questionnaire in order to assess for symptoms of CFS. Procedures developed by
Kish [7] were used to select one adult from each household. Birth dates for each adult were
gathered, and the person with the most recent birthday was selected to be interviewed. We
screened a random sample of adults (aged 18 years or older) between September 1995 and
May 1997. A stratified random sample of several neighborhoods in Chicago, which were
10–15 minutes from the site of the medical examinations, was utilized. We called 28,673
residential/working telephone numbers and were able to complete the interview for 18,675
adults (65.1% completion rate). If interviewees reported during the stage 1 interview that
they had been suffering from severe fatigue, extreme tiredness, or exhaustion that had been
present for a period of six months or longer, they were determined to have chronic fatigue
and were asked additional questions which assessed more specific dimensions of their
fatigue.

The stage 1 screen revealed that of the 18,675 interviewees, 780 (4.2%) had chronic fatigue.
Of these, 408 reported chronic fatigue and the concurrent occurrence of four or more of the
core symptoms listed in the Fukuda et al. [1] CFS case definition, and they were defined as
CFS-like. The suffix ‘like’ was used to clarify that individuals in this group only met criteria
by self-report, and thus did not necessarily qualify as having a final diagnosis of CFS
rendered by physician evaluation.

Stage 2 involved administering a semi-structured psychiatric interview, and stage 3 involved
administering a complete physical examination (see Jason et al. [6] for more details). There
were 166 of the 408 CFS-like individuals who agreed to complete a structured psychiatric
interview in stage 2 and also agreed to undergo a complete physical examination in stage 3.
There were no significant differences on sociodemographic or fatigue scores between those
166 screened positive (CFS-like) participants and the 242 screened positive (CFS-like) non-
participants.

A team of four physicians and a psychiatrist were responsible for making final diagnoses.
Two physicians independently rated each file using the Fukuda et al. [1] criteria for CFS. If
a disagreement occurred, a third physician rater was used. Each of the 166 CFS-like
participants evaluated in stages 2 and 3 was diagnosed by the physician review panel in one
of three ways: (1) individuals evaluated as meeting the Fukuda et al. criteria for CFS were
given a final diagnosis of CFS (n = 32); (2) individuals not meeting full CFS criteria, but
possessing unexplained chronic fatigue and no exclusionary medical conditions detected in
evaluation were given a final diagnosis of idiopathic chronic fatigue (ICF; n = 45); and (3)
individuals with exclusionary medical or psychiatric conditions detected in evaluation were
given a final diagnosis of CF-explained (n = 89). The 32 individuals who met criteria for
CFS were used in the present investigation for the community-based CFS sample.

The control group was composed of individuals selected randomly from those 18,260
screened negatives (groups included participants with no reported prolonged or chronic
fatigue). Among the 199 controls randomly selected for evaluation following Stage 1, the
physician review team identified 47 individuals who were medically worked up and found
not to have CFS. This control group was used for comparison with both the community-
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based CFS sample and the tertiary care CFS sample in the present study. See Jason et al. [6]
for more details regarding recruitment and procedure.

Regarding sociodemographic characteristics, of the 32 individuals with CFS, 71.9% were
women. In terms of ethnicity, 46.9% were Caucasian, 28.1% were Latino, 15.6% were
African American, and 9.4% were of another ethnicity. Among the CFS group, 40.6% were
married, 62.5% had children, 53.1% were working either full time or part time, 84.4% had at
least a high school diploma or higher education, 75.0% were at least at the occupational
level of a skilled or clerical worker and higher, and the average age was 40.8.

Of the 47 controls, 48.8% were women. In terms of ethnicity 58.1% were Caucasian, 27.9%
were African American, 7.0% were Latino, and 7.0% were of another ethnicity. Among the
control group, 27.9% were married, 27.9% had children, 81.4% were working either full
time or part time, 93.0% had at least a high school diploma or higher education, 83.7% were
at least at the occupational level of a skilled or clerical worker and higher, and the average
age was 41.5.

With respect to gender, significantly higher frequencies of females than males were
observed in CFS than in the control group. In terms of work status, a significantly higher
number of individuals in the control group reported working full-time when compared with
individuals in CFS group, who were more likely to be unemployed, on disability, or working
part-time. Individuals in CFS and control groups did not differ significantly with respect to
racial/ethnic identification, age, and marital status.

Tertiary care sample
The data for the tertiary care CFS sample in the present investigation were baseline data
derived from a larger non-pharmacological interventions study for CFS [8]. Participants
were recruited from a variety of sources including physician referrals, newspaper
advertisements, and CFS support groups. All participants were required to be at least 18
years of age, not pregnant, able to read and speak English, and considered to be physically
capable of attending the scheduled sessions.

A semi-structured psychiatric interview (the Structured Clinical Interview for DSM-IV) [9]
was administered to establish Axis I psychiatric diagnoses and rule out exclusionary
psychiatric diagnoses according to the Fukuda et al. [1] criteria. Next, an in-depth medical
and laboratory evaluation similar to that which was given in the community-based sample
was conducted (see Jason et al. [8] for more details). One hundred and fourteen individuals
were diagnosed with CFS based on the Fukuda et al. [1] criteria and enrolled in the study.
See Jason et al. [8] for more details regarding recruitment and procedure.

In regards to sociodemographic characteristics, 83.3% of the 114 participants were female
and the average age was 43.8 years (standard deviation = 11.6). Concerning ethnicity, 87.7%
of the participants were White, 4.4% were African American, 4.4% were Latino, and 3.5%
were Asian American. Regarding marital status, 49.1% of the participants were married/
living with a partner, 33.3% were single, and 17.6% were either divorced or separated. As
for work status, 40.4% of the participants were working or full-time students, and 59.6%
were not working or were part-time students. Concerning education, 47.4% of the
participants had earned a standard college degree, 21.8% had a graduate or professional
degree, 21.1% had partial college, and 9.7% had a high school/GED degree or less.

Measure
CFS and control participants in the community-based study and CFS participants in the
tertiary care study completed the SF-36 [2], a reliable and valid measure that discriminates
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between gradations of disability. This measure includes eight subscales measuring various
aspects of disability: Physical Functioning, Social Functioning, Role-Physical, Role-
Emotional, Vitality, Bodily Pain, General Health, and Mental Health. Scores on each
subscale range from 0 to 100, with higher scores indicating better health or functioning.
Reliability and validity studies for the SF-36 have shown adequate internal consistency,
discriminant validity among subscales, and substantial differences between patient and
nonpatient populations in the pattern of scores [10,11].

Statistical analysis
The statistical software package used for data analysis was PASW (formerly SPSS) for
Windows, version 17.0. A Receiver Operating Characteristic (ROC) curve analysis [12] was
used to evaluate the ability of the SF-36 subscales to discriminate between patients with
CFS in the community-based sample and controls, and between those in the tertiary care
sample and the same controls. The ROC curve graphically represents the probability of true
positive results in diagnosis as a function of the probability of false positive results of this
test. Sensitivity is defined as the probability that the test correctly classifies a CFS subject as
positive. A true positive is defined as a participant who scores positive on the SF-36
subscale test for CFS and actually has the illness, whereas a false positive occurs when a
participant whose SF-36 subscale tests positive for CFS but the person does not have the
illness. Specificity involves a test correctly classifying a non-ill participant as negative. A
true negative is defined as a participant who tests negative on the SF-36 subscale test for
CFS and does not have the illness, whereas a false negative is defined as a participant who
tests negative on the SF-36 subscale test for CFS and actually has the illness.

An ROC analysis is produced by plotting the sensitivity versus 1 - specificity for all cutoff
points of the SF-36 subscales. The area under the curve (AUC) is an indicator of the
discriminatory ability of the scale: a straight line (area = 0.5) means that the scale is doing
no better than chance in classifying CFS and non-CFS, while a perfect scale would have an
ROC curve with an area of 1. The area under the ROC curve is a summary measure that
essentially averages diagnostic accuracy across the spectrum of test values. The informative
area under the ROC curve ranges from 0.5 to 1.0, and not from 0.0 to 1.0, as would the area
under a probability distribution curve. An AUC of 0.99 means that 99% of the time a
randomly selected individual from the CFS group will more adequately fulfill the SF-36
subscale criterion than a randomly selected individual from the control group.

Results
Literature review

Table 1 lists the 17 studies that used the SF-36 in CFS studies with at least two comparison
groups. Of these, the nine studies used to calculate difference scores are noted in table 1.
Differences between the CFS and non-ill control groups were: 70.1 for Role-Physical; 48.7
for Vitality; 46.0 for Social Functioning; 41.5 for Physical Functioning; 38.5 for Bodily
Pain; 38.4 for General Health; 30.9 for Role-Emotional; and 20.9 for Mental Health. These
findings suggest that Role-Physical is clearly the best discriminator between CFS and
controls, with the next groups being Vitality, Social Functioning, Physical Functioning,
Bodily Pain, and General Health; and dimensions that showed the least discrimination
between the CFS and control groups were Role-Emotional and Mental Health.

ROC analyses
Table 2 presents data on the AUC, standard error, and 95% confidence intervals. A test
needs an AUC threshold of between 90–100% to have diagnostic meaning [28,29]. For the
community-based sample, none of the scales had an AUC above 0.90, although Vitality,
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Role-Physical, and Social Functioning had 0.86 or above AUC. For the tertiary care CFS
sample, three subscales had an AUC of 0.91, and they included Vitality, Role-Physical, and
General Health. Physical Functioning and Social Functioning had an AUC of 0.87. Only
Vitality, Social Functioning, and Role-Physical emerged as within the top 4 for each sample.
For both samples, Role-Emotional and Mental Health had the lowest thresholds, similar to
what had been found in the literature review from table 1. From these findings, taking into
consideration both samples, it appears that Vitality, Social Functioning, and Role-Physical
are among the highest AUCs for both samples. Given these findings, there is an argument
for focusing on only those three subscales with the highest AUC thresholds (Vitality, Social
Functioning, and Role-Physical).

We next focused on optimal cutoff points for these two subscales. For Vitality, a score of 35
or less in the community-based sample had 90% sensitivity and 81% specificity; whereas in
the tertiary care sample, a score of 35 or less had 89% sensitivity and 81% specificity. For
Social Functioning, a score of 62.5 or less in the community-based sample had 87%
sensitivity and 72% specificity; whereas in the tertiary care sample, a score of 62.5 or less
had 88% sensitivity and 72% specificity. For the Role-Physical subscale, a score of 50 or
less had 97% sensitivity and 70% specificity for the community-based sample; whereas for
the tertiary care sample, a score of 25 or less had 96% sensitivity and 79% specificity (there
are only 4 items on this scale, so a person can only get a score of 0, 25, 50 or 100). Based on
these findings, we used a cut-off score of ≤ 35 or less for Vitality, ≤ 62.5 for Social
Functioning, and ≤ 50 for Role-Physical.

As it is unclear if the optimal diagnosis for CFS would require a person to meet the cutoff
for one or more subscales (i.e., ≤ 35 on Vitality, ≤ 62.5 on Social Functioning, and/or ≤ 50
on Role-Physical), we conducted ROCs examining the total number of scales met by
participants (range 0 to 3). For the community-based sample, the ROC resulted in an AUC
of 0.89 (SE = 0.04, 95% CI 0.82 to .96, p < 0.001). If the person met the cutoff for one or
more subscales, the sensitivity was 100% and the specificity was 64%. If the person met the
cutoff for two or more subscales, the sensitivity was 93% and the specificity was 75%. If the
person met the cutoff for three subscales, the sensitivity was 79% and the specificity was
85%.

For the tertiary care sample, the ROC resulted in an AUC of 0.90 (SE = 0.03, 95% CI 0.83
to .96, p < 0.001). If the person met the cutoff for one or more subscales, the sensitivity was
100% and the specificity was 64%. If the person met the cutoff for two or more subscales,
the sensitivity was 96% and the specificity was 75%. If the person met the cutoff for three
subscales, the sensitivity was 81% and the specificity was 85%.

If investigators are attempting to identify as many as possible cases of CFS from either
community-based or tertiary care samples, then higher sensitivity is better. Even though
specificity might be lower, when a medical and psychiatric examination is conducted, those
individuals who have other fatigue-causing medical or psychiatric conditions would be
excluded from the CFS samples. Therefore, we would recommend that meeting two or more
of the following three subscales: Vitality, Social Functioning, or Role-Physical, with our
designated cutoff scores, should be used to designate substantial reductions.

Discussion
Although the SF-36 [2] has been recommended as a good measure to achieve the goal of
determining substantial reductions in functioning [3], it is important for a measure assess
reductions in functioning to have high sensitivity by identifying the majority positive CFS
cases, while also having high specificity to successfully identify non-ill cases.
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Unfortunately, few studies have used rigorous statistical methods to determine which
variables and cutoff scores to use to assess substantial reductions in functioning among
people with CFS. The present study found that the SF-36 Vitality, Social Functioning, and
Role-Physical subscales have the best sensitivity and specificity using two different samples
of individuals with CFS. The Vitality scale measures items that assess feeling full of pep and
energy, as well as those that focus on feeling worn out or tired. Social functioning is
assessed by items that involve interference with normal social activities with family, friends,
neighbors, or groups. The Role-Physical subscale focuses on items assessing the need to cut
down on or limit work or other activities, as well as accomplishing less than one might like.
In other words, these three subscales capture significant limitations in the person’s energy
level, involvement in social activities, and life accomplishments. Of interest, these subscales
not only had the best AUC thresholds, but in Table 1, they were the subscales that had the
largest difference scores between CFS and control groups. These three subscales might
assess substantial reductions in “previous levels of occupational, educational, social, or
personal activities” [1, p. 956].

Reeves et al.’s [4] empiric CFS case definition recommended using scores below the 25th

percentile on any one of the following four SF-36 subscales to measure disability: Physical
Functioning (less than or equal to 70), Role-Physical (less than or equal to 50), Social
Functioning (less than or equal to 75), or Role-Emotional (less than or equal to 66.7). If a
person met the criteria for Role-Emotional functioning, and did not meet any other criteria,
they would meet the CFS disability criteria for the case definition. The literature review
outlined in table 1 indicates that among the different subscales, the CFS versus non-ill
control groups have among the least difference for the Role-Emotional subscale. In a study
by Jason et al. [16] (See table 1), the mean Role-Emotional score for the chronic fatigue
psychiatric exclusion group was 25.6 (SD = 34.7) versus 45.2 (SD = 45.6) for the CFS
group. Therefore, using Reeves et al.’s Role-Emotional cutoff of less than or equal to 66.7
would select the majority of those with chronic fatigue explained by psychiatric reasons as
meeting the CFS disability criterion. In addition, Jason et al. [5] found that almost all of
those with clinical depression would meet the CFS disability criterion, and this is in part due
to the inclusion of the Role-Emotional subscale. Furthermore, the AUC for the Role-
Emotional subscale was the worst among the eight SF-36 subscales in table 2 for
discriminating patients with CFS from controls.

It could be argued from both tables 1 and 2 that other SF-36 scales have somewhat good
discrimination between the CFS and control groups including Physical Functioning, Bodily
Pain, and General Health. Physical Functioning was also a subscale recommended for
inclusion by Reeves et al. [1]. When we examined the cutoff score to select 90% of CFS
cases for Physical Functioning, a very high score would be needed (≤ 85) and this would
have poor specificity (62%). Within the data set described by Jason et al. [16], it is only with
items assessing more vigorous activities that a separation occurs between those with CFS
and those who are chronically fatigued due to psychiatric reasons. When examining the raw
scores of the individual items comprising the Physical Functioning subscale, on relatively
non-strenuous activities (e.g., bathing or walking one block), there are no significant
differences between the CFS group and the control group. As the intensity of the activity
increases, both fatigued groups become significantly differentiated from the control group.
However, it is only for “walking more than one mile” that the CFS group demonstrates
greater functional impairment than the chronic fatigue explained by psychiatric reasons
group.

We considered both Bodily Pain as well as General Health beyond the scope of what was to
be measured to represent substantial reductions in occupational, educational, social, or
personal functioning. In addition, the cutoff for Bodily Pain (≤ 74) to detect 90% of CFS
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cases in the tertiary care sample had a poor specificity (66%). In addition, a major problem
with the General Health subscale was that for the community-based sample, to accurately
select 90% of CFS cases, an extremely high cut off score would be needed (≤ 80) and this
score would have very poor specificity (53%).

The reason for using a tertiary care and community-based sample was to assess whether
comparable findings would emerge with the two different samples. As shown in table 2, the
community-based sample had, in general, lower AUCs than the tertiary care sample. The
difference in AUCs suggests that the community-based sample was less accurately
discriminated from controls than was the tertiary care sample. In CFS research, it has been
found that participants recruited from the community tend to be less impaired than those
recruited from tertiary care settings [30]. It is likely that our tertiary care sample was more
impaired, making them more distinguishable from controls on the SF-36 subscales.

There are several limitations in this study. First, the community-based sample of participants
was relatively small. In addition, there was only one control group, and it was used to
contrast two different samples of individuals with CFS. In addition, our study recommends
using three subscales of the SF-36, but some might argue that more subscales need to be
included to provide a more comprehensive appraisal of reduced functioning. Finally, we
only tested substantial reductions on self-report measures of functional disability, and there
might be other more objective approaches that are worthy of consideration, including those
measuring either activity, such as actigraphs [31], or more biological variables, such as
Orthostatic Intolerance [32]. However, objective measures of activity can be costly, difficult
to administer, and involve a greater burden on participants than completing a self-report
measure. The SF-36 proved to be useful in operationalizing substantial reductions for
research purposes.

In summary, our study suggests that three subscales of the SF-36 could be used to assess
substantial reductions in different areas of functioning, as these scales have the best
sensitivity and specificity across two CFS samples, and have demonstrated the largest
discrimination between CFS and control groups in previous studies. It is hoped that future
studies will assess whether these three subscales are effective in documenting substantial
reductions in functioning in other CFS samples. Clearly, great care needs to be exercised
when determining which scales and with what cutoff points should indicate that substantial
reductions CFS criterion has been reached for CFS samples in order to identify true CFS
cases.
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