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Abstract

Purpose Debilitating fatigue is a core symptom of myal-
gic encephalomyelitis/chronic fatigue syndrome (ME/
CFS); however, the utility of patient-reported symptom
outcome measures of fatigue for ME/CFS patients is
problematic due to ceiling effects and issues with reliability
and validity. We sought to evaluate the performance of
three patient-reported symptom measures in a sample of
ME/CEFES patients and matched controls.

Methods Two hundred and forty ME/CFS patients and 88
age, sex, race, and zip code matched controls participated
in the study. Participants completed the Multidimensional
Fatigue Inventory-20, DePaul Symptom Questionnaire, and
RAND SF-36.

Results The general and physical fatigue subscales on
Multidimensional Fatigue Inventory-20, as well as the role
of physical health on the RAND SF-36, demonstrated
questionable or unacceptable internal consistency and
problematic ceiling effects. The DePaul Symptom Ques-
tionnaire demonstrated excellent internal reliability, and
less than 5 % of participants were at the ceiling on each
subscale. The post-exertional malaise subscale on the
DePaul Symptom Questionnaire demonstrated excellent
clinical utility as it was able to differentiate between ME/
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CFS patients and controls (OR 1.23, p < .001) and pre-
dicted ceiling effects on other patient-reported outcome
subscales. A score of 20 on the post-exertional malaise
subscale of the DePaul Symptom Questionnaire optimally
differentiated between patients and controls.

Conclusions Significant ceiling effects and concerns with
reliability and validity were observed among Multidimen-
sional Fatigue Inventory-20 and RAND SF-36 subscales
for ME/CFS patients. The DePaul Symptom Questionnaire
addresses a number of concerns typically identified when
using patient-reported outcome measures with ME/CFS
patients; however, an improved multidimensional patient-
reported outcome tool for measuring ME/CFS-related
symptoms is warranted.

Keywords Chronic fatigue syndrome - Myalgic
encephalomyelitis - Fatigue - Symptom measurement -
Sensitivity

Introduction

Individuals diagnosed with myalgic encephalomyelitis/
chronic fatigue syndrome (ME/CFS), a term which was
introduced in 1980s and redefined in 1994, exhibit
impaired functioning, health status, and quality of life that
contributes to significant physical, emotional and economic
burden due to lost productivity [1, 2]. Approximately 1 %
of the general population meets criteria for ME/CFS [3].
Although diagnostic criteria for ME/CFS have been widely
discussed [4, 5], the only mandatory feature of ME/CFS is
a period of at least 6 months of debilitating fatigue, which
can be accompanied by a variety of other symptoms such
as post-exertional malaise, unrefreshing sleep, cognitive
impairment, orthostatic intolerance, and a list of a number
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of other symptoms [5—11]. Despite much debate regarding
the diagnostic criteria for ME/CFS, the quality of patient
symptom reports has not been well studied. Such research
is urgently needed for improving symptom assessment
accuracy, which is important for symptom management
and intervention trials for ME/CFS.

Many of the patient-reported outcome measures that are
typically utilized in clinical studies of ME/CFS have
demonstrated problematic utility. Identified problems
among patient-reported outcome measures utilized to study
ME/CFS include low test-retest reliability, questionable
internal consistency, unknown construct validity, and fre-
quent ceiling effects [12]. Moreover, patient-reported out-
come measures of ME/CFS-related symptoms are unable to
differentiate among those who do and do not have ME/CFS
[13]. Collectively, poor performance of the patient-re-
ported outcome measures that have been utilized, which
were not originally constructed to measure symptoms of
ME/CFS, has likely contributed to the disparate findings
identified in factor analytic studies of ME/CFS symptoms
[14-20]. Indeed, the poor performance of patient-reported
outcome measures utilized among ME/CFS studies has led
some to conclude that patient-reported fatigue as a symp-
tom in ME/CFS may not be measurable [12, 21].

Ceiling effects on patient-reported outcome measures
are particularly problematic as they have been identified
across many patient populations [22-25]. Ceiling effects,
defined as a proportion of patients reporting maximum
scores on a given measure more than 40 % of the time
[23, 25], are particularly concerning for evaluating
response to intervention as the range of the patient-reported
outcome measure may be too restrictive to capture clini-
cally significant change. That is, a patient scoring at the
maximum of a given measure at baseline may continue to
score at the maximum after receiving treatment even if
clinically significant improvement has occurred. As a
result, intervention trials may underestimate ME/CFS
patient response to treatment when using patient-reported
outcome measures as a result of ceiling effects, which may
contribute to findings indicating many ME/CFS patients do
not respond to treatment [26, 27]. An accurate under-
standing of patient response to treatment is needed in order
to move research and patient care forward [28].

The vast majority of patient-reported outcome measures
targeting fatigue were not designed to measure post-exer-
tional malaise, a hallmark of ME/CFS [20]. The DePaul
Symptom Questionnaire [29] was designed to evaluate
symptoms of ME/CFS, including post-exertional malaise
and has demonstrated excellent convergent and discrimi-
nant validity [19], as well as test—retest reliability [10].
However, the performance of the DePaul Symptom Ques-
tionnaire in comparison with other patient-reported out-
come measures that have been previously used in ME/CFS
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research is largely unknown. For instance, ceiling effects
and the ability to differentiate ME/CFS patients from other
populations have yet to be reported for the DePaul
Symptom Questionnaire. Further evaluation of patient-re-
ported outcome measures is necessary for improving
diagnostic accuracy through identification of measurement
strategies that are able to discriminate between ME/CFS
patients and other populations. Patient care can also be
improved through identification of measures that are able
to capture clinically significant change among all patients
being treated for ME/CFS due to a lack of ceiling effects.
Indeed, methodological concerns such as measurement of a
variety of different symptoms were noted in a review of the
effectiveness of interventions for treating ME/CFS symp-
toms [30]. Therefore, improved measurement quality and
consistency in measurement of symptoms across studies
are clearly needed.

The current study aimed to examine the performance of
patient-reported outcome measures (Multidimensional
Fatigue Inventory-20, RAND SF-36 (Version 2) and
DePaul Symptom Questionnaire) for measuring fatigue and
other critical symptoms of ME/CFS in a sample of ME/
CFS patients and age, sex, race, and zip code matched
controls. In particular, ceiling effects, internal consistency,
sensitivity, and specificity were evaluated. Consistent with
the available literature, we hypothesized that significant
ceiling effects would be observed among the ME/CFS
sample. Furthermore, we hypothesized that DePaul
Symptom Questionnaire subscales would significantly
differentiate ME/CFS patients from matched controls due
to the measure being designed to measure symptoms
specific to ME/CFS (i.e., post-exertional malaise).

Methods

Participants and procedure

Data were obtained from the Solve ME/CFS Initiative
(formerly known as the CFIDS Association of America)
following Institutional Review Board approval. The origi-
nal study was designed to evaluate the role that method-
ological approaches had in the previously identified, and
now largely rejected, association between xenotropic
murine leukemia virus and ME/CFES [31]. The data were
collected between June and August 2010. ME/CFS par-
ticipants were eligible for inclusion in the study if they had
been previously diagnosed with ME/CFS using the Fukuda
[3] or Canadian criteria [11]. Participants with ME/CFS
also had to have post-exertional malaise lasting >24 h and
significant cognitive impairment in short-term memory and
concentration. The final sample included 240 ME/CFS
patients who were recruited from four clinical sites as
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previously report by Irlbeck et al. [31]. A total of 88
healthy individuals were recruited for the control group,
who were matched to ME/CFS patients by zip code (ex-
cluded if they lived within the same household), age, sex,
and race.

All questionnaires described below were self-reported
by participants. Participants were required to be capable of
giving written informed consent and be between 18 and
65 years of age in order to be eligible for the study. The
mean time taken to complete the measures was 15 min in
total.

Measures
Multidimensional Fatigue Inventory-20

The Multidimensional Fatigue Inventory-20 comprises five
subscales: general fatigue, physical fatigue, mental fatigue,
reduced activity, and reduced motivation [32]. Each sub-
scale includes four items with five-point scales ranging
from 1 (Yes, that is true) to 5 (No, that is not true). Scores
on each subscale range from 4 to 20, with higher scores
indicating greater fatigue. The Multidimensional Fatigue
Inventory-20 is a reliable and valid measure of fatigue in
many patient populations [23]; however, the Multidimen-
sional Fatigue Inventory-20 has demonstrated problems
with sensitivity and specificity when utilized with ME/CFS
patients [13].

RAND SF-36 (version 2)

The RAND SF-36 contains eight multi-item subscales:
physical functioning, role limitations due to physical
health, role limitations due to emotional problems,
energy/fatigue, pain, general well-being, social function-
ing, and general health [33]. The number of response
choices per item ranges from two to six. Although a widely
utilized measure evidencing strong psychometric charac-
teristics [33], the RAND SF-36 has demonstrated problems
measuring substantial reductions in functioning among
ME/CEFS patients [13]. Scores were reverse coded such that
higher scores indicate more severe impairment in
functioning.

DePaul Symptom Questionnaire

The DePaul Symptom Questionnaire is a self-report mea-
sure of symptomatology, demographics, and medical,
occupational, and social history [29]. In regard to symp-
toms, participants were asked to rate the frequency and
severity of each of 54 symptoms over the past 6 months on
a five-point scale. The DePaul Symptom Questionnaire has
evidenced good test—retest reliability among both patient

and control groups [10]. Frequency and symptoms severity
scores are combined to form an overall indicator for each
symptom. Four factors (i.e., autonomic/neuroendocrine/
immune, cognitive, post-exertional malaise, and sleep)
have been identified as core domains of ME/CFS using 40
of the symptoms measured on the DePaul Symptom
Questionnaire [20]. The four factors identified by Jason
et al. [10] were utilized in the analyses described below.
Higher scores on the DePaul Symptom Questionnaire
indicate more severe impairment in functioning.

Statistical analysis

We utilized SPSS statistical software [34] for all data
analyses. Descriptive statistics were generated to charac-
terize the study samples in terms of sociodemographic
parameters. Moreover, Cronbach’s alpha coefficients [35]
were calculated for each subscale on study measures.
Means and standard deviations, as well as one-way
ANOVAs comparing the ME/CFS and control samples,
were calculated for all study symptom subscales. Variables
indicating whether or not participants were at the ceiling of
each subscale on study measures were also calculated.
Logistic regression analyses were generated to examine the
sensitivity and specificity of each subscale in predicting
whether or not participants were in the ME/CFS or control
sample. The standard cut-point of 0.5 was utilized in all
logistic regression analyses [36]. Furthermore, logistic
regression analyses were utilized to determine whether or
not DePaul Symptom Questionnaire subscales, as well as
the role limitations due to physical functioning subscale on
the RAND SF-36, were able to predict if participants would
be at the ceiling on other Multidimensional Fatigue
Inventory-20 and RAND SF-36 subscales. A receiver
operating characteristics curve was calculated in ancillary
analyses to determine an optimal cut-point for differenti-
ating between ME/CFS and control patients using the post-
exertional malaise subscale of the DePaul Symptom
Questionnaire.

Results
Sample characteristics and internal consistency

As shown in Table 1, ME/CFS patients were less likely to
be working [F(1,315) = 161.39, p < .001] and more likely
to be disabled [F(1,315) = 173.37, p < .001] than indi-
viduals in the control group. No other group differences
were identified on demographic variables.

Internal consistency was questionable for the reduced
motivation subscale (x = .69) on the Multidimensional
Fatigue Inventory-20 for the ME/CFS sample. For the
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Table 1 Demographic
characteristics of the study
sample

Variable

ME/CEFES patients (n = 240)
Mean (SD) or number (%)

Controls (n = 88)
Mean (SD) or number (%)

Age, years, mean (SD)
Sex

Female

Male

Race (%)

Black or AA

White

All others

Educational status (%)
High school graduate/GED
Some college

College graduate

Graduate degree
Professional degree
Missing/prefer not to answer
Marital status (%)
Married/cohabitating
Widowed

Divorced

Separated

Missing/prefer not to answer
Employment status (%)
Working

Not employed

Retired

Disabled

Homemaker

Student

Missing/prefer not to answer

49.72 (12.89) 49.60 (13.30)

174 (73) 70 (80)
65 (27) 18 (20)
0 (0) (1)
235 (98) 85 (97)
5(2) 2(2)
27 (11) 11 (13)
49 (20) 22 (25)
101 (42) 35 (40)
37 (15) 14 (16)
23 (10) 5 (6)
32 0 (0)
137 (57) 57 (64)
4(2) 5(6)
35 (14) 11 (13)
1) 1(1)
63 (26) 14 (16)

26 (11)* 59 (67)*
3(1) 3(3)
23 (10) 11 (13)
156 (65)* 0 (0)*
13 (5) 7 (8)
11 (5) 5 (6)

8 (3) 303

* p < 001

control group, internal consistency on the physical fatigue
scale was in the questionable range on the Multidimen-
sional Fatigue Inventory-20 (a = .69). All other scales
were within the acceptable to good range on the Mul-
tidimensional Fatigue Inventory-20 (o = .72-.81) for
ME/CFS and control participants. On the RAND SF-36,
internal consistency was unacceptable for the general
health subscale (o = .56), and the energy/fatigue subscale
was within the questionable range (« = .68), for the ME/
CFS sample. In the control sample, two RAND SF-36
subscales were within the unacceptable range (i.e., role
limitations due to emotional problems (« = .48) and
emotional well-being (o« = .46), while the general health
subscale was within the questionable range (x = .66).
Other RAND SF-36 subscales were within the accept-
able to excellent range (o« = .71-.91) for ME/CFS and
control participants. All subscales on the DePaul
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Symptom Questionnaire were within the good to excellent
range for internal consistency (o = .89-.96) for both
groups.

Distribution of patient-reported outcome measures

Means and standard deviations for study measure subscales
are presented in Table 2. As expected, significant mean
differences were identified for each of the subscales mea-
sured when comparing the ME/CFS and control samples.
Furthermore, ceiling effects (i.e., maximum scores on a
given measure among more than 40 % of patients; [23, 25])
were identified for ME/CFS sample participants on the
general fatigue subscale of the Multidimensional Fatigue
Inventory-20, while the physical fatigue subscale nearly
demonstrated ceiling effects with 38 % of ME/CFS
patients at the ceiling. The role limitations due to physical
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Table 2 Means, standard deviations, and ceiling effects for subscales among the ME/CFS and control samples

Measure ME/CFS patients Controls Number (%) of ME/CFS patients Number (%) of controls at
(n = 240) (n = 88) at ceiling ceiling

Multidimensional Fatigue Inventory-20

General fatigue 17.83 (2.81) 8.42 (3.23) 95 (40) 0 (0)

Physical fatigue 17.44 (3.10) 6.67 (2.73) 90 (38) 0 (0)

Mental fatigue 14.16 (3.59) 8.02 (3.62) 17 (7) 0 (0)

Reduced activity 15.97 (3.57) 6.64 (3.06) 48 (20) 1(1)

Reduced motivation 12.25 (3.82) 6.65 (3.13) 3(1) 1(1)

RAND SF-36

Physical functioning 63.41 (23.59) 5.23 (9.62) 14 (6) 0 (0)

Role limitations due to physical 94.90 (16.73) 5.23 (17.20) 214 (89) 1(1)
health

Role limitations due to emotional ~ 29.55 (41.76) 6.98 (17.80) 51 (21) 1(1)
problems

Energy/fatigue 82.99 (16.94) 30.30 (15.60) 54 (23) 0 (0)

Emotional well-being 30.83 (19.47) 19.16 (11.61) 0 (0) 0 (0)

Social functioning 71.35 (25.00) 6.47 (12.33) 54 (23) 0 (0)

Pain 57.40 (28.50) 11.63 (14.19) 33 (14) 0 (0)

General health 75.18 (17.98) 17.42 (14.95) 22 (9) 0 (0)

DePaul Symptom Questionnaire

Autonomic/neuroendocrine/ 60.87 (31.35) 11.83 (10.66) 0 (0) 0 (0)
immune

Cognitive 37.71 (15.99) 6.23 (7.14) 3(1) 0 (0)

Post-exertional malaise 45.06 (12.55) 6.05 (7.26) 7 (3) 0 (0)

Sleep 12.53 (6.11) 5.39 (4.81) 11 (5) 0 (0)

All ANOVA comparisons of group means were significant at p < .001

health subscale on the RAND SF-36 were particularly
concerning given that 89 % of the ME/CFS sample
reported the highest score possible. Less than 5 % of the
sample reported symptoms at the ceiling of on any of the
subscales of the DePaul Symptom Questionnaire.

Differentiating ME/CFS patients and control
participants

To determine if measure subscales were able to effectively
differentiate between ME/CFS and control participants, a
series of logistic regression analyses were conducted.
Separate analyses were run for each measure (see Table 3).
For the Multidimensional Fatigue Inventory-20, the phys-
ical fatigue subscale significantly predicted group mem-
bership. In regard to the RAND SF-36, the role limitations
due to physical health and general health subscales were
significant predictors of whether or not participants were in
the ME/CFS and controls samples. For the DePaul Symp-
tom Questionnaire, the cognitive, post-exertional malaise,
and sleep subscales significantly differentiated between the
ME/CFS and control participants.

Further analysis of ceiling effects

As DePaul Symptom Questionnaire subscales did not
exhibit significant ceiling effects and were able to differ-
entiate between ME/CFS and control samples, we ran a
series of regression analyses to evaluate whether DePaul
Symptom Questionnaire subscales could differentiate
among those who were at the ceiling on Multidimensional
Fatigue Inventory-20 and RAND SF-36 subscales from
those who were not (see Table 4). The autonomic/neu-
roendocrine/immune subscale of the DePaul Symptom
Questionnaire significantly predicted those who were at the
ceiling for the Multidimensional Fatigue Inventory-20
reduced activity subscale, as well as the physical func-
tioning and pain subscales of the RAND SF-36, from those
who did not. The cognitive scale of the DePaul Symptom
Questionnaire differentiated among those who were and
were not at the ceiling for the mental fatigue subscale on
the Multidimensional Fatigue Inventory-20, as well as the
physical functioning, and role limitations due to emotional
health subscales on the RAND SF-36. The post-exertional
malaise subscale predicted whether or not participants were
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Table 3 Logistic regressions

for measure subscales Measure Odds ratio 95 % CI 4

predicting ME/CFS and control Multidimensional Fatigue Inventory-20

sample General fatigue 115 93-1.43 0.2
Physical fatigue 1.65 1.29-2.11 <.001
Mental fatigue 0.99 .83-1.12 0.94
Reduced activity 1.06 .82-1.39 0.66
Reduced motivation 0.94 76-1.16 0.55
RAND SF-36
Physical functioning 1.02 96-1.09 0.49
Role limitations due to physical health 1.07 1.03-1.11 0.001
Role limitations due to emotional problems 0.99 96-1.02 0.6
Energy/fatigue 0.99 .93-1.06 0.77
Emotional well-being 0.98 91-1.05 0.5
Social functioning 1.01 .94-1.09 0.78
Pain 0.97 92-1.02 0.21
General health 1.1 1.03-1.18 0.006
DePaul Symptom Questionnaire
Autonomic/neuroendocrine/immune 0.98 93-1.04 0.5
Cognitive 1.16 1.06-1.27 0.002
Post-exertional malaise 1.23 1.12-1.34 <.001
Sleep 0.84 13-97 0.02

Table 4 Logistic regressions for DePaul Symptom Questionnaire subscales predicting ceiling effects among Multidimensional Fatigue

Inventory-20 and RAND SF-36 subscales

Measure Autonomic/ Cognitive Post-exertional Sleep
neuroendocrine/ malaise
immune
Odds ratio 95 % CI Odds ratio 95 % CI  Odds ratio 95 % CI  Odds ratio 95 % CI

Multidimensional Fatigue Inventory-20

General fatigue 1.00 .99-1.02
Physical fatigue .99 .98-1.00
Mental fatigue 1.00 98-1.03
Reduced activity 1.02% 1.00-1.03
RAND SF-36

Physical functioning 1.06%* 1.02-1.11
Role limitations due to physical health 98 .96-1.00
Role limitations due to emotional health .99 .98-1.01
Energy/fatigue 1.00 .99-1.02
Social functioning 1.00 99-1.02
Pain 1.03%%* 1.01-1.05
General health 1.00 .98-1.02

1.00 98-1.03  1.01%%* 1.06-1.13 1.01 .96-1.07
98 96-1.01  1.12%%* 1.08-1.16 1.02 .96-1.08
1.12%%% 1.05-1.20 1.01 94-1.08 .95 .84-1.07
98 95-1.01  1.09%%%* 1.05-1.14 .94 .88-1.01
.93% .87-99  1.16* 1.02-1.31 .99 .86-1.13
1.04 1.01-1.08  1.14%** 1.09-1.19 .98 91-1.05
1.04%* 1.01-1.07 1.03 1.00-1.07 1.07 1.00-1.14
1.00 97-1.03  1.20%** 1.13-1.28  91* .84-.99

1.00 97-1.03  1.12%%* 1.12-127 .95 .88-1.02
97 .93-1.00 1.09%* 1.03-1.15 .99 91-1.07
1.03 .99-1.07 1.05 99-1.10 1.04 95-1.13

*p < .05; % p < 01; #% p < 001

at the ceiling for the majority of subscales measured.
Indeed, the post-exertional malaise scale significantly dif-
ferentiated those who were at the ceiling from those who
were not for the general fatigue, physical fatigue, and
reduced activity subscales of the Multidimensional Fatigue
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Inventory-20, as well as the physical functioning, role
limitations due to physical health, energy/fatigue, social
functioning, and pain subscales of the RAND SF-36. The
sleep subscale on the DePaul Symptom Questionnaire
significantly predicted whether or not participants were at
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the ceiling on the energy/fatigue subscale on the RAND
SF-36.

The utility of the role limitations due to physical health
subscale on the RAND SF-36 in predicting ceiling effects
on the Multidimensional Fatigue Inventory-20 was also
evaluated. The role limitations due to physical health
subscale of the RAND SF-36 were unable to differentiate
between patients at and below the ceiling on the general
fatigue (OR 1.00, p = .79), physical fatigue (OR 1.00,
p = .73), mental fatigue (OR 1.01, p =.75), reduced
activity (OR 1.00, p = .90), and reduced motivation (OR
.95, p = .11) subscales on the Multidimensional Fatigue
Inventory-20.

Sensitivity and specificity of DePaul Symptom
Questionnaire

Given the superior performance of the post-exertional
malaise subscale on the DePaul Symptom Questionnaire,
we conducted a receiver operating characteristics curve
analysis to determine an ideal cutoff score to differentiate
between ME/CFS patients and controls. The area under the
receiver operating characteristics curve value was excellent
(.98). Optimal sensitivity (i.e., positive predictive value;
.95) and specificity (i.e., negative predictive value; .94)
were identified when using a cutoff score of 20. Accord-
ingly, a score of 20 on the post-exertional malaise subscale
of the DePaul Symptom Questionnaire could be utilized to
differentiate those with ME/CFS from those in the general
population.

Discussion

Use of the Multidimensional Fatigue Inventory-20 and
RAND SF-36 with ME/CFS patients has been challenged
methodologically, and neither measures were not con-
structed for this disease [12]. This study is the first to
identify the critical patient-reported outcome measure
scales for differentiating ME/CFS patients and a control
sample including physical fatigue subscale from the Mul-
tidimensional Fatigue Inventory-20, the role limitations
due to physical health subscale of the RAND SF-36, and
the post-exertional malaise subscale from the DePaul
Symptom Questionnaire. Such findings should be consid-
ered for future symptom assessment of ME/CFS.

In addition, our study demonstrated ceiling effects
among patient samples and questionable reliability and
validity of the Multidimensional Fatigue Inventory-20 and
RAND SF-36, indicating questionable utility for being
utilized with ME/CFS patients [22-25]. Indeed, for ME/
CFS patients, questionable and poor internal consistency
were identified on subscales of the Multidimensional

Fatigue Inventory-20 (i.e., reduced motivation) and RAND
SF-36 (i.e., energy/fatigue and general health), respec-
tively. Furthermore, ceiling effects were observed for the
general fatigue subscale of the Multidimensional Fatigue
Inventory-20 and the role limitations due to physical health
subscale on the RAND SF-36. Such findings warrant
research in development of a new measure of fatigue and
other symptoms among those with ME/CFS. Focusing on
fatigue may not help to distinguish ME/CFS from other
conditions that also present with fatigue. However, based
on research on cancer-related fatigue [37], we highlight
that a reliable and valid symptom measure of fatigue
should be a necessary tool in patient care for diagnosed
cases of ME/CFS during an intervention.

While the DePaul Symptom Questionnaire has demon-
strated good validity in prior work [10], the present study
extends the literature by demonstrating reliability and
clinical utility of DePaul Symptom Questionnaire sub-
scales with ME/CFS patients. Each subscale on the DePaul
Symptom Questionnaire demonstrated good to excellent
internal consistency. Ceiling effects were relatively rare
(<5 %) on the DePaul Symptom Questionnaire. Further,
the cognitive, post-exertional malaise, and sleep subscales
of the DePaul Symptom Questionnaire significantly pre-
dicted whether or not participants were ME/CFS patients or
matched controls, highlighting the utility of the DePaul
Symptom Questionnaire as a patient-reported outcome
measure tool for ME/CFS patient in clinical research care
and research.

Given that post-exertional malaise is the hallmark
symptom of CFS, there is no surprise that the post-exer-
tional malaise subscale of the DePaul Symptom Ques-
tionnaire was particularly effective at predicting whether or
not participants were at the ceiling on Multidimensional
Fatigue Inventory-20 and RAND SF-36 subscales.
Accordingly, the post-exertional malaise subscale was
useful for capturing meaningful differences among ME/
CFS patients. As a result, present study findings suggest
that the available literature has not yet fully captured the
true distribution of symptoms among ME/CFS patients due
to limitations of traditionally utilized measures, especially
fatigue measures [12]. Perhaps such differences were due
to the DePaul Symptom Questionnaire being designed to
measure both symptom severity and frequency of post-
exertional malaise [29], a core symptom of ME/CFS.
Moreover, such findings suggest that traditionally utilized
patient-reported outcome measures, such as the Multidi-
mensional Fatigue Inventory-20 and RAND SF-36, are
unable to identify clinically significant differences among
patients being diagnosed or treated with ME/CFS. Such
measurement concerns reduce the ability to accurately
assess and revise interventions in a manner that supports
best practice in patient care [38], consistent with a prior
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literature review [30]. Accordingly, further research is
warranted for establishing a comprehensive patient-re-
ported outcome measure symptom tool in ME/CFS patients
targeting fatigue severity, fatigability on functioning, as
well as post-exertional malaise. Moreover, further research
of the DePaul Symptom Questionnaire among other disease
groups known to have fatigue (e.g., multiple sclerosis,
fibromyalgia) is warranted to address concerns about
measurement of fatigue when patients are experiencing
post-exertional malaise.

The present study is limited as patient groups that have
also demonstrated ceiling effects on patient-reported out-
come measures of fatigue (e.g., multiple sclerosis,
fibromyalgia) [22] were not included. Additionally, treat-
ment progress as it relates to patient-reported outcome
measures was not evaluated in this cross-sectional study.
Moreover, the matched control sample was smaller than the
ME/CFS patient sample; however, the ability to detect
significant differences between each group was unaffected
despite sample size differences. The study is also limited
given that the timing of the data collection was prior to the
establishment of the ME International Consensus Criteria
(MEICC) [11]. The MEICC is an evolution of the Fukuda
[7] and Canadian [11] criteria that removed the require-
ment for symptoms needing to be present for at least
6 months and is purported to improve specificity of diag-
noses via improved interpretation of symptoms. However,
comparisons of the Fukuda, Canadian, and MEICC have
not been provided. It is clear that the present study sample
experienced symptoms consistent with ME/CFS in com-
parison with the control sample, and as such, findings
provide an improved understanding of ME/CFS symptom
measurement. Indeed, authors of the MEICC state that it is
important to identify a quantitative score for diagnostic
instruments that are measurable and most relevant to the
illness [11], and our findings provide a step towards
meeting this goal.

Conclusions

The present study highlighted critical scales for measuring
symptoms of ME/CFS. Questionable/poor reliability and
problematic ceiling effects were identified on Multidi-
mensional Fatigue Inventory-20 and RAND SF-36, which
have often been utilized with ME/CFS patients. The
DePaul Symptom Questionnaire, a patient-reported out-
come measure designed to measure ME/CFS symptoms,
demonstrated excellent internal consistency, sensitivity,
specificity, and a lack of ceiling effects. The post-exer-
tional malaise subscale of the DePaul Symptom Ques-
tionnaire was able to identify clinically meaningful
differences among those who were at the ceiling on other
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patient-reported outcome measure subscales. Therefore,
use of the post-exertional malaise subscale of the DePaul
Symptom Questionnaire represents best practice for
tracking patient response to intervention given the current
state of the literature. A cutoff score of 20 on the post-
exertional malaise subscale of the DePaul Symptom
Questionnaire is optimal for differentiating ME/CFS
patients from those in the general population. Multidi-
mensional symptom assessment tools have been estab-
lished to address patient’s perspective for a complicated
disease such as cancer [39], and our study supports the
need for a patient-reported outcome measure tool to be
established that includes components measuring fatigue,
fatigability, and post-exertional malaise among ME/CFS
patients.
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