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Patients with chronic fatigue syndrome (CFS) frequently complain of cognitive dysfunction. However, evidence of cognitive impairment in

CFS patients has been found in some, but not other, studies. This heterogeneity in findings may stem from the relative presence of

mental fatigue in the patient populations examined. The present study assessed this possibility in a population-based sample of CFS

patients. In all, 43 patients with CFS defined by the criteria of the 1994 research case definition using measurements recommended by

the 2003 International CFS Study Group, and 53 age-, sex-, and race/ethnicity-matched nonfatigued subjects were included in the study.

Mental fatigue was assessed using the mental fatigue subscale of the multidimensional fatigue inventory. Cognitive function was evaluated

using an automated battery of computerized tests (Cambridge neuropsychological test automated battery (CANTAB)) that assessed

psychomotor function, planning and problem-solving abilities, and memory and attentional performance. CFS patients with significant

complaints of mental fatigue (score of mental fatigue 2 standard deviations above the mean of nonfatigued subjects) exhibited significant

impairment in the spatial working memory and sustained attention (rapid visual information processing) tasks when compared to CFS

patients with low complaints of mental fatigue and nonfatigued subjects. In CFS patients with significant mental fatigue, sustained attention

performance was impaired only in the final stages of the test, indicating greater cognitive fatigability in these patients. CFS patients with

low mental fatigue displayed performance comparable to nonfatigued subjects on all tests of the CANTAB battery. These findings show

strong concordance between subjective complaints of mental fatigue and objective measurement of cognitive impairment in CFS patients

and suggest that mental fatigue is an important component of CFS-related cognitive dysfunction.
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INTRODUCTION

Chronic fatigue syndrome (CFS) is a debilitating disorder
that has been particularly challenging for health-care
providers to evaluate and treat. There are no characteristic
physical signs or laboratory abnormalities. Rather, CFS is
defined as profound physical or mental fatigue of at least
6-months duration, that is not relieved by rest, causes

substantial reduction in previous levels of occupational,
educational, social, or personal activities, cannot be
explained by concurrent medical or psychiatric disease,
and is accompanied by at least four of eight case-defining
symptoms: unusual post-exertional (mental or physical)
fatigue, impaired memory or concentration, unrefreshing
sleep, headaches, muscle pain, joint pain, sore throat,
and tender cervical nodes (Fukuda et al, 1994). CFS is a
complex, multidimensional illness in which fatigue can
manifest in multiple forms, including physical fatigue and
mental fatigue. Indeed, it may very well be that the
differential manifestations of symptom complexes within
the CFS syndrome may account for the variability that often
characterizes the disorder. Ultimately, it has been proposed
that an operational CFS case definition will need to be based
on empirical studies designed to examine the possibility
that distinct biological pathways may result in the specific
symptomatology of CFS (Reeves et al, 2003).
One important symptom domain in CFS is cognitive

dysfunction. Complaints of cognitive dysfunction are
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frequent in CFS patients. Studies have reported that 50–85%
of patients with CFS report cognitive difficulties and that
these contribute considerably to their social and occupa-
tional dysfunction (Christodoulou et al, 1998; Komaroff and
Buchwald, 1991; Michiels and Cluydts, 2001). Neurocogni-
tive dysfunction in patients with CFS manifests primarily in
the form of concentration/attention problems, memory
impairment, poor word-finding ability, decreased informa-
tion-processing speed, motor slowing, and mental exhaus-
tion (Busichio et al, 2004; Deluca et al, 2004; Michiels
and Cluydts, 2001). Cognitive dysfunction in CFS patients
has been found in some, but not all, objective studies (Afari
and Buchwald, 2003; Michiels and Cluydts, 2001; Ross et al,
2004; Wearden and Appleby, 1997). This heterogeneity
may stem from the relative presence of mental fatigue in
the patients with CFS. To further assess this possibility,
the present study evaluated the relationship between subjec-
tive complaints of mental fatigue and cognitive function
using a validated automated neuropsychological battery
(Cambridge neuropsychological test automated battery
(CANTAB)) in a population-based sample of CFS patients.

METHODS

Subjects

This study adhered to human experimentation guidelines of
the Helsinki Declaration and was approved by the CDC and
Emory University Institutional Review Boards. All subjects
gave informed consent.
The present study enrolled subjects who had participated

in the 1997–2000 Wichita population-based CFS Surveil-
lance Study (Reyes et al, 2003). In brief, the surveillance
study followed a cohort of 7162 fatigued and nonfatigued
adults representative of the Wichita population at 12-, 24-,
and 36-month intervals, with telephone interviews and
clinical evaluations. Participants in the current study were a
subset of the 659 fatigued adults ever clinically evaluated
during surveillance study and who ever met the criteria
for CFS. Upon admission to this study, subjects were
re-evaluated in terms of CFS symptoms and exclusionary
medical and psychiatric conditions. The 43 subjects (mean
age (SD)¼ 50 (9) years, 7 men, 36 women) who met the
1994 criteria (Fukuda et al, 1994) for current CFS comprise
the cases in this report. In all, 53 age-, sex-, race/ethnicity-
matched nonfatigued subjects (mean age (SD)¼ 50 (9)
years, 10 men, 43 women) were randomly selected from the
cohort, who participated in surveillance at the baseline and
all follow-up periods, who did not have medical or
psychiatric exclusions, and who had not reported fatigue
of at least 1-month duration. Similarly to the nonfatigued
subject, none of the CFS patients included in the present
study had any medical or psychiatric exclusions or suffered
from current major depressive disorder (as assessed during
a structured clinical interview for DSM-IV (SCID)) at the
time of the evaluation. As current classification as CFS was
not completely concurrent with recruitment classification
(time at which demographic matching was done), strict
matching was not maintained (eg, some patients initially
recruited were not anymore ‘current’ CFS at the time of
the study), but cases and controls remained nevertheless
demographically comparable.

Assessment and Classification of CFS

Subjects who agreed to participate were admitted to a
Wichita hospital research unit for 2 days. To identify
exclusionary medical conditions (Fukuda et al, 1994; Reeves
et al, 2003), they provided a standardized past medical
history, a review of current medications, underwent a
standardized physical examination, and provided blood and
urine for routine analysis, including a complete blood count
and blood and urine chemistries.
Subjects were classified as CFS if they met the criteria of

the 1994 case definition (Fukuda et al, 1994) and followed
the recommendations of the International CFS Study Group
(Reeves et al, 2003) concerning measurement of the major
illness domains. The Medical Outcomes Survey Short
Form-36 (SF-36) was used to measure functional impair-
ment (Ware and Sherbourne, 1992), the multidimensional
fatigue inventory (MFI) to evaluate severity of fatigue
(Smets et al, 1995), and the CDC symptom inventory
to document the occurrence, duration, and severity of
accompanying symptoms (Wagner et al, 2005). Substantial
reduction in occupational, educational, social, or recrea-
tional activities was defined as scores lower than the 25th
percentile on the physical function (p70), or role physical
(p50), or social function (p75), or role emotional (p66.7)
subscales of SF-36. Severe fatigue was defined as Xmedians
of the MFI general fatigue (X13) or reduced activity (X10)
scales. Finally, the presence of substantial accompanying
symptoms was defined by X4 symptoms and scoring X25
on the Symptom Inventory Case Definition Subscale.
Subjects who met all three criteria (SF-36, MFI, and
symptom inventory) when they entered the clinical study
were classified as CFS (n¼ 43). Subjects with no evidence
of fatigue documented by the MFI were classified as
nonfatigued.

Assessment of Mental Fatigue

Mental fatigue was assessed by the MFI mental fatigue
subscale, which was not used to classify subjects as CFS.
Four items contribute to the mental fatigue subscale (‘When
I am doing something, I can keep my thoughts on it’, ‘I can
concentrate well’, ‘It takes a lot of efforts to concentrate on
things’, ‘My thoughts easily wander’) on a 5-point scale,
with 1 corresponding to the absence of fatigue and 5 to
severe fatigue. Accordingly, the total score of mental fatigue
ranges from 4 (best) to 20 (worst).

Neuropsychological Assessments

Cognitive function was assessed with the CANTAB
(Robbins and Sahakian, 1994), a battery of neuropsycho-
logical tests on a touch screen portable computer. This
ensures a standardized and homogenous form of testing
with instantly available data and detailed recording of the
subject’s accuracy and speed of responses. Seven tests of
the CANTAB battery designed to assess specific cognitive
functions were used.

Psychomotor coordination and motor speed. The reaction
time (RTI) test was used to evaluate psychomotor retarda-
tion, assumed to be associated with basal ganglia dysfunction.
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The test includes simple and five-choice RTI tasks and is
divided into five stages, requiring increasingly complex
chains of responses and providing distinction between
reaction (or decision) time and movement latencies.

Reasoning and planning abilities. The Stockings of Cam-
bridge (SOC) task was used to evaluate spatial planning/
problem solving. The task makes substantial demands on
executive function and is sensitive to frontal-lobe deficits
(Robbins et al, 1998). The test is based on the Tower of
London test and contains incremental levels of difficulty.
The subject was shown two displays containing colored
balls, and had to use the balls in the lower display to copy
the pattern shown in the upper one. The subject was told
not to make the first move until he/she was confident that
he/she could execute the entire sequence needed to solve the
problem. The time taken to copy the pattern (including the
time taken to make the first move after the presentation of
the display (initial thinking time (ITT)) and the time spent
thinking about a problem during its execution (subsequent
thinking time (STT))), the number of perfect solutions
(problems solved in a minimum of moves), and the average
number of moves required to solve the problem were taken
as the subject’s planning abilities. The copying task was
followed by a following task controlling for motor
performance, in which the upper display moved one ball
at a time, repeating the moves made by the subject in the
corresponding previous planning phase.

Memory. Three tests of memory were employed. (a) The
spatial working memory (SWM) is a test of self-ordered
searching task sensitive to fronto-subcortical dysfunction
(Owen et al, 1995). The test requires that subjects find blue
tokens in a series of displayed boxes and use the tokens to
fill up an empty column, while not returning to boxes where
a blue token had been previously found. The number of
boxes increased from three to eight. The number of
between-search errors (errors made when the subject
revisits a box in which a token has previously been found)
and a strategy score derived from the number of search
sequences in the four, six, and eight boxes were used as
performance indexes. The strategy score retraced the ‘route’
previously used by subjects in searching through the spatial
array of boxes (Owen et al, 1992; Robbins, 1996). One
possible strategy was to follow a predetermined sequence,
beginning with a particular box and then returning to start
each new sequence with the same box as soon as a token
was found. The lower the strategy score, the more efficient
was the subject. This test has previously been reported to be
impaired in CFS patients (Joyce et al, 1996). (b) The pattern
recognition memory (PRM) test assesses visual recognition
memory in a two-choice forced discrimination paradigm
and is sensitive to temporal or hippocampal dysfunctions.
Percent correct responses (successful recognition) and
response latency for correct responses were used as
performance indices. (c) The spatial recognition memory
(SRM) test is a test of spatial recognition in a two-choice
forced discrimination paradigm. As for PRM, percent
correct responses (successful recognition) and response
latency for correct responses were used as performance
indices for SRM.

Attention. Two tests were used to evaluate attention: (a) The
attentional shift: intra/extra dimensional shift (IED) task is a
test of rule acquisition and reversal, featuring visual
discrimination and attentional set shifting analogous to the
Wisconsin card sorting test (WCST). This test is sensitive to
cognitive dysfunction in Parkinson’s disease, basal ganglia
lesions, and frontal-lobe deficits (Owen et al, 1991; Swainson
and Robbins, 2001). Two stimuli (one correct, one incorrect)
in the form of shapes and lines are presented in four possible
locations on the computer screen. First, the subject has to
maintain attention to different examples of stimuli within the
same dimension (shapes), while distracting stimuli of
different dimensions are present (lines) (intradimensional
shifts). Second, the subject has to shift attention to the
previously irrelevant dimension (lines) and ignore the
previously relevant dimension (shapes) (extra dimensional
shifts). Subjects progress through the test by satisfying a set
of criteria of learning at each stage (nine stages in total). If at
any stage the subject fails to reach this criterion after 50
trials, the test ends. The total number of stages achieved, the
total number of errors (adjusted to the number of completed
stages), the errors made up to the extra dimensional shift
(pre-ED errors), as well as the errors at extra dimensional
shift (EDS errors) served as performance indices. (b) The
rapid visual information processing (RVIP) test is a 4-min
visual continuous performance (sustained attention/vigi-
lance) task with a small working memory component. Digits
(ranging from 2 to 9) appeared one at a time (100 digits/min)
in the center of the computer screen in a random order.
Subjects were asked to press a response pad when they
detected any one of three number sequences (‘2–4–6’, ‘4–6–
8’, and ‘3–5–7’). The performance on the RVIP test was
measured using the metric A0 (a signal detection measure of
sensitivity to errors regardless of error tendency that assesses
the global performance on the test using both the probability
of hits and the probability of false alarms, and ranging from
0.00 to 1.00; bad to good), the mean latencies for correct
responses, the total number of hits, and total number of false
alarms. In addition, cognitive fatigability in the RVIP test
was assessed for each subject’s comparing the performance
(response latencies) during the first period of the test (trials
1–9, min 2) to the performance during the second (trials 10–
18, min 3) and third periods of the test (trials 19–27, min 4).
The mean duration for the execution of the neurocogni-

tive battery (including the instructions) was approximately
1 h. The order in which tests were presented was counter-
balanced for each patient. Of note, CANTAB tests are
culture- and language-free, and there are no gender-related
differences in performance (Robbins and Sahakian, 1994).

Data Analysis

Mental fatigue scores on the MFI were compared between
CFS patients and nonfatigued subjects using a two-sample
t-test. Subsequent analyses of cognitive performance
were performed contrasting CFS patients with significant
mental fatigue vs CFS patients with low mental fatigue
and nonfatigued subjects. Mental fatigue was considered to
be significant if the score of mental fatigue was 2 standard
deviations above the mean mental fatigue score in
nonfatigued subjects. Analysis of variance (ANOVA) was
used to compare performance across the three groups in the
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selected CANTAB tests. Post-hoc comparisons were per-
formed when appropriate using both conservative (Tukey)
and powerful (t-test) tests of significance. When signifi-
cance was attained using both tests, only the Tukey test
was reported. Analyses including a time/period factor (eg,
effects of test period on performance on the RVIP task)
were performed using a two-way repeated-measure ANOVA
with group as the between-subject factor and time as the
repeated-measure factor. All probabilities were two-sided
and the degree of significance was set at Po0.05.

RESULTS

Subjects with CFS exhibited significantly greater MFI
mental fatigue scores (mean: 14.1 (SD: 4.2)) than non-
fatigued subjects (mean: 6 (SD: 2)) (T¼ 12.5, Po0.0001)
(Figure 1). Out of the 43 CFS patients, 34 (79%) reported
significant mental fatigue (as defined by a score of mental
fatigue above the mean ( + 2 SD) mental fatigue score in
nonfatigued subjects, ie, score 410). The remaining nine
CFS patients had a low mental fatigue (score of mental
fatigue p10). All nonfatigued controls had mental fatigue
scores p10. Apart from the dimensions of mental fatigue
and general fatigue (mental fatigue: T¼�8.63, Po0.001;
general fatigue: T¼�2.98, Po0.01), scores on all other
dimensions of fatigue assessed by the MFI scale, including
physical fatigue, reduced activity, and reduced motivation,
were not statistically different between CFS patients with
significant mental fatigue and CFS patients with low mental
fatigue (T¼�1.33; T¼�1.68; T¼�1.35; all P40.05). In
addition, there was no difference in terms of age (50 vs 53
years old,), sex, and psychotropic medication (antidepres-
sants, anxiolytics, sleeping pills, stimulants) use between
CFS patients with significant mental fatigue and CFS
patients with low mental fatigue (age: 50 vs 53, T¼�1.12;
P¼ 0.49; gender (male/female): 5/29 vs 2/7, w2(1)¼ 0.29;
P¼ 0.59; psychotropic medication use: 59 vs 67%,
w2(1)¼ 0.18; P¼ 0.67). Of note, both CFS groups exhibited
greater psychotropic medication use than nonfatigued
controls (15%). To further assess the influence of mental
fatigue on cognitive function in CFS patients, analyses of

cognitive performance were conducted distinguishing CFS
patients with significant mental fatigue (score 410) from
CFS patients with low mental fatigue (score p10).

Psychomotor Coordination and Motor Speed

As depicted in Table 1, there was no difference between
groups in terms of psychomotor coordination and motor
speed, as indicated by performance on the RTI test. Simple
choice reaction and movement times as well as five-choice
reaction and movement time were comparable between
groups (ANOVA: F(2,93)¼ 0.43; F(2,93)¼ 0.95; F(2,93)¼
1.13; F(2,93)¼ 2.79, respectively, all P40.05).

Reasoning and Planning Abilities

Reasoning and planning abilities (as assessed by the SOC
test) were comparable across groups (Table 2). All groups
exhibited similar performance in terms of the mean number

Figure 1 Scores on the subscale of mental fatigue of the MFI (Smets
et al, 1995) in patients with CFS ( , N¼ 43) and nonfatigued subjects (NF,
, N¼ 53). The horizontal black lines represent the mean score in each

group.

Table 1 Psychomotor Coordination and Motor Speed

CFS+MF CFS�MF NF

(N¼34) (N¼9) (N¼ 53)

Reaction time test

Simple reaction time (ms) 373 (11) 375 (28) 361 (8)

Simple movement time (ms) 506 (17) 548 (45) 493 (16)

Five-choice reaction time (ms) 399 (9) 429 (29) 397 (8)

Five-choice movement time (ms) 502 (15) 546 (54) 466 (14)

Data are shown as mean (SE).
CFS+MF: CFS patients with significant mental fatigue (mental fatigue score
410); CFS�MF: CFS patients with low mental fatigue (mental fatigue score
p10); NF: nonfatigued subjects.

Table 2 Reasoning and Planning Abilities

CFS+MF
(N¼34)

CFS�MF
(N¼ 9)

NF
(N¼53)

Stockings of Cambridge

Total # perfect solutions 8.7 (0.3) 8.2 (0.3) 8.9 (0.3)

Four-move problems

Average # moves 5.4 (0.2) 5.6 (0.4) 5.3 (0.1)

ITT 11.4 (1.2) 9.4 (2.4) 11.6 (1.2)

STT 2.8 (0.5) 2.0 (0.6) 1.9 (0.3)

Five-move problems

Average # moves 6.6 (0.2) 7.1 (0.5) 6.4 (0.2)

ITT 13.9 (2.5) 8.3 (1.4) 13.7 (1.4)

STT 1.3 (0.2) 2.5 (1.5) 1.0 (0.1)

Data are shown as mean (SE).
CFS+MF: CFS patients with significant mental fatigue (mental fatigue score
410); CFS�MF: CFS patients with low mental fatigue (mental fatigue score
p10); NF: nonfatigued subjects.
ITT: initial thinking time; STT: subsequent thinking time.
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of moves, ITT, and STT for both four-move problems and
five-move problems (ANOVA (four-move problems)F
moves: F(2,93)¼ 0.27; ITT: F(2,93)¼ 0.30; STT: F(2,93)¼
1.37, all P40.05; ANOVA (five-move problems)Fmoves:
F(2,93)¼ 1.31; ITT: F(2,93)¼ 0.91; STT: F(2,93)¼ 3.07, all
P40.05). Similarly, there were no significant differences
between groups in the total number of problems solved in
a minimum number of moves (ANOVA: F(2,93)¼ 0.50,
P40.05).

Memory

CFS patients with significant mental fatigue exhibited
impairment in memory, notably in SWM, in comparison
with CFS patients with low mental fatigue and nonfatigued
subjects (ANOVA: F(2,93)¼ 2.23, P¼ 0.014) (Table 3). More
specifically, patients with CFS and significant mental fatigue
scores (CFS+MF) displayed significantly impaired search
strategy (as revealed by a higher strategy score in the SWM
test) compared to nonfatigued subjects (P¼ 0.03) and CFS
patients with low mental fatigue (CFS�MF) (P¼ 0.05). In
terms of between-search errors, ANOVA failed to indicate a
significant difference between the three groups at the
designed statistical threshold (Po0.05) (ANOVA: F(2,93)¼
2.23, P¼ 0.11). Nevertheless, complementary analysis
indicated that CFS patients with significant mental fatigue
made significantly more between-search errors during
the SWM test compared with nonfatigued subjects (t-test;
P¼ 0.04) (Figures 2a and 2b). Working memory perfor-
mance of CFS patients with low mental fatigue was not
statistically different from performance in nonfatigued
subjects.
Performance accuracy was similar in the three groups

on the PRM and SRM tests (ANOVA: F(2,93)¼ 0.73 and
F(2,93)¼ 0.82, all P40.05). Nevertheless, for response
latencies in the SRM, there was a trend for a significant
difference between groups (ANOVA: F(2,93)¼ 2.65,
P¼ 0.08). Complementary analysis indicated that CFS

patients with significant mental fatigue exhibited signifi-
cantly longer response latencies in the SRM test compared
with nonfatigued subjects (t-test; Po0.05). In the PRM test,
response latencies were similar across groups (ANOVA:
F(2,93)¼ 1.18, P40.05).

Attention

The ability to shift attentional set (as assessed by the IED
test) was comparable across the three groups (Table 4).
Indeed, no difference was found between CFS patients with
significant complaints of mental fatigue, CFS patients with
low mental fatigue and nonfatigued subjects in the number
of completed stages, the number of total errors, as well
as the number of shift errors (EDS errors) and pre-shift
errors (pre-ED errors) in the IED test (ANOVAFstages:
F(2,93)¼ 0.67; total errors: F(2,93)¼ 0.94; EDS errors:
F(2,91)¼ 0.48; Pre-ED errors: F(2,93)¼ 1.74; all P40.05).
Similarly, there was no significant overall difference in the

global performance of the three groups on the RVIP test, as
measured by signal A0, mean latencies to correct responses,

Table 3 Performance on Tests of Memory

CFS+MF CFS�MF NF

(N¼ 34) (N¼9) (N¼ 53)

Spatial working memory

Strategy score 35.7 (0.6)*,w 32.2 (2.0) 33.5 (0.5)

Between-search errors 34.6 (2.8)w 29.8 (5.6) 26.4 (2.5)

Pattern recognition memory

% Correct 89.6 (1.5) 94.0 (2.2) 89.9 (1.5)

Mean correct latency (s) 2.24 (0.12) 2.08 (0.23) 2.20 (0.11)

Spatial recognition memory

% Correct 83.8 (1.6) 81.1 (2.6) 84.7 (1.0)

Mean correct latency (s) 2.80 (0.18)w 2.99 (0.55) 2.40 (0.10)

Data are shown as mean (SE).
CFS+MF: CFS patients with significant mental fatigue (mental fatigue score
410); CFS�MF: CFS patients with low mental fatigue (mental fatigue score
p10); NF: nonfatigued subjects. *P¼ 0.05 vs CFS�MF; wPo0.05 vs NF.

Figure 2 Strategy score (a) and between-search errors (b) in patients
with CFS and significant complaints of mental fatigue (CFS+MF), patients
with chronic fatigue and low mental fatigue (CFS�MF), and nonfatigued
subjects (NF). The lower the strategy score the more efficient was the
subject. *P¼ 0.05 CFS +MF vs CFS�MF; wPo0.05 CFS+MF vs NF.
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total false alarms, and total hits (ANOVA: A0 F(2,92)¼ 1.90;
mean latency F(2,92)¼ 0.06; false alarms F(2,93)¼ 0.54; hits
F(2,93)¼ 2.18; all P40.05). Nevertheless, complementary
analysis (t-test) indicated that the total number of hits in the
RVIP test was significantly lower in CFS patients with
significant mental fatigue compared with nonfatigued
subjects (P¼ 0.04). A two-way repeated-measure ANOVA
with group as a between-subject factor and RVIP trial
period (trials 1–9 vs trials 10–18 vs trials 19–27) was

performed to compare changes in response latencies (as a
measure of cognitive fatigability) during the course of the
RVIP test in the three groups. Results did not show any
significant main effect of group or trial period on the
evolution of response latencies during the course of the
RVIP test (F(2,91)¼ 0.18 and F(2,182)¼ 1.17, respectively,
all P40.05), but revealed a significant group� trial period
interaction (F(4,182)¼ 3.19, P¼ 0.014). Examination of the
simple main effects and post-hoc analyses revealed that
changes in response latencies over the course of the RVIP
test were apparent only in CFS patients with significant
mental fatigue. In those patients, response latencies were
significantly increased in the final stages of the test (trials
19–27) in comparison with earlier trials, suggesting
cognitive fatigability in these patients (P¼ 0.03) (Figure 3).
Similar to nonfatigued subjects, CFS patients with no
significant complaints of mental fatigue did not show any
significant impairment in the RVIP task.

DISCUSSION

The present findings indicate that mental fatigue is an
important correlate of cognitive impairment in CFS
patients. To our knowledge, this is the first time that a
clear association is demonstrated between subjective
complaints of mental fatigue and objective measurements
of cognitive function in a population-based sample of
patients with CFS. In addition, these data provide important
information regarding the specificity of cognitive dysfunc-
tion in patients with CFS. Finally, these findings provide
interesting clues regarding the neural pathways that may
underlie cognitive alterations in CFS patients.
As noted previously, cognitive dysfunction has been

found in some, but not all, neuropsychological studies in
CFS patients. For instance, whereas several investigations
have shown evidence of impaired memory, attention, and
information-processing speed in patients with CFS (Deluca
et al, 2004, 1997; Dobbs et al, 2001; Joyce et al, 1996), other
reports have failed to show any significant cognitive
alterations in these patients (Michiels and Cluydts, 2001).
This discrepancy between results may be due to the
variability of methods of assessment of cognitive function,
but also may be due to the relative presence of mental
fatigue or other relevant symptoms in the patient popula-
tions examined. In support of the latter hypothesis, ratings
of subjective mental fatigue as assessed by the MFI were
found to significantly relate to cognitive performance,
especially in tests of information-processing speed, verbal
fluency, and retention, in patients with myasthenia gravis
(Paul et al, 2002).
In the present study, patients with CFS and significant

complaints of mental fatigue (as indicated by a score of
mental fatigue on the MFI scale superior to the mean+ 2 SD
of the mental fatigue score in nonfatigued subjects)
were found to exhibit significant impairment in working
memory, especially in the form of impaired search strategy
and increased number of between-search errors. This
finding is in accordance with previous reports indicating
alterations in working memory, including the SWM task
of the CANTAB, in patients with CFS (Joyce et al, 1996;
Marshall et al, 1997). In addition, CFS patients with

Table 4 Performance on Tests of Attention

CFS+MF CFS�MF NF

(N¼ 34) (N¼9) (N¼53)

ID/ED shift

Stages completed 8.6 (0.1) 8.2 (0.3) 8.4 (0.2)

Total errors (adjusted) 24.2 (3.4) 34.9 (7.1) 30.4 (3.9)

EDS errorsa 10.2 (1.8) 13.8 (3.9) 10.2 (1.4)

Pre-EDS errors 6.9 (0.7) 7.1 (0.9) 9.3 (1.0)

Rapid visual information processing

A0b 0.89 (0.01) 0.89 (0.01) 0.91 (0.01)

Mean latency (ms)b 532 (20) 518 (23) 526 (15)

Total false alarms 1.9 (1.2) 0.9 (0.4) 0.9 (0.2)

Total hits 14.7 (1.0)w 15.4 (1.5) 17.2 (0.7)

Data are shown as mean (SE).
CFS+MF: CFS patients with significant mental fatigue (mental fatigue score
410); CFS�MF: CFS patients with low mental fatigue (mental fatigue score
p10); NF: nonfatigued subjects. wPo0.05 vs NF.
aData for this parameter were unavailable for two nonfatigued subjects who did
not reach the stage of extra-dimensional shift.
bOne CFS subject with significant mental fatigue missed all target sequences, and
therefore did not obtain any values for these measurements.

Figure 3 Change in response latency (ms) over the course of the RVIP
test in patients with CFS and significant complaints of mental fatigue (CFS+
MF), patients with chronic fatigue and low mental fatigue (CFS�MF), and
nonfatigued subjects (NF). White bar: first period of the test (trials 1–9, ie,
min 2); striped bar: second period of the test (trials 10–18, ie, min 3);
solid black bar: third period of the test (trials 19–27, ie, min 4). Only CFS
patients with significant complaints of mental fatigue exhibited increased
response latencies between the first and last periods of the test
(mean increase¼ 78ms). *Po0.05 period 1 vs period 3.
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significant complaints of mental fatigue showed significant
impairment in the task of sustained attention/vigilance, as
revealed by increased response latencies to continuous
stimuli, notably at the final stages of the RVIP task,
suggesting higher cognitive fatigability in these patients.
This finding is supported by previous data indicating
reduced information-processing speed in CFS patients
(Marshall et al, 1997, 1999). CFS patients with significant
mental fatigue did not show, however, any significant
slowing in tasks requiring lower cognitive demand/control,
including the task of simple and choice RTI and PRM.
Attentional shift abilities, as well as planning and problem-
solving performance, were not impaired in patients with
CFS with significant complaints of mental fatigue compared
to CFS patients with low mental fatigue and nonfatigued
subjects. Nevertheless, it should be noted that, because of
the limited sample size, especially for the group of CFS
patients with significant mental fatigue, it may also be that
the absence of impairment in these tests of executive
function in CFS patients with mental fatigue is related to
reduced statistical power. Interestingly, patients with CFS
and low mental fatigue exhibited performance on all tasks
(including the SWM and the RVIP tasks found to be
impaired in CFS patients with significant mental fatigue)
similar to nonfatigued subjects. In addition to demonstrat-
ing a strong concordance between subjective complaints of
mental fatigue and objective measurement of cognitive
function in CFS patients, these findings indicate that mental
fatigue represents an essential determinant of cognitive
dysfunction associated with CFS and a relevant variable to
be considered when assessing cognitive performance in
patients with this disorder. Of note, cognitive impairment in
CFS patients with mental fatigue was not attributable to
mood disorders or psychotropic medication use in these
patients.
The tasks that were found to be impaired in CFS patients

with mental fatigue (ie, SWM and RVIP tasks) have been
shown to involve specific fronto-parieto-thalamo-striatal
areas. More specifically, the task of spatial working memory
was found to rely primarily on the dorsolateral prefrontal
(DLPFC) cortex (Beats et al, 1996), and performance on the
rapid visual information-processing task has been shown to
be associated with increased activity in prefrontal and
parietal regions, thalamus, caudate, anterior insula, middle
occipital/fusiform gyrus, and cerebellar areas (Lawrence
et al, 2002). Taken together, these findings suggest that
changes in neural circuits involving the frontal and parietal
cortex as well as the thalamus and basal ganglia may
constitute a primary pathway in the pathophysiology of
CFS-related mental fatigue and cognitive dysfunction.
Nevertheless, it remains also possible that CFS patients
recruit different or additional brain areas than those
detected in normal controls to perform the same tasks.
This hypothesis is supported by recent data indicating that
CFS patients engaged in a complex auditory information-
processing task utilize more extensive regions of the
network associated with verbal WM system than non-
fatigued subjects (Lange et al, 2005). Finally, given the
heterogeneity and diversity of symptoms in CFS, it is also
highly probable that not one, but several, pathophysiologi-
cal mechanisms are involved in the syndrome of chronic
fatigue. Consistent with this notion, data obtained in

patients with Parkinson disease afflicted with fatigue
indicate that mental fatigue and physical fatigue (as
assessed by the MFI scale) are independent symptoms,
suggesting that these two forms of fatigue involve separate
etiologies and pathophysiological pathways (Lou et al,
2001). Accordingly, whereas dopamine agents appeared to
be useful for improving physical fatigue (Lou et al, 2003),
drugs targeting serotonin and/or noradrenergic function
may be more adapted for the treatment/alleviation of
mental fatigue and cognitive dysfunction. In support of
this hypothesis, the antidepressant paroxetine, a serotonin
reuptake inhibitor, was found to prevent mental fatigue and
cognitive dysfunction, but not physical fatigue, in patients
with medical illness affected with fatigue and treated with
the cytokine, interferon-alpha (Capuron et al, 2002).
In conclusion, our findings show a clear relationship

between perceived mental fatigue and objective measures of
working memory and cognitive fatigability in CFS patients,
and indicate that complaints of mental fatigue constitute an
important factor to be considered in the detection and
assessment of cognitive dysfunction in patients with CFS. It
appears, therefore, quite possible that the lack of considera-
tion (or the underestimation) of complaints of mental fatigue
in CFS patients may have contributed to the heterogeneity of
results obtained from the assessment of neuropsychological
performance in patients with fatiguing illnesses.
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