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Abstract

The degree of neuropsychological dysfunction across multiple domains was examined in individuals suffering from
chronic fatigue syndrome (CFS). In this descriptive study, a similar series of neuropsychological tests was
administered to a group of CFS patients and healthy participants. More specifically, CFS patients (n 5 141) who
met the 1994 Case Definition criteria were compared to 76 healthy control participants on tests of memory, attention
(concentration), speed of information processing, motor speed, and executive functioning. On the 18 measures
administered, CFS patients scored 1 standard deviation below the healthy mean on nine measures and scored 2
standard deviations below the healthy mean on four of the measures. Moreover, results indicated that CFS patients
were more likely than healthy controls to fail (1.6SDbelow the healthy mean) at least one test in each of the
following domains: attention, speed of information processing, and motor speed, but not on measures of memory
and executive functioning. Finally, CFS patients demonstrated a greater total number of tests failed across domains.
(JINS, 2004,10, 278–285.)
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INTRODUCTION

Chronic fatigue syndrome (CFS) is an unexplained fatigu-
ing illness in which neuropsychological complaints and ob-
jective cognitive deficits are common (Tiersky et al., 1997).
Recent studies have consistently shown group differences
between CFS and healthy participants in mean level of per-
formance across numerous cognitive domains. For in-
stance, CFS patients have consistently performed below
the level of healthy controls on measures of attention, con-
centration, speed of information processing, and motor func-
tioning (DeLuca et al., 1993; Marshall et al., 1997; Michiels
et al., 1996, 1998; Smith et al., 1993; Volmer-Conna et al.,
1997; Weardon & Appleby, 1997).

Although there is some inconsistency in the literature,
individuals with CFS have also been found to exhibit defi-

cits in memory when group differences are examined (De-
Luca et al., 1994; Estes et al., 1984; Johnson et al., 1998;
Joyce et al., 1996; Marcel et al., 1996; Michiels et al., 1996;
Sandman et al., 1993). The memory deficit in CFS seems to
be a consequence of difficulties in the acquisition of infor-
mation. DeLuca et al. (1994) reported, “impaired memory
may be secondary to deficient information processing and
encoding of material rather than impaired storage and0or
retrieval.” This finding is consistent with the results found
by Lawrie et al. (2000), in which CFS patients displayed
more difficulty on “harder” tasks involving information-
processing capacity.

Deficits on specific measures of executive functioning in
CFS have been documented in the literature (Marcel et al.,
1996; Marshall et al., 1997; McDonald et al., 1993; Ray
et al., 1993; Smith et al., 1993). A variety of measures have
been used to assess different aspects of executive function-
ing such as set shifting and conceptualization [Stroop Inter-
ference (Stroop, 1935); Proverb Interpretation (Gorham,
1956), respectively], figure copying [figures from the
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Wechsler Memory Scale (Wechsler, 1945)], along with pro-
cessing reading passages [Salthouse Reading Span Task
(Salthouse, 1994)]. Indeed, there has been variability in the
measures used to assess executive functioning across stud-
ies, and therefore estimates of executive dysfunction in CFS
have differed (Dobbs et al., 2001; Moss-Morris et al., 1996;
Tiersky et al., 1997). Most recently, Dobbs et al. (2001)
found that CFS patients performed more poorly on com-
plex tasks that involve rapid information processing as com-
pared to healthy controls. In the study by Dobbs et al. (2001),
the tasks required processing routine information while fil-
tering out distractions, and shifting conceptual sets within a
limited time frame (Dobbs et al., 2001). Although earlier
studies evaluating other executive domains, which did not
include a significant timed component, such as abstract rea-
soning, set shifting and concept formation have consis-
tently reported no significant differences between CFS
patients and healthy controls (Tiersky et al., 1997; Moss-
Morris et al., 1996). In the present investigation, the nature
of executive deficits in CFS will be further investigated
using a variety of measures.

Clearly many studies have documented neuropsycholog-
ical decline in CFS. Yet, as discussed previously, most stud-
ies identified cognitive deficits by a “mean difference”
(DeLuca et al., 1993; Marshall et al., 1997; Michiels et al.,
1996, 1998; Smith et al., 1993; Volmer-Conna et al., 1997;
Wearden & Appleby, 1997). Using mean comparisons to
healthy data makes it difficult to determine the extent of a
specific deficit for CFS patients unless standard scores are
computed in reference to healthy norms. Indeed, the use of
standard scores is pragmatic when evaluating and compar-
ing neuropsychological, psychological, and functional data
(Lezak, 1995). Scores converted to standard deviation units
provide a basis for performance comparison when different
tests with different metrics are being utilized to measure the
same cognitive domain. Equating performance in terms of
standard deviation units also is useful when evaluating per-
formance across cognitive domains. In fact, Drebing and
colleagues (1994) used standard scores to classify “high,
moderate, or low probability” of cognitive deficits in the
elderly population.

Vercoulen et al. (1998) attempted to standardize his
method in determining the extent of neuropsychological
dysfunction by creating a failure score (a score below the
5th percentile of the healthy group mean). By computing
the number of failures in the CFS and healthy groups, these
researchers then examined the degree of dysfunction in their
CFS sample and found a limited degree. Given that these
authors only used a single criterion for identifying neuro-
psychological deficits, limited conclusions can be drawn
from their study, as the extent of cognitive dysfunction across
domains cannot be determined. A goal of the current inves-
tigation is to use several different criteria to describe and
determine the degree of neuropsychological dysfunction
across multiple domains in CFS.

It is important to document the extent of cognitive dys-
function across domains in CFS, as deficits in neuropsycho-

logical functioning have been found to affect functional
capabilities in this population (Christodoulou et al., 1998).
By identifying neuropsychological performances that are 1,
1.6 (5th percentile) or 2 standard deviations below a nor-
mative mean, clinicians may be more readily able to iden-
tify the individuals who demonstrate functional decline.
Indeed, authors have been able to predict ability to perform
activities of daily living using cutoff scores based on stan-
dard deviation units in the elderly population (Richardson
et al., 1995).

Thus, to help determine the degree of neuropsychologi-
cal dysfunction across domains in CFS, the following com-
parisons were made in the present investigation: (1) the
percentage of CFS patients performing 1 and 2 standard
deviations below the healthy mean to the percentage of
healthy participants demonstrating similar performance, (2)
the percentage of CFSversushealthy participants failing
(5th percentile) at least one neuropsychological measure
(using the methods of Vercoulen et al., 1998), and (3) the
total number of tests failed overall by CFS patientsversus
the total number failed by healthy participants.

METHOD

Research Participants

One hundred forty-one patients suffering from CFS partici-
pated in the research study. CFS patients were required to
meet the 1994 CFS case definition criteria (Fukuda et al.,
1994). In addition, patients were excluded at intake if they
met any of the following criteria: (1) were diagnosed with
any Axis 1 psychiatric disorder within 5 years prior to the
initial evaluation; (2) had a diagnosis of schizophrenia, ma-
nia, substance abuse0dependence, or an eating disorder at
any time; (3) had an onset of CFS greater than 15 years
prior to intake; or (4) experienced a loss of consciousness
greater than 5 min.

As a comparison group, 76 healthy participants were re-
cruited into the study. Healthy controls were excluded at
intake if they demonstrated any psychiatric history or any
history of a chronic medical illness as determined by a phy-
sician’s assistant trained in the diagnosis of CFS, and su-
pervised by an expert in CFS (Benjamin Natelson, MD).

Procedure

As part of the initial screening process, all participants com-
pleted a paper and pencil screen form to determine if they
met the criteria for CFS. Those who met the paper and
pencil criteria were invited to participate in the psychiatric
aspect of the intake process to determine further eligibility.
Participants were then administered the Diagnostic Inter-
view Schedule Third Edition (DIS–III–R) (Marcus et al.,
1990)via telephone by a trained research assistant. At this
time, participants were screened for prior (within 5 years of
intake) or concurrent psychiatric illnesses, as defined as
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exclusionary criteria by Fukuda et al. (1994) (schizophre-
nia, mania, eating disorders, substance abuse). Participants
who met the initial inclusion criteria were then scheduled to
visit the Chronic Fatigue Center for comprehensive neuro-
psychological testing and a history and physical examina-
tion. A physician’s assistant, trained in the diagnosis of CFS
and supervised by Benjamin Natelson, MD, conducted all
history and physical examinations and took blood work from
all participants in order to rule out other possible causes of
fatigue. Control participants also completed a psychiatric
interview, a history and physical evaluation, as well as neuro-
psychological testing.

A trained research assistant administered the neuropsy-
chological battery. The standardized neuropsychological bat-
tery included: The California Verbal Learning Test (CVLT)
(Delis et al., 1987); the Paced Auditory Serial Addition
Task (PASAT) (Gronwall, 1977); the Rey-Osterreith Com-
plex Figure Test (Corwin & Bylsma, 1993); The Continu-
ous Performance Test (CPT) and The Simple Reaction Time
Task (SRT) (Neurobehavioral Systems, Inc., 1994); The
Category Test, Computer version (Defilippis, 1991); the
Grooved Pegboard (Klove, 1963); Trails Making Test A & B
(Reitan & Davidson, 1974); the Wechsler Adult Intelli-
gence Scale–Revised (WAIS–R) Digit Span and the Digit
Symbol subtests (Wechsler, 1981); and the Test of Memory
Malingering (TOMM) (Tombaugh, 1996). In addition, the
Beck Depression Inventory (BDI) was utilized to measure
depression (Beck et al., 1961).

Thirty-four CFS patients were administered the TOMM
to determine if they were putting forth full effort. No par-
ticipant’s performance was indicative of a lack of effort
(scores. 45 on trial 2 and retention trial) (Tombaugh,
1996). The TOMM was administered to only 34 CFS pa-
tients as it was inserted into the protocol late into the study.

Categorization of neuropsychological tests

In this study, neuropsychological measures were catego-
rized into specific cognitive domains. Each domain in-
cluded measures that evaluated similar cognitive skills.
Below is a listing on the domains, the measures included in
each one, and the rationale for their inclusion.

Memory

In the domain of memory, the CVLT (words recalled, short
delay free recall, and long delay free recall), the Rey-
Osterreith Complex Figure Test (immediate and delayed
recall), and Digit Span forward subtest of the WAIS–R were
included. All of these measures are known to evaluate dif-
ferent aspects of memory ability (Lezak, 1995).

Attention0concentration

The attentional domain was comprised of the Digit Span
subtest (total score) along with the Digit Symbol subtest
from the WAIS–R. The Digit Symbol subtest was included
in this attentional category as it evaluates visual attention

and concentration (Farr et al., 1986). The Digit Span total
was included as an index of attention, due to its sensitivity
in detecting overall inattention to the string of presented
numbers.

Speed of information processing

The speed of information processing (SIP) domain con-
sisted of the total PASAT score, which is a complex task of
attention and information-processing ability (Gronwall &
Wrightson, 1981; Lezak, 1995). Other SIP measures in-
cluded the CPT and Trails Making Test A. The CPT is de-
signed to measure a participant’s ability to attend and process
information quickly. The Trails Making Test A also in-
cludes a speeded information-processing component.

Motor speed

The Grooved Pegboard (preferred and nonpreferred hand)
task and the Simple Reaction Time task (SRT) were in-
cluded in the domain evaluating motor speed. The Grooved
Pegboard is known to evaluate speeded motor performance
(Lewis & Rennick, 1979; Mathews & Haaland, 1979). Like-
wise, the SRT evaluates basic motor speed.

Executive functioning

Diverse executive measures were included in this domain
to reflect a range of higher-order cognitive skills. The Digit
Span backwards subtest of the WAIS–R, the Trails Making
Test B, Rey-Osterreith Complex Figure—copy, and the Cat-
egory Test comprised this domain. The Digit Span back-
wards subtest was included to evaluate the executive
component of working memory, while the Trails Making
Test B was included as a measure of rapid set shifting. The
Rey-Osterreith Complex Figure—copy was included to
evaluate executive planning and organization. Finally, the
Category Test was included to measure abstract concept
formation.

Analyses

A multivariate analysis of variance (MANOVA) was uti-
lized in order to examine group comparisons on demo-
graphic variables such age, education, along with the scores
on the vocabulary and block design subtests of the WAIS–R,
used as estimates of intellectual functioning. In addition, a
chi-square test of significance was utilized to determine
significance of gender difference in both groups (see Table 1).

To examine the extent of neuropsychological dysfunc-
tion in CFS across domains, the following three analyses
were completed. First, a chi-square comparison was used to
determine the percentage of CFS patientsversushealthy
controls who performed 1 or 2 standard deviations below
the healthy group’s mean performance (see Table 2). To
control for type 1 error, a Bonferroni correction procedure
for inequality was utilized (Stevens, 1986). We used a more
stringent alpha level of .003, correcting for the 18 compar-

280 K. Busichio et al.

https://doi.org/10.1017/S1355617704102178 Published online by Cambridge University Press

https://doi.org/10.1017/S1355617704102178


isons. Second, a chi-square test of significance was utilized
to determine if CFS patients were more likely than healthy
participants to fail one or more neuropsychological mea-
sures in each specific cognitive domain. See below for an
explanation of how failure was determined. To control for
type 1 error, we set thep value at .01, correcting for five
comparisons (Bonferroni correction for inequality). Fi-
nally, by using an analysis of variance (ANOVA), the total

number of tests failed by the CFSversushealthy groups
was compared. Standardized residual scores were utilized
in all of the above analyses (see section on neuropsycho-
logical dysfunction for a further discussion of the use of
residual scores).

Finally, it has been reported that 50–70% of CFS pa-
tients have concomitant depressive symptomatology, which
can affect cognitive performance (David, 1991; Lawrie et al.,

Table 1. Demographic data

CFS patients
(n 5 141)

Controls
(n 5 76) F/x2 p value

Gender
Male 24 (17%) 9 (12%) 1.03 NS
Female 117 (83%) 67 (88%)

Age (years)
Mean(SD) 37.7 (9.21) 35.7 (8.72) 2.41 NS

Education (years)
Mean(SD) 15.4 (2.40) 15.3 (2.09) ,1 NS

Vocabulary scaled score
WAIS–R 11.9 (2.85) 11.57 (2.42) 1.38 NS

Block Design scaled score
WAIS–R 11.25 (2.48) 11.48 (2.65) ,1 NS

Note.NS5 not significant.

Table 2. Percentage of participants performing 1 and 2SDbelow the healthy norm

CFS Healthy CFS Healthy

1 SD p 2 SD p

Memory
CVLT words recalled 34.3% 15.6% .003 11.4% 3.1% NS
CVLT SDF 20% 15.8% NS 6.4% 1.3% NS
CVLT LDF 24.5% 15.8% NS 9.4% 1.3% NS
Rey immediate recall 35% 16% .003 11.4% 2.7% NS
Rey delayed recall 27.9% 16% NS 5.7% 2.7% NS
Digit Span forward 25.7% 14.5% NS 2.7% 1.3% NS

Concentration
Digit Span total 34.8% 15.8% .003 1.4% 2.6% NS
Digit Symbol 41.6% 16.1% .000 20.2% 3.2% .000

Speed of Processing
PASAT total 36.7% 15.7% .001 — — —
CPT mean rxn time 48.1% 15.6% .000 30.4% 3.1% .000
Trails A 24.3% 16.4% NS 5.2% 1.8% NS

Motor Speed
Grooved Peg (ph) 29.2% 16.1% NS 10.1% 3.2% NS
Grooved Peg (nph) 41.6% 15.6% .000 20.2% 3.1% .000
SRT mean rxn time 58% 15.6% .000 50.6% 3.1% .000

Executive Functioning
Rey score copy 38.6% 16% .000 3.6% 2.7% NS
Category Test 28.8% 15.6% NS 9.1% 3.1% NS
Trails B 17.5% 16.7% NS .9% 1.8% NS
Digit Span backward 16.9% 14.5% NS — 1.3% NS

Note.CVLT 5 California Verbal Learning Test; SDF5 Short Delay Free Recall; LDF5 Long Delay Free Recall; PASAT5 Paced
Auditory Serial Attentional Task; CPT5 Continuous Performance Test; and SRT5 Simple Reaction Time Test. NS5 not significant.
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2000). Thus, to determine if depression needed to be con-
trolled for, we utilized the Pearson correlation to examine
the relationship between depression (BDI score) and neuro-
psychological functioning.

Neuropsychological dysfunction ( failure)

In the present investigation, the method utilized by Ver-
coulen et al. (1998) was used to determine failure on the
cognitive measures. Specifically, participants’scores on each
of the neuropsychological tests were converted to standard-
ized residual scores using multiple-regression procedures.
Similar to Vercoulen et al. (1998), age, gender, and educa-
tion were used as covariates in the regression analyses. Then,
these scores were compared to the mean of the healthy
group, which served as a reference point. The researcher
then dichotomized the score as a failure if the score fell
below the 5th percentile or the 1.6 standard deviation cutoff
on a given measure (by definition, 5% of healthy partici-
pants have cognitive deficits).

RESULTS

Demographic Variables

As displayed on Table 1, the CFS and healthy groups did
not differ in age, education, and gender composition. In
addition, there were no significant differences between the
CFS and healthy groups on the Vocabulary (CFS mean5
11.9,SD5 2.85 and healthy mean5 11.56,SD5 2.42) and
Block Design (CFS mean5 11.25,SD5 2.48 and healthy
mean5 11.48,SD5 2.65) subtests of the WAIS–R.

Correlations between Neuropsychological
Measures and the Index of Depression

In the present investigation, there was not a significant cor-
relation between total cognitive failures and the total BDI
score (r 5 .104,p 5 .085)

Memory

The percentage of CFS and healthy participants performing
at 1 and 2 standard deviations below the healthy group
mean is presented in Table 2. Two out of the six tests reached
significance, while one other tests (Digit Span forward)
approached significance at the 1 standard deviation cutoff.
Specifically, a significantly greater percentage of CFS pa-
tients performed 1 standard deviation below the healthy
group mean on the CVLT than did healthy control partici-
pants (# words recalled) (34.3%vs. 15.6%, respectively,
p 5 .003), and on the Rey-immediate recall (35%vs.16%,
respectively,p5 .003). No significant differences were found
at 2 standard deviations when using the adjusted alpha
of .003.

Attention/Concentration

Results of the CFS and healthy group contrasts on neuro-
psychological tests measuring concentration and attention
are presented in Table 2. The CFS patients demonstrated
significantly more dysfunction than healthy participants in
this domain in both of the tests at the 1 standard deviation
cutoff and one out of two for the 2 standard deviation cut-
off. Specifically, 34.8% of CFS patients performed 1 stan-
dard deviation below the healthy group mean as compared
to only 15.8% of the healthy participants on the Digit Span
total task (p 5 .003). On the Digit Symbol subtest, 41.6%
of CFS patients performed 1 standard deviation below the
healthy mean where as only 16.1% of healthy participants
demonstrated similar performance (p 5 .000). Moreover,
more CFS patients performed 2 standard deviations below
the healthy group mean than did healthy participants on the
Digit Symbol subtest of the WAIS–R (20.2%vs.3.2%, re-
spectively) (p 5 .000), but these differences did not reach
significance on the Digit Span total (1.4%vs. 2.6%) be-
tween the healthy and CFS groups, respectively.

Speed of Information Processing

Table 2 illustrates differences between CFS patients and
healthy controls on measures of speed of information pro-
cessing (SIP). CFS patients demonstrated significantly more
dysfunction than healthy participants on two out of the three
tests for the 1 standard deviation cutoff and one out of the
three tests for the 2 standard deviation cutoff in this do-
main. Specifically, 36.7% of CFS patients performed 1 stan-
dard deviation below the healthy group mean as compared
to 15.7% of the healthy participants on the PASAT (p 5
.001), along with 48.1%versus15.6% on the CPT (p 5
.000). Moreover, more CFS patients performed 2 standard
deviations below the healthy mean than did healthy partici-
pants on the CPT (30.4%vs.3.1%, respectively) (p5 .000).
However, there were no significant differences between the
groups on Trails Making Test A (1SDand 2SD), and there
were no participants scoring 2 standard deviations below
the healthy mean on the PASAT.

Motor Speed

As is presented in Table 2, CFS patients were more im-
paired than healthy participants on two out of the three tests
for both the 1 and 2 standard deviation cutoffs on measures
of motor speed (p , .003). On the Grooved Pegboard (non-
preferred hand), a greater percentage of CFS patients as
compared to healthy participants performed at 1 standard
deviation below the healthy group mean (41.6%vs.15.6%,
respectively) (p 5 .000). On the SRT, 58% of CFS patients
performed 1 standard deviation below the healthy group
mean as compared to 15.6% of healthy participants (p 5
.000). With respect to 2 standard deviations below the healthy
mean, 20.2% of CFS patients as compared to 3.1% of healthy
participants demonstrated such performance on the Grooved
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Pegboard nonpreferred hand (p5 .000). On the SRT, 50.6%
of the CFS patients performed 2 standard deviations below
the healthy group mean as compared to only 3.1% of healthy
participants (p 5 .000)

Executive Functioning

As shown in Table 2, CFS patients also demonstrated more
significant dysfunction than healthy participants on one out
of four tests on measures of executive functioning (p ,
.003). More CFS patients performed 1 standard deviation
below the healthy group mean than did healthy participants
on the Rey-copy (38.6%vs.16.0%, respectively) (p5 .000).
No significant differences were found on the Category Test,
the Digit Span backwards subtest and Trails Making Test B
at the 1 standard deviation cutoff (p . .003). Finally, no
significant differences were found between the two groups
at the 2 standard deviation cutoff on any measure.

Failure Scores

As presented in Table 3, significantly more CFS patients
than healthy participants failed (1.6 standard deviations be-
low the healthy mean) at least one task in the following
domains: attention0concentration (p5 .004), SIP (p5 .002),
and motor speed (p 5 .000). Specifically, on measures of
memory functioning, 30% of CFS patients failed a task,
while only 17% of healthy participated demonstrated fail-
ing performances, yet this result did not reach significance
using the adjusted alpha (p 5 .035). Overall, 26% of the
CFS patients and 9% of the healthy participants failed at
least one task designed to test concentration. More specifi-
cally, CFS patients failed the Digit Symbol subtest. Forty-
one percent of the CFS patients failed at least one
neuropsychological test measuring SIP as compared to 16%
of the control group, and 61% percent of CFS patients per-
formed significantly slower on at least one motor task in
comparison to 22% of the healthy cohort. More specifi-
cally, CFS patients failed the CPT mean reaction time task
and0or the PASAT in the SIP domain, and the SRT and0or
the Grooved Pegboard (nph) in the domain measuring mo-
tor speed. However, CFS and healthy groups did not differ
in regard to the percentage of participants failing at least

one neuropsychological test in the domain of executive func-
tioning (10%vs.11%, respectively).

As noted in Table 4, CFS patients failed more neuropsy-
chological measures overall than healthy controls (p , .01).

DISCUSSION

The results of the present study indicate that a significant
number of individuals suffering from CFS exhibit deficits
on a variety of neuropsychological tasks across multiple
domains. These descriptive findings were based on a series
of neuropsychological tests administered to CFS and healthy
participants and appear consistent with the subjective cog-
nitive complaints of attention, concentration, and memory,
which are common among individuals with CFS. Also, these
findings parallel the literature that has documented differ-
ences in mean neuropsychological performance levels be-
tween CFS and healthy participants (DeLuca et al., 1994;
Marshall et al., 1997; Michiels et al., 1998; Smith et al.,
1993; Volmer-Conna et al., 1997; Wearden & Appleby,
1997). Overall, the CFS group was more likely than the
healthy group to perform 1 standard deviation below the
healthy reference mean on nine out of the 18 tests, and 2
standard deviations below the healthy norm on four out of
the 18 tests. In addition, the CFS group was also more
likely than the healthy cohort to fail at least one test (de-
fined as scoring below the 5th percentile of the healthy
mean) in the domains of attention, processing speed, and
motor speed, but not in the domains of memory and exec-
utive processing. Individuals with CFS also demonstrated a
higher total failure rate across domains.

The lack of significant findings at the 1.6 and 2 standard
deviation cutoffs in the memory domain lends further sup-
port to the findings of DeLuca et al. (1994) and Lawrie
et al. (2000), who note that memory deficits in CFS might
actually be due to difficulty with information processing as
compared to retrieval. The subtle deficit found in the mem-
ory domain (only two out of the six tests of memory reached
the 1 standard deviation cutoff ) may be explained by the
information-processing deficiency. Indeed, in our study, we
found that CFS patients failed (1.6 standard deviation cut-
off ) on two out of the three tests on information-processing
tasks (PASAT, CPT) and reached the 2 standard deviation
cutoff on the CPT task.

In addition, another interesting trend in the data is that
the CFS patients failed (reached the 2 standard deviation

Table 3. Percentage of participants failing* memory,
concentration, speed, and executive-functioning measures

CFS Healthy x2 p

Memory 30% 17% 4.63 NS
Concentration 26% 9% 8.86 .004
Speed of Processing 41% 16% 10.51 .002
Motor Speed 61% 22% 14.17 .000
Executive Functioning 10% 11% .036 NS

*failed at least one test in each domain (p , .01). NS5 not significant.

Table 4. Overall neuropsychological impairment
(Total # of tests failed)

CFS Healthy F value df

M (SD) 6.4 (5.3) M (SD) 2.0 (2.1) 49.39 Between5 1
Within 5 219
Total5 220

p , .01.
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cutoff ) tests of information processing requiring a motoric
response such as the Digit Symbol subtest, CPT, and the
SRT test. In fact, the CFS patients also did poorly (2 stan-
dard deviation cutoff ) on the Grooved Pegboard (nph), which
requires a patient to concentrate using their nondominant
hand and sustain motoric activity throughout the task.
Overall, it appears that CFS patients are having most
difficulty concentrating and processing information when
required to respond motorically. Our research lab has ex-
amined information-processing efficiency in CFS, and
have found that CFS patients do worse on tasks require
simultaneous processing (DeLuca et al., 1994), and more
specifically on auditory processing tasks (Johnson et al.,
1996). The findings in the present investigation further sug-
gest that CFS patients have difficulty when completing a
complex information-processing task.

In the domain of executive functioning, the CFS patients
did not fail any tests at the 1.6 and 2 standard deviation
cutoffs. In the present investigation, we administered both
un-timed measures of nonverbal abstract reasoning and plan-
ning, along with measures of rapid processing and timed set
shifting. CFS patients performed similar to the healthy par-
ticipants on a rapid processing and manipulation task (Digit
Span backwards) and on a timed test of set shifting (Trails
Making Test B). This finding is consistent with that of Dobbs
et al. (2001) and other authors who did not find significant
differences between CFS and healthy participants on the
Digit Span backwards subtest or the Trails Making Test B
(Dobbs et al., 2001). However, CFS patients did perform
more poorly than healthy participants on the Rey-copy mea-
sure (1 standard deviation), which suggests some difficulty
with planning and organization. The nature of this finding
requires further investigation.

The goal of the present investigation was to describe and
determine the extent of neuropsychological dysfunction
across domains in patients with CFS, using several differ-
ent criteria. Indeed, CFS patients demonstrate poor perfor-
mance on a variety of cognitive tasks. Lezak (1995) explains
that educational and employment opportunities, along with
functional abilities, relate to compromised cognitive abili-
ties, yet the etiology of cognitive dysfunction in CFS is still
unknown and may come from a wide spectrum of neuro-
psychiatric, medical, and0or functional factors. Thus, fu-
ture studies should be done to identify specific factors
contributing to cognitive deficits in CFS. In fact, Christodou-
lou and colleagues (1998) found a relationship between cog-
nitive dysfunction and functional disability in patients with
CFS. More specifically, irrespective of psychiatric factors,
CFS patients who had a higher number of failing test scores
reported more general days of inactivity. Future research
should further investigate the relationship between the de-
gree of neuropsychological dysfunction in CFS and func-
tional disability.

Further research should examine if the degree of neuro-
psychological dysfunction predict physical and psycholog-
ical decline in CFS using several different criteria. This
proposed examination should include overall neuropsycho-

logical dysfunction along with deficits in specific cognitive
domains. Understanding the role of neuropsychological def-
icits in maintaining disability in this illness could also lead
to targeted treatment recommendations.
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