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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 patiertd1) 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 (13D below 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 cits in memory when group differences are examined (De-
Chronic fati d CES) i lained fati Luca et al., 1994; Estes et al., 1984; Johnson et al., 1998;
ronic fatigue syndrome ( ) is an unexplaine atlgu'Joyce etal., 1996; Marcel et al., 1996; Michiels et al., 1996;

?ng ?Ilness in_\_/vhich r?e_uropsychological _complaints and Ob'Sandman etal., 1993). The memory deficitin CFS seems to
Jective cognitive deficits are common (Tiersky etal., 1997)'be a consequence of difficulties in the acquisition of infor-

Recent studies have consistently shown group dif‘ference&ation. Deluca et al. (1994) reported, “impaired memory

between CFS and healthy participants in mean_level of p_err'nay be secondary to deficient information processing and
formance across numerous cognitive domains. For in

¢ CES patients h stenl ¢ d bel encoding of material rather than impaired storage/and
stance, patients have consistently periormed beloy, o) » This finding is consistent with the results found

the level of healthy controls on measures of attention, conby Lawrie et al. (2000), in which CFS patients displayed
centration, speed of information processing, and motorfuncfnore difficulty on “haréer" tasks involving information-
tioning (DeLucaetal., 1993; Marshall et al., 1997; Michiels processing capacity

etal., 1996, 1998; Smith et al., 1993; Volmer-Conna et al., Deficits on specific measures of executive functioning in

1997; Weardon & Appleby, .1997)'. . . CFS have been documented in the literature (Marcel et al.,
. Alt_hough there Is some inconsistency in the IlFe_ratur_e,lg%; Marshall et al., 1997; McDonald et al., 1993; Ray
individuals with CFS have also been found to exhibit defl—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-
Address correspondence and reprint requests to: LanaA. Tiersky, Ph.D

School of Psychology, Fairleigh Dickinson University (T-WHI-01), 1000 ference (Stroop, 1935)_; Proverb Ipterpretation (Gorham,
River Road, Teaneck, NJ 07666. E-mail: tiersky@fdu.edu 1956), respectively], figure copying [figures from the
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Wechsler Memory Scale (Wechsler, 1945)], along with pro-logical functioning have been found to affect functional
cessing reading passages [Salthouse Reading Span Taskpabilities in this population (Christodoulou et al., 1998).
(Salthouse, 1994)]. Indeed, there has been variability in th8y identifying neuropsychological performances that are 1,
measures used to assess executive functioning across studé (5th percentile) or 2 standard deviations below a nor-
ies, and therefore estimates of executive dysfunction in CF&ative mean, clinicians may be more readily able to iden-
have differed (Dobbs et al., 2001; Moss-Morris et al., 1996tify the individuals who demonstrate functional decline.
Tiersky et al., 1997). Most recently, Dobbs et al. (2001)Indeed, authors have been able to predict ability to perform
found that CFS patients performed more poorly on com-activities of daily living using cutoff scores based on stan-
plex tasks that involve rapid information processing as comeard deviation units in the elderly population (Richardson
pared to healthy controls. In the study by Dobbs et al. (2001)et al., 1995).
the tasks required processing routine information while fil-  Thus, to help determine the degree of neuropsychologi-
tering out distractions, and shifting conceptual sets within aal dysfunction across domains in CFS, the following com-
limited time frame (Dobbs et al., 2001). Although earlier parisons were made in the present investigation: (1) the
studies evaluating other executive domains, which did nopercentage of CFS patients performing 1 and 2 standard
include a significant timed component, such as abstract realeviations below the healthy mean to the percentage of
soning, set shifting and concept formation have consishealthy participants demonstrating similar performance, (2)
tently reported no significant differences between CFShe percentage of CF&#ersushealthy participants failing
patients and healthy controls (Tiersky et al., 1997; Moss{5th percentile) at least one neuropsychological measure
Morris et al., 1996). In the present investigation, the naturgusing the methods of Vercoulen et al., 1998), and (3) the
of executive deficits in CFS will be further investigated total number of tests failed overall by CFS patiemssus
using a variety of measures. the total number failed by healthy participants.

Clearly many studies have documented neuropsycholog-
ical decline in CFS. Yet, as discussed previously, most stud-
ies identified cognitive deficits by a “mean difference” METHOD
(DelLuca et al., 1993; Marshall et al., 1997; Michiels et al.,
1996, 1998; Smith et al., 1993; Volmer-Conna et al., 1997Research Participants
Wearden & Appleby, 1997). Using mean comparisons to

healthy data makes it difficult to determine the extent of aO"€ hundred forty-one patients suffering from CFS partici-

specific deficit for CFS patients unless standard scores af@@t€d in the research study. CFS patients were required to
computed in reference to healthy norms. Indeed, the use ¢peet the 1994 CFS case definition criteria (Fukuda et al.,
standard scores is pragmatic when evaluating and compat994)- In addition, patients were excluded at intake if they
ing neuropsychological, psychological, and functional datd"€t @ny of the following criteria: (1) were diagnosed with
(Lezak, 1995). Scores converted to standard deviation unit@ny AXis 1 psychiatric disorder within 5 years prior to the
provide a basis for performance comparison when differentitial evaluation; (2) had a diagnosis of schizophrenia, ma-

tests with different metrics are being utilized to measure thélia: substance abuggependence, or an eating disorder at

same cognitive domain. Equating performance in terms of"Y time; (3) had an onset of CFS greater than 15 years

standard deviation units also is useful when evaluating pefP!Or 0 intake; or (4) experienced a loss of consciousness

formance across cognitive domains. In fact, Drebing and"€ater than 5 min. o
colleagues (1994) used standard scores to classify “high, AS & comparison group, 76 healthy participants were re-
moderate, or low probability” of cognitive deficits in the Cruited into the study. Healthy controls were excluded at
elderly population. |r!take if they denjonstra.lted.any psychiatric hlstory or any
Vercoulen et al. (1998) attempted to standardize hidlistory of a chronic medicalillness as determined by a phy-
method in determining the extent of neuropsychologicaSiCian's assistant trained in the diagnosis of CFS, and su-
dysfunction by creating a failure score (a score below thé?€"vised by an expertin CFS (Benjamin Natelson, MD).
5th percentile of the healthy group mean). By computing
the number of failures in the CFS and healthy groups, thes@rocedure
researchers then examined the degree of dysfunction in their
CFS sample and found a limited degree. Given that thesAs part of the initial screening process, all participants com-
authors only used a single criterion for identifying neuro-pleted a paper and pencil screen form to determine if they
psychological deficits, limited conclusions can be drawnmet the criteria for CFS. Those who met the paper and
from their study, as the extent of cognitive dysfunction acrosgencil criteria were invited to participate in the psychiatric
domains cannot be determined. A goal of the current invesaspect of the intake process to determine further eligibility.
tigation is to use several different criteria to describe andParticipants were then administered the Diagnostic Inter-
determine the degree of neuropsychological dysfunctioview Schedule Third Edition (DIS-III-R) (Marcus et al.,
across multiple domains in CFS. 1990)via telephone by a trained research assistant. At this
It is important to document the extent of cognitive dys-time, participants were screened for prior (within 5 years of
function across domains in CFS, as deficits in neuropsychantake) or concurrent psychiatric illnesses, as defined as
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exclusionary criteria by Fukuda et al. (1994) (schizophre-and concentration (Farr et al., 1986). The Digit Span total

nia, mania, eating disorders, substance abuse). Participant&s included as an index of attention, due to its sensitivity

who met the initial inclusion criteria were then scheduled toin detecting overall inattention to the string of presented

visit the Chronic Fatigue Center for comprehensive neuronumbers.

psychological testing and a history and physical examina-

tion. Aphysician’s assistant, trained in the diagnosis of CFSSpeed of information processing

and supervised by Benjamin Natelson, MD, conducted all ) . i )

history and physical examinations and took blood work fromThe speed of information processing (SIP) domain con-

all participants in order to rule out other possible causes ofiSted of the total PASAT score, which is a complex task of

fatigue. Control participants also completed a psychiatri@tention and information-processing ability (Gronwall &

interview, a history and physical evaluation, as well as neuroVVrightson, 1981; Lezak, 1995). Other SIP measures in-

psychological testing. cluded the CPT and Trails Making Test A. The CPT is de-
A trained research assistant administered the neuropsyigned to measure a participant’s ability to attend and process

chological battery. The standardized neuropsychological batnformation quickly. The Trails Making Test A also in-

tery included: The California Verbal Learning Test (CVLT) cludes a speeded information-processing component.

(Delis et al., 1987); the Paced Auditory Serial Addition

Task (PASAT) (Gronwall, 1977); the Rey-Osterreith Com- Motor speed

plex Figure Test (Corwin & Bylsma, 1993); The Continu-
. . - _The Grooved Pegboard (preferred and nonpreferred hand
ous Performance Test (CPT) and The Simple Reaction T'mFask and the Sirr?ple Regltion Time task (gRT) were in-)

Task (SRT) (Neurobehavioral Systems, Inc., 1994); The . . )
Category Test, Computer version (Defilippis, 1991)- theCIUded in the domain evaluating motor speed. The Grooved

Grooved Pegboard (Klove, 1963); Trails Making TestA& B E)Leeg\]/\t/)igz(??;knr:gﬁvnlg)?gy:\i/:;?rfgviszel-dlzglgnnoéoig%;oiﬂae?ce

(Reitan & Davidson, 1974); the Wechsler Adult Intelli- wise the SRT evélluate’s basic motor speed ’ ’

gence Scale—Revised (WAIS-R) Digit Span and the Digit ' '

Symbol subtests (Wechsler, 1981); and the Test of Memor)é i L.

Malingering (TOMM) (Tombaugh, 1996). In addition, the xecutive functioning

Beck Depression Inventory (BDI) was utilized to measurepjyerse executive measures were included in this domain

depression (Beck et al., 1961). to reflect a range of higher-order cogpnitive skills. The Digit
Thirty-four CFS patients were administered the TOMM gpan hackwards subtest of the WAIS-R, the Trails Making

to determine if they were putting forth full effort. No par- Test B, Rey-Osterreith Complex Figure—copy, and the Cat-

ticipant'’s performance was indicative of a lack of effort egory Test comprised this domain. The Digit Span back-

(scores> 45 on trial 2 and retention trial) (Tombaugh, wards subtest was included to evaluate the executive

1996). The TOMM was administered to only 34 CFS pa-component of working memory, while the Trails Making

tients as it was inserted into the protocol late into the studyTest B was included as a measure of rapid set shifting. The

Rey-Osterreith Complex Figure—copy was included to
Categorization of neuropsychological tests evaluate executive planning and organization. Finally, the

In this study, neuropsychological measures were Catego(_:ategory Test was included to measure abstract concept

rized into specific cognitive domains. Each domain in_formanon.
cluded measures that evaluated similar cognitive skills.
Below is a listing on the domains, the measures included if\nalyses

each one, and the rationale for their inclusion. A multivariate analysis of variance (MANOVA) was uti-

lized in order to examine group comparisons on demo-
Memory graphic variables such age, education, along with the scores
the CVLT (words recalled, short©" the vocabulary and block design subtests of the WAIS-R,
delay free recall, and long delay free recall), the Rey-“s?d as estimates of ianIIectuaI functiqr_ﬂng. In additioq, a
Osterreith Complex Figure Test (immediate and delaye@ni-Sauare test of significance was utilized to determine
recall), and Digit Span forward subtest of the WAIS—R Wereagmﬁcance_ of gender difference in both groups (see Table 1).
included. All of these measures are known to evaluate dif- 10 €xamine the extent of neuropsychological dysfunc-
ferent aspects of memory ability (Lezak, 1995). tion in CFS across domalr?s, the foIIowmg.three analyses
were completed. First, a chi-square comparison was used to
determine the percentage of CFS patievdssushealthy
controls who performed 1 or 2 standard deviations below
The attentional domain was comprised of the Digit Sparthe healthy group’s mean performance (see Table 2). To
subtest (total score) along with the Digit Symbol subtestcontrol for type 1 error, a Bonferroni correction procedure
from the WAIS—R. The Digit Symbol subtest was included for inequality was utilized (Stevens, 1986). We used a more
in this attentional category as it evaluates visual attentiorstringent alpha level of .003, correcting for the 18 compar-

In the domain of memory,

Attentioryconcentration
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Table 1. Demographic data

CFS patients ~ Controls
(n=141) (n=76) F/x? pvalue

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) 241 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.NS = not significant.

isons. Second, a chi-square test of significance was utilizedumber of tests failed by the CR&rsushealthy groups

to determine if CFS patients were more likely than healthywas compared. Standardized residual scores were utilized
participants to fail one or more neuropsychological mea-n all of the above analyses (see section on neuropsycho-
sures in each specific cognitive domain. See below for amogical dysfunction for a further discussion of the use of
explanation of how failure was determined. To control forresidual scores).

type 1 error, we set thp value at .01, correcting for five Finally, it has been reported that 50-70% of CFS pa-
comparisons (Bonferroni correction for inequality). Fi- tients have concomitant depressive symptomatology, which
nally, by using an analysis of variance (ANOVA), the total can affect cognitive performance (David, 1991; Lawrie et al.,

Table 2. Percentage of participants performing 1 an8R2below the healthy norm

CFs Healthy CFS Healthy
1SD p 2SD 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 = California Verbal Learning Test; SDF Short Delay Free Recall; LDFE Long Delay Free Recall; PASAF Paced
Auditory Serial Attentional Task; CPF Continuous Performance Test; and SRBimple Reaction Time Test. NS not significant.
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2000). Thus, to determine if depression needed to be corAttention/Concentration

trolled for, we utilized the Pearson correlation to examine

the relationship between depression (BDI score) and neurd3€sults of the CFS and healthy group contrasts on neuro-
psychological functioning. psychological tests measuring concentration and attention

are presented in Table 2. The CFS patients demonstrated

) ) ) significantly more dysfunction than healthy participants in
Neuropsychological dysfunction (failure) this domain in both of the tests at the 1 standard deviation
In the present investigation, the method utilized by ver-cutoff anq.one out of two for the 2.standard deviation cut-
coulen et al. (1998) was used to determine failure on th@ff- Specifically, 34.8% of CFS patients performed 1 stan-
cognitive measures. Specifically, participants’ scores on eacfi@rd deviation below the healthy group mean as compared
of the neuropsychological tests were converted to standard® Only 15.8% of the healthy participants on the Digit Span
ized residual scores using multiple-regression procedure£otal task @ = .003). On the Digit Symbol subtest, 41.6%
Similar to Vercoulen et al. (1998), age, gender, and educaRf CFS patients performed 1 standard deviation bglqw the
tion were used as covariates in the regression analyses. Thdlgalthy mean where as only 16.1% of healthy participants
these scores were compared to the mean of the healtffgmonstrated similar performance ¢ .000). Moreover,
group, which served as a reference point. The research&f0re CFS patients performed_z standard de_vl_at|ons below
then dichotomized the score as a failure if the score felfh® healthy group mean than did healthy participants on the
below the 5th percentile or the 1.6 standard deviation cutofPigit Symbol subtest of the WAIS-R (20.26.3.2%, re-

on a given measure (by definition, 5% of healthy partici- SPectively) @ = .000), but these differences did not reach
pants have cognitive deficits). significance on the Digit Span total (1.496. 2.6%) be-

tween the healthy and CFS groups, respectively.

RESULTS Speed of Information Processing
Demographic Variables Table 2 illustrates differences between CFS patients and
healthy controls on measures of speed of information pro-
As displayed on Table 1, the CFS and healthy groups didessing (SIP). CFS patients demonstrated significantly more
not differ in age, education, and gender composition. Indysfunction than healthy participants on two out of the three
addition, there were no significant differences between théests for the 1 standard deviation cutoff and one out of the
CFS and healthy groups on the Vocabulary (CFS mean three tests for the 2 standard deviation cutoff in this do-
11.9,SD= 2.85 and healthy mean 11.56,SD=2.42) and = main. Specifically, 36.7% of CFS patients performed 1 stan-
Block Design (CFS mear 11.25,SD= 2.48 and healthy dard deviation below the healthy group mean as compared
mean= 11.48,SD = 2.65) subtests of the WAIS-R. to 15.7% of the healthy participants on the PASAT £
.001), along with 48.1%ersus15.6% on the CPT =
_ ) .000). Moreover, more CFS patients performed 2 standard
Correlations between Neuropsychological deviations below the healthy mean than did healthy partici-
Measures and the Index of Depression pants on the CPT (30.4%s.3.1%, respectively)g = .000).
) L o However, there were no significant differences between the
In thg present mvestlgatlon,.tlhere was not a significant COTgroups on Trails Making Test A (8Dand 2SD), and there
relation between total cognitive failures and the total BDlere no participants scoring 2 standard deviations below
score ( =.104,p = .085) the healthy mean on the PASAT.

Memory Motor Speed

The percentage of CFS and healthy participants performinds is presented in Table 2, CFS patients were more im-
at 1 and 2 standard deviations below the healthy grouppaired than healthy participants on two out of the three tests
mean is presented in Table 2. Two out of the six tests reache&dr both the 1 and 2 standard deviation cutoffs on measures
significance, while one other tests (Digit Span forward)of motor speed|§ < .003). On the Grooved Pegboard (non-
approached significance at the 1 standard deviation cutoffpreferred hand), a greater percentage of CFS patients as
Specifically, a significantly greater percentage of CFS pacompared to healthy participants performed at 1 standard
tients performed 1 standard deviation below the healthydeviation below the healthy group mean (41.68615.6%,
group mean on the CVLT than did healthy control partici- respectively) p = .000). On the SRT, 58% of CFS patients
pants (# words recalled) (34.3%s. 15.6%, respectively, performed 1 standard deviation below the healthy group
p = .003), and on the Rey-immediate recall (35%16%, mean as compared to 15.6% of healthy participapts=(
respectivelyp = .003). No significant differences were found .000). With respect to 2 standard deviations below the healthy
at 2 standard deviations when using the adjusted alphmean, 20.2% of CFS patients as compared to 3.1% of healthy
of .003. participants demonstrated such performance on the Grooved
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Pegboard nonpreferred hang< .000). On the SRT, 50.6% one neuropsychological testin the domain of executive func-
of the CFS patients performed 2 standard deviations belowioning (10%vs. 11%, respectively).

the healthy group mean as compared to only 3.1% of healthy As noted in Table 4, CFS patients failed more neuropsy-
participants = .000) chological measures overall than healthy contrplsi(.01).

Executive Functioning DISCUSSION

As shown in Table 2, CFS patients also demonstrated mor-(la_he results of the present study indicate that a significant

significant dysfunction than healthy participants on one outg ﬁrgb\?;ﬁ;mﬂ;”ggﬁg ssffcehr(l)r;g fircoarln tggkss ea)::r:l)bslts drre12(|:tlitsle
of four tests on measures of executive functionimg< y psy 9 P

.003). More CFS patients performed 1 standard deviatiorg ?r?:ailrno&sTr:;?]?)?odiecS:Irtlgg':/s,e;cljr:gilgigtse\pgj?obgligdazg ﬁeS:IIIr? S
below the healthy group mean than did healthy participants Psy g y

on the Rey-copy (38.6%s.16.0%, respectively)gd=.000). pfa_rticipants gnd appear cpnsistent with the subjective cog-
No significant differences were f,ound on the Category Testmt'.ve complaints of attenulon,.c.oncentrgtlon, and memory,
the Digit Span backwards subtest and Trails Making Test B. h'9h are common among individuals with CFS. Also, these
at the 1 standard deviation cutofp (> .003). Finally, no indings parallel the literature that has documented differ-

S . ences in mean neuropsychological performance levels be-
significant differences were found between the two group g i
at the 2 standard deviation cutoff on any measure. ﬁween CFS and healthy participants (DelLuca 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
As presented in Table 3, significantly more CFS patientshealthy reference mean on nine out of the 18 tests, and 2
than healthy participants failed (1.6 standard deviations bestandard deviations below the healthy norm on four out of
low the healthy mean) at least one task in the followingthe 18 tests. In addition, the CFS group was also more
domains: attentiofconcentration p = .004), SIP p=.002), likely than the healthy cohort to fail at least one test (de-
and motor speedp = .000). Specifically, on measures of fined as scoring below the 5th percentile of the healthy
memory functioning, 30% of CFS patients failed a task,mean) in the domains of attention, processing speed, and
while only 17% of healthy participated demonstrated fail-motor speed, but not in the domains of memory and exec-
ing performances, yet this result did not reach significanceutive processing. Individuals with CFS also demonstrated a
using the adjusted alpha (= .035). Overall, 26% of the higher total failure rate across domains.
CFS patients and 9% of the healthy participants failed at The lack of significant findings at the 1.6 and 2 standard
least one task designed to test concentration. More specifideviation cutoffs in the memory domain lends further sup-
cally, CFS patients failed the Digit Symbol subtest. Forty-port to the findings of DelLuca et al. (1994) and Lawrie
one percent of the CFS patients failed at least onet al. (2000), who note that memory deficits in CFS might
neuropsychological test measuring SIP as compared to 16%ctually be due to difficulty with information processing as
of the control group, and 61% percent of CFS patients percompared to retrieval. The subtle deficit found in the mem-
formed significantly slower on at least one motor task inory domain (only two out of the six tests of memory reached
comparison to 22% of the healthy cohort. More specifi-the 1 standard deviation cutoff) may be explained by the
cally, CFS patients failed the CPT mean reaction time tasknformation-processing deficiency. Indeed, in our study, we
and/or the PASAT in the SIP domain, and the SRT amid  found that CFS patients failed (1.6 standard deviation cut-
the Grooved Pegboard (nph) in the domain measuring mosff) on two out of the three tests on information-processing
tor speed. However, CFS and healthy groups did not diffetasks (PASAT, CPT) and reached the 2 standard deviation
in regard to the percentage of participants failing at leastutoff on the CPT task.

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

Failure Scores

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

Table 4. Overall neuropsychological impairment

CFS  Healthy X2 p (Total # of tests failed)
Memory 30% 17% 4.63 NS CFS Healthy F value df
Concentration 26% 9% 8.86 .004
Speed of Processing 41% 16% 1051  .002M(SD) 6.4 (5.3) M(SD)2.0(2.1) 49.39 Between 1
Motor Speed 61% 22% 14.17 .000 Within = 219
Executive Functioning  10% 11% 036 NS Total = 220
*failed at least one test in each domaim € .01). NS= not significant. p <.01.
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cutoff) tests of information processing requiring a motoriclogical dysfunction along with deficits in specific cognitive
response such as the Digit Symbol subtest, CPT, and th@domains. Understanding the role of neuropsychological def-
SRT test. In fact, the CFS patients also did poorly (2 stanicits in maintaining disability in this illness could also lead
dard deviation cutoff) on the Grooved Pegboard (nph), whicho targeted treatment recommendations.
requires a patient to concentrate using their nondominant
hand and sustain motoric activity throughout the task.
Overall, it appears that CFS patients are having mosACKNOWLEDGMENTS
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