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Abstract
To examine the degree and nature of cognitive impairments in chronic fatigue
syndrome, a comprehensive neuropsychological battery was given to patients
with chronic fatigue syndrome, multiple
sclerosis, depressed patients, and healthy
controls. The battery included tests of
attention and concentration, information
processing speed, verbal and visual
memory, intellectual ability, and concept
formation. Measures of depression and
anxiety were also obtained. The chronic
fatigue syndrome group did not differ
from the depressed group in overall neuropsychological performance, but differed from the multiple sclerosis and
control groups. The most significant
impairment was in information processing speed in the chronic fatigue syndrome group. Depression and anxiety
were not related to neuropsychological
performance. The influence of reduced
information processing on other areas of
cognition is discussed.

(_NeurolNeurosurg Psychiatry 1995;58:38-43)
Keywords: neuropsychological impairments; multiple
sclerosis; depression; fatigue syndrome
Kessler Institute for
Rehabilitation, West
Orange, New Jersey,
USA
Department of
Research and
Psychology
J DeLuca
S K Johnson
UMDNJ-New Jersey
Medical School,
Newark, New Jersey,
USA
Department of
Physical Medicine and
Rehabilitation
J DeLuca
S K Johnson
Department of
Neurosciences
J DeLuca
D Beldowicz
B H Natelson
Correspondence to:
Dr John DeLuca, Kessler
Institiute for Rehabilitation,
1199 Pleasant Valley Way,
West Orange, NJ 07052
USA.
Received 15 March 1994
and in revised form
13 June 1994.
Accepted 20 July 1994

Chronic fatigue syndrome is a disabling illness
that primarily afflicts middle aged, white
women. The illness is defined as new onset of
severe fatigue without any known medical
cause'; accompanying symptoms are rheumatological (for example, myalgias, joint pain),
infectious (for example, sore throat, fever,
swollen lymph nodes), and neuropsychiatric
(for example, headache, weakness, depression, cognitive disturbance).
There have been few published reports
aimed at examining cognition in patients with
chronic fatigue syndrome. Early studies had
methodological drawbacks, particularly the
absence of a control group. More recent studies have generally yielded subtle, but inconsistent findings. For instance, verbal memory
impairments in chronic fatigue syndrome or
myalgic encephalomyelitis (chronic fatigue
syndrome as defined in the United Kingdom)
have been found by some2' but not others,45
or have been related to depression.6 Similarly,
both impaired4 and unimpaired2 visual memory have been reported in chronic fatigue syndrome and myalgic encephalomyelitis.
Discrepancies have also been found in multi-

modal sensory evoked potentials and auditory
event related cognitive potentials. One study7
found impaired auditory cognitive potentials
(N2 and P3) compared with controls, which
were interpreted as reflecting impairments in
attention and speed of information processing
in myalgic encephalomyelitis. Another group,
however, did not find differences between
chronic fatigue syndrome and controls in the
visual domain.8 Reaction times were significantly prolonged in the chronic fatigue syndrome and myalgic encephalomyelitis groups

of both studies.
DeLuca et a19 examined patients with
chronic fatigue syndrome, multiple sclerosis,
and healthy controls on the paced auditory
serial addition test (PASAT), a test of complex auditory information processing. They
found that both the chronic fatigue syndrome
and multiple sclerosis groups scored significantly below controls on the PASAT, but did
not differ from each other. Performance on
the PASAT was not significantly correlated
with depression. DeLuca et a19 suggested that
patients with chronic fatigue syndrome have
difficulty in the simultaneous processing of
multiple elements of complex information.
They hypothesise that the perceived memory
impairments in those with chronic fatigue
syndrome may actually be a reflection of
impaired information processing rather than
memory itself. Partial support for this contention has been provided in recent reports.35
Given the paucity of objective data and the
inconsistencies in the data that do exist, the
present study was conducted to assess a broad
range of neuropsychological functioning in
persons with chronic fatigue syndrome.
Patients with chronic fatigue syndrome were
compared with patients who had multiple
sclerosis, patients with major depressive disorder or dysthymia, and healthy controls. The
multiple sclerosis group was chosen so that
performance of the chronic fatigue syndrome
group could be compared with a population
presenting with a symptom cluster similar in
many ways to patients with chronic fatigue
syndrome (for example, impairments in information processing, learning and memory,
fatigue, depression), but of known organic
aetiology. The addition of a depressed group
is critical as patients with chronic fatigue syndrome often manifest symptoms of depression, and given the current controversy over
whether cognitive symptoms in chronic
fatigue syndrome are due solely to depression.6 Finally, patients with chronic fatigue
syndrome in the present study were selected
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Methods
PATIENTS

Patients who met the published case definition for chronic fatigue syndrome'0 were
included in the study. Additional inclusion
criteria were: (1) patients had to have been
diagnosed within the past four years; (2)
symptoms of at least moderate severity had to
be present at the time of intake; (3) there was
no history of a psychiatric disorder in the five
years before the diagnosis of chronic fatigue
syndrome or history of substance abuse at any
time as determined by the diagnostic interview schedule; and (4) there had to be no
history of loss of consciousness greater than
five minutes.
Twenty six patients with chronic fatigue
syndrome were compared with age, sex, and
education matched groups consisting of 12
patients with multiple sclerosis, 14 depressed
patients, and 20 healthy controls. No significant differences were found among the
groups in mean age (chronic fatigue syndrome
group = 34-3 (SEM 1.8); healthy group =
37-0 (2-4); multiple sclerosis group = 36-0
(3 0); depressed group = 39 7 (2.1); F (3,68)
= 1-02, p < 0 38) or in mean years of education (chronic fatigue syndrome group = 14-6
(0-4); healthy group = 15-5 (0 6); multiple
sclerosis group = 14-2 (0 8); depressed group
= 15-8 (0-6); F (3,68) = 1-5, p < 0.20).
Patients with multiple sclerosis were all clinically stable, were diagnosed with clinically
definite multiple sclerosis," and had an
expanded disability status scale (EDSS) of 2-5
or less. This cut off was specifically selected to
contrast patients with multiple sclerosis and
"mild" physical symptoms with patients with
chronic fatigue syndrome. The mean EDSS
for the multiple sclerosis group was 1-2 (SEM
0-22). Current affective or anxiety disorders
were not a cause for exclusion for patients
with chronic fatigue syndrome or multiple
sclerosis.'0 Healthy subjects and patients with
depression were recruited from local therapists and by advertising in the local community, and were paid for their participation.
Healthy subjects and depressed patients who
reported no medical problems and were taking no medication other than birth control
pills were included. Depressed patients had to
be diagnosed with either major depression or
dysthymia according to the DIS III-R criteria.
Fatigue was assessed by the Krupp fatigue
scale.'2 The mean level of fatigue in the
chronic fatigue syndrome group (57-2 (SEM
1-0)) was significantly increased relative to
all other groups (p < 0-001). The depressed
(32-5 (3-8)) and multiple sclerosis (35-6
(6*1)) groups did not significantly differ from
each other, but both differed significantly
from controls (17-1 (2 3); p < 0 01).
PROCEDURE

Subjects were given a battery of standard neu-

ropsychological tests, administered and
scored in accordance with published procedures. The tests consisted of the digit span
subtest of the WAIS-R13 -a test of "auditory
span" of attention; paced auditory serial addition test (PASAT)-a test of information processing speed; trail making test-a test of
visuomotor scanning and concentration;
booklet category test (BCT)-a test of complex problem solving and conceptual reasoning; vocabulary, arithmetic, similarities, and
block design, subtests of the WAIS-R-tests
of intellectual functions; Rey complex figure
test-a test of visual memory; California verbal learning test (CVLT)-a test of verbal list
learning and memory; and the logical memory
subtest of the Wechsler memory scale
revised'4-a test of verbal paragraph recall.
The Beck depression inventory (BDI)15 and
the state-trait anxiety scale (STAI)16 were also
given. In addition, a metamemory questionnaire'7 and a cognitive problems checklist
were given to all subjects. Based on factor
analysis, the metamemory questionnaire is
divided into four primary areas of memory:
attention/prospective memory, retrograde
memory, historic/overload memory, and
anterograde memory. The cognitive problems
checklist was used to quantify the cognitive
complaints that patients with chronic fatigue
syndrome often have. It consisted of a 1-5
Likert scale, where subjects rated their difficulties in the areas of attention, concentration, memory, and reasoning. The tests and
questionnaires were given in one session lasting
about 150 minutes.
DATA ANALYSIS

Planned comparisons of non-orthogonal contrasts were performed between the clinical
groups and the healthy controls. With these
tests, it is not necessary to perform an overall
omnibus test of significance before testing the
planned comparisons.'8 Dunnett's test was
used to compare each of the clinical groups
with the healthy group. Contrasts between the
various clinical groups were performed with

the Dunn's multiple comparisons procedure.
Fatigue data were analysed by Wilcoxon rank
test.18
Because cognitive impairments in multiple
sclerosis are well documented,'9 one tailed
Dunnett's tests comparing multiple sclerosis
with controls were performed. Also, because
of the previous findings of impaired PASAT
performance in patients with chronic fatigue
syndrome and multiple sclerosis,9 a one tailed
Dunnett's test for contrasts involving a control mean with all clinical groups was performed for the PASAT results. All other
contrasts were analysed by a two tailed procedure.

Results
SUBJECTIVE COMPLAINTS

Overall, patients with chronic fatigue syndrome had the broadest degree of subjective
complaints of cognitive impairment compared
with the other groups (table 1). Subjective
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Table I Subjective data for the clinical and control groups (meaan (SEM))
CPC questionnaire data:
Attention
Concentration
Memory
Reasoning
Metamemory questionnaire data:
Attention/prospective
Retrograde
Anterograde
Biographical

Healthy

MS

DEP

3-1
3-2
3-2
3-1

(0-21)**t
(0-19)t

(0 20)**
(0 22)4

1.1
1.1
1-2
1 1

(0 08)
(0-18)
(0-12)
(0 08)

1-9
1-9
2-2
1-6

(0 35)
2-3 (0 29)**
(0 23)
2-6 (0-25)t
(0 25)** 2-2 (0 30)*
(0-26)
1-8 (0 23)

2-7
1-8
2-3
1-3

(0 2)fi
(0 2)*
(0 2)t
(0-2)

1-4
1-2
1-2
1 1

(0-1)
(0-1)
(0-1)

1-7
1-3
1-6
1 1

(0-1)
(0-1)
(0 2)
(0-1)

(0.0)

2-1
1-6
1-8
1-1

(0 2)t
(0 2)
(0 2)
(0-1)

< 0 05; **p < 0-01 v healthy group.

*p
tP < 0 05 v healthy and MS groups.

#p < 0= 05 v DEP group.
CFS

chronic fatigue syndrome; MS = multiple sclerosis; DEP = depressed.

Table 2 Performance ofclinical and control groups on psychological measures (mean

(SEM))
Beck depression inventory
State anxiety inventory

CFS

Healthy

MS

DEP

14-5 (1-6)*
39-8 (2 7)*

2-1 (0.6)
26-8 (1-4)

8-7 (2-3)t
29-4 (1-8)*

18-8 (2.7)*
43-3 (3 8)*

*p < 0-01 v healthy group.
t-p < 0 05 v DEP group.
1p < 0 05 v CFS and DEP groups.
Abbreviations as for table 1.

DEPRESSION AND ANXIETY

Table 3 Performance of clinical and control groups on tests of attention, concentration,
and information processing (mean (SEM))
PASAT total
Trails A
Trails B

Digitspan

CFS

Healthy

MS

DEP

124 (6-1)*
27-5 (1-8)
55-8 (3-0)
17-0 (1-0)

144 (5-1)
27-5 (2-1)
52-8 (3-7)
18-2 (08)

130 (6-7)
27-9 (7-8)
68-6 (7 8)
16-5 (1-3)

136 (8-1)
27-8 (2-4)
62-0 (5 8)
17-5 (1 1)

* p < 0-05.
PASAT = Paced auditory serial addition test. Other abbreviations as for table 1.

Table 4 Performance of clinical and control groups on tests of memory (mean (SEM))
Rey figure:
Copy
Immediate recall
Delay recall
Forgetting
Logical memory:
Immediate recall
Delay recall
Forgetting
CVLT:
T score

(trials 1-5)
List A trial 1
List A trial 5
ListB
SD free recall
SDcuedrecall
LD free recall
LD cued recall
Recognition

CFS

Healthy

MS

DEP

66-3 (1 1)
34-9 (2.8)
34-5 (2-8)
0-99 (0 04)

69-0 (06)
43-7 (1-9)
40-9 (2-1)
0-89 (0 05)

68-2 (1-2)
37-1 (3-4)
37-7 (3 6)
1-01 (0 04)

67-2(1-2)
33-5 (4 0)
31-8 (4-0)
0-98 (0 06)

24-3 (1-2)
20-4 (1-3)
0-83 (0 04)

28-5 (1-5)
25-0 (1-8)
0-86 (0 03)

22-8 (1-4)*
18-0 (2-1)*
0 79 (0 06)

25-1 (2 0)
20-3 (2-1)
0-78 (0 04)

34-6 (2.8)**
6-8 (0.4)**
12-1 (0.4)*

49 0 (2.2)
8-8 (0 4)
14-0 (0 4)

42-2 (3 2)
7 9 (0 5)
12-5 (0-5)

(0.6)*
11-3(0-5)
10-6 (0.6)*

12-3
13-1
12-9
13-5
15-0

38-1
7-4
12-1
7-1
10-8

12-1
11-9
12-4
14-1

6-8(0-5)

9-8

11-8 (0-5)
13-5 (0-6)

0-001). The chronic fatigue syndrome group
expressed significantly greater difficulties, in
reasoning ability than any other groups (F
(3,57) = 20-0, p < 0-0001).
On the metamemory questionnaire, the
chronic fatigue syndrome group expressed
significantly more subjective difficulties than
any of the other three groups on the attention/prospective memory factor (F (3,68) =
16-1, p < 0-001). The depressed group differed from both the multiple sclerosis and
healthy groups. For retrograde memory, the
only significant difference was between the
chronic fatigue syndrome v healthy group (F
(3,68) = 3-0, p < 0-04). On the anterograde
memory factor, the chronic fatigue syndrome
group differed significantly from the multiple
sclerosis and healthy groups, but not from the
depressed group (F (3,68) = 8-5, p < 0-001).
No differences were seen across groups for the
historic/overload memory factor (F (3,68) =
1-4, p = 0-24).

7-5(04)
(0 6)
(06)
(0 6)
(0 6)
(0 3)

70(04)
(07)
(0 8)
(0-6)
(0 6)

9.7 (0 7)*

(3.6)
(0.7)*

(0 4)

(07)
(0-9)
12-2(0-7)
11-0 (0 8)
12-0 (0 7)
14-4 (0-5)

* p < 0-05; ** p < 0-01 v healthy controls.
CVLT = California verbal learning test. Other abbreviations as for table 1.

complaints of attention differed significantly
(F (3,57) = 15-7, p < 0-001),
with the chronic fatigue syndrome group
expressing a significantly greater degree of
impairment than either the multiple sclerosis
or healthy control groups. The depressed
group differed only from controls. For concentration (F (3,57) = 27-0, p < 0-001), the
chronic fatigue syndrome and depressed
groups did not differ from each other, but
both differed from the multiple sclerosis
group and healthy controls. All three clinical
groups showed increased complaints of memory relative to controls (F (3,57) = 18-0, p <
across groups

On the STAI (table 2), the chronic fatigue
syndrome and depressed groups showed significantly higher scores than either the multiple sclerosis or healthy control groups, which
themselves did not differ significantly (F
(3,68) = 16-4, p < 0-001). The mean performance by the chronic fatigue syndrome group
was not, however, in the clinically impaired
range. 22 The mean Beck depression inventory
scores for the chronic fatigue syndrome and
depressed groups were significantly higher
than the healthy control group (F (3,68) =
16-4, p < 0-001). Whereas the multiple sclerosis group scored significantly lower than the
depressed group on the Beck depression
inventory, they did not differ statistically from
controls.
ATTENTION AND CONCENTRATION

Table 3 gives the mean scores for attention
and concentration. There were no statistically
significant differences across the four groups
in digit span performance (F (3,68) = 0-46, p
<0-71), trails A (F (3,68) = 0-007, p = 0-99)
or trails B (F (3,68) = 1-9, p = 0-12). On the
PASAT, the mean number of correct
responses was significantly lower in the
chronic fatigue syndrome than in controls but
did not differ significantly from the multiple
sclerosis or depressed groups. Mean PASAT
performance in both the multiple sclerosis
and depressed groups did not differ statistically from healthy controls.
To examine the potential influence of anxiety on PASAT performance in patients with
chronic fatigue syndrome, a median split of
the STAI of the group was performed. The
mean total PASAT score for the high and low
STAI groups was 131 -1 (SEM 9-2) and 1 17-0
(SEM 8-0). This difference between the two
groups did not differ statistically (F (1,24) =
1-35, p = 0-26). To examine the influence of
depression on PASAT performance, mean
PASAT scores of the chronic fatigue syndrome group were divided into high (> 13)
and low (< 12) Beck depression inventory
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MEMORY

Table 4 provides the mean scores on tests of
memory. No statistically significant differences were found between any of the groups
in the amount of material recalled on the Rey
complex figure in either the immediate (F
(3,68) = 2-4, p = 0 07) or delayed (F (3,68) =
1-5, p = 0.20) conditions. Thus visual memory performance was not impaired in any of
the clinical groups evaluated.
For verbal memory, the chronic fatigue
syndrome and depressed groups did not differ
from each other or from the healthy control
group in immediate and delayed recall on
logical memory. Only the multiple sclerosis
group recalled significantly fewer elements on
logical memory in both the immediate and
delayed conditions than controls. When
delayed recall was measured as a percentage
of the amount of information initially learned,
no statistically significant difference was
found between the multiple sclerosis and control conditions. This suggests that the memory difficulty found in the multiple sclerosis
group was in initial learning of material, and
that what information was initially learned
was adequately retrieved.
On a measure of the amount of information
learned across the five trials (trials 1-5) of the
CVLT, the chronic fatigue syndrome group
recalled a mean of 34-6 words, which was significantly below the mean of 49 0 words for
the healthy controls, suggesting difficulty in
acquiring the material (F (3,68) = 5-2, p =
0.01). Compared with controls, the chronic
fatigue syndrome group recalled significantly
fewer words both during the initial learning
trial (list A trial 1) (F (3,68) = 4 9, p = 0-01)
and the final learning trial (list A trial 5) (F
(3,68) = 3.7, p = 0-01). Although the
depressed group and healthy controls did not
differ in the amount of words recalled during
list A trial 1, the depressed group recalled significantly fewer words (1 2 0) than controls by
list A trial 5. The multiple sclerosis group did
not differ from the healthy control group in
the amount of information learned.
With respect to recall from long term storage, the chronic fatigue syndrome group
Rating of overall
neuropsychological
impairment for each group
(mean (SEM)). SIR =
summed

11

10

impairment

rating. CFS = chronic
fatigue syndrome; MS =
multiple sclerosis; DEP =
depressed group.

T

9
en
Cc

8

T

C,,

a

7

6
5
4
3
2

Controls

MS

EP

recalled significantly fewer words during both
the immediate (F (3,68) = 3-2, p = 0 02) and
delayed (F (3,68) = 2-6, p < 005) free recall
conditions than the healthy controls. No difference between the chronic fatigue syndrome
and control groups were found in the cued
recall conditions. The difference between
chronic fatigue syndrome and controls in free
but not cued recall may suggest difficulties in
retrieval from long term storage in the chronic
fatigue syndrome group. Given that the
patients with chronic fatigue syndrome
learned significantly fewer words than controls, a measure of the amount of information
recalled relative to what was initially learned
might be a more representative analysis of free
and cued recall effects. Thus free and cued
recall were analysed as a percentage of the
information recalled on list A trial 5. In this
analysis, no differences were found between
patients with chronic fatigue syndrome and
healthy controls in the relative amount of
information recalled during both the free
(t =-1-4, p<0.15) and cued (t=-1-2,
p < 0 25) recall conditions. During free recall,
the chronic fatigue syndrome group recalled
81% of that initially learned compared with
87% in healthy controls. During cued recall,
87% and 92% recall was observed for the
chronic fatigue syndrome group and healthy
controls respectively. The chronic fatigue syndrome and healthy control groups did not differ during recognition memory testing.
Overall, the multiple sclerosis group did
not differ from healthy controls on the CVLT
measures of acquisition, recall, or recognition.
The only exception was the significantly
reduced short delay free recall in the multiple
sclerosis group compared with controls.
HIGHER COGNITIVE FUNCTIONS

There were no statistically significant differences on the four tests of intellectual functions from the WAIS-R, or on the booklet
category test. Thus higher level cognitive
functioning did not differ between any of the
four groups.
OVERALL GROUP PROFILES

As well as contrasting the mean performance
on each neuropsychological measure across
groups, it was also of interest to obtain a summary measure of overall neuropsychological
impairment. An impairment rating (IR) was
calculated based on SDs from the mean performance of the healthy control group. The
IR was calculated as follows: scores for each
test measure within 1 SD of the control group
were assigned an IR of 0; scores between 1
and 2 SDs below the control group were
assigned an IR of 1; scores between 2 and 3
SDs below that of controls were assigned an
IR of 2; and scores greater than 3 SDs
received an IR of 3. Raw scores for each of the
21 test measures were transformed into an IR
score for each subject. The IRs were then
summed to obtain a summed IR (SIR) of
overall performance for each subject. The SIR
served as the dependent variable for a 1 way
analysis of variance (ANOVA) contrasting the
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Discussion
The results of this study replicate and extend
our earlier work9 suggesting that patients with
chronic fatigue syndrome show a selective
impairment in information processing of complex auditory material. One difficulty with this
interpretation is the likelihood that the auditory (PASAT) and visual (trail making test)
tasks used in the present study may not be
equally difficult. Only auditory and visual
tasks equated for difficulty will satisfactorily
answer whether there is a general or selective
(auditory) information processing deficit in
chronic fatigue syndrome.
Another potential explanation for the difference in performance between the PASAT
and the trail making test among patients with
chronic fatigue syndrome may reflect differences in the specific component of "attention"
assessed. Intact performance on the trail making test suggests that patients with chronic
fatigue syndrome show intact visuomotor
scanning ability,20 whereas impaired PASAT
reflects impaired sustained selective processing of information.2' Future work must be
geared towards specifically defining the nature
of the "attentional" disorder in chronic
fatigue syndrome.
The second major finding was that patients
with chronic fatigue syndrome were generally
not impaired on tests of memory relative to
controls. That is, the chronic fatigue syndrome group did not differ from any of the
other groups in visual memory and verbal
paragraph recall. This general lack of a memory impairment in chronic fatigue syndrome is
consistent with most recent work486 but not
all.3
The only exception to the lack of memory
impairment among patients with chronic
fatigue syndrome was on the CVLT. The lack
of a CVLT impairment in our earlier study5 is
probably attributed to our stringent inclusion
criteria and the resulting more homogeneous
sample studied here. In the present study, the
chronic fatigue syndrome group displayed significantly more difficulty in the acquisition of
information relative to healthy controls on the
CVLT; retrieval of the information initially
learned did not differ between the chronic
fatigue syndrome group and any of the other
groups. Taken together, the memory data
from the CVLT suggest that patients with
chronic fatigue syndrome may have a subtle
difficulty in learning verbal material (acquisition), but show intact retrieval from long term
storage.

The reduced acquisition of information in
the chronic fatigue syndrome group on the
CVLT likely reflects a reduced ability to
process auditory information, rather than a
deficit in storage, consolidation, or retrieval of
the memory trace. Another potential explanation lies in the significantly higher depression
and anxiety among the chronic fatigue syndrome group relative to healthy controls; the
chronic fatigue syndrome and depressed
groups did not differ statistically in level of
depression or anxiety. Interestingly, the overall pattern of performance of the chronic
fatigue syndrome group seemed more similar
to the depressed group than any other group
on the CVLT. The possibility that depression
may have influenced the CVLT performance
is supported by recent work, which found that
after adjusting for increased depression, the
chronic fatigue syndrome group no longer displayed a significant verbal memory impairment.6
The third major finding of the present
study was that the chronic fatigue syndrome
group did not differ from any of the other
groups on tasks of "higher order" cognitive
functioning. Thus despite their subjective
cognitive complaints and increased level of
fatigue, depression, and anxiety, patients with
chronic fatigue syndrome can perform higher
level cognitive tasks at the level of healthy
control subjects.
The fourth major finding was that despite
the lack of memory or intellectual deficits on
neuropsychological tests, the patients with
chronic fatigue syndrome had the highest
degree of subjective complaints of cognitive
impairments. One likely possibility for the
perceived level of impaired higher cognitive
functions among patients with chronic fatigue
syndrome is that they are confusing the difficulty in speed and efficiency of information
processing with memory and intellectual or
problem solving capability. This hypothesis
has important implications for rehabilitation.
Proper education and treatment may increase
the understanding of the nature of the cognitive difficulties in chronic fatigue syndrome,
which may result in improved functional ability.
Our results replicate earlier work22 in showing that the depressed group did not differ significantly from controls on the PASAT, trail
making test, and digit span. These data suggest that depression alone does not significantly influence performance on tests of
complex attention, concentration, and information processing. Similar conclusions have
been made from studying depression in other
medical populations including those with
spinal cord injury23 and HIV.24 Therefore, the
significant difference between chronic fatigue
syndrome and controls on the PASAT found
in the present study cannot simply be attributed to depression. Thus consistent with the
suggestion of Wessely,25 the present data show
that whereas depression may play a part in
explaining the cognitive dysfunction found in
chronic fatigue syndrome, it cannot explain all
the variance.
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four groups. The mean SIR (figure) for the
chronic fatigue syndrome group was 9 5
(SEM = 1'6), for the depressed group 9-2
(SEM 0 9), for the multiple sclerosis group
6-8 (SEM 2-3), and for the healthy controls
3-2 (SEM 2 0) (F (3,71) = 3 45, p = 0-021).
Significant differences (F (3,68) = 3-4, p =
0-02) were found between the healthy controls and both the chronic fatigue syndrome
(p < 0-05) and depressed (p < 0-05) groups
in overall neuropsychological performance.
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differences across groups, the measure of
overall neuropsychological performance did
show significant differences between the
chronic fatigue syndrome and depressed
groups and controls. The multiple sclerosis
group did not differ statistically from any
other group. These data suggest that "subtle"
cognitive deficits can be seen in subjects with
chronic fatigue syndrome and depression
when overall performance of a comprehensive
test battery is taken into account. Overall performance shows that chronic fatigue syndrome and depressed patients share mild
deficits in effortful cognition.
Difficulties in attention and speed of processing have been correlated with white matter changes in healthy elderly subjects,26 and
patients with multiple sclerosis27 and late stage
Lyme disease.28 Interestingly, the only three
MRI studies examining patients with chronic
fatigue syndrome to date29"3 show that when
MRI findings are present in chronic fatigue
syndrome, white matter changes predominate. Taken together, it can be hypothesised
that the impaired information processing ability in at least a subgroup of patients with
chronic fatigue syndrome may be due to
changes in cerebral white matter.
Impaired attention and information processing speed, however, have also been associated with depression and anxiety disorders
such as post-traumatic stress disorder.32 Yet,
heightened "state" or "test" anxiety itself is
not necessarily associated with decreased neuropsychological performance.32 Further,
patients with major affective disorder requiring admission to hospital show similar MRI
findings to those observed in chronic fatigue
syndrome.33 Clearly, further studies are
required to clearly delineate the nature of the
information processing deficit in chronic
fatigue syndrome, and to determine its similarity to or difference from that seen in

depression.
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Although performance on individual neuropsychological tests produced few significant
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